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The concern over the heavy metal laden dust and its impact on human
health has gained global importance over the decade. Exposure to roadside dust is
associated with various acute and chronic health issues. Bhutan too is battling
environmental health issues due to increasing anthropogenic and developmental
activities such as hydropower dam construction. This study analyses the heavy
metals concentrations in roadside dust near hydropower dam construction areas and
assesses the noncancer and cancer risk of exposure to heavy metals laden dust
through inhalation. This study was a cross sectional study. The roadside dust
samples near hydropower dam construction in Wangduephodrang District were
collected and analyzed for As, Pb, Cr, and Hg concentration by using ICP-OES.
The socio demographic data and exposure factors were collected through
interviews. The mean concentration of the heavy metals in the dust samples were
Cd<Hg<As<Pb<Cr at <7.59x10%+0.00, 4.7x10%+6.7x10*, 6.5x101+1.16,
5.16+5.90 and 15.71+5.58 mg/kg respectively. All the concentrations of the heavy
metals in the dust were lower than the permissible range for safety. The noncancer
risk assessment showed that the HQ was 3.66x107%7, 1.21x1073, 2.67x10°%, 9.27x10°
10 and 2.17x10°% for As, Cr, Cd, Hg and Pb. The HI was 1.22x10°%+3.34x10°%,
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to exposure to As, Cr, Cd and Pb was 6.92x10°+1.90x10°, and lower than the
acceptable range of 1.0x10° There is no potential non-carcinogenic and
carcinogenic risk due to exposure to the heavy metals laden dust through inhalation
in the hydropower dam construction areas in Bhutan. However, it’s recommended
that residents should use face masks for self-protection from roadside dust and
prevention of other adverse health effects apart from exposure to heavy metals
under the study. Further dust suppression methods need to be strengthened in the
area.
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1. Chapter I Introduction
1.1. Heavy metals contamination in environment

Environmental pollution due to rapid urbanization, economic activities and
anthropogenic activities has adversely affected the environment, resulting in
deteriorated human health. The concern over the heavy metal laden dust and their
impact on human health is increasing over the years due to its deleterious

consequences on public health (Mitra et al., 2022).

The rapid development due to anthropogenic activities has led to increase in levels of
heavy metals in the environment (Sultan et al., 2022). In the developing countries, the
rapid urbanization and developmental activities are the major producers of the
pollutants in the environment (Bai et al., 2009; Bhattacharya et al., 2019; Tomczyk,
Wiatkowski, et al., 2022). The presence of heavy metals in the street and industrial
dusts has been reported by numerous studies(Cheng et al., 2018; S. Yang et al., 2020;
Zgtobicki et al., 2018). These heavy metals are prevalent in the areas with

anthropogenic activities due to their various uses.

Heavy metals are used as preservatives in wood, piping, electroplating, roofing
decoration, creation of alloys, cladding and even as constituents of the stainless
steels(Ceballos et al., 2022). It is also evident that mining and other land use changes
are causing heavy metal deposition and suspension in the dusts (both indoors and
outdoors) (Goguitchaichvili & Bautista, 2023; X. Yang et al., 2022).
1.2. Impact of Heavy metals on Human health

Heavy metals are a cause of concern globally due to their characteristics such as non-
degradable, highly toxic, longevity, and bioaccumulation ability (Briffa et al., 2020;

Du et al., 2013). Some of these heavy metals such as Arsenic (As), Cadmium (Cd),



Chromium (Cr),Nickel (Ni) and Lead (Pb) are known carcinogenic and has huge
impact on the human health(Tan et al., 2016). The evidences around the world shows
that the inhalation and ingestion of dust could lead to numerous serious health
conditions such as cancers, chronic kidney diseases, hypertension, dermal lesions,

peripheral neuropathy, and vascular diseases(Denny et al., 2022).

Heavy metals can be harmful to human health through various means. Heavy metals
act as enzymic cofactors or inhibitors and thus support biochemical reaction
(Witkowska et al., 2021). The metals such as mercury (Hg), lead (Pb), copper (Cu),
cadmium (Cd), arsenic (As), chromium (Cr), thallium (TI), manganese (Mn), zinc
(Zn), and nickel (Ni) has the tendency to displace metals from their natural binding
sites causing toxicity(Wong et al., 2006; H. Zhang et al., 2010). The elements such
As, Cd, Cr, Co, Pb, Ni, and Zn are the most common heavy metals potentially
hazardous to human health(Wong et al., 2006). Many of these elements, even at a
very low concentration are toxic and carcinogenic to human and can potentially exert
deleterious health effects due to inhalation, ingestion, and dermal contact (Tchounwou
et al., 2012). However, the toxicity of these heavy metals depends on the level of
contamination and exposure route. The toxicity also differs according to the age,
gender, genetic and nutritional status of the people.
1.3. Hydropower Dam construction and environmental pollution

Bhutan is witnessing a rapid growth in infrastructure such as urban infrastructure
development, land use changes, mining and industrial development (The World Bank,
2020). The number of vehicles in the country has also increased by three folds in the
last decade (Road Safety and transport Authority, 2022; Road Safety and Transport

Authority, 2009). In recent decade Bhutan has geared towards construction of various



hydropower dams across the country, which is the main energy source in the country
(Asian Development Bank, 2010; The World Bank, 2019). large number of
pollutants is emitted during the construction of infrastructure due to machinery,
earthmoving and transportation of the excavated materials (Al-Swadi et al., 2022;
Sultan et al., 2022). However, not many studies are conducted to evaluate the

prevalence of heavy metals in these areas and their implications.

Studies also points out the presence of heavy metals in the rivers where there is
increasing anthropogenic activities (Rai, 2021; Rai et al., 2019). ) i et al., (2022)
found heavy metals in the fish species (Schizothorax richardsonii (0.354 pg/g), Salmo
trutta (0.240 pg/g) and Neolissochilus hexagonolepis (0.240 pg/g) in the rivers where
the hydropower dams are constructed. However, the implications of presence of such
heavy metals on public health were not reported and studied. The fishing in
Punatshangchu is also restricted due to presence of foraging areas of White bellied
heron, which is listed in the IUCN list of critically endangered bird species. Many of
the farming community in this area are also not dependent on the river for irrigation

and depend mainly on streams and spring water for irrigation and drinking water.

Bhutan is also known for its pristine environment and clean air. The use of personal
protective equipment (PPE) such as masks is very low. Evidences suggests that even
during the covid-19 outbreak, the prevalence of use of mask among students was only
22% (Wangchuk et al., 2023). Such evidence suggests that many people could be
exposed to heavy metals through inhalation. Therefore, it could pose a grave threat to

the health of the people living in the areas with heavy metal laden dust.



It’s critical to assess the level of HM in dust in the community and conduct health risk
assessment to prevent possible HM risks through inhalation of dust. Exposure to dust
through inhalation is critical route due to direct exposure to dust in the community as
well as low level of use of face masks. Therefore, this study aims to assess the
presence of heavy metals in the dust near heavy construction areas and evaluate their
public health implications such as cancer and non-cancer risk. This will provide clear
context-based evidence regarding the intensity of heavy metal pollution in the hydro-
power dam construction areas in Bhutan. This study will also help in designing
evidence based programmatic interventions in the areas to prevent public health issues

related to environmental pollution and thus mitigate the issues.

1.4. Research Question

e What are the concentrations of heavy metals (Arsenic (As), chromium (Cr),
Lead (Pb), mercury (Hg), and Cadmium (Cd)) in the dust samples from the
communities near  Hydropower Dams  Construction  Areas in
Wangduephodrang District of Bhutan?

e What are the cancer risk and non-cancer risk of the heavy metals (As, Cr, Pb,
Hg and Cd) related to dust samples from the communities near Hydropower
Dams Construction Areas in Wangduephodrang District of Bhutan?

1.5. General Objective

The study aims to assess the human health risk related to heavy metals (As, Cr, Pb,
Hg and Cd) in dust from the communities near Hydropower Dams Construction Areas

in Wangduephodrang District of Bhutan.



1.6. Specific Objectives
e To find the concentrations of heavy metals (As, Cr, Pb, Hg and Cd) in the dust

samples from the communities near Hydropower Dams Construction Areas in
Wangduephodrang District of Bhutan.

e To assess the cancer risk and non-cancer risk of the heavy metals (As, Cr, Pb,
Hg and Cd) related to dust samples from the communities near Hydropower

Dams Construction Areas in Wangduephodrang District of Bhutan.

1.7. Hypothesis
e There are heavy metals (As, Cr, Pb, Hg and Cd) contaminated in the dust

samples from the communities near Hydropower Dams Construction Areas in
Wangduephodrang District of Bhutan.

e There are cancer risk and non-cancer risk of the heavy metals related to dust
samples from the communities near Hydropower Dams Construction Areas in

Wangduephodrang District of Bhutan.



1.8. Conceptual Framework

Independent
variables

socio demographic
information
Age, gender, occupation,
education, marital status.
income, chronic iliness

Exposure factors
Year of settlement in area.
time spent working in the

area, outdoor activities, use
of PPEs,

Residential factors
type of house, distance from
dam. presence of disposal
areas, other construction
related activities, distance
from road

Heavy metal concentration
in dust
Concentration of AS, Cd, Cr,
Pb and Hg in dust

\

Dependent
variable

Carcinogenic and non-
carcinogenic risks

y

Figure I Conceptual framework of the study




1.9. Operational Definition

Table 1 The operational definition of the terms used in the study.

Cancer risk Risk of developing cancer due to exposure to the heavy metals
which has carcinogens

Health risk The process of estimating the risk of harmful health effects in

assessment humans due to exposure to the heavy metals in the dust.

Non-cancer risk

Noncancer risk refers to chance of noncancer harmful effects
to human health resulting from exposure to heavy metal laden

dust

Hazard quotient

A hazard quotient is the ratio of the potential exposure to a
heavy metal and the level at which no adverse effects are

expected

Hazard index

The sum of hazard quotients for the heavy metals detected in
the study assuming that the effects of the different heavy

metals are additive

Heavy metals

Heavy metals are a group of metals and metalloids that have a
high atomic weight and density. In this study, heavy metals
refer to the seven elements (As, Cd, Cr, Pb, and Hg) under

study

Dust

The fine, dry powder of tiny particles settled on surfaces

above ground level after being suspended in the air.

Non-essential Heavy

metals

Metals/metalloids are those, which have no known biological

function in living organisms

Essential heavy

Those heavy metals that have a biological role in the living




metals

systems

Anthropogenic

activities

All the phenomena which can be consequent of the presence

or the action of the human being

Household

“A household is defined as a person or group of persons,
related or unrelated, who live together in the same dwelling
unit, who acknowledge one adult male or female as the head

of household, who share the same living arrangements, and are
considered as one unit. A usual member is a person who
“normally” lives in the household.” (PHCB, 2017 & NCD

STEPS survey, 2019)

Usual Household

members

A person who has lived with the household for at least 6 of the

last 12 months (BLSS, 2017)

Chronic illness

Broadly defined as conditions that last 1 year or more and
require ongoing medical attention or limit activities of daily
living or both. Chronic diseases in the study includes cancer,

COPD, and cognitive disability.

Roadside

The area within the 100mts buffer if Wangdue-Tsirang
National highway between Wangduephodrang Bridge and

Wangdue-Tsirang Border

Construction area

The Construction area in this study refers to the areas
surrounding the construction of Punatsangchu I and Il dams
and related activities. The construction activities involve

excavation of the area for Hydropower dam construction,
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involvement of heavy machineries and equipments,
construction of houses and roads for workers, transportation

and dump site for the excavated materials.

Hydropower dam

Hydropower dam in the study refers to the two Hydropower
dams, namely Punatsangchu I and Piunatsangchu 11 which are
under construction on the banks of Punatsangchu river (one of

the major rivers in Bhutan)

Socio demographic

characteristics

Socio-demographic characteristics are the general
characteristics of the population in the area and include 1.
Age, 2. Gender, 3. Occupation, 4. Education, 5. Marital status,
6. Income 7. Weight, 8. Height and 9. Chronic illness in this

study.

Exposure factors

Factors that lead to human exposure to a toxic agent,
describing its composition and size, as well as the type,

magnitude, frequency, route, and duration of exposure

Residential factors

Factors related to the resident of the population such as, type

of house, distance from construction area, distance from dam
construction area, presence of disposal of residual materials
from dam construction, workshops, and other metal works,
which effects the rate of exposure of the individual to the

pollution
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2. Chapter Il Literature Review
2.1 Heavy Metals
Heavy metals refers to metallic and metalloids with relatively high atomic weight and
a density (five times greater than water) (Tchounwou et al., 2012). Many are required
by the plants and animals in different quantities. Heavy metals can be categorized into
essential and non-essential heavy metals based on their functions in human and plants
(Saad et al.,, 2016). A trace amount of essential metals are vital to carry out
fundamental structural and functional processes such as metabolism and health of
plants and animals (Jyothi, 2020). The essential elements include iron (Fe), copper
(Cu), zinc (Zn), cobalt (Co), manganese (Mn), chromium (Cr), molybdenum (Mo),
selenium, tin (Sn), nickel (Ni) and vanadium. Although they are not toxic at low
concentration, they may induce harmful health impacts depending on the dosage and

concentration(Mitra et al., 2022).

The non-essential metals include Arsenic (As), Lead (Pb), mercury (Hg), Aluminum
(Al) and Cadmium (Cd). These heavy metals are not required by plants, even in trace
amounts, for any of the metabolic processes. However, non-essential metal are
capable of binding with the essential metal proteins and pathways, thus resembling
the essential heavy metals in many ways (chemical and toxicological properties)

(Slobodian et al., 2021).

2.2 Road Dust and heavy metal concentration

The resuspension of the solid particles generated from any anthropogenic activities

and natural causes, primarily due to traffic movements and related activities along the
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road are known as road dusts. Road dust is the main pollutant in the industrial and
cities (with high anthropogenic activities) and main source of PM 2.5. The particulate
matter (PM) pollution in such areas mainly consists of resuspension of the road dust
along with the wear and tear of the auto parts and road. However, the chemical
composition of such re-suspended road dust depends on the silt deposited on the road

due to different anthropogenic and natural activities prevalent in the area.

Numerous studies have found elevated presence of heavy metals in the dust. A study
in mega city of Dhaka, Bangladesh found that the concentration of As, Cd, Cr, Pb, Ni,
Zn and Cu were 1.564, 0.158, 40.780, 35.347, 21.542, 111.591 and 30.17 mg/kg
respectively. Suryawanshi et al (2016) studied the industrial, highways and residential
areas in Delhi, India. The study found that the concentration of Cd (1.9-3.8); Cr (56.4-
500.3); Cu (87.3 - 499.0); Ni (27.2 to 61.7); Pb, (69.0-316.0), and Zn (187.7 -524.3)
in the dust samples. Numerous other studies from China (Du et al., 2013; Han et al.,
2017; H. Wang et al., 2021; X. Yang et al.,, 2022), Poland (Dytlow & Gorka-
Kostrubiec, 2021; Zgtobicki et al., 2018), Greece (Bourliva et al., 2012), and Nigeria
(Mafuyai et al., 2015) also found similar presence of heavy metals in the roadside and

urban street dusts.

2.3 Health effects of heavy metals

Health hazards associated with exposure to arsenic in dust include cancer, skin
lesions, neurological effects, and respiratory (Bhattacharya et al., 2019)problems.
Long-term exposure to inorganic arsenic has been linked to increased risk of lung,
bladder, and skin cancer (US EPA, 1988). Skin contact with dust containing inorganic

arsenic can lead to skin lesions such as hyperkeratosis and hyperpigmentation
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(ATSDR, 2007). Neurological effects such as peripheral neuropathy and
encephalopathy have also been reported in individuals exposed to inorganic arsenic.
Respiratory problems, including chronic bronchitis and lung fibrosis, have also been

associated with exposure to inorganic arsenic (IARC, 2012).

Long-term exposure to cadmium can lead to a variety of health hazards, including
lung damage, kidney damage, and cancer. Inhaling high levels of cadmium dust and
fumes can cause coughing, shortness of breath, and other respiratory problems
(Genchi et al., 2020). Additionally, cadmium can accumulate in the body over time,
leading to an increased risk of kidney damage and cancer. Furthermore, cadmium is
also a known reproductive and developmental toxin (Tan et al., 2016). Exposure to
the metal has been linked to decreased fertility, miscarriage, and birth defects.
Children are also at a higher risk of health effects from cadmium exposure, as their

developing bodies are more sensitive to the metal (Balali-Mood et al., 2021).

Lead exposure is well-documented and includes damage to the brain and nervous
system, as well as an increased risk of various forms of cancer (World Health
Organization (WHO), 2022). In addition, lead exposure has been linked to a variety of
other health issues, including anemia, kidney damage, and reproductive problems

(Balali-Mood et al., 2021).

When it comes to human health, exposure to mercury can have a wide range of
negative effects. Long-term exposure to inorganic mercury, which is found in some
industrial processes and pesticides, can lead to kidney damage (CDC, 2009).
Exposure to metallic mercury, commonly found in dental fillings, can lead to

neurological effects such as tremors, memory loss, and insomnia (ATSDR, 2022).
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One of the most significant health hazards associated with mercury exposure is its
potential to cause developmental delays and damage to the nervous system in fetuses

and young children(Han et al., 2017).

2.4 Sources and routes of heavy metal

The major source of heavy metals in the dust is due to intensive anthropogenic
activities(Abdel-Rahman, 2022; Armah et al., 2014). The developmental activities
such as minning, construction and land use change releases heavy metals in the
atmospheric air. However, no point source can be defined for heavy metal
contamination of dusts as it’s a result of many sources contributing to the
contamination. Humans can be exposed to heavy metal laden dusts through various
pathways through inhalation, ingestion, and dermal contact (Abdel-Rahman, 2022;
Al-Swadi et al., 2022; Briffa et al., 2020). The inhalation and ingestion of dust is
known cause of numerous serious health conditions such as cancers, chronic kidney
diseases, hypertension, dermal lesions, peripheral neuropathy, and vascular diseases

(Denny et al., 2022).

Table 2 The detail description of each heavy metal studied with their health
implications.

Heavy Physical and Sources in Environment toxicity/possible
metal Chemical effects
Properties
Arsenic Atomic number, 33; Treatment of wood (wood Carcinogenic
(As) relative atomic preservatives), Historic  paintwork, hematotoxin,
mass, 74.92 pharmaceuticals, agricultural endocrine
silver-gray/White chemicals, mining,  metallurgical, disrupter,
metallic, odorless, glassmaking, semiconductor industries, Spontaneous
brittle solid. lead acid batteries, automotive solder, abortions and still
and radiators. birth, possible

teratogen
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Heavy Physical and Sources in Environment toxicity/possible

metal Chemical effects
Properties

Chromium  Atomic number: 24, Alloying material for steel, surface Carcinogenic,

(Cn relative atomic coating, metallic electroplating and respiratory irritant,
mass: 51.99 cladding coatings, synthetic rubies, stomach irritant,
steely-grey, lustrous, preservation of wood (CCA), tanning anemia, sperm
hard, and brittle of leather, Refractory materials (heat- damage
transition metal, resistant applications), catalysts.
high resistance to
oxidation and heat

Cadmium Atomic Number:48 Used in nickel-cadmium batteries, Fetal

(Cd) soft, silvery-white electroplating (mainly in aircraft malformations and
divalent metal, industry), prevention of corrosion of other effects,
corrosion resistant, steel, coating, Anti-cancer drugs, pulmonary
insoluble in water, photoconductive surface coating and in irritation,  kidney
combines with other televisions, motion detectors, fluoresce diseases,
metals such as tin, microscopy, burning of fossil fuels
copper, gold and such as coal or oil and the incineration
silver to  form of municipal waste, zinc,
mercury alloys lead, or copper smelters, Smoking
known as amalgams

Lead (Pb) Atomic number: 82, Paint, ceramics, pipes and plumbing Affects the nervous
A dull, silvery-grey materials, solders, gasoline, batteries, system, kidney
metal, corrosion - ammunition, and cosmetics function, immune
resistance, density, system,
and low melting reproductive  and
point, developmental

systems, and the
cardiovascular
system

Mercury Atomic number: 80  Production of chlorine gas and caustic irritation to the

(Ho) shiny and silver- soda, and in thermometers, barometers, eyes, skin, and
white with a high batteries, and electrical switches. stomach;  cough,
surface tension, chest pain, or
highly mobile and difficulty
droplets  combine breathing,
easily due to low insomnia,
viscosity irritability,

indecision,
headache,
weakness or
exhaustion, and
weight loss, m
neurological
damage

2.5 Hydropower Dam construction and Environmental pollution

Hydro power dam construction is a crucial aspect of sustainable energy production, as

it harnesses the energy of flowing water to generate electricity. However, the
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construction of hydropower dams can also result in the release of heavy metals into
the surrounding environment(Chen et al., 2010; European Investment Bank, 2019).
Heavy metal contamination in dust is a significant concern during hydro power dam
construction, as it can have detrimental effects on human and the environment health

(Bing et al., 2022; Tokmechi, 2011).

During hydro power dam construction, heavy metals can be released into the
environment through various processes (Bing et al., 2019; Tokmechi, 2011). The
construction of a dam can result in the removal of large amounts of soil and rock,
which can release heavy metals that were previously trapped in the earth.
Additionally, the use of heavy machinery and equipment can result in the release of
dust containing heavy metals into the air. The construction of hydropower dams can
also result in the release of heavy metals into nearby water sources, as the dams can

block the natural flow of water and cause the build-up of sediment (Tokmechi, 2011).

The levels of heavy metal contamination in dust during hydro power dam
construction. A study by Tomczyk et al. (2021) investigated the levels of heavy metal
contamination in in the neighborhood of small hydropower plant in Poland. The study
found that the composition of the heavy metals in the sediments were greatly affected
by the hydropower plants. Studies have also found that the heavy metal concentration
increases as we move downstream of the hydropower dams (Bai et al., 2009;

Tomczyk, Galka, et al., 2022).

Bhutan is known for its natural beauty, rich culture and tradition, and for being one of
the few carbon-negative countries in the world (Yangka et al., 2019). However, the

country's rapid development and rapid changes in landscape due to developmental
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activities propelled by population growth remain as major challenge in Bhutan
(Sharma et al., 2021). Punatsang Chhu neighborhood has numerous sources of heavy
metals in dust from related activities for construction of hydropower projects (PHPA |
and II), construction activities, agricultural  practices, traffic movements,
sand dredging and riverine activities, and land use changes in the district. While there
is limited studies conducted in the area to assess the heavy metal contamination in the
neighborhood, a study by Tashi et al., (2022) found traces of heavy metals in the
fishes in Punatsangchu, where the two major dams are under construction. The
hydropower Dam construction projects have also led to increased anthropogenic

activities and built-up environment in these areas.

2.6 Characteristics of selected heavy metals under study

2.6.1 Arsenic

Arsenic is a toxic heavy metal that can be found in various forms, including inorganic
and organic compounds (L. Zhang et al., 2020). Dust can be inhaled, ingested, or
absorbed through skin, making it a significant route of exposure for individuals. The
arsenic released in environment has low mobility due to its high binding properties

with soil (ATSDR, 2007).

The United States Environmental Protection Agency (EPA) has established a
Reference Dose (RfD) for inorganic arsenic of 0.3 micrograms per kilogram of body
weight per day (pg/kg-d) based on non-cancer effects (EPA, 2001). Additionally, the
International Agency for Research on Cancer (IARC) has classified inorganic arsenic
as a Group 1 carcinogen (IARC, 2012a). The median lethal dose (LD50) of inorganic

arsenic is approximately 50-70 mg/kg in rats (Agency for Toxic Substances and
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Disease Registry, 2018). Studies reported an increase in incidence of lung cancers due
to long term exposure to 0.07mg/m3(ATSDR, 2007).
2.6.2 Cadmium

Cadmium (Cd) is a non-essential HM which commonly found in the environment and
highly mobile element (Kubier et al., 2019). It has the potential to accumulate in both
the environment and human body for long periods (half-life of 25-30 years), leading
to harmful health effects (Genchi et al., 2020). The properties such as corrosion
resistant, low melting point and high conductivity makes it suitable for use in
industries(IARC, 2012b). It is also used in a variety of industrial applications, such as
in the production of batteries, pigments, and metal coatings. The main sources of
cadmium exposure for humans is through ingestion of contaminated food and water
and inhalation of dust and fumes containing the cadmium (Genchi et al., 2020).
Cadmium can enter the environment through industrial and agricultural activities,

leading to contamination of soil and water.

The chronic exposure to cadmium is known to compete with the calcium and other
nutrients and thus causes liver and kidney dysfunctions as they are extremely sensitive
to cadmium’s toxic effects (Genchi et al., 2020). The severe cadmium exposure
causes itai-itai, which was first detected in 1960’s in Japan (Kubier et al., 2019). It
also causes breast and lung cancer, cerebral infraction, and cardiac failure. The
USEPA has classified cadmium as group-B carcinogen and the inhalation unit risk of
1.8X10-3 ug/m3(U.S. EPA, 1998).
2.6.3 Lead
Lead is a heavy metal that has been used in various industrial and consumer products

for centuries(US EPA, 1997). However, the impact of lead on human health has
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become a significant concern in recent years (World Health Organization (WHO),
2022). According to CDC, around one third of the children globally have elevated

blood lead (>5 pg/dL)(CDC, 2022).

One of the main sources of lead in the environment was from the use of lead gasoline
in the past. However, due to its significant contribution to lead pollution, it’s phased
out in many countries. Despite this, lead can still be found in the environment today,
particularly in areas with a history of heavy industrial activity or mining (Jonasson &
Afshari, 2018). Another leading source of lead is mining and processing of metal ore
(Singh & Li, 2014). The dust and debris generated by these activities can release lead
into the air, water, and soil, increasing the risk of exposure for people living in or near

these areas.

Lead exposure can occur through several different routes, including inhalation,
ingestion, and skin contact (Jonasson & Afshari, 2018). Dust containing lead can be
found in and around homes and buildings, due to its common use in paints, water
pipes, toys, and jewelry. Soil can also be a source of lead exposure, especially in areas
with a history of heavy industrial activity or mining (Singh & Li, 2014). The median
oral lethal dose (LD50) for lead is around 450 mg/kg of body weight and IDLH of
100 mg Pb/m3. The permissible exposure limit (PEL) of lead is 0.050 mg/m3(NOISH,
1994).

2.6.4 Mercury
Mercury is a naturally occurring element that can be found in different forms,

including elemental, inorganic, and organic(CDC, 2009). The global emission of Hg
was approximately 2390 mg and has grown by 1.8% per year over the last decade

(Streets et al., 2019). While organic mercury in the environment is released through
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environmental conversions, elemental and inorganic mercury is released mainly
through natural and human activities. One of the primary sources of mercury in the
environment (elemental mercury) is from natural deposits, such as volcanic eruptions
and weathering of rocks. However, human activities, such as mining, fuel combustion,
waste incineration, coal-fired power plants and industrial processes, also contribute to
the release of mercury into the environment (WHO, 2021).

Hg is a toxic substance that can have a significant impact on human health with no
physiological role in Human (WHO, 2021). The exposure to Hg mainly effects
neurological and renal systems causing issues such as vision, nerve conduction and
cognitive dysfunction, and subjective physiological symptoms (ATSDR, 2022). The
inhalation RfC of mercury is 3E-4 and LOAEL of 0.025 mg/m3(US EPA, 1988b).

2.6.5 Chromium

Chromium (Cr) is abundant in nature with approximate concentration of <1.0E-4
mg/m3 in air. It is also found in the rocks and mainly deposited in the form of
elemental or trivalent oxidation form. The Cr concentration in the soil ranges from 2
to 60 mg/kg (WHO, 1998). The reference concentration of chronic exposure to Cr
particulates is 1E-4mg/m® and LOAEL of 2E-3mg/m3(US EPA, 1998). The chronic
exposure to Cr is known to cause lung cancer and the its association has been studied
in many epidemiological studies (US EPA, 1998). Other effects of Cr includes
asthma, pulmonary congestion and other respiratory diseases, edema, dermatitis and

skin diseases (OSHA, 2006).



3 Chapter 111 Research Methodology

3.1 Study area and setting

¢ settlement -~
% punatshangchu

Figure 2: Map showing the study area.

Punatshangchu River flows through Wangduephodrang district (27.4879° N, 89.8996°
E). The river is one of the major rivers in Bhutan and enters West Bengal in India.
Catchment area of almost 9900 km2. The construction of first hydropower dam on the
banks began in 2008 (Punatshangchhu-1) and the Dam site is about 7 km downstream
of Wangdue Bridge (27.421388 N, 89.9047 E) and all other project components are
located on the left bank of the river between 7 km and 21 km downstream of the
Wangdue Bridge. The construction of Punatshangchu-Il commenced in 2010. The
diversion Dam of Punatsangchhu-11 Hydroelectric Project (PHEP-II) is located about
20 km downstream of Wangduephodrang Bridge. All other project components are
situated on the right bank. Its underground Powerhouse is 15 km downstream of Dam

at Kamechu, Dagar Gewog.
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Shops and open-area vendors along the road

Figure 3 Settlement and types of houses along the road in the study area

3.2 Methodology

This is a cross-sectional study. The level of HM in the area was assessed through dust
samples and questionnaire-based interviews were conducted to assess the exposure
risk.
3.1.1 Study population, sampling, and sample size

As per the Annual Household Survey, the total number of households in the study
area is estimated to be 150 including huts and shops in the area (AHS, 2019). The
total population of the area (usual Household members) is 320 people excluding the
foreign expats and non-Bhutanese labors (. The sample size for the survey is

calculated using Yamane formula for sample size calculation.

=



Where,
n-total number of samples required.
N: total population
e-acceptable sampling error
Using the above formula, the total sample required for the exposure assessment

questionnaire interview was ;

~ 320
"= 14320(0.05)2

= 232.09
233 respondents.

Since the average household size of Bhutan is 4 (NSB, 2018), a total of 63 household
were selected using simple random sampling. All the individuals within the selected

households fulfilling the inclusion criteria were interviewed.

3.1.2 Inclusion criteria

e Household within 100mts from the road

e Household members who lived in the area for more than 6 months of the last
12 months

e All individuals aged 20-65 were included in the study.

3.1.3 Exclusion criteria

e Non-Bhutanese individuals (including the labors) working in the area.
e Those who moved out and resettled recently in the area (less than 6 months)
e Has severe illness (clinically diagnosed) such as cancer, TB, cognitive
disability, and COPD.
3.3 Research Instrument
The socio-demographic information including residential setting and the
exposure information was collected using an interviewer administered questionnaire.

The informed consent was sought from the participants before the interview. The



interviewers were trained in the data collection procedure and methods. The interview
responses were entered collected using epi-collect software and imported to the
statistical tool for analysis.
3.3.1 Validity and Reliability

The questionnaire was reviewed and rated by three experts (1 from college of
public health science and 2 from Ministry of Health, Bhutan). The validity of the
questionnaire was assessed using Item-Objective Congruence (I0C). The contents of
the questionnaire with 10C less than 0.5 was revised accordingly and presented for

confirmation. The final 10C of the questions was above 0.677.

Table 3 reliability test of questionnaire

Sum of Individual question variances 5
Total variance 0.473
Cronbach alpha 0.9541 (excellent)
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A pilot test of the questionnaire was conducted using 10 individuals from a
separate community which doesn’t fall in the study area. Accordingly, Cronbach’s
alpha coefficient was calculated to assess the reliability of the questionnaire. The
Cronbach’s alpha coefficient must be at least >0.7, which according to George and

Mallery (2010) represents acceptable reliability.



3.3.2 Participant recruitment and Data collection methods

A total of 3 enumerators with prior experience in surveys were recruited for collection
of social-demographic data. The enumerators were trained thoroughly on the
processes of the study, information sheet and informed consent and the
questionnaires. The road was buffered by 100mts and all the households within the
boundary were line listed. From the line listed households, a total of 250 households
were selected randomly using simple random sampling. All the members aged 18-65

were included in the study.

The interviewers visited each selected household and explained the details of the

study as stated in the information sheet. The consent was sought from the participants.

3.4 Dust sample collection and analysis methods
3.4.1 Sampling and site selection for dust samples
The study was conducted along the Tsirang-wangdue highway areas which is along
the right bank of Punatsang Chhu starting from Wangdue bridge to the
Wangduephodrang and Tsirang confluence. The sampling sites for the dust were
selected using Qgis. The road from Wangduephodrang Bridge to Tsirang-Wangdue
junction was buffered by 100mts distance. 25 random points were selected with

150mts minimum distance between each point using Qgis.
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3.4.2 Dust Sample collection

Figure 4 The study area sfhﬁ ]

Settled dust samples were collected using natural bristle brush and stainless-
steel dustpan from the plain surface such as window channels. The samples were
collected from 25 different sites selected randomly (Fig.4). Three sub-samples
(10grams each) were drawn from each sample site and mixed thoroughly to get the
overall sample from the site. The collected samples were stored in zip log bags and
stored in cooler box before transporting to the laboratory for analysis. All the samples
were labeled with sample identification numbers. The samples were transported to the

laboratory within 2 days of the date of collection of samples.



3.4.3 Sample preparation and analysis

For the determination of dissolved analytes in dust samples, first the samples
were digested in microwave oven with the conditions as shown in table 1. A sample
weight of 0.25 grams were digested with 5 ml of ultra-pure nitric acid and 2.5 ml of
hydrogen peroxide and made the final volume of 50 ml with distilled water. The
samples were filtered through a 0.22 um pore diameter membrane filter of plastic

filtering apparatus and analyzed using ICP-OES.

Commercially available standards were used for the analysis (Merck. USA).
The chemicals and reagents used were of ICP-Trace metal grade of high purity. Multi-
element standards (1000mg/ml) of lead, chromium, cadmium, arsenic, and mercury
were used for analysis. Four levels of calibration standards were prepared ranging
from 0. 0.I. 0.5 and 1 mg/L from a stock standard solution of 1000 mg/L. The
correlation coefficient (R2) of the method determined was 0.99998 and the relative

standard deviation were below the acceptable range of <2%.

Table 4 Microwave diiestion condition

P11 (Bar) 40
T11(°C) 195
Holding Time (seconds) 900

The measurement was performed using an Agilent 5110 ICP-OES instrument
at Royal Center for Disease Control, Ministry of Health, Thimphu, Bhutan. The
samples were analyzed based upon the US EPA method 200.7 on "determination of
metals and trace elements in water and wastes by Inductively coupled plasma - atomic

emission spectrometry”. The wavelength used was 220.353 for Pb 214.439 for Cd,



267.7 16 for Cr and 188.980 for As. The method detection limits were 0.00084 mg/L
as per the method followed.
3.5 Statistical analysis

All data sets were analyzed for homogeneity of variances test and normality
test with Shapiro-Wilk test of normality. The mean metal concentration and standard
deviations were calculated. The differences in the Heavy metal content by two
different locations (Dam-I and Dam-11) were calculated using independent sample t-
test. The statistical analysis was conducted using STATA software (version 17.0SE—
Standard Edition, Statistics and Data Science, Copyright 1985-2021 StataCorp LLC,
StataCorp, 4905 Lakeway Drive, College Station, Texas 77845 USA). The human
health risk assessment was calculated following the US EPA’s method for
quantitative assessment of Human health risk.

3.6 Human health risk assessment (4 steps of risk assessment)

In this study, the human health risk to the participants exposed to heavy metals
in this study area was calculated using the U.S EPA’s four steps (hazard
identification; dose-response assessment; exposure assessment; and risk
characterization) for risk assessment. (USEPA - U.S, 2005)

3.6.1 Hazard identification

Hazard identification is the process of determining the potential incidences of
adverse health effects whether exposure to a stressor can cause an increase in the
incidence of specific disease due to the inhalation of the heavy metals in the dust. It

assesses heavy metals and their causal association with health effects.



3.6.2 Dose-response assessment

Dose response relationship assess the association between amount of the
heavy metals in the environment and exposure/contact with the stressor. In this study,
the cancer slope factor (CSF) and inhalation reference dose (RfD) of heavy metals for

the exposure route through inhalation (table 2) will be used in the evaluation of risks.

Table 5 slope factor and inhalation reference dose of the heavy metals studied.

Analyte | Slope reference R Reference
factor fd
Arsenic | 1.50E+01 | (WSP Environment | 3.01E-04 | (Nazarpour et al.,
& Energy, 2010) 2018)
Chromi | 4.2E+1 (WSP Environment | 2.20E-06 | (WSP Environment
um & Energy, 2010) & Energy, 2010)
Cadmiu | 6.30E+00 | (WSP Environment | 1.00E-03 | (X. Yang et al,
m & Energy, 2010) 2022)
Lead 4.20E-02 | (OEHHA, 2017) 3.52E-03 | (X. Yang et al,
2022)
Mercury | - - 8.60E-05 | (WSP Environment
& Energy, 2010)

3.6.3 Exposure assessment
Exposure assessment is ‘“‘identification and evaluation of the human population
exposed to a toxic agent, describing its composition and size, as well as the type,
magnitude, frequency, route, and duration of exposure”. (US EPA, 1992) The
residents in the study area have the risk of being exposed to the heavy metals through
inhalation during daily activities. Thus, the cancer and non-cancer risks of exposure to
the heavy metals will be calculated by using;(ATSDR, 2020; US EPA, 1992; B. Wang

et al., 2015)

Cdust xInhygre XEFXED,
ADD,,, = rateXEFXED (1)
PEEXBWXAT

Where;
ADDinn: Average Daily Dose (exposure through inhalation;
mg/Kg-day)




3.6.4 Risk Characterization

This is the final step in risk assessment, and it Integrates the results of hazard
identification, dose response, and exposure assessments for the individuals(EPA,
1995). It evaluates the health risks posed by the exposure to heavy metals (individuals
and populations) and describes the extent and severity of probable harm. It is assessed
by comparing an estimated HM-specific air concentration to the Rfd for direct

inhalation exposures which is known as hazard quotient (HQ)

Non-carcinogenic risk: the non-carcinogenic risk due to the exposure to the

individuals will be calculated using.

Hazard quotient(HQi) = A'%f;"h ................................... (2)

Where;
ADDinn: average daily dose through inhalation
Rfd: reference dose

Hazard quotient (HQ) shows the risks associated with health effects. The hazard index

(HI) which is the sum of the HQs will be calculated using.

Hazard Index(HI) = YHQ{|......ooveeeeeeeiieie . 3)
Where HQj is summation of the hazard quotient.

It’s assumed that the effects of the different heavy metals are additive. The HI>1
indicates the potential adverse health risks while HI<I indicates no significant health

risks.

Carcinogenic Risk Characterization



In this study, HM which is found to be carcinogenic will be considered during the
assessment of cancer risks. The lifetime cancer risk posed by heavy metals via

inhalation (CRinh) will be thus calculated using:

ICRipp = ADDjppy X CSFElo oo 4)

Where;

CRinn: Cancer risk

CSF: Cancer Slope factor

ADDinn: average daily dose through inhalation

The Total cancer risk will be calculated to see the overall risk of exposure to heavy

metals.

TCRinh = YCRinh.. )i (5)

The cancer risk will be classified as follows:
CRinn Risk classification
<1 x 10-6 No risk
>1x10-6 Risk
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3.7 Research Timeline

Dec |Jan | Feb | March | April | May | June | July

Proposal development

Ethical clearance -

Data collection

Report writing

Proceeding

Final Exam

3.8 Ethical clearance

The study was approved by Ministry of Health, Royal Government of Bhutan vide
administrative clearance, MoH/PPD/ADM.CL/9/2023/033 dated 26/4/2023. Ethical
approval for the study was obtained from Research Ethics Board of Health (REBH),

Bhutan (ref no: REB/APPROVAL/09/2023/033, dated 20" May 2023).




4 CHAPTER IV RESULTS

This study was a cross sectional study conducted in Wangduephodrang district of
Bhutan along the Wangdue-Tsirang national highway where two major hydropower
dams are under construction. The socio-demographic and health status were collected
using face to face interviews using structured questionnaire from 233 participants.
This chapter provides a detailed description of results from the laboratory analysis of
the dust samples for heavy metal contamination, the socio-demographic and health
status of the participants and the cancer and non-cancer risk due to the exposure to
heavy metals through inhalation.

4.1 Socio-demographic characteristics of the Participants

Among the 233 participants, majority of the participants were female (n:129;
55.36%). The mean age of the participant was 37+£9.86; median:35 (percentiles:29-44)
and ranges from 20-60. The mean age of the male participants was slightly higher

(X:37.53+9.72; median: 37) as compared to female (X:36.68+9.72; median:35).
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Figure 6: Age of participants by sex
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Figure 7 Proportion of participants by sex

The result also shows that 65.24% of the study participants are currently married. A
total of 174 participants (74.68%) of the participants at least attended one form of
formal schooling. Only 14.16% of the participants had a bachelor’s degree or higher.
A higher number of participants were employed in the private sector including
hydropower dam construction (inclusive of all categories of employment). A total of
88 participants (37.77%) were employed in this sector followed by the
government/DHI/SOE sector (25.75%). At least 12% (n:28) participants in the study
area depend on subsistence farming and 29 (12%) of the participants engaged in self-
employment activities (mainly business).

Table 6 Socio-demographic characteristics of the study participants

Sex
Male Female Total
n % n % n %

Age (Years) X :3749.86; median:35 (29-44)

18-20 3 2.88 1 078 4 1.72

21-30 23 22.12 37 28.68 60 2575

31-40 38 36.54 52 4031 90 38.63

41-50 27 25.96 22 17.05 49 21.03

50+ 13 12.50 17 13118 30 12.88
Highest Level of Education Completed

No Formal Schooling 18 17.31 29 2248 47 2017

Non-Formal Education 3 2.88 9 6.98 12 5.5



Sex

Male Female Total
Less Than Primary School 14 13.46 9 6.98 23 987
Primary Completed 10 9.62 8 620 18 7.73
Lower Secondary Completed 13 12.50 16 1240 29 1245
Middle Secondary Completed 13 12.50 21 1628 34 1459
High Secondary Completed 10 9.62 19 1473 29 1245
Certificate/Diploma 3 2.88 5 388 8 343
Bachelor’s Degree and Above 20 19.23 13 10.08 33 14.16
Marital Status
Never Married 24 23.08 36 2791 60 25.75
Currently Married 75 72.12 77 59.69 152 65.24
Separated 1 0.96 0 0.00 1 043
Divorced 4 3.85 8 620 12 515
Widowed 0 0.00 8 6.20 8 3.43
Main Work Status: Past 12 Months
Government/DHI/SOE 19 18.27 15 11.63 34 1459
Private Employee/Dam 42 40.38 46 35.66 88 37.77
Subsistence Farmer 13 12.50 15 1163 28 12.02
Self-Employed 12 11.54 17 1318 29 1245
Student 8 7.69 11 853 19 815
Homemaker 1 0.96 22 17.05 23 9.87
Unemployed 6 5.77 2 155 8 343
Other 3 2.88 1 078 4 1.72
Household size
<2 29 27.88 28 2171 57 24.46
3To5 20 19.23 20 1550 40 17.17

More Than 5 15 14.42 17 1318 32 13.73




4.2 Behavioral Characteristics of the study participants

140

120

100

partcipants (number)
N B D [os]
o o o o

o

Yes No Yes No

Yes

use Smokeless
Tobacco

Currently Smoke

Behavioral characteristics

121 119 mMale

® Female

Consumed Alcohol

Yes

Figure 8 Behavioral characteristics of the study participants
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The proportion of smokers among the study participant was higher among male

(16.35%) as compared to female (6.20%). Similarly, the proportion of those who uses

smokeless tobacco was also higher among male participants (n:25;24.20%) as

compared to female. The alcohol consumption among male participant was 59.62%

(n:65) with overall prevalence of alcohol consumption of 54.5% among the

participants. The use of face masks is also practiced by almost 50% (n:118) of the

study participants.

Table 7 Behavioral characteristics of the study participants

Sex
Male Female Total
n % n % n %

Currently Smoke Any Tobacco Products

Yes 17 16.35 8 6.20 25 10.73

No 87 83.65 121 93.80 208 89.27
Currently Use Any Smokeless Tobacco

Yes 25 24.04 10 7.75 35 15.02

No 79 75.96 119 92.25 198 84.98




Sex

Male Female Total
n % n % n %

Consumed Alcohol; Past 12 Months

Yes 62 59.62 65 50.39 127 54.51

No 16 15.38 13 10.08 29 12.45
Facemask
Yes 49 47.12 69 53.49 118 50.64
No 55 52.88 60 46.51 115 49.36

4.3 Adverse health symptoms among the study participants

The exposure to heavy metals leads to various diseases (including cancer and non-

cancer), and acute and chronic symptoms. Self-reported signs and symptoms, and

diseases that could potentially be due to exposure to heavy metal laden dust were

explored. The participants reported any signs and symptoms experienced during the
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Figure 9 Number of different adverse health symptoms reported by participants.

past 12 months.

All the participants have at least experienced one of the symptoms in the past 12

months although most of the participants experienced 4 or 5 symptoms (n:110;



63.52%). None of the participants experienced all the symptoms. While there is no
significant difference in number of participants experiencing the symptoms, a slightly
higher number of participants had shortness of breath (n:129; 55.36%) and headache

(n:126; 54.08%).
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Figure 10 Proportion of participants reporting different symptoms

By gender, except for tiredness (male:51.24%; female:48.76%), majority of the
participants who experienced different health symptoms were female in all other

categories.

Table 8 Proportion of participants reporting different adverse symptoms.

Sex
Symptoms Male Female
n % n %
Headache 57 45.24 69 54.76
Mental health 56 49.56 57 50.44
Forgetfulness 48 44.86 59 55.14
Watery eyes 50 45.87 59 54.13

Salivation 50 40.65 73 59.35




Sex

Symptoms Male Female

n % n %
Nausea Diarrhea 52 49.06 54 50.94
Breathing 63 48.84 66 51.16
Cough 53 43.09 70 56.91
Muscle ache 56 47.06 63 52.94
Tiredness 62 51.24 59 48.76

4.4 Concentration of the heavy metals in road-side dusts

The concentrations of the heavy metal in the road-side dust samples from the study

area are presented in table 8. The mean concentration of the heavy metals was in order

of Cd<Hg<As<Pb<Cr.

Table 9 Concentration of Heavy metals in the study area

Heavy metals (mgKg™)

Mercury Lead Arsenic Chromium Cadmium
(Hog) (Pb) (As) (Cn) (Cd)
Mean 0.00047 5.61 0.65 15.71 <0.000759
Std. dev. 0.00067 5.90 1.16 5.58 <0.000759
0.00010 4.27 <0.0403 141
median (0-0.00067)  (2.63-5.54) (0-1.31) (12.1-18.0) <0.000759
Min <0.000014 0.73 <0.0403 8.00 <0.000759
Max 0.00235 28.55 5.16 27.76 <0.000759
LOD 0.000014 0.014412 0.0403 0.000668 0.000759
Guideline values* 0.50 60.00 5.00 100.00 1.00

*Threshold and guideline values for metals in soils (extract; MEF, 2007)

The mean concentration of the Cr was 15.71+5.58mg/kg with median concentration

of 14.1mg/kg (IQR 12.1-18).



The maximum concentration of Cr was 27.76mg/kg and was found near the

hydropower dam I. Mann-Whitney U test showed a significant difference in the Cr
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Figure 11: Chromium concentration in the study area
concentration between the samples closer to Dam | (M:19.36; SD:6.26) and Dam Il

(M: 13.29; SD: 3.51) at t (23) =3.1, p=0.005.

The mean concentration of Cr within 5km from dam was 18.30+5.62 and more than
5km was 11.83+2.43. The concentration of the Cr was higher near the dam and
decreased as we moved further from the dam. There is a significant reduction in the

Cr concentration as we move further from the dam at r (24) =. -0.72, p = .006.



The mean concentration of the As in the area was 0.65+1.16 mg/kg with median

1.31
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Figure 12 Arsenic concentration in the study area
concentration lower than 0.0403 mg/kg. The median concentration of As was less
than LOD of 0.0403 (IQR: <0.043-1.31). The maximum concentration of As was
5.16. However, almost 50% of the samples had As concentration less than LOD.

There is no statistical difference between the samples closer to Dam | and Dam I1.
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Figure 13 Lead concentration in the study area



Further, no statistically significant difference was observed between the concentration
of As and distance from Dam.

The mean concentration of Pb was 5.61+5.90 with median concentration of
4.27mg/kg (IQR: 2.63-5.54). The highest concentration of Pb was 28.55mg/kg and
was found 18km down stream of Dam Il. There is no significant difference between

the distance and the concentration of Pb (P value>0.05).
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Figure 14 Mercury concentration in the study area

The mean concentration of Hg was 0.00047+0.00067mg/kg and median concentration
of 0.0001 (IQR:<0.000014-0.00067). However, the concentration was lower than the
LOD (0.000014) in nearly 45% of the samples. The highest concentration of Hg was
0.000662. No differences were observed in samples near Dam | and Dam Il and there
is no significant correlation between distance from Dam and concentration. The

concentration of Cd was lower than the LOD (0.000759) in all the samples.



Table 10 mean differences in concentration of heavy metals among samples near dam
I and dam 11

Daml Dam?2
M SD M SD Z value p-value
Chromium 19.356 6.26 13.29 3.51 2.22 0.03
Arsenic 0.38 0.17 0.83 1.42 >0.05
Cadmium >0.05
Mercury 0.003 0.0004 0.0005 0.0008 -0.98 >(0.05
Lead 416 2.09 6.57 7.37 0.00 >(0.05
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Figure 15: Correlation between concentration of heavy metals and distance from dam

4.5 Exposure assessment

The exposure factors such as age, body weight exposure duration was assessed
through a questionnaire. The mean exposure frequency was 365 days per year. The
mean years lived in the area was 14.49+16.94 years with minimum of 1 year and
maximum of 60 years. However, the median years spent in the area was 8 years (4-12

years).



Table 11 Exposure factors
Sex
Male Female
Age  |weight [DurationEF Age  |Weight|Duration|EF
(years) |(Kg) |(years) |(days/year)|(years) [((Kg) [(years) |(days/year)
Mean 37.53 | 66.89 | 15.91 365 36.68 | 59.31 | 13.33 365
SD 9.71 | 11.99 | 18.32 10.01 | 11.47 | 15.71
Median 37 65.9 8 35 57.1 8
25th
percentile | 30.5 | 58.05 4 29 51.6 4
75th
percentile 44 74.5 12 44 64 12
41.4- 34.8-
Min-Max | 20-59 | 96.1 1-60 365 20-60 | 103.5 | 1-60 365
30 78
27
Age in years 18-20
25 )
Age in years 21-30
20 20 Age in years 31-40
20 19
17 Age in years 41-50
W Age in years 50+
15
12 12
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10 9
7
6
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Figure 16 Exposure duration among different age categories



By gender, mean weight of the participants was slightly higher among the male
66.89+11.99 as compared to 59.33+11.47 of the female. The weight of the
participants ranges from 41.4 to 96.1 for male and 34.8 to 103.5 for female. The
following values will be used for risk assessment.

Table 12Exposure factors and their values

Variable Unit Category Value source
Cair: mg/kg - Current study
concentration  of
HM in dust
Inhrate: inhalation | m3/day | Male 22.8 US EPA, 2011
rate Female 21.1 US EPA, 2011
EF: Exposure - 350 US EPA
frequency days/year
ED: Exposure year Non-cancer | 14 Current study
duration
Cancer 68.8 PHCB, 2017
(Male)
Cancer 71.7 PHCB, 2017
(Female)
AT:  Averaging | days - EDXx365
time
BW: body weight | (KQg) Male 66.89 NCD STEPs survey,
2019
Female 59.33
PEF: Particle | (m3/Kg 1.32x109 US EPA
emission factor

4.6 Non-cancer risk characterization

To evaluate the non-cancer risk of exposure to the heavy metals through inhalation,
the average daily dose (ADD) was calculated using the concentration of each heavy
metal from the study, standard inhalation rate for male and female, exposure
frequency and exposure duration, body weight, and averaging time collected through
questionnaire. The ADD was calculated using equation 1. The ADD was calculated

separately for male and female as they have different standard inhalation rates.




Table 13Average daily dose and Hazard quotients of each heavy metal

Standard
Mean Deviation median Min Max
ADD 1.14X10-10 3.13X10-11 1.1X10-10 5.98X10-11 2.2X10-10
Arsenic
HQ 3.66X10-07 1X10-07 3.6X10-07 1.90X10-07 7.2X10-07
) ADD 2.67X10-09 7.3X10-10 2.6X10-09 1.40X10-09 5.2X10-09
Chromium
HQ 1.212x10-3 3.3x10-4 1.17x10-3 6.40x10-4 2.36x10-3
) ADD 1.29x10-13 6.76x10-14 1.25x10-13 6.76x10-12 2.51x10-13
cadmium
HQ 2.67x10-6 7.33x10-7 2.58x10-6 1.14x10-0 5.20x10-6
ADD 7.98X10-14 2.2X10-14 7.7X10-14 4.20X10-14 1.6X10-13
Mercury
HQ 9.27X10-10 2.6X10-10 9X10-10 490X10-10 1.8X10-09
d ADD 7.64X10-12 2.1X10-12 7.4X10-12 4.01X10-12 1.5X10-11
Lea
HQ 2.17X10-09 6X10-10 2.1X10-09 1.1X10-09 4.2X10-09
HI 1.22x10-03 3.34x10-04 1.18x10-03 6.38x10-04 2.37x10-03

The overall mean ADD for the heavy metals were 1.14x10°+3.13x10, 2.67x10%°+

7.3x1071°, 1.29x103+6.76x10%4, 7.98x10°4 + 2.2x101* and 7.64x1012+2.1x10? for

As, Cr, Cd, Hg and Pb respectively.



Similarly, the hazard quotient (calculated using equation 2) for As, Cr, Cd, Hg and Pb
was  3.66x107+1x1077, 1.212x10°+3.3x10*, 2.67x10%°+7.3x10%, 9.27x10°
10+2.6x10%9, 2.17x10°%°+6x102°, The mean HQ for As, Cr, Cd, Hg and Pb for female
was 4.48x107, 1.47x10-3, 3.16x10°, 1.10x10° and 2.57x10° respectively. Similarly,
the HQ for male was 2.95x107, 4.42x10™*, 2.08x107, 7.24x10-1° and 1.69x10°° for As,

Cr, Cd, Hg and Pb respectively.
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Figure 17 Hazard quotient of heavy metals

4.7 Total non-cancer risk or Hazard Index

The hazard index of the heavy metals or the non-carcinogenic risk of exposure to As,

Cd, Cr, Hg and Pb through inhalation in the study area was 1.22x10°%+3.34x10°%,



which is lower than the standard hazard index of 1. The non-cancer risk or the mean

HI were 9.4x10™* +1.72x10* and 1.3x10%+2.6x10* for male and female respectively.
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Figure 18 Non-carcinogenic risks of heavy metals by gender

4.8 Cancer risk characterization
For the calculation of the carcinogenic risk, chronic daily intake (CDI) was calculated

by using equation 3. The life span of the Bhutanese population (for male and female)
was obtained from the population and housing census of Bhutan, 2017. The average
life span of Bhutanese population was 68.8 and 71.7 respectively for male and female.
The heavy metal concentration, standard inhalation rate (IhR), exposure frequency
(EF), exposure duration (ED), body weight (BW), and averaging time (AT) of
participants collected from survey for the study was used for calculating the average
daily dose (ADD) for cancer risk. For the cancer risk assessment, only As, Cr, Cd and

Pb were used. Hg is categorized by US EPA’s Integrated Risk Information System



(IRIS) as D (Not classifiable as to human carcinogenicity) and thus excluded for the

cancer risk assessment.

Table 12 shows the lifetime cancer risk of each heavy metal. The mean cancer risk of

As, Cr, Cd and Pb was 1.64x10%°+4.50x10-10, 4.59x10%°+1.26x10%°, 6.88x10°

10+1.89x10%°, 4.59x1012+1.26 x107*? respectively. The maximum cancer risk of each

of these heavy metals were 3.19x10%°, 8.94x10°, 1.34x10°, and 8.94x10*? for As,

Cr, Cd and Pb which was below the USEPA safety limit of 1 x 10°°.

The cancer risk due to As, Cr, Cd and Pb were 2.20x10-9, 1.33x10-7, 9.61x10-13 and

3.80x10-12 for female, while cancer risk for male were 1.33x10-9, 8.72x10-8,

6.32x10-13, and 2.50x10-13 for As, Cr, Cd and Pb respectively among male.

Table 14 Lifetime average daily dose and cancer risk of exposure to heavy metals

Arsenic

Chromium

Cadmium

Lead

TCR

Mean Standard Deviation Median Min max

ADD 1.09x10-10 3.00x10-11 1.10x10-10 5.73x10-11 2.13x10-10
CR 1.64 x10-09 4.50 x10-10 1.59 x10-09 8.60 x10-10 3.19 x10-09
ADD 2.56x10-09 7.03x10-10 2.58x10-09 1.34x10-09 4.98x10-09
Ccr 459x10-09 1.26x10-09 4.45x10-09 2.41x10-09 8.94x10-09
ADD 1.24x10-13 3.54x10-14 1.25x10-13 6.76x10-14 2.51x10-13
CR 6.88 x10-10 1.89 x10-10 6.67 x10-10 3.61 x10-10 1.34 x10-09
ADD 7.64x10-12 2.10x10-12 7.40x10-12 4.01x10-12 1.49x10-11
CR 459 x10-12 1.26 x10-12 4.45x10-12 2.41 x10-12 8.94 x10-12
6.92x10-09 1.90x10-09 6.70x10-09 3.63x10-09 1.35x10-08

4.9 Total cancer risk

The total cancer risk is the sum of the cancer risk of each heavy metal. The mean total

cancer risk in the study area due to exposure to As, Cr, Cd and Pb was 6.92x10



%+1.90x107°. The median risk was 6.70x10°° with maximum cancer risk of 1.35x10®,

Therefore, the overall total cancer risk was below the USEPA safety limit of 1x10°.
By gender, total cancer risk for female was 1.35x107+2.47x10°8 and slightly

higher than male (8.85x108+1.61x10®). The maximum cancer risk due to exposure

to As, Cr, Cd and Pb were 2.22x107" and 1.39x10~ for female and male respectively.
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Figure 19 Total cancer risk of exposure to heavy metals



5 CHAPTER V Discussion
5.1 Socio-demographic characteristics of the Participants
Majority of the participants were female (55.36%) and 74.68% of the participants at
least attended one form of formal schooling. According to the Population and housing
census of Bhutan, the proportion of male population was higher than the female (52.3
and 47.7 percent respectively) (NSB, 2018). The difference could be due to exclusion
of the labors and temporary workers (mostly men) in the study. The PHCB 2017
found that the literacy rate among male was 78.1% and 63.9% among female with
overall literacy rate of 66.6% (National Statistics Bureau, 2017). The mean age of the
participant was 37+9.86; median:35 (percentiles:29-44) and was slightly higher for
male. The median age of the Bhutanese population was 26.9 years in 2017 (NSB,
2018). The difference in mean age could be due to exclusion of below 18 years old in

the current study.

5.2 Behavioral Characteristics of the study participants

The proportion of smokers, smokeless tobacco user and alcohol users was higher
among male as compared to female. The overall prevalence of alcohol consumption
of 54.5% among the participants. As per the national STEPS survey 2019, the
prevalence of smoking among adults (16-65 years) was 9.8% and males were 3 times
more likely to smoke than females (Ministry of Health, 2019). The survey also found
that the prevalence of alcohol consumption in the country was 43%. However, the
prevalence of alcohol consumption was higher among men at national level (Ministry
of Health, 2019).

The use of face mask is also practiced by almost 50% (n:118) of the study participants

and was higher among female participants (53.49) as compared to male (47.12%).
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This is comparatively higher as compared to other studies from Bhutan. Tashi et.al
(2022) found that only 22.1% of the study participants (students) were found to use
face masks even during the covid-19 period.

5.3 Adverse health symptoms among the study participants

All the participants reported at least one symptom in the past 12 months. A slightly
higher number of participants had shortness of breath (55.36%) and headache
(54.08%). Headache is the most common symptom of acute poisoning of heavy
metals found in many of the related studies. It’s also one of the common symptoms
for all the heavy metals. Exposure to heavy metals causes headache, allergic
dermatitis, nausea, loss of appetite, respiratory diseases, and muscular pain
(Okechukwu Ohiagu et al., 2022). The annual health bulletin records from the four
health facilities in the area (Kamichu, Taksha, Bjemithangkha and Habesa Primary
Health Centers) recorded an increase in cases of Hypertension, arthritis, skin
infections, Kidney and genital disorders, and nervous disorders in the study area since
2015 (HMIS, 2016, 2019).

Table 15Cases of health conditions recorded by Kamichu, Taksha, Bjemithangkha and

Habesa Primary Health Centers, Wangduephodrang district during 2015 — 2018
(HMIS, 2016, 2019).

2015 2016 2017 2018

Hypertension 63 42 80 487

Arthritis & Arthrosis 54 256 316 292

Skin Infections 501 866 877 1468

Kidney, UT/Genital Disorders 148 117 107 182
Nervous including Peripheral Disorders 595 602 461 292




5.4 Concentration of the heavy metals in road-side dusts

The mean concentration of the heavy metals was in order of Cd<Hg<As<Pb<Cr. The
mean concentration of the As in the area was 0.65+1.16 mg/kg with median
concentration lower than (0.0403mg/kg). The mean concentration of the Cr was
15.71+5.58mg/kg with median concentration of 14.1mg/kg (12.1-18). The
concentration of Hg was 0.00047+0.00067mg/kg. However, the concentration was
lower than the LOD in many of the areas. The mean concentration of Pb was
5.61+£5.90 with median concentration of 4.27mg/kg. The concentration of Cd was
lower than the LOD (0.000759) in all the samples. Similar study in China found an
average of Cd (0.64)>Cr (69.33)>Pb (201.82) (Du et al., 2013). A study in Nigeria
found that the mean concentration of Cd was lower than other heavy metals with
average concentration of Pb (25.0-66mg/kg), Cd (1.54-2.58mg/kg), and Cr (1.13—
2.79mg/kg) (Mafuyai et al., 2015). While the concentration of heavy metals was
lower than many of the studies, the magnitude and the order remain comparable
(Aguilera et al., 2022; Al-Swadi et al., 2022; Han et al., 2017; Sultan et al., 2022;
Zgtobicki & Telecka, 2021). While all these heavy metals were also found in the fish
species of the current study area, the amount differs significantly. The study found
0.122, 0.005, 0.253 and 0.051 mg/kg of As, Cd, Cr and Pb in the muscle of S.
richardsonii. The concentration of Chromium was 62 times higher in dust than fish
(Tashi et al., 2022).

The maximum concentration of Cr in the current study was 27.76mg/kg and was
found near hydropower dam I. There is also a statistically significant difference in the
Cr concentration between the samples closer to Dam I and Il and the concentration of

the Cr decreased as we move further from the dam. In contrast to many of the similar



studies around the world, the mean concentration of all the heavy metals included in

the study were below the maximum allowable limit.

Table 16 Comparison of the Concentrations of Heavy Metals with the Concentrations
from other countries

Country Location Cr Pb Cd As Hg ref

Roadside
Current dust near >0.00075 0.0004
study hydropower 15.711 5.61 9 0.65 7

dams

Parks and

Squares of

an
Baotou Industrial (Han et al.,
city,China City 142.2 35.5 0.3 6.5 51.3 | 2017)

Road
Suleja, deposited (Yisaetal.,
Nigeria sediments 19.79 31.42 17.86 2012)
Dhaka, (Sultan et
Bangladesh | Megacity 40.78 35.34 0.15 1.56 al., 2022)

(Suryawans

Street road hietal.,

Delhi, India | dust) 148.8 120.7 2.65 2016)
(Zgtobicki

Lublin City, | Urban & Telecka,
Poland street dust 108.5 62 6.3 2021)
Plateau Stat, 1.13- (Waida et
Nigeria Urban dust 2.78 25-66 | 1.54-2.58 al., 2022)
Shenyang Surface (H. Wang
City, China | dust 40.17 41.02 0.37 6.54 0.05 etal., 2021)
Olt River, Surface 240.1 (lordache et
Romania sediments 25.19 39.44 0.49 4 0.19 al., 2022)
Thessaloniki | Road dust (Bourliva et
, Greece from Urban | 135.9 429 5 al., 2012)

Outdoor (Bourliva et
France playground 25-52 27-254 0.65-1 8-26 al., 2012)
Distribution
in Earth’s (Turekian
crust (Shale) 90 20 0.3 13 0.4 etal., 1961)

5.5 Exposure assessment

According to National STEPS survey 2019, the average body weight of the Bhutanese

population was 61.9+11.76. The average body weight of male and female was

61.19+£11.71 and 59.82+11.31 respectively (Ministry of Health, 2019). Similarly, in




the current study, the mean weight of the participants was slightly higher among the
male (66.89+£11.99) as compared to female (59.33+11.47). The weight of the

participants ranges from 41.4 to 96.1 for male and 34.8 to 103.5 for female.

The mean exposure frequency was 365 days per year as most of them are employed in
the current area or permanently live in the study area. The mean years lived in the
area was 14.49+16.94 years with minimum of 1 year and maximum of 60 years.
However, the median years spent in the area was 8 years (4-12 years). The
hydropower dam construction began in 2008 and therefore the median years lived in

the area were equivalent to the project years.

5.6 Non-cancer risk characterization

The overall mean ADD for the heavy metals was in order of Cr>As>Pb>Cd>Hg. The
highest mean ADD was found for Cr (2.67x10°+7.3x10'°. Further, the hazard
quotient for As, Cr, Cd, Hg and Pb was 3.66x10°7+1x1077, 1.21x103+3.3x10%,
2.67x10%+7.33x10%, 9.27x10°+2.6x10°, 2.17x10%°+6x101%. A study from
Riyadh and Mahad AD ’Dahab (urban and sub urban) areas found that the HQ of the
heavy metals was <1 in all samples from sub-urban areas (Al-Swadi et al., 2022).
Similarly, the HQ of Cd and Pb from Bangladesh was 3.94x107'! and 1.5x10%
respectively (Ahmed et al., 2020). The findings from Bosnia and Herzegovina found
that the inhalation unit risk of Pb, Cd, Hg were 8.67x10®, 1.15x10” and 4.37x10°%" for
adult men and 1.15x102, 1.15x107. 4.3x107 for adult female respectively
(Husejnovié et al., 2021). A similar study in Poland also found that the HQ of the
heavy metals (Pb, Cr and Cd) was 1.7x107%, 1.3x102 and 1.3x1072 in 2018

(Zgtobicki et al., 2018). However, many of the studies conducted in the road-side



dusts were much higher than the current study area (Sultan et al., 2022; Tomczyk,
Galka, et al., 2022; Yisa et al., 2012).

The cumulative non-cancer risk or the mean hazard index (HI) of the exposure to the
heavy metals through inhalation was 1.22x1073+3.34x10*. The mean HI values was

less than one for all heavy metals.

5.7 Cancer risk characterization

As per the US EPA, cancer risk of below 1x10® has negligible risk and above 1x10
has moderate detrimental effect on human health. The mean cancer risk of As, Cr, Cd
and Pb was 1.64x10°%°+4.50x107%, 4.59x10%°+1.26x10°, 6.88x101°+1.89x101°, 4.59
x102+1.26 x107'? respectively.

The cancer risk of all the heavy metals in the study were < 1x10°®. Similarly, the total
cancer risk due to exposure to As, Cr, Cd and Pb was 6.92x10°+1.90x10.

A study from Bangladesh assessed the carcinogenic risk of exposure to heavy metal
laden dust and found that highest risk was found through inhalation of Cr (4.89x107)
(Sultan et al., 2022). The risk was in chronological order of Cr>Pb>As>Cd. S.Yang
et.al assessed the health risk of exposure to Cr, Ni, Cu, Zn, Pb and Cd. The study

found that the total cancer risks of 2.1x107 (X. Yang et al.,2022).



6 Chapter VI Conclusion and Recommendation

In this study, the non-carcinogenic risk, and the carcinogenic risk of exposure to
heavy metals (As, Cr, Cd, Hg and Pb) were assessed on the road-side dust samples
from hydropower dam construction areas in Bhutan. The exposure factors were
collected through a questionnaire. The assessment was carried out using established

methods of human health risk assessment by US EPA and other guidelines.

6.1 Socio-demographic characteristics of the Participants

The mean age of the participant was 37+9.86; median:35 (29-44) and ranges from 20-
60. The median age of the Bhutanese population was 26.9 years in 2017 and
therefore, the age category of the participants in the current study was comparable to
the national mean age of the population. While the PHCB 2017 found that the
proportion of male population was higher than the female (52.3 and 47.7 percent
respectively), in the current study, most of the participants were female. The major
occupation of the participants was also private or employees of the dam construction
other than daily wage laborer. The literacy rate of the participants was also equivalent
to the national literacy rate (male: 78.1%; Female: 63.9%). Therefore, the socio-
demographic characteristics of the current study were comparable to the national

population.

6.2 Behavioral Characteristics of the study participants

The proportion of smokers, smokeless tobacco users and alcohol consumption was
also higher among male participants. The overall prevalence of alcohol consumption
of 54.5% among the participants. The prevalence of smoking among Bhutanese adults

(16-65 years) was 9.8%. The prevalence of alcohol consumption in the country was



43% and higher among men at national level. The use of face mask is also practiced
by almost 50% of the study participants and was higher among female participants.

This is comparatively higher as compared to other studies from Bhutan.

6.3 Adverse health symptoms among the study participants

It’s evident that all the participants have at least experienced one of the symptoms in
the past 12 months. More than half of them had at least 4-5 symptoms. The most

common symptoms were shortness of breath and headache.

6.4 Concentration of the heavy metals in road-side dusts

The mean concentration of the heavy metals was in order of Cd<Hg<As<Pb<Cr. The
concentration of all the heavy metals was below the maximum allowable
concentration. Moreover, the Cd and Hg concentration was below the LOD and thus
signifies very low levels of pollution due to these heavy metals in the area.

The maximum concentration of Cr in the current study was found near hydropower
dam |I. There is also a statistically significant difference in the Cr concentration
between the samples closer to Dam | and Il and significant reduction in the Cr
concentration as we move further from the dam. Therefore, the chromium could
possibly be released in the environment due to hydropower construction works. There

was no significant difference in distance and the concentration of As, Hg, Pb and Cd.

6.5 Exposure assessment

The mean weight of the male was 66.89+11.99 and 59.33+11.47 for female. The
weight of the participants ranges from 41.4 to 96.1 for male and 34.8 to 103.5 for

female. The participants mostly live in the area throughout the year. Most of these



residents settled in the area during the onset of the dam construction works and

therefore have lived in the area for an average of 14.49 years.

6.6 Non-cancer risk characterization

The overall mean ADD for the heavy metals was in order of Cr>As>Pb>Cd>Hg with
median hazard quotient of less than 1 for all the heavy metals. The median cumulative
non-cancer risk or the mean hazard index (HI) of the exposure to the heavy metals
through inhalation was <1 for all heavy metals. Thus, this study did not find
significant non-cancer risk due to exposure to As, Cr, Cd, Pb and Hg through

inhalation.

6.7 Cancer risk characterization

The median cancer risk of As, Cr, Cd and Pb was less than 1x107. Similarly, the total
lifetime cancer risk due to exposure to As, Cr, Cd and Pb through inhalation was also
less than 1x10®. As per the US EPA, cancer risk of below 1x10® has negligible risk
and above 1x10° has moderate detrimental effect on human health. Thus, this study
did not find significant cancer risk due to exposure to As, Cr, Cd, and Pb through

inhalation.



6.8 Recommendation

This study provides baseline information regarding the heavy metal concentration and
cancer and non-cancer risk related due to exposure to this heavy metal laden dust
through inhalation. Therefore, the following recommendations are deemed necessary.

6.8.1 Individual level

Traces of heavy metals were found in the dust samples although no apparent risks
were identified. However, this study was limited to five selected heavy metals. It’s
important for the residents (Individuals) to use face masks to prevent risk of exposure
to heavy metals. Moreover, use of face mask is an effective mitigation mechanism to
prevent airborne infectious disease transmission and reduce exposure to other aerosols
and particulate matters (PM), which is a common pollutant in heavy construction
areas. Use of face mask can also reduce exposure to secondhand smoke, which is
considered as toxic as smoking. In addition, we recommend individuals to quit
smoking and alcohol consumption, which further aggravates the risk of non-cancer
and cancer risk, apart from exposure to dust and heavy metals.

6.8.2 Community level

There should be methods to suppress the dust in the community such as sprinkling
water. This will also reduce the risk of exposure to dust through other routes
(ingestion and dermal contact). Further, to prevent the release of heavy metals in the
environment from the earth moving activities and other anthropogenic activities, and
to prevent distribution of transportation of heavy metals from the construction area to
communities, proper disposal of excavated materials and preventive measures should

be implemented.



6.8.3 Government level/ Policy Instruments:

Since higher heavy metal concentrations were observed near the construction area and
its association with the distance from the construction areas, policies and strategies
need to be developed to prevent people from settling near such areas. Further,
periodical monitoring of the heavy metal concentration needs to be conducted in the
area. It’s also necessary to constantly monitor the health status of the people in the
community as long-term exposure to the heavy metals could result in chronic
diseases.

6.8.4 Future research

A thorough study on the concentration of heavy metals (all essential and non-essential
metals), considering all exposure routes (dermal, inhalation and ingestion) needs to be
conducted in such areas to understand the level of risk. Further, it’s important to
assess the heavy metal contamination in the soil and agricultural fields and assess the

risk through other environmental media.

6.9 Limitations of the study

a. This study was a cross-sectional study. Thus, it doesn’t consider the seasonal
variations in the concentration of the heavy metals, transport mechanisms and
distribution.

b. This study only focused on 5 heavy metals (As, Cr, Hg, Pb and Cd).
Therefore, the risk presented in this study was limited to the selected heavy
metals and doesn’t account for other heavy metals in the area.

c. Furthermore, the study only considered inhalation as a route of exposure.
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APPENDICES
Appendix 1: Ethical Clearance from Research Ethics Board of Health, Bhutan

RGNS ROYAL GOVERNMENT OF BHUTAN
MINISTRY OF HEALTH

% RESEARCH ETHICS BOARD OF HEALTH
Y radar JERATHT PRE THIMPHU : BHUTAN
Rarzgn) P.O. BOX : 726

Ref. No. REBH/Approval/2023/013 20" May, 2023

REBH APPROVAL LETTER (valid through 20" April, 2024)

PI: Mr.Kinley Dorjee Study Title: Human Health Risk Assessment
of Heavy Metals in Roadside Dust Near
Institute: College of Public Health sciences, | Hydropower Dams Construction Areas in
Chulalongkorn University Wangduephodrang District of Bhutan

Co-Investigator(s): 1. Dr. Pokkate

Proponent of the study: Individual
Mode of Review:
Initial Review : v Expedited Review

Date of continuing review: 20™ April, 2024

Note: Please submit continuing review report along with application form AF/01/015/05 at
least seven days before the date of continuing review. If the study is completed, then please
submit final report of the study.

List of documents(s) approved:

Protocol :VI2

Informed Consent Form (ICF) :ICF V2

Tools (Questionnaire/forms/guides/etc) : V1 (questionnaire)
Conditions for Approval:

1. This approval is granted for the scientific and ethical soundness of the study. The Pl
shall be responsible to seek all other clearances/approvals required by law/policy
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Screening Question
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When do you settle in this

1 More than 6 months

2 Less than 6 Months

place?

Age 1 <20 or >60 2 20-60
Nationality 1 non-Bhutanese 2 Bhutanese
Is the respondent suffering from | 1 Yes 2 No

any chronic illness (COPD, TB,
Cancer, cognitive disability

If 1 for any of the above questions, go to the next respondent.

Socio-demographic information

Gender

] Male
0 Female

Age (in years)

Household Weight (Kg)

Height (cm)

Education (Highest qualification)

L] Lower than primary school
OJ Primary school

[ secondary school

0] High school

[J Certificate or diploma

L1 Bachelor’s degree

L1 Higher than Bachelor

L1 ECCD or day care

Occupation (usual occupation)

Home maker

Office worker

Farmer

Daily wage worker

Shopkeeper/hotelier

Student

Others (please specify............coovvvinennnnn.

Place of work

1 Hydropower dam construction
2 others

Marital status

Never married
Living together

Married

Divorced

Separated

Widow
Smoking Never Yes ex-smoker
alcohol Yes No
Do you use face mask to protect from dust when | I Never
going outdoor: L1 Sometimes

OJ Often

1 Always
Health information
Do you have any of the following condition Yes No
None Yes No
Stroke Yes No
Anemia Yes No




Approximate Distance from the Dam

Approximate distance from road
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Cancer

Yes

No

Diabetes

Yes

No

Hypertension

Yes

No

Heart disease (CVD)

Yes

No

Kidney disease

Yes

No

COPD / Asthma

Yes

No

Tuberculosis

Yes

No

Depression

Yes

No

Infertility

Yes

No

abortions

Yes

No

Other (specify on left)

Yes

No

Are you currently taking any medicines for the
above listed health
Conditions? (if yes, list)

Yes

No

Do any of your children have Developmental or
health problems?
(If yes, please list below)

Yes

No

In past 6 months, how often did you have these
symptoms

never

occasional

Often

Headaches

Anxiety, Nervousness,
Irritable, Severe shyness

Forgetfulness, Lack of
concentration

Burning or watery eyes

Increase in salivation/(drooling)

Nausea/VVomiting/Diarrhea

Difficult breathing/Shortness
of breath

Cough

Clumsiness or Tremors

Muscles aches

Increased Tiredness

Skin rash

Residential Information

Type of House

Is there any of the following near the house:

Mucking sites (disposal of excavated earth
materials)

Yes

No

Dumping of waste materials from the construction
area (excluding excavated soil and rocks)

Yes

No

Any ongoing construction works

Yes

No

Auto repair workshops and carwash

Yes

No

Exposure factors

How long have you lived in this area:

Work indoor or outdoor?

How long do you work in this area (Daily, in
hrs.)

How many hours do you spend working indoors
(at home)

hrs/day

Spend outdoors

hrs/day
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Appendix 5 Informed consent form

Research Participant Information Sheet and Consent Form

Title of research project: Human Health Risk Assessment of Heavy Metals in
Roadside Dust Near Hydropower Dams Construction Areas in Wangduephodrang
District of Bhutan

Principal researcher’s name: Kinley Dorjee Position Student: Master of
Public Health

Office address: College of Public Health Sciences, Chulalongkorn University

Home address: Thimphu, Bhutan

Cell phone 17450682 E-mail: kuenleg32@gmail.com

Sponsor/Funding organization (if any).. TICA/TIPP

Introduction

You are being invited to take part in a research project. Before you decide to
participate it is important for you to understand why the research is being done and
what it will involve. Please take time to read the following information carefully and
do not hesitate to ask if anything is unclear or if you would like more information.

1. Purpose of the research.

Due to hydropower dam construction in the area, dust pollution has increased

in the area. Therefore, the aim of the study is to study the health risks due to exposure
to dust in the area.

\ 2. Processes of interview

The enumerators are qualified and trained interviewers, and they have prior
knowledge of conducting such interviews. The interviewer will visit all the selected
households and explain the purpose of the study, process of selection and
administration of the questionnaire-based interview to each member in the household.
You may ask or interrupt in the middle, if you have any questions or doubts about the
study. However, if you wish to read the information sheet, we will also share the
information sheet with you for you to read and understand the details of the interview.
The individuals who are present today will be interviewed today. However, we will
return to interview the other individuals who are not present today.

3. Details of participant.

This study will recruit 250 participants. Firstly, the households in the study area
were line listed. From the line list, 63 households were selected randomly. Your
household falls on the randomly selected list. All the members will be included in the
study if they consent to participate in the study. However, they will be asked a few
questions to see if they fit the inclusion criteria of the study. All individuals aged 18-
65 and have lived in the area for more than 6 months will be included in the study.
However, Non-Bhutanese individuals (including the labors) working in the area, those
who moved out and resettled recently in the area (less than 6 months) and who has
severe illness (clinically diagnosed) such as cancer, TB, cognitive disability, and
COPD will be excluded from the study.

4. Procedure upon participants:
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After you agree to participate in the study, the interviewers will ask a few
questions to assess if you fulfil the inclusion criteria and exclusion criteria in the
study. If you are found eligible for participation in the study, the interviewers will
start the interview using the questionnaire.

The questionnaire has four parts. The part 1 contains questions on socio-
demographic information such as your age, sex, weight, education, occupation,
workplace, smoking status, alcohol consumption and use of facemask. Part Il has
questions on whether you have experienced any symptoms related to heavy metal
poisoning in the last year. They will read out each symptom. The 3rd part of the
questionnaire will ask about residential information such as type of house, presence of
any activity that elevates the heavy metal content. The list will be read to you. In the
last section, it contains questions to assess the exposure to heavy metal such as
duration of your stay in the area, work hours and nature of work. The entire interview
will not take more than 25 minutes.

5. risk/harm.
Since this is social research and no interventions are involved, there are no risks to the
participants.

6. Benefit

While there is monetary benefit or direct benefit to the participants. However, this
study will help identify and assess the level of heavy metals in the dust and cancer and
non-cancer risk of exposure to dust in the area. This will help develop better
interventions by the relevant stakeholders through informed decision making. Further,
the policy makers can also design and develop appropriate measures to prevent such
risk in future projects.

Your participation is very important for such decision making. We would like to
thank you for your support and time. However, there is no monetary compensation
associated with your participation in the study.

\ 8. Confidentiality

The information that we collect from this research project will be kept confidential.
No personal identifiers will be included in the report apart from generic analysis and
situation information. Information about you that will be collected during the research
will be accessible only to the researchers. However, if there is a need to share the
data, only anonymized data after removing your identifiable information will be
shared. The data will be stored on an encrypted disk.

The data collected from this study will be securely stored for 5 years (standard of
REBH) and destroyed after that.

| 9. Right to Refuse or Withdraw

While you were selected for this study, your participation in this research is entirely
voluntary. It is your choice whether to participate or not. Whether you choose to
participate or not, all the services you receive will continue and nothing will change.
If you choose not to participate in this research project, it will not have any
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consequences later. You are free to withdraw participation and revoke consent
without giving any reasons during the interview if you wish to discontinue.

12. if you have any questions or would like to obtain more information, the
researcher can be always reached. The researcher can be contacted at 17450682 or
kuenleg32@gmail.com.

13. However, if researcher does not perform upon participants as indicated in the
participant information sheet and consent form, participants can report the incident to
the Research Ethics Review Committee for Research Involving Human Research
Participants, Group |, Chulalongkorn University (RECCU) Jamjuree 1 Bldg., 254
Phyathai Rd., Patumwan district, Bangkok 10330, Thailand, Tel./Fax. 0-2218-3202, O-
2218-3049 E-mail: eccu@chula.ac.th” or Research Ethics Board of Health, Bhutan at
REBH secretariat at Mongal S. Gurung, secretary, msgurung@health.gov.bt

I have been explained by researcher and understand all the details provided. And I voluntarily

SION e e SION e s
(corrrrerenerereeeseesaseoseseereressessifhonife RIS ) (et )
Principal investigator Research participant
Date........ oo TISOBONIN 00 { 5 Date........ T oo
SN e
(PRI ¢ SO )
Witness



mailto:eccu@chula.acth

NAME

DATE OF BIRTH
PLACE OF BIRTH
INSTITUTIONS

ATTENDED
HOME ADDRESS

VITA
Kinley Dorjee
25 January 1992
Bhutan
College of Natural Resources, Punakha Bhutan

Royal Insititute of Management, Bhutan
Thimphu, Bhutan
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