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Abstract

Background: Plastic pollution has reached an alarming magnitude, defining the contemporary era as the “Plastic Age.”
Uncontrolled plastic production and inadeguate recycling processes have led to widespread contamination of the environment
with micro and nanoplastics.

Objective: The study aims to assess the environmental and human health consequences of exposure to microplastic particles
(MPs) and their additives among plastic recycling workersin Dhaka. Specifically, it focuses on mapping the management pathways
of plastic waste from collection to disposal, analyzing the types of MPs in the environment, and assessing the potential health
impacts on plastic recycling workers.

Methods: A cross-sectional exploratory study design was used, consisting of exposed and nonexposed groupsin plastic recycling
sitesin Dhaka, Bangladesh. The study will establish possible associations between different health consequences and microplastic
particle exposure with a systematic approach involving plastic recycling hot spot detection, management pathway mapping, and
detecting the presence of environmental MP. MPs and heavy metalswill be detected from environmental samples using fluorescence
microscopy, Fourier-transform infrared spectroscopy, and inductively coupled plasma mass spectrometry. Human exposure will
be assessed by detecting the metabolites of bisphenol and phthal ates from urine samples using liquid chromatography—tandem
mass spectrometry and thoroughly evaluating endocrine, reproductive, respiratory, and rena functions. The sample size was
derived from the mean concentrations of urinary bisphenol and phthal ates metabolites, requiring the participation of 168 respondents.
A 1:1 exposure to nonexposed stratification would be sufficient to meet our study objectives, considering the conventional level
of power and confidence interval. This study protocol (PR#22111) has received approval from the Research Review Committee
and Ethical Review Committee of the icddr,b.

Results: The project was funded in August 2022. We started collecting environmental samplesin January 2023 and completed
participant enrollment, exposure survey, and biological sample collection by December 2023. We enrolled 84 adult plastic
recycling workers with at least 5 years of exposure history and 84 nonexposed participants who were not involved with plastic
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recycling activities. Data analysis is currently underway, and the first results are expected to be submitted for publication in

November 2024.

Conclusions: The findings would provide valuable insights into the adverse impacts of microplastic pollution on both the
environment and human health, aiding in better understanding the extent of the issue.
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Introduction

Background

Plastic has become essential to our “throwaway” lifestyle. Due
to its ubiquitous presence in our environment, the current era
is better known as the “Plastic Age” [1]. In 2019, around 368
million metric tons of plastics were produced worldwide, which
is expected to reach 33 billion tons by 2050 [2]. Plastic has
invaded our natural resources and ecosystemsto become agloba
environmental and public health threat. It is reported that 79%
of global plastic products have yet to be appropriately recycled
and are eventually released into landfills or natural environments
[3]. About 0.8 million tons of plastic waste are generated
annually in Bangladesh, among which 36% are recycled, 39%
arelandfilled, and therest are considered |eakage or unattended
[4]. A study reported that 5 to 13 million metric tons of plastic
waste was released into the ocean by 192 coastal countries in
2010[5]. If urgent action isn’t taken, the societal cost of plastic
production could hit US$7.1 trillion by 2040, surpassing 2018's
global health spending and the combined 2019 gross domestic
product of Germany, Canada, and Australia[6].

Plastic degradesinto powdery fragments and microscopic-sized
plastics (lessthan 5 mm) called microplastics[7]. The pollution
of the environment with degraded plastics and microplasticsis
an emerging concern attracting global attention [8]. Exposure
to microplastic particles (MP) results in adverse outcomes,
which can be classified into physica effects (such as those
related to particle size, shape, and concentration) and chemical
effects (involving harmful chemicals associated with MPs) [9].
Cox et a reported the presence of an average of 0.44 MPs/g of
sugar, 0.11 MPs/g of salt, and 0.09 MPs/g of bottled water in
the American diet [10]. Typicaly, humans consume 80 g of
M P<s/per day through fruits and vegetabl esthat accumulate M Ps
through uptake from polluted soil [11]. Among numeroustoxic
chemicals, bisphenol and phthalates are most commonly used
as plasticizers [12], where MPs work as vectors for these
chemicals. Plastic and its additives harm human health and the
environment [ 13,14]. Furthermore, many heavy metalslike zinc,
nickel, mercury, cadmium, and lead are present in plastic
compounds as additives and pigments[15]. Long-term exposure
to these metals has adverse health consequences [16-18]. In
Bangladesh, MP was detected in different fish and shrimp
species from the mangrove estuary and the Northern Bay of
Bengal [19,20]. An abundant number of MPswere also detected
in the beach sediments of Cox’s Bazar, Bangladesh [21]. To
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our knowledge, limited research existsworl dwide on theimpacts
of atmospheric microplastics, and the study of their human
health impacts in Bangladesh is also scarce.

Proper plastic recycling plays a vital role in mitigating the
environmental impact of plastic waste and promotes a
sustainable future for generations to come. However, the
mechanical friction and abrasion of the plastic recycling
industries produce tons of MPs [22]. Plastic waste recycling
and its harmful effects on human and environmental health
should be adequately addressed in Bangladesh. Epidemiological
studiesindicate that plastic particles and their chemical additives
(eg, bisphenol, phthalates, flame retardants, etc) may have
adverseimpacts on human health [23]. However, the underlying
mechanism still needs to be clearly understood. Understanding
the extent of environmental exposure to plastic additives and
consequential  health outcomes would provide valuable
knowledge and help to devel op effective control measures.

Objectives

The fundamental objective of this study is to determine the
extent of environmental and human health consequences
resulting from exposure to plastics (microplastics) and their
associated additives. The specific objectives are (1) to identify
the factors that determine the location of hot spots with higher
exposures and concentrations of MPsin Dhaka city; (2) to map
the management pathways of plastic waste in Dhaka city,
specifically from collection to disposal; (3) to characterize the
nature of plastics that entry into the environmental system of
Dhaka city by identifying the types of MPs (composition, size,
and shape), their sources, entry points, and contamination levels
in different environmental samples; and (4) to evaluate the
possible health impacts of MP exposure among workersin the
plastic recycling industry.

Methods

Study Design and Participant Recruitment

We will use a cross-sectional exploratory study consisting of
an exposed and a nonexposed comparison group. This study
will be conducted at plastic recycling sites in Dhaka city. The
research team will identify major plastic recycling sites.
Participants will be recruited according to the following
inclusion criteria: (1) workers involved in plastic recycling
processes for at least 5 years and (2) aged 18 years or older at
the time of data collection. We will excludeirregular part-time
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workers (eg, those who occasionally work in plastic recycling
factories as day labor but primarily rely on other occupations
for livelihood) and children under 18 years old. We will also
exclude the participants who are on antibiotic treatment as it
may mask symptoms of infection and alter theimmune response
[24,25]. Data collectors will clarify the study objectives,
procedures, and intended outcomesto the participants and obtain
written consent.

In addition, we will select a nonexposed control site within
Dhaka city, where no plastic processing factory exists. Since
plastic has become embedded in our daily lives, having a
population free from plastic pollution’'s effects seems
unreasonable. All nonexposed participants will be other
occupational workers, including daily laborers, masons,
carpenters, etc, who have had no exposureto the plastic industry.

Sample Size

We calculated the sample size based on the primary outcomes,
including bisphenol and phthalate metabolites in biological
samples. Mean concentrations of urinary bisphenol and phthalate
metabolites from studies with similar outcomes were used
[26,27]. Among the phthalate metabolites, urinary mono
isononyl phthalate (MiNP) had amean of 10.12 (SD 4.91) ug/L
in plastic recyclers and 12.22 (SD 4.69) ug/L in the general
population. The estimated sample size was 168 (84 per group)
using the 2-sample mean test, considering 80% power and 95%
Cl.

Data Collection Methods

The detailed study activities by study objectives are discussed
bel ow.

Objective 1: Hot Spot I dentification

Hot spot identification is the initial and crucial step in plastic
waste management. The field team has identified the plastic
recycling facilities across Dhaka and recorded the GPS
coordinates. Thisdatawas compiled and analyzed using ArcGIS

Table 1. Human participants and environmental sampling plan.
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Pro mapping software (version 3.3; Environmental Systems
Research Ingtitute). The research team also sought permission
from the plastic recycling factory ownersto conduct the research
within their facilities.

Objective 2: Mapping the Management Pathway

Plasticsaretypically distributed into three categories: (1) plastics
in active use, (2) postconsumer managed plastic waste, and (3)
mismanaged plastic waste [28]. Usually, plastic waste that is
managed undergoes disposal methods such as recycling,
incineration, or landfilling. However, improperly managed
plastic waste is either discarded into the environment or
inadequately disposed of and often endsup in rivers and oceans,
contributing adversaly to the ecosystem [29]. To identify the
current challenges within Dhaka city’s plastic waste
management system, the research team will interview key
informants involved in collection, refurbishment, reuse, crude
recycling, and disposal. The team will collect information on
who collects plastics, the primary source of collection (such as
homes, ingtitutions, dump sites, and transfer stations), thetypes
of plastics collected, transportation methods to the recycling
center, which part of plastics are reused and recycled, and the
ultimate disposal site and methods of disposal (burying,
incineration, or chemica melting). Purposive sampling
techniqueswill be used, and datawill be collected using 2 tools:
in-depth interviews and key informant interviews. Sampling
will continue until information redundancy or saturation is
attained [30].

Objective 3: Quantifying the Extent of Environmental
Pollution

Theresearch team will collect different environmental samples,
including floor dust and topsoil (0- to 5-cm depth) from the
plastic recycling and dismantling sites, sedimentsfrom the water
vicinity (lake, river, or pond) where such facilities are operated,
and air samples (Table 1). The detailed sampling procedures
are described below.

Environmental samples Proposed number

Exposed group (proposed: n=84)
Air 186

Nonexposed group (proposed: n=84)
Sail 20
Dust 20
Sediment 10

Air Sampling industry or shop and outdoor location with aduration of 6 hours

The field research team conducted air sampling at 2 plastic
recycling industries or shops and 1 outdoor location for MPs
and heavy metals (HMs) detection. Air sampling was performed
using afilter-based low-volume PM, 5 (particul ate matter with
adiameter lessthan 2.5 um) sampler for heavy metal detection
in nylon 6.6 filter paper, and atotal suspended particulate (TSP)
sampler was used for microplastic detection in the quartz fiber
filter. Theteam set up PM,, s and TSP samplersin each selected
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and afrequency of once every 6 daysto assessthe work-related
exposure of factory workers. We collected air samples in both
dry (January to March) and wet seasons (June to August) to
explore seasonal variation. After sampling, quartz fiber filters
were kept in glass filter holders and nylon filters in Ziplock
bags. All the samples were placed in a cool box and kept at 4
°Ctill transported to the laboratory. The sampleswere preserved
at a negative 20 °C temperature at the laboratory for future
analysis.
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Soil Sampling

We will develop a 10x10 square meter grid map of selected
plastics recycling factories to collect soil samples. The team
will collect 20 soil samples from the selected areas of the grid
map. We will identify the closest open-air bare soil surface

using awhisk broom (nonplastic) and clean about 1 m? of area.
Using the stainless-stedl hand trowel, the clean surface will be
divided into 6 equal quadrangles. A total of 6 subsamples will
be collected from these quadrangles at depths ranging from 0-5
cm depth using a stainless-steel auger and placed in a metal
tray. After thoroughly mixing the subsamples and removing
stones and other nonsoil materials, approximately 100 g of soil
sample will be enclosed in aluminum foail, put in a Ziploc bag,
and labeled appropriately. Sampleswill be kept in a cooler box
until they are carried to the laboratory, where they will be
preserved at a negative 20 °C for later analysis.

Dust Sampling

Thefield team will collect indoor dust samplesfrom the plastic
recycling shop or industry where we have recruited our study
participants. Our field research team will approach the shop or
industry at the end of working hours but before cleaning to
collect dust samples. We will sweep the floor under desks,
shelves, and other areas, including furniture, machinery, and
walls, collecting dust using a dustpan with a precleaned
nonplastic brush. A 100-g sample will be obtained from the
dust that remains after the sample has been mixed using a
metallic hand trowel. These samples will be enclosed in
aluminum foil, put in a Ziploc bag, and labeled appropriately.
We will keep the samplesin a cooler box until they are carried
to the laboratory and preserve them at negative 20 °C for later
analysis.

Sediment Sampling

The team will collect sediment samples from the nearest water
body in the selected plastic recycling industries. Following the
same 10x10-meter grid map, the field team will identify 10
sampling locations. Surface sedimentswill be collected at 0- to
20-cm depth using a metallic handheld sediment sampler.
Samples will be collected in a glass jar labeled appropriately,
put in aZiplock bag, and transported to the laboratory for later
analysis.
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Environmental Sample Analysis

For microplastic detection from environmental samples, an
adequate amount of samples will be combined with about 20
mL of 35% H,0, and heated at 60 °C for an hour for organic
matter removal. For density separation, 20 mL NaCl solution
will be added, ultrasonicated for 20 minutes, and left overnight
for organic matter removal. The top solution will be filtered
through quartz and examined under an Oxion Inverso
microscope (40x to 100x; Euromex Microscopen BV). The
filter, post examination, will be stained using Nile red solution
(1-5mg/mL) and observed under green excitation fluorescence
(540-580 nm). Microplastic sizing will be conducted using the
ImageJ software (LOCI, University of Wisconsin).

Environmental samples will be analyzed for heavy metal
detection using inductively coupled plasma mass spectrometry
(ICP-MS) following the acid digestion method. Samples will
be dried at 105 °C until reaching a stable weight, followed by
disaggregation using a mortar and pestle and then sieving.
Following the US Environmental Protection Agency (EPA)
Method 3051, fine fraction samples weighing 0.3 grams will
be subjected to acid digestion using amicrowave oven digester.
The resulting digested samples will be analyzed using an
ICP-MS (NexION 2000, PerkinElmer).

Objective 4: Health Risk Characterization

Plastic particles enter the human body through inhalation,
ingestion, and dermal contact [31]. In the human body, they
cause oxidative stress [32,33], cytotoxicity [34,35], and even
translocation to different tissues[36]. Thereislimited evidence
on the direct human hedth effects of MP exposure, but
mathematical modeling, animal studies, and in vitro cell cultures
reveal ed potential health riskslike altered metabolism, immune
disruption, neurotoxicity, and reproductive toxicity [37].
Previous biomonitoring approaches have demonstrated the
presence of bisphenol, phthalates, and other plastic additives
and their metabolites in the human population. This study
focuses on 2 common types of plastic additives: phthalates and
bisphenol metabolites and various heavy metals. Based on the
literature review, the human health systems most affected are
identified and listed in Table 2. To assess the impact on human
health, we will collect biologica samples, conduct
anthropometric measurements, measure blood pressure, and
assess the lung function of study participants.
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Table 2. Mgjor systems affected and the potential health impact assessment plan following exposure to microplastics and their additives.

Headlth systems and health-related outcome  Disease indicators Biological sample  Procedure
Female reproduction
Hormonal imbalance « 1 Progesterone, Fasting blood ELISAP
o LH?
Undesirable pregnancy outcomes o 1 Risk of recurrent miscarriage, _c Self-reported questionnaire
« 1 Spontaneous preterm birth,
o 1 Preterm premature rupture of
membrane
Male reproduction
Hormonal imbalance e | Serumtotal testosterone Fasting blood ELISA
e 1 Prolactin
Sexual dysfunction and infertility e | sexua function, — Self-reported questionnaire
. | sexual desire,
o | erectileability,
. 1 premature gaculation
Endocrine
Metabolic disorder (any 3 from the 5 Height, weight, waist, and hip cir- — Anthropometry
features are suggestive of metabolic dis- cumference
order)
Metabolic disorder (any 3 fromthe 5 Triglycerides Fasting blood Semiautomatic biochemistry analyzer
features are suggestive of metabolic dis-
order)
Metabolic disorder (any 3 from the 5 HDLY cholesterol Fasting blood Semiautomatic biochemistry analyzer
features are suggestive of metabolic dis-
order)
Metabolic disorder (any 3 fromthe 5 Blood pressure — Automated blood pressure monitor
features are suggestive of metabolic dis-
order)
Metabolic disorder (any 3 from the 5 Fasting blood glucose Fasting blood Hexokinase method
features are suggestive of metabolic dis-
order)
Thyroid function 1748 L TSHS Fasting blood ELISA
Respiratory
Asthma 1 Lung function — Spirometry
Renal
Impaired renal function 1 Albuminuria Fasting urine Dipstick test for albumin
Impaired renal function Urinary creatinine Fasting urine Automated hematology analyzer
Impaired renal function Urinary micro-albumin Fasting urine Automated hematology analyzer
Impaired renal function | eGFRY Blood CKD-EPI" equation
Oxidative stress
DNA damage *  8.0HdG Fasting urine ELISA

8_H: luteinizing hormone.

bELISA: enzyme-linked immunosorbent assay.
“Not available.

9HDL: high-density lipoprotein.

https://www.researchprotocol s.org/2024/1/e60289

RenderX

JIMIR Res Protoc 2024 | vol. 13| e60289 | p. 5
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS

€T4: thyroxine.

rsh: thyroid stimulating hormone.

9eGFR: Estimated Glomerular filtration rate.

hCKD-EPI: Chronic Kidney Disease Epidemiology Collaboration.
'8-OHdG: 8-hydroxy-2-deoxyguanosine.

Biological Sample Collection, Assessment, and Survey

Upon informed consent, a trained team collected 50 mL of
fasting urine samplesin urine collection potsto detect bisphenol
and phthalate metabolites [38]. Total bisphenol (free and
conjugated) and phthalate metabolites will be determined by
liquid chromatography—tandem mass spectrometry (LC-MS/MYS)
using the Agilent 6420 Triple Quad LC/M S System. Thetrained
field team also collected 5 mL fasting venous blood samples
using trace metal-free vacutainers, and an additional 3 mL was
collected using a serum tube. All the sampleswere carried in a
cooler box (4-8 °C) during transportation and stored in a
negative 80 °C freezer until analysis.

We also developed a data collection tool and piloted it before
applying it in the field. Our research team administered
electronic questionnaires, gathering data across multiple
domains. This includes general characteristics such as age,
gender, income, education, and living environment, as well as
detailed exposure histories and attitudes toward plastic waste.
Wealso recorded lifestyle factors like smoking and medication,
along with self-reported health conditions such as hypertension,
diabetes, and liver diseases. Interviews were conducted at the
participants’ workplaces.

Blood Pressure M easurement

The team used an automated blood pressure monitor to assess
the blood pressure of all participants, ensuring that all necessary
precautions were taken care of. Participants were instructed to
refrain from consuming caffeine (such as tea, coffee, and
carbonated beverages), engaging in heavy physical activities,
and smoking for at least 30 minutes before measuring blood
pressure. They were then asked to rest for 5 minutes while seated
on achair with arm support. Different cuff sizes and calibrated
instruments were used according to participants age groups.
Blood pressure measurements were conducted thrice, initially
fromtheleft arm, followed by the right arm, and then once more
from the left arm. Systolic blood pressure and diastolic blood
pressure readings were noted separately, and then the readings
were averaged.

Respiratory M easurement

Theresearch team collected information on smoking habitsand
medical history, including any previous diseases. The
guestionnaire inquired about acute symptoms, such as eye
irritation, nasal congestion, sore throat, and headache. Lung
function was assessed using a portable digital spirometer,
adhering to standard operating procedures. Measurements
encompassed forced vital capacity (FVC), forced expiratory
volume in one second (FEV), and pesk expiratory flow rate

(PEFR).
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Dietary Diversity Assessment

Previous research findingsindicate that humans are commonly
exposed to microplastics through inhalation, ingestion, and skin
contact [23]. Thousands of chemicals and heavy metals are
added to plastics as plasticizers; they enter the human body
directly with microplastics. It was estimated that an American
consumes an average of 39,000 to 52,000 M Ps annually, where
water was found to be the most prominent source [10]. Even
our regular food items like chicken meat and fish were found
to be contaminated with microplastics [39]. So, exploring
environmental pollution and health conseguences will be
incomplete without a dietary assessment. Dietary diversity was
measured considering the 1-week recal | period. This assessment
will guide us to the probable sources and help us measure the
risks more precisely.

Statistical Methods and Data Analysis

Data analysis will be performed using the “R” programming
language (version 3.5.2; R Foundation for Statistical Computing)
and Stata (version 14; StataCorp). A codebook will be prepared
based on data collection questionnaires. All variable labels,
value labels, and composite variable calculations will be
constructed using do filesand “R” scripts. Throughout the data
collection phase, quality control measureswill beimplemented.
Any anomalies will be promptly addressed through discussion
and resolution. Data will be summarized using descriptive
statistical tools such as mean (SD)for quantitative symmetric
variables, median (IQR) for quantitative asymmetric variables,
and frequencies or proportions for qualitative variables. The
chi-square test will be used to assess the association between 2
categorical variables [40]; independent t tests will be used to
determine the significance of the differences between the means
of 2 groups for normally distributed data [41], whereas the
Kruskal-Wallis rank test will be used to compare the median
between 2 groups or variablesfor non-normally distributed data
[42]. After adjusting for the relevant covariates, inferential
analyses such as regression and risk ratio will be calculated to
draw more definitive conclusions. Confounding variables will
beidentified from theliterature, and different types of bivariate
analysis will be included in the regression model.

For qualitative data analysis, we will use ATLASi (version
5.2; ATLASi Scientific Software Development) to organize
our dataand conduct thematic analysis [43]. Our approach will
begin with transcription and familiarization with interview
content, followed by selecting significant quotations and
identifying keywords. We will develop a coding system by
iteratively reading and coding the transcriptsto uncover patterns
and themes. These coded segments will be entered into
ATLASLi tofacilitatethemeidentification and further analysis.
Themes will be developed by grouping related codes and
interpreting their meaning in context, aiming to construct a
conceptual model that illustrates connections and insightsfrom
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the data. Throughout this process, we will compare themes
across interviews to ensure comprehensive coverage and
triangulate findings for enhanced validity and reliability [44].

Ethical Considerations

The Research Review Committee (RRC) and Ethical Review
Committee (ERC) of the icddr,b have reviewed and approved
this study protocol (PR#22111). Eligible participants who
consent to participate will be asked to provide written consent
inthelocal language (Bengali). There will be no compensation
for their participation in the research. Interviews will be
conducted in private or in acomfortabl e setting to minimizethe
risk of confidentiality breaches. The interviewers will use
culturally appropriate terminology and make every effort to
ensure the subjects’ comfort. Participants will be informed of
their option to discontinue their participation in the study at any
timeif they feel uncomfortable. To protect participants’ privacy,
anonymous data sets without personal identifiers will be
developed, and deidentified data will be used during storage,
analysis, and dissemination.

Results

Overview

This project was funded in August 2022. Following approval
from the RRC and ERC, the data collectors were recruited, and

https://www.researchprotocol s.org/2024/1/e60289
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acomprehensive exposure survey and sample collection training
was provided. Before starting fieldwork, we developed and
piloted the data collection tool. We initiated air sample
collection in January 2023 and completed this phase by August
2023. Simultaneoudly, biological sample collection and exposure
surveys were started in June 2023 and completed by October
2023. Additional environmental samples, including soil, dust,
and sediment from the exposure sites, were collected by May
2024. Data analysis is ongoing, and we anticipate publishing
our first result by November 2024.

We successfully enrolled a total of 84 exposed and 84
nonexposed respondents, with sociodemographic information
detailed in Table 3. The mean age of exposed respondents was
34 years (SD 6.47), dightly younger than the nonexposed
respondents (mean 36, SD 13.3 years) population. The majority
of the respondents were male, and almost half of them did not
have any formal education across exposed and nonexposed
groups. The BMI of nonexposed respondentswas dightly higher
than exposed respondents; however, this difference was not
significant (P=.05).

Currently, all biological and environmental samples are
undergoing analysis in the laboratory, and we anticipate
obtaining the results by July 2024.
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Characteristics Exposed population (N=84), n (%)  Nonexposed population (N=84), n (%) P vaue
Agein years, mean (SD) 34.3 (6.47) 35.7 (13.3) 9?2
Sex, male, n (%) 49 (58.3) 49 (58.3) 01°
Education, n (%)
No education 53 (63.1) 47 (56) 190
Up to primary school 28 (33.3) 28 (33.3) 19
Above primary school 3(3.6) 9(10.7) 19
Married, n (%) 72(85.7) 71(84.5) 31b
Self-owned home, n (%) 29 (34.5) 32(38.1) 5P
Family members, mean (SD) 4.31(1.92) 4.55 (1.70) 392
Monthly income (US $), median (IQR) 182 (136-255) 182 (168-273) 05¢
Households have their own, n (%)
Television 0(0) 1(1.2) 3P
Mobile phone 27(32.1) 37 (44) 11P
Refrigerator 37 (44) 46 (54.8) 17°
Electric fan 82 (97.6) 83(98.8) 56D
Current smoker, n (%) 31 (36.90) 22 (26.19) 14°
Alcohol consumption, n (%) 10 (11.9) 3(357) 04°
BMI (kg/m?), median (IQR) 22.9(19.5-25.6) 23.6 (21.4-26.4) 66°

% ndependent sample't test.
bChi -square test.
®Mann-Whitney U test.

Dissemination

The study results will be disseminated to the Director General
of Health and Family Services, the Department of Environment
(DoE), and partnering civil society organizationsin Bangladesh
that are dedicated to addressing health and environmental issues,
aiming to uphold environmental safety. Findings will be used
to explore the boundaries and challenges of plastic recycling
and management in Bangladesh. Furthermore, strategies at both
technical and policy levelswill be formulated alongside efforts
to enhance public awareness of the environmental and health
risks linked with plastic recycling. We will also develop
initiatives to build capacity in this area. Abstracts will be
prepared for international conferences to disseminate our
findings globally, and manuscriptswill be drafted and submitted
to peer-reviewed journals for publication.

Discussion

Principal Findings

Severd studies have examined the issue of plastic pollution in
Bangladesh, with a primary focus on marine and aquatic
environments. However, no study has investigated the potential
human health impacts resulting from microplastic exposure
[45]. Earlier evidence indicates the presence of MPin fish [20]

https://www.researchprotocol s.org/2024/1/e60289

and shrimp [46] from the northern Bay of Bengal. In addition,
microplastics have been detected in sediments from
Bangladesh’'s seabeaches and mgjor rivers[47]. Whileexploring
the sources of these microplastics, it wasreveal ed that the plastic
recycling industry also contributes due to the mechanical process
and inadeguate effluent treatments [48].

The presence of microplastic particles in our surrounding
environment isevident, yet numerous unexplored aspectsremain
in measuring exposure and assessing health outcomes. While
most of the health impacts have been hypothesized based on
anima studies, only a few have been investigated through
epidemiological research in humans. The proposed study aims
to contribute evidence on human microplastic exposure and
possible health impacts suggested by animal studies. In 2022,
researchersfrom the Netherlands reported the first-ever detection
of plastic particlesin human blood, with 77% of thetested blood
samples containing such particles [49]. Instead of directly
detecting microplastic from biological samples, this study will
focus on the metabolites of bisphenol and phthalates [50].
Furthermore, this study is designed to generate evidence on the
presence of microplastic particlesin environmental media, the
extent of human exposure, and associated health outcomes.
Callecting and analyzing awide range of environmental sample
types will contribute to a more comprehensive understanding
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of microplastic distribution in the environment and potential
routes of human exposure. The resultsfrom this study will serve
as a foundation for further research into monitoring the
long-term ecol ogical impacts of plastic debris. The multifaceted
approach will also enhance the ability to develop targeted
strategies for future mitigation and regul atory measures.

Nonetheless, this study has some limitations. We intend to
identify the presence of bisphenol and phthalate metabolitesin
biological samples, representing an indirect method of ng
exposure. To address this limitation, we plan to collect
environmental samples from the respondents workplaces to
detect the presence of MPs, which may validate our exposure
assessment. Thisstudy is cross-sectional, from which causality
between exposures and outcomes cannot be inferred.

Hasan et al

Conclusion

The findings from this study could be valuable for regulatory
authoritiesin understanding the magnitude of the problem. The
proposed analysis of multiple systems, including hormonal,
renal, lung function, and oxidative stress indicators, may
enhance our understanding of the mechanism between exposures
and biological responses. In addition, the detailed environmental
investigation would provide initial evidence of contamination
in the plastic industry, which might lead to negative
consequences for the environment and human health. These
findings could also be crucia in implementing occupational
saf ety measuresto mitigate adverse impacts, enabling informed
decisions in formulating effective waste management and
resource use strategies.

Acknowledgments

The author acknowledges the study collaborators and the cooperation of the study participants, who were visited several times
for data collection. Thisresearch study was funded by the “Integrated Health Science Research and Devel opment Fund Activity”
from the Directorate General of Medical Education Branch, Ministry of Health and Family Welfare, Government of the People's
Republic of Bangladesh. We al so acknowledge our core donors for their support and commitment to icddr,b’s research efforts.

Data Availability
The data sets generated and analyzed during this study are available from the corresponding author upon reasonable request.

Authors Contributions

SSH and SMP developed the study concept. SMP, SSH, AS, and FJ developed the study design. AS, AB, NI, MR, ZI, MHK,
RR, and MM provided input in environmental and biological sample collection and analysis. SSH and SMP provided input in
statistical analysis. SSH drafted the paper, and all authors read and commented on it and agreed with the final version.

Conflictsof Interest
None declared.

Multimedia Appendix 1

Peer review report by the Research Review Committee (RRC) - International Centrefor Diarrhoeal Disease Research, Bangladesh
(icddr,b).

[PDE File (Adobe PDF File), 74 KB-Multimedia Appendix 1]

References

1.  FokL, ChengINY, Yeung YY. Mismanaged Plastic Waste: Far Side of the Moon. In: So WWM, Chow CF, Lee JCK,
editors. Environmental Sustainability and Education for Waste Management: Implicationsfor Policy and Practice. Singapore.
Springer; 2019:57-71.

2. Rochman CM, Browne MA, Halpern BS, Hentschel BT, Hoh E, Karapanagioti HK, et al. Policy: classify plastic waste as
hazardous. Nature. 2013;494(7436):169-171. [doi: 10.1038/494169a] [Medline: 23407523]

3. Geyer R, Jambeck JR, Law KL. Production, use, and fate of all plastics ever made. Sci Adv. 2017;3(7):e1700782. [FREE
Full text] [doi: 10.1126/sciadv.1700782] [Medline: 28776036]

4.  Waste Concern. National workshop on sustainable management of plastic to leverage circular economy and achieve SDG
in Bangladesh. 2019. URL: https://tinyurl.com/yjkphav7 [accessed 2021-06-23]

5. Jambeck JR, Geyer R, Wilcox C, Siegler TR, Perryman M, Andrady A, et al. Marine pollution. Plastic waste inputs from
land into the ocean. Science. 2015;347(6223):768-771. [doi: 10.1126/science.1260352] [Medline: 25678662]

6. DeWit W, Burns E, Guinchard J, Ahmed N. Plastics: The Costs to Society, The Environment and the Economy. Gland,
Switzerland. World Wide Fund for Nature (WWF); 2021.

7. BanesDKA, Gagani F, Thompson RC, Barlaz M. Accumulation and fragmentation of plastic debrisin global environments.
Philos Trans R Soc Lond B Biol Sci. 2009;364(1526):1985-1998. [FREE Full text] [doi: 10.1098/rsth.2008.0205] [Medline:
19528051]

https://www.researchprotocols.org/2024/1/e60289 JMIR Res Protoc 2024 | vol. 13| e60289 | p. 9

(page number not for citation purposes)


https://jmir.org/api/download?alt_name=resprot_v13i1e60289_app1.pdf&filename=9ac72c4757769e9ec43ca81d5235d274.pdf
https://jmir.org/api/download?alt_name=resprot_v13i1e60289_app1.pdf&filename=9ac72c4757769e9ec43ca81d5235d274.pdf
http://dx.doi.org/10.1038/494169a
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23407523&dopt=Abstract
https://www.science.org/doi/abs/10.1126/sciadv.1700782?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
https://www.science.org/doi/abs/10.1126/sciadv.1700782?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1126/sciadv.1700782
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28776036&dopt=Abstract
https://tinyurl.com/yjkphav7
http://dx.doi.org/10.1126/science.1260352
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25678662&dopt=Abstract
https://europepmc.org/abstract/MED/19528051
http://dx.doi.org/10.1098/rstb.2008.0205
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19528051&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS Hasan et al

8.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

Enyoh CE, Verla AW, VerlaEN, Ibe FC, Amaobi CE. Airborne microplastics: areview study on method for analysis,
occurrence, movement and risks. Environ Monit Assess. 2019;191(11):668. [doi: 10.1007/s10661-019-7842-0] [Medline:
31650348]

Campanale C, Massarelli C, Savino I, Locaputo V, Uricchio VF. A detailed review study on potential effects of microplastics
and additives of concern on human health. Int J Environ Res Public Health. 2020;17(4):1212. [FREE Full text] [doi:
10.3390/ijerph17041212] [Medline: 32069998]

Cox KD, Covernton GA, Davies HL, Dower JF, Juanes F, Dudas SE. Human consumption of microplastics. Environ Sci
Technol. 2019;53(12):7068-7074. [doi: 10.1021/acs.est.9001517] [Medline: 31184127]

Ebere EC, Wirnkor VA, Ngozi VE. Uptake of microplastics by plant: areason to worry or to be happy? World Sci News.
2019;131:256-267. [FREE Full text]

Flaws J, Damdimopoulou P, Patisaul HB, Gore A, Raetzman L, Vandenberg L. Plastics, EDCs & Health: Authoritative
Guide. Washington, DC. Endocrine Society; 2020.

Yee MSL, Hii LW, Looi CK, Lim WM, Wong SF, Kok Y, et a. Impact of microplastics and nanoplastics on human
health. Nanomaterials (Basel). 2021;11(2):496. [ FREE Full text] [doi: 10.3390/nan011020496] [Medline: 33669327]
Vethaak AD, Legler J. Microplastics and human health. Science. 2021;371(6530):672-674. [doi: 10.1126/science.abe5041]
[Medline: 33574197]

Hahladakis N, Velis CA, Weber R, lacovidou E, Purnell P. An overview of chemical additives present in plastics: migration,
release, fate and environmental impact during their use, disposal and recycling. JHazard Mater. 2018;344:179-199. [FREE
Full text] [doi: 10.1016/j.jhazmat.2017.10.014] [Medline: 29035713]

Parvez SM, Jahan F, Abedin J, Rahman M, Hasan SS, Isam N, et al. Blood lead, cadmium and hair mercury concentrations
and association with soil, dust and occupational factorsin e-waste recycling workers in Bangladesh. Int JHyg Environ
Health. 2024;257:114340. [FREE Full text] [doi: 10.1016/j.ijheh.2024.114340] [Medline: 38422602]

Parvez SM, Jahan F, Brune M-N, Gorman JF, Rahman M J, Carpenter D, et al. Health consequences of exposure to e-waste:
an updated systematic review. Lancet Planet Health. 2021;5(12):€905-€920. [FREE Full text] [doi:
10.1016/S2542-5196(21)00263-1] [Medline: 34895498]

Parvez SM, Hasan SS, Moniruzzaman M, Jahan F, Rahman M, Aich N, et al. Trace metal concentrations, geoaccumulation
index and risk assessment from soil of electronic waste (e-waste) exposed and non-exposed area, Bangladesh. 2023.
Presented at: Proceedings of the 35th Annual Conference of the International Society of Environmental Epidemiology;
September 17-21, 2023; Kaohsiung, Taiwan. [doi: 10.1289/isee.2023.mp-028]

Sultan MB, Rahman MM, Khatun MA, Shahjalal M, Akbor MA, Siddique MAB, et al. Microplasticsin different fish and
shellfish speciesin the mangrove estuary of Bangladesh and eval uation of human exposure. Sci Total Environ. 2023;858(Pt
1):159754. [doi: 10.1016/j.scitotenv.2022.159754] [Medline: 36349632]

Hossain M S, Sobhan F, Uddin MN, Sharifuzzaman SM, Chowdhury SR, Sarker S, et al. Microplasticsin fishes from the
Northern Bay of Bengal. Sci Total Environ. 2019;690:821-830. [doi: 10.1016/j.scitotenv.2019.07.065] [Medline: 31302547]
Rahman SMA, Robin GS, Momotaj M, Uddin J, Siddique MAM. Occurrence and spatial distribution of microplasticsin
beach sediments of Cox's Bazar, Bangladesh. Mar Pollut Bull. 2020;160:111587. [doi: 10.1016/j.marpolbul.2020.111587]
[Medline: 32871432]

Brown E, MacDonald A, Allen S, Allen D. The potential for a plastic recycling facility to release microplastic pollution
and possible filtration remediation effectiveness. JHazard Mater Adv. 2023;10:100309. [FREE Full text] [doi:
10.1016/j.hazadv.2023.100309]

ZarusGM, Muianga C, Hunter CM, PappasRS. A review of datafor quantifying human exposuresto micro and nanoplastics
and potential health risks. Sci Total Environ. 2021;756:144010. [FREE Full text] [doi: 10.1016/].scitotenv.2020.144010]
[Medline: 33310215]

Young VB. Therole of the microbiome in human health and disease: an introduction for clinicians. BMJ. 2017;356:j831.
[doi: 10.1136/bmj.j831] [Medline: 28298355]

Fleming-Dutra KE, Hersh AL, Shapiro DJ, Bartoces M, Enns EA, File TM, et a. Prevalence of inappropriate antibiotic
prescriptions among US ambulatory care visits, 2010-2011. JAMA. May 03, 2016;315(17):1864-1873. [doi:
10.1001/jama.2016.4151] [Medline: 27139059]

Kouidhi W, Thannimalay L, Soon CS, Ali Mohd M. Occupational exposure to bisphenol A (BPA) in aplastic injection
molding factory in Malaysia. Int JOccup Med Environ Health. 2017;30(5):743-750. [FREE Full text] [doi:
10.13075/ijomeh.1896.00917] [Medline: 28584331]

PilkaT, Petrovicoval, Kolena B, Zatko T, Trnovec T. Relationship between variation of seasonal temperature and extent
of occupational exposureto phthalates. Environ Sci Pollut ResInt. 2015;22(1):434-440. [doi: 10.1007/s11356-014-3385-7]
[Medline: 25081008]

Lebreton L, Andrady A. Future scenarios of global plastic waste generation and disposal. Palgrave Commun. 2019;5(1):1-11.
[doi: 10.1057/s41599-018-0212-7]

United Nations Environment Programme. National Guidance for Plastic Pollution Hotspotting and Shaping Action:
Introduction to the Methodology. Nairobi, Kenya. United Nations Environment Programme; 2020.

https://www.researchprotocols.org/2024/1/e60289 JMIR Res Protoc 2024 | vol. 13 | 60289 | p. 10

(page number not for citation purposes)


http://dx.doi.org/10.1007/s10661-019-7842-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31650348&dopt=Abstract
https://www.mdpi.com/resolver?pii=ijerph17041212
http://dx.doi.org/10.3390/ijerph17041212
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32069998&dopt=Abstract
http://dx.doi.org/10.1021/acs.est.9b01517
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31184127&dopt=Abstract
https://www.researchgate.net/publication/334083970_Uptake_of_Microplastics_by_Plant_a_Reason_to_Worry_or_to_be_Happy
https://www.mdpi.com/resolver?pii=nano11020496
http://dx.doi.org/10.3390/nano11020496
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33669327&dopt=Abstract
http://dx.doi.org/10.1126/science.abe5041
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33574197&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0304-3894(17)30763-X
https://linkinghub.elsevier.com/retrieve/pii/S0304-3894(17)30763-X
http://dx.doi.org/10.1016/j.jhazmat.2017.10.014
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29035713&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1438-4639(24)00021-X
http://dx.doi.org/10.1016/j.ijheh.2024.114340
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38422602&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2542-5196(21)00263-1
http://dx.doi.org/10.1016/S2542-5196(21)00263-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34895498&dopt=Abstract
http://dx.doi.org/10.1289/isee.2023.mp-028
http://dx.doi.org/10.1016/j.scitotenv.2022.159754
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36349632&dopt=Abstract
http://dx.doi.org/10.1016/j.scitotenv.2019.07.065
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31302547&dopt=Abstract
http://dx.doi.org/10.1016/j.marpolbul.2020.111587
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32871432&dopt=Abstract
https://doi.org/10.1016/j.hazadv.2023.100309
http://dx.doi.org/10.1016/j.hazadv.2023.100309
https://europepmc.org/abstract/MED/33310215
http://dx.doi.org/10.1016/j.scitotenv.2020.144010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33310215&dopt=Abstract
http://dx.doi.org/10.1136/bmj.j831
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28298355&dopt=Abstract
http://dx.doi.org/10.1001/jama.2016.4151
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27139059&dopt=Abstract
https://doi.org/10.13075/ijomeh.1896.00917
http://dx.doi.org/10.13075/ijomeh.1896.00917
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28584331&dopt=Abstract
http://dx.doi.org/10.1007/s11356-014-3385-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25081008&dopt=Abstract
http://dx.doi.org/10.1057/s41599-018-0212-7
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS Hasan et al

30.

31.

32.

33.

35.

36.

37.

38.

39.

40.

41.

42.

43.

45,

46.

47.

48.

49,

50.

Saunders B, Sim J, Kingstone T, Baker S, Waterfield J, Bartlam B, et a. Saturation in qualitative research: exploring its
conceptualization and operationalization. Qual Quant. 2018;52(4):1893-1907. [FREE Full text] [doi:
10.1007/s11135-017-0574-8] [Medline: 29937585]

Revel M, Chéatel A, Mouneyrac C. Micro(nano)plastics: athreat to human health? Current Opinion in Environmental Science
& Health. 2018;1:17-23. [FREE Full text] [doi: 10.1016/j.coesh.2017.10.003]

Wright SL, Kelly FJ. Plastic and human health: a micro issue? Environ Sci Technol. 2017;51(12):6634-6647. [doi:
10.1021/acs.est.7b00423] [Medline: 28531345]

Schirinzi GF, Pérez-Pomedal, SanchisJ, Rossini C, Farré M, Barceld D. Cytotoxic effects of commonly used nanomaterials
and microplastics on cerebral and epithelial human cells. Environ Res. 2017;159:579-587. [doi: 10.1016/j.envres.2017.08.043]
[Medline: 28898803]

Anbumani S, Kakkar P. Ecotoxicological effects of microplastics on biota: areview. Environ Sci Pollut Res Int.
2018;25(15):14373-14396. [doi: 10.1007/s11356-018-1999-x] [Medline: 29680884]

Galloway TS. Micro- and Nano-Plastics and Human Health. In: Bergmann M, Gutow L, Klages M, editors. Marine
Anthropogenic Litter. Cham, Switzerland. Springer; 2015:343-366.

Fiorentino I, Gualtieri R, Barbato V, Mollo V, Braun S, Angrisani A, et al. Energy independent uptake and rel ease of
polystyrene nanoparticlesin primary mammalian cell cultures. Exp Cell Res. 2015;330(2):240-247. [doi:
10.1016/j.yexcr.2014.09.017] [Medline: 25246129]

Rahman A, Sarkar A, Yadav OP, Achari G, Slobodnik J. Potential human health risks due to environmental exposure to
nano- and microplastics and knowledge gaps: a scoping review. Sci Total Environ. 2021;757:143872. [doi:
10.1016/j.scitotenv.2020.143872] [Medline: 33310568]

Rebai |, Fernandes JO, Azzouz M, Benmohammed K, Bader G, Benmbarek K, et a. Urinary bisphenol levelsin plastic
industry workers. Environ Res. 2021;202:111666. [doi: 10.1016/j.envres.2021.111666] [Medline: 34265347]

Huang Y, Chapman J, Deng Y, Cozzolino D. Rapid measurement of microplastic contamination in chicken meat by mid
infrared spectroscopy and chemometrics: afeasibility study. Food Control. 2020;113:107187. [doi:
10.1016/j.foodcont.2020.107187]

Franke TM, Ho T, Christie CA. The chi-squaretest: often used and more often misinterpreted. Am JEval. 2011;33(3):448-458.
[doi: 10.1177/1098214011426594]

Kim TK, Park JH. More about the basic assumptions of t-test: normality and sample size. Korean J Anesthesiol.
2019;72(4):331-335. [FREE Full text] [doi: 10.4097/kja.d.18.00292] [Medline: 30929413]

Ostertagova E, Ostertag O, Kova¢ J. Methodology and application of the Kruskal-Wallis test. Arch Appl Mech.
2014;611:115-120. [FREE Full text] [doi: 10.4028/www.scientific.net/ AMM.611.115]

Naeem M, Ozuem W, Howell K, Ranfagni S. A step-by-step process of thematic analysisto develop a conceptual model
in qualitative research. Int JQual Methods. 2023;22:1-18. [doi: 10.1177/16094069231205789]

Campbell R, Goodman-Williams R, Feeney H, Fehler-Cabral G. Assessing triangulation across methodol ogies, methods,
and stakeholder groups: the joys, woes, and politics of interpreting convergent and divergent data. Am J Eval.
2018;41(1):125-144. [doi: 10.1177/1098214018804195]

Idam T, Li Y, Rob MM, Cheng H. Microplastic pollution in Bangladesh: research and management needs. Environ Pollut.
2022;308:119697. [doi: 10.1016/j.envpol.2022.119697] [Medline: 35779661]

Hossain MS, Rahman M S, Uddin MN, Sharifuzzaman SM, Chowdhury SR, Sarker S, et al. Microplastic contamination in
penaeid shrimp from the Northern Bay of Bengal . Chemaosphere. 2020;238:124688. [doi: 10.1016/j.chemosphere.2019.124688]
[Medline: 31524623]

Hossain MB, Banik P, Nur A-AU, Rahman T. Abundance and characteristics of microplasticsin sedimentsfrom theworld's
longest natural beach, Cox's Bazar, Bangladesh. Mar Pollut Bull. 2021;163:111956. [doi: 10.1016/j.marpolbul.2020.111956]
[Medline: 33385798]

Suzuki G, Uchida N, Tuyen L, Tanaka K, Matsukami H, Kunisue T, et al. Mechanical recycling of plastic waste as a point
source of microplastic pollution. Environ Pollut. 2022;303:119114. [doi: 10.1016/j.envpol.2022.119114] [Medline: 35276247)
Ledie HA, van Velzen MIM, Brandsma SH, Vethaak AD, Garcia-Vallgjo JJ, Lamoree MH. Discovery and quantification
of plastic particle pollution in human blood. Environ Int. 2022;163:107199. [FREE Full text] [doi:
10.1016/j.envint.2022.107199] [Medline: 35367073]

Thompson RC, Moore CJ, vom Saal FS, Swan SH. Plastics, the environment and human health: current consensus and
future trends. Philos Trans R Soc Lond B Biol Sci. 2009;364(1526):2153-2166. [FREE Full text] [doi:
10.1098/rsth.2009.0053] [Medline: 19528062]

Abbreviations

DoE: Department of Environment

EPA: Environmental Protection Agency

ERC: Ethical Review Committee

FEV1: forced expiratory volumein one second

https://www.researchprotocols.org/2024/1/e60289 JMIR Res Protoc 2024 | vol. 13| 60289 | p. 11

(page number not for citation purposes)


https://europepmc.org/abstract/MED/29937585
http://dx.doi.org/10.1007/s11135-017-0574-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29937585&dopt=Abstract
https://doi.org/10.1016/j.coesh.2017.10.003
http://dx.doi.org/10.1016/j.coesh.2017.10.003
http://dx.doi.org/10.1021/acs.est.7b00423
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28531345&dopt=Abstract
http://dx.doi.org/10.1016/j.envres.2017.08.043
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28898803&dopt=Abstract
http://dx.doi.org/10.1007/s11356-018-1999-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29680884&dopt=Abstract
http://dx.doi.org/10.1016/j.yexcr.2014.09.017
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25246129&dopt=Abstract
http://dx.doi.org/10.1016/j.scitotenv.2020.143872
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33310568&dopt=Abstract
http://dx.doi.org/10.1016/j.envres.2021.111666
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34265347&dopt=Abstract
http://dx.doi.org/10.1016/j.foodcont.2020.107187
http://dx.doi.org/10.1177/1098214011426594
https://europepmc.org/abstract/MED/30929413
http://dx.doi.org/10.4097/kja.d.18.00292
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30929413&dopt=Abstract
https://www.researchgate.net/publication/289442433_Methodology_and_Application_of_the_Kruskal-Wallis_Test
http://dx.doi.org/10.4028/www.scientific.net/AMM.611.115
http://dx.doi.org/10.1177/16094069231205789
http://dx.doi.org/10.1177/1098214018804195
http://dx.doi.org/10.1016/j.envpol.2022.119697
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35779661&dopt=Abstract
http://dx.doi.org/10.1016/j.chemosphere.2019.124688
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31524623&dopt=Abstract
http://dx.doi.org/10.1016/j.marpolbul.2020.111956
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33385798&dopt=Abstract
http://dx.doi.org/10.1016/j.envpol.2022.119114
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35276247&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0160-4120(22)00125-8
http://dx.doi.org/10.1016/j.envint.2022.107199
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35367073&dopt=Abstract
https://europepmc.org/abstract/MED/19528062
http://dx.doi.org/10.1098/rstb.2009.0053
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19528062&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS Hasan et al

FTIR: Fourier-transform infrared spectroscopy

FVC: forced vita capacity

HM: heavy metal

ICP-MS: inductively coupled plasma mass spectrometry
LC-MS/MS: liguid chromatography—tandem mass spectrometry
MiNP: mono isononyl phthalate

MP: microplastic particles

PEFR: pesk expiratory flow rate

PM2.5: particulate matter with a diameter lessthan 2.5 um
RRC: Research Review Committee

TSP: total suspended particulate
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