Chapter One

Introduction

1.1 Background to the Study

Indoor dust has increasingly emerged as a significant research focus due to its substantial effects
on human health, particularly in urban homes where individuals spend a consider. ount of
time. Thus, exposure to contaminants present in indoor dust is both persiste a@idespreadlﬁz.
Globally, environmental exposure to indoor dust has been linked t &erse health effects,
especially among children®*>%7. Dust particles in the indoor envir easily settle on several
surfaces; hence, they are of concern because they are ubiqui d may contain contaminants
humans are often exposed to across indoor environmen@n oor dust comprises a collection of
particles that serve as a significant reservoir for }&é? emerging indoor chemical pollutants®.
Typically, indoor dust contains organic cor@ds that are semi-volatile in nature, inorganic
elements such as heavy metals, and .%ge s that can find their way into the human body.
Although the primary route .forﬁt@g chemical contaminants in indoor dust into humans is
inhalation, exposure may Q@ough accidental ingestion of dust particles on surfaces, skin or
food, or through di{ég&n absorption®?.

Similarly, ind or%y is also consist of an array of particulate matter, fibres, organic compounds,
and biolo aterials!?. Indoor dust serves as a reservoir for various environmental
contaminafits, including plastic additives, components of personal care products, pesticides,
industrial chemicals, combustion byproducts, and heavy metals.!>. Among these, heavy metals
and parabens are particularly significant due to their widespread, environmental presence and

potential health risks'.
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Humans are generally exposed to dust through skin contact, ingestion, and inhalation of particles.
Several studies have found a direct correlation between harmful substances in dust and related
health issues!®!!:12, For instance, flame retardants have been linked to disruption of the endocrine
system in males, polycyclic aromatic hydrocarbons (PAHs) are associated with an increased
probability of cancer, and phthalates have been connected to allergies and asthma in young
children®*!3. In general, children are more likely to ingest dust from the grou Q%yared to
adults due to their proximity as a result of their height, and their frequent ofal cffitact activities
with contaminated surfaces during playtime!!>, O

Usually, potentially toxic elements (PTEs) such as cadmium (Cd), ¢hromium (Cr), copper (Cu),
lead (Pb), and zinc (Zn), and others can be released into @ﬁronmental media due to both
natural and human-induced activities!®!”. Once rel as@lese PTEs can attach to indoor dust
particles and may readily find their way into t man body via various routes, including
ingestion, inhalation, and skin contact!*!%: %\Qypically, PTEs can accumulate in the human

.
body and, over time, may result in \({@6 health complications due to their non-biodegradable

nature. Similarly, consumer p s such as personal care products (PCPs), pharmaceuticals
and food utilize parabersb&ding methylparaben (MeP), ethylparaben (EtP), propylparaben
(PrP), and butylp@ uP) as preservatives to combat microbial growth?!.

Despite regul@ estrictions in many developed regions of the world, parabens continue to be
used K/ oping countries like Nigeria, where they are persistently released into the
environment through the washoff from personal care products and the discharge of industrial
waste from pharmaceutical and paper manufacturing sectors. In many developing countries like
Nigeria, parabens are still being included as ingredients in various personal care products (PCPs),

including shampoos, moisturisers, deodorants, antiperspirants, shaving gels, lubricants, and
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toothpaste??. Consequently, consumers are often directly exposed to parabens while using PCPs.
Additionally, parabens may also be released into the environment through run-off and improper
disposal of used PCP containers. Reports showed that parabens have been implicated in indoor
dust, wastewater, river surface water, and marine environments®’. Concerns have emerged
regarding their safety in everyday products and the potential health risks associated with frequent
human exposure, given their properties that resemble endocrine-disrupting comp

In urban areas such as Ibadan, where growth and industrial operations b the rise, the
potential for indoor dust to serve as a pathway for exposure to th' azardous materials is

elevated, highlighting the importance of assessing their concentﬁtl and related health hazards.

1.2 Statement of the Problem QQ
The rapid urban development in Ibadan has le creased vehicular emissions, heightened

industrial activities, and the proliferation h\&regulated consumer goods. These elements
contribute to the accumulation of pollt%q’ﬁuch as heavy metals and parabens, in indoor dust,
thus raising exposure risks for, tlQl%an populace®. The intricate composition of indoor dust can
hold a variety of hazard%&erlals such as heavy metals and parabens®®. These toxins can
originate from seyq&ources, both within and outside the home, including construction
materials, ele%&eﬂevices, furniture, personal care products, and household items®®. They are a
global issQ’bl can remain in indoor dust at significant levels due to insufficient air circulation?®’.
Once Mduced, they continue to exist in the indoor environment, posing long-term exposure
risks?®. Potentially harmful elements are recognised for their toxicity and permanence, while
parabens, commonly utilised as preservatives, have been associated with hormonal disruption.
Despite their health risks, particularly for children and vulnerable populations, information on

the levels of these pollutants in indoor dust, especially in developing urban areas such as those in
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Nigeria, remains limited”. This knowledge gap hinders effective risk assessment, regulatory
measures, and public health initiatives. Therefore, assessing the presence and concentrations of
heavy metals and parabens in indoor dust is crucial to identify exposure routes and protect

human health.

1.3  Justification of the Study \

Indoor dust serves as a significant reservoir and route for human ex (@Qto various
environmental pollutants, including potentially toxic elements & erging organic
contaminants, such as parabens. These substances are widely fo ge environment due to
their extensive use in building materials, consumer goods, etics, electronics, and other
human activities, and they persist in various environmu&@wdia3°’3l. Continuous exposure to
contaminated indoor dust, particularly through inh&l, ingestion, or skin contact, can pose
serious health risks, especially for groups w@ be more at risk such as children and older
adults*®3!. While the monitoring of ek@ and outdoor dust is standard, the assessment of
indoor dust, particularly regarding %chels and co-occurrence of parabens alongside potentially
toxic elements, remains la @Verlooked in many urban areas of Nigeria. Consequently, this

=

study aims to estabh% line data on the levels, distribution, and potential health risks
associated with tl(es&%ﬁt minants in indoor dust from the study area.
14 Ain@ Objectives

This reseych aims to evaluate the concentrations and potential health hazards associated with the
presence of certain potentially toxic elements and parabens in indoor dust sampled from
randomly chosen locations in Ibadan.

The specific objectives are:
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ii.

1il.

Determine the levels of selected potentially toxic elements (Cu, Mn, Pb, Zn, Cr, Ni and
Cd) in indoor dust samples collected from residential environments in Ibadan.

Quantify the levels of parabens (Methylparaben, Ethylparaben, Propylparaben and
Butylparaben) in indoor dust.

Evaluate the average daily dose (ADD) of the studied heavy metals and parabe&sin the

S
O

studied indoor dust.

iv.  Assess the potential exposure risks for inhabitants (adults and childre
v. Assess the contamination source using bivariate and multi statistical analysis
(Correlation and Principal Component Analysis (PCA) @d
vi. Assess the ecological risk of the studied contaminar@
1.5 Research Questions 6’6

This study seeks to address the following resi@%stions:

1.

3.

What are the levels of concentrat@f the studied potentially harmful elements (Cu, Mn,
Pb, Zn, Cr, Ni and Cd) an%{ca}ens (Methylparaben, Ethylparaben, Propylparaben and
Butylparaben) in indo@t samples from the study areas in Ibadan?

What are the Qal health risks associated with exposure to these contaminants
through d@%%{

Are any ecological risks due to the presence and levels of the studied contaminants?

posure pathways?

1.6 SEﬁficance of the Study

The results of this research will offer important information regarding the simultaneous presence

and levels of heavy metals and parabens in indoor dust in selected area in Ibadan. It will

contribute to the existing body of knowledge on environmental pollution and public health.

Additionally, the study will highlight the potential health risks associated with these
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contaminants, serving as a basis for the development of risk assessment models tailored to local
contexts*?. Moreover, this research will help inform policymakers and public health officials in
Nigeria on the need for regulations aiming at indoor air quality and consumer product safety,
which could ultimately lead to improved indoor environments and reduced exposure to
1.7 Scope of the Study OQ

This research focuses on examining indoor dust samples gathered from tv%ygegidential sites in

hazardous substances!.

Ibadan, Oyo State, Nigeria. It addresses the levels of specific heav (Cu, Mn, Pb, Zn, Cr,
Ni, and Cd) as well as parabens (Methylparaben, E@araben, Propylparaben and
Butylparaben). Twenty (20) indoor dust samples were &e d from each location, making a
total of twenty (20) indoor dust samples. These san@vere analyzed using atomic absorption
spectrophotometer analytical techniques fon@’g‘traﬁon of heavy metals and extraction by

sonification for concentration of paraben\’

The assessment will focus on ining exposure risks through ingestion, inhalation, and

dermal contact, using a@led models like the U.S. Environmental Protection Agency

(USEPA) risk aSst@framework”.
1.8 Limit?@ of the Study

This re\ieg{t examines the concentrations of specific potentially toxic elements and parabens in
indoor dust samples only. It also assesses the exposure risk to humans using mathematical
models. The study locations, twenty in all, were randomly selected within Ibadan, Oyo State,

Nigeria.

1.9 Operational Definition of Key Terms
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Dust: Dust refers to a fine, dry substance made up of small fragments of soil or debris that
can be found on surfaces or suspended in the atmosphere.

Indoor Dust: Indoor dust is a collection or composition of fine particles, including the
mixture of soil particles, hair, clothing, fibres (artificial and natural) and other contaminants,
found within an indoor environment.

Heavy Metals: Heavy metals are metals that have high density, atomic , Or atomic
number. Some examples are lead (Pb), cadmium (Cd), nickel (Ni), co&ej Cu), and zinc
(Zn). 0«

Parabens: Parabens are chemical compounds that are u®§preservatives in cosmetics

and pharmaceuticals. Parabens are also used in certai ducts to kill bacteria and prevent
the product from decaying. bbe

Exposure Pathway: Exposure Pathwaq@'{b\e route through which the exposure, to
contaminants, reaches areas of an.@n where it has the potential to cause damage.

Risk Assessment: Risk Assess@ is a process of identifying what hazards exist, or may

appear in the Workplace' &uaﬁng the hazards to know how they may cause harm and

defining steps to tal?@minimise harm.

R
@Q
\¥
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Chapter Two
Literature Review

2.1 Heavy Metals

The phrase "heavy metals" is commonly used to refer to metals that have an atomic weight
exceeding that of iron!. They are commonly referred to as a collection of relativel.&nse and
toxic substances, even in minimal amounts?. Heavy metals refer to those met@t possess a
density exceeding 5 g cm™ and atomic masses varying from roughly&O 002343, Heavy
metals are metallic elements with relatively high density and toxicit at low concentrations.
Recently, the phrase "heavy metal" has come to describe @oa category of metals and
semimetals that may pose toxicity risks to humans or the en@\mem toxicity®. Generally, heavy
metals cannot be broken down naturally and are cla%f@ into two categories. The first category
includes toxic or non-essential metals, wit @es such as Lead (Pb), Cadmium (Cd), and
Arsenic (As), among others. These ng&ential or toxic metals are undesirable, with no
biological benefits to human healt@ﬁ?t\hey can be harmful at any level. The second category
includes essential metals tha@ rucial for health, and examples are Copper (Cu), Zinc (Zn),
Manganese (Mn), Iron ickel (Ni), Chromium (Cr), and others. These essential metals are
sought after and @%ea h advantages to human health in small amounts, but they can become
harmful wh (é;esent in elevated concentrations’. Certain heavy metals, including copper,
seleniﬁ%%'d zinc, function as essential trace elements that are critical for numerous biological
processes, which in turn support overall human metabolism®°. Cobalt, a heavy metal, functions
as the central atom in the vitamin B!? complex and is essential in the reductive branch of the
propionic acid fermentation pathway®!?. The absence of this specific heavy metal compound

would result in the loss of the characteristic flavour of Emmentaler cheese. Heavy metals such as
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iron, zinc, tin, lead, copper, and tungsten possess considerable technological value. In recent
developments, these metals have been utilised as central atoms in the design of bioinorganic
catalysts for specialized chemical applications'!. Additionally, we encounter precious noble
elements like gold, silver, iridium, rhodium, or platinum®!2. In opposition, several heavy metals,
such as mercury, cadmium, arsenic, chromium, thallium, and lead, are typically ass&mted with

the “dark side of chemistry” due to their toxic effects even at low concentrations&lQ

2.2 Origin of Heavy Metals ,\Q/

The origins of heavy metals in environmental media such as soil,«ai water are categorised

into two, namely: QO

2.2.1 Natural Source btb‘?

Heavy metals are generally present in the ea@fgst at low concentrations, ranging from parts
per billion for noble metals to as much\\};g% for iron. These elements are primarily found
chemically bound within carbona@&(u?ate, oxide, or silicate rocks, although some may also
exist in their metallic, eleme.@iate. Processes such as weathering and erosion facilitate the
leaching and migration va metals into soil, river systems, and groundwater'*. The natural,
geogenic, and lit@

of rocks th tain metals, volcanic eruptions, sea-salt spray, forest fires, rock weathering,

rigins of heavy metals in the environment encompass the breakdown

leachiﬁg\%ﬁomposition of biogenic sources, seismic activity, and wind-driven soil transport

particles!>16- 17,
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2.2.2 Anthropogenic Source

The increase in socio-economic activities resulting from population growth has been linked to
the rapid accumulation of heavy metals in the environment. Human activities such as mining,
metallurgical operations, agriculture, and energy production are major contributors to the
presence of metal contamination'®. Domestic practices, such as the use of laundr%ergents,
wastewater, and emissions from chimneys and engines, contribute to th@Q&ated metal
concentrations in wastewater. These conditions negatively impact the po&ti&ﬂr water reuse in
irrigation and during sludge management processes '8!, The quanti heavy metals released
through these activities can vary due to mining operati&@w ich are known to cause
significantly higher contamination rates compared to othetactivities, leading to long-lasting
environmental impacts even after mining has stoppeB‘gb{eavy metals emitted into the air during
mining, smelting, and various industrial pro@%ventually settle back onto the land through

both dry and wet deposition'®2021, @

Primary sources of heavy metals ir@él?pesticides, paint production, textile printing, the earth's

crust, hair dyes, and pc@ loride (PVC) pipes for lead (Pb); rechargeable batteries,

tobacco, phosphate fertiliz

l.lo\p

electroplatil@ chromium (Cr); kitchen utensils, machine parts, batteries, the earth's crust,

, pigments, industrial and agrochemical wastes for cadmium (Cd);
stainless steel, duction, wood preservation, textile dyes, leather tanning, and
cigareﬁe&d stainless steel for nickel (Ni); volcanic activity, biomass pyrolysis, mining, ship
painting, wastewater discharges, and forest fires for mercury (Hg); and volcanic activity,
disposal of arsenical chemicals, gold and copper mining, arsenical pesticides, smelting, and

fertilizers for arsenic (As)'®.
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23 Uses of Heavy Metals

Heavy metals originated from asteroid impacts. In the earth’s crust, they are typically present at
low concentrations, ranging from parts per billion for noble metals to up to 5% for iron. These
metals are primarily found chemically bound in carbonate, sulfate, oxide, or silicate rocks, or in
their metallic, elemental form®. Certain heavy metals hold significant biological valige even in
minimal quantities, especially those found in the fourth period of the modern %c table?>%3,
These metals are biologically significant due to their involvement in enZ)?QMvity (vanadium
and manganese), hormone production (selenium), cellular gro kel), and metabolic
processes (arsenic). However, these metals are needed by ns only in small quantities;
excessive levels in the body can lead to adverse health effe@ Furthermore, metals are usually
very strong, durable and highly resistant to everyday@gld tear. As such, they have been used
since ancient times for a lot of things. And e\\ft@y, with advances in technology and a lot of
other things, the uses of metals have, l‘@ﬁned greatly. Metals even play a key role in the
economy and security as the metal%&g?\sed in making locks, strong safe, doors etc. In addition,
furniture is made from metal i days. Metals also find their uses in the military, where they

are used for manufactur weapons and ammunition. Certain metals are utilised in the

[ ]
galvanizing proc<ss§ﬁ ent rust. Some important and popular metal uses are given below??.

23.1 In Q@Kgmstruction Industry

Metals play a pivotal role in the construction sector. Iron and steel, among others, are primary
materials utilised in the creation of buildings and residences®*. Structural building materials
commonly include alloy steel, chosen for its strength and flexibility, while copper is utilised for

various architectural components, such as roofs and gutters, prized for its durability and aesthetic
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appeal®>%, Zinc is a widely used metal that serves as a protective coating for other metals. For
instance, galvanised steel, which is steel coated in zinc, is prevalent as it helps to prevent
rusting®®. Nickel is another commonly used element, primarily found in the production of

stainless steels, where it enhances the metal's strength and resistance to corrosion?®.

2.3.2 In Electronics \

As metals are good conductors of electricity, they are utilised to make @nd parts for
equipment and appliances that operate on electrical current. Com amples emcompass
televisions, mobiles phones, refrigerators, iron, and computers*. (%r 1s frequently employed

in electrical wiring; gold is incorporated in various comput ologies and silver is typically

2
&

If you are wondering how, well, fron{% iological perspective, metals are found as micro-

used in electronic circuits?>-2°,

2.3.3 In Medicine

elements in our bodies. Besides, tl%{cgence of metal elements is crucial for several functions,
such as the transmission Qf : Aimpulses, oxygen flow, and the reaction between enzymes.
Some medicines are th gm combined with metal compounds to treat certain deficiencies or
X
sickness. Metals@ as’iron, calcium, magnesium, potassium, titanium, and aluminium are
commonly %b‘ln medicine in the form of antacids?*. Metals have been widely utilised as
medica\\&lan‘ts. Stainless steel and titanium alloys are frequently employed in biomedical
devices such as joint replacement components, whereas gold, silver, and platinum are often used
in dental applications. Various metals are also commonly incorporated in anti-cancer

medications used in chemotherapy?.
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2.3.4 Machinery, Refractory and Automobiles

Most of the equipment and tools are made from metals. This is one of the most common uses of
metals. They are used extensively in manufacturing machines for industries, agriculture or
farming and automobiles, which include road vehicles, railways, aeroplanes, rockets etc. Here,
the commonly used metals are iron, aluminium and steel?*. Besides these, most OWutensils

that are used in the kitchen are made from metals like steel, aluminium, and . Due to a

high temperature-tolerant nature, metals are preferred the most?*. Aluminj@m has’emerged as one
of the most frequently utilised metals in the production of aircraft, shi nd vehicles in the rail
and automotive sectors. As a lightweight and durable materi luminium helps decrease the

weight of vehicles and lowers their fuel usage®>?. Ma n@n is viewed as an upgrade from

aluminium regarding strength-to-weight ratio, and it@&ns relatively affordable?®.

O
2.3.5 Decorative Products @

Metals such as platinum, gold, and s&‘g\come under the category of precious metals and have

high economic value. These'x@% are widely used in making jewellery sets or for some
decorative pieces®. Q

2.3.6 Food am@ldustry

Stainless @s the perfect alloy due to its inert properties and ability to withstand various acids
commonly found in food. Additionally, it can endure a broad spectrum of temperatures, making
it suitable for both heating and freezing, and stainless-steel tools can be sterilized multiple

times?.
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2.3.7 Paint Industry

During the 1800s, the toxic properties of lead were uncovered. This is why it is less prevalent in
contemporary times, although it was not too long ago that it was used in products like paints and
ammunition. Nevertheless, lead still serves certain purposes today. For instance, it Q\A@tive for
shielding against radiation. It is also sometimes included in copper allo{/ hance their

machinability. The combination of copper and lead is commmb ilised to boost the

performance of bearings. %

2.4  Exposure to Heavy Metals Q

Exposure can be defined as the fact of experiencing@’b%ng or being affected by it because of

being in a particular situation or place. E@is contact. No matter how dangerous a

substance or activity, without exposuse)\& nnot cause harm?’. The greater the amount of a
substance a person is exposed to, tl@&(&e likely that health effects will occur. Large amounts of
a relatively harmless substan@ be toxic?’. Exposure occurs when people come into contact
with a chemical, eithe%ir y or through another substance contaminated with the chemical?®.

Exposure can h@%\\v

harmful chg@s or dust®®. Exposure is described as being dependent on both duration and

en individuals inhale dangerous chemical vapors or air tainted by

concerN&l. Exposure occurs when an individual is exposed to a hazardous substance for a
specified period of time and to an amount of hazardous substance greater than the approved
intake. Exposure period refers to the duration of time during which an individual is exposed to a
specific chemical hazard or mixture of hazards, which is crucial in exposure assessment for

evaluating the impact on human health?. Exposure concentration refers to the actual amount of a
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substance that enters the body and reaches organs and tissues, which determines the toxic effects
it may have. It is an important factor in assessing the toxicity of heavy metals®®. Short-term
exposure is referred to as acute exposure; it involves brief contact with a chemical that can occur
over a few seconds to hours. For instance, activities like cleaning windows with ammonia, using
nail polish remover, or spraying paint can take just a few minutes. The vapors that one may
breathe in during these tasks are examples of acute exposures. Long-term ex Qﬁs called
chronic exposure and is continuous or repeated contact with a toxic substancg ovéfa long period
of time (months or years). If a chemical is used every day on the j Xexposure would be
chronic. Over time, some chemicals, such as PCBs and lead, ¢ %p in the body and cause
long-term health effects. Chronic exposures can also @ t home. Some chemicals in
household furniture, carpeting or cleaners can be s r%Q‘chronic exposure?’. Both may result
in health effects that manifest immediately or afte ay of days or years later?’.

N

Heavy metal exposure is widespread due to gnvironmental pollution affecting air, water, and soil,
o 5\'
as well as its accumulation in food, 0, herbal medicines, and occupational settings!. The
release of heavy metals into th@' onment has increased, either directly or indirectly, over the
last few decades, paﬂic@ developing nations, as a result of the expansion of specific
industries, such S@ser production, battery manufacturing, metal plating, and mining
fact

operations. T that heavy metals do not biodegrade (unlike organic pollutants), their

accurru\lal@n living organisms, and their toxic or carcinogenic properties classify them as

hazardous materials for both humans and the environment?2.
2.4.1 Environmental Exposure

Concerns regarding environmental and public health due to heavy metals contamination have

been increasing lately. The risk of human exposure to these metals is increasing as their use in
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manufacturing, agriculture, households, and technology expands®*3*. Although heavy metals are
found in nature, human activities like mining, smelting, agriculture, and manufacturing greatly
enhance their release into the environment®*-*3, Contamination may also arise from processes
such as corrosion, atmospheric deposition, ion erosion, leaching, sediment resurfacing, and the
evaporation of metals from polluted water sources into soil and groundwater’*3¢. Additionally,
natural occurrences such as volcanic eruptions and weathering contribute t Q%mental
contamination®*3’. Many heavy metals contribute to environmental and air pollution, and can be
fatal to humans. Air pollution, primarily caused by emissions of@:late Matter (PM),
polycyclic aromatic hydrocarbons, and heavy metals (loid)s, s recognised as a major
environmental health concern worldwide. Higher levels ollution are associated with a
wide range of health issues, affecting both childr n% dults. As urbanisation continues to
accelerate, leading to the growth of large metro areas, the increasing number of people
moving to cities in search of better op ﬁﬁties causes pollutant levels in the air to rise,
.
exacerbating the already concerni@ quality situation®®*®. The increasing emission of
pollutants from vehicles, factori d other human activities further worsens the challenges of
air pollution in urban Y@Qenvironments“o"”"‘z. Consequently, prolonged exposure to air
pollution has eme @ significant public health concern, particularly for populations residing
in major urbah, ar€as*’. The PM, often categorised based on their aero dynamic diameter,
includes @%PMM, and the finer PM; particles***. These particles can penetrate deep into the
respiratory system, leading to respiratory and cardiovascular problems, worsening chronic
conditions like asthma, and raising the risk of premature death*®®, Moreover, PM;, as the smallest
and most inhalable fraction of particulate matter, is considered a particularly harmful component

because it can evade natural defense mechanisms and penetrate deeply into the lungs*#®. In
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addition to particulate matter, potentially toxic metals such as lead, cadmium, nickel, chromium,
and arsenic are significant contributors to urban air pollution®’. Potentially toxic metals (PTMs)
commonly known as “heavy metals,” are electropositive elements and metalloids found in
various ecosystems. They are characterised by high density and can be harmful even at trace
concentrations, posing significant health risks to humans and other organisms*’#%%°  Toxic
elements are released into the atmosphere from various anthropogenic so Q%cluding
industrial processes, fossil fuel combustion, and waste management activiti€s®'. Following
inhalation, these metals may accumulate in the body over time, n to chronic health
conditions and disruptions to multiple physiological systems*, The, carcinogenic properties of
specific potentially toxic metals (PTMs), including arse , cadmium (Cd), hexavalent
chromium (Cr (VI)), and nickel (Ni), present signifi c%&cems about their capacity to induce
cancer in exposed populations 33505152, He% s exhibit significant toxicity when they
interact with environmental elements such xter, soil, and air. These metals can subsequently
.
enter the food chain, leading to e{(oj\re in humans and other living organisms®. Metal-
contaminated environments lc®%e accumulation of heavy metals within the human food

chain, ultimately affectinp@?uman body?3. The health effects of heavy metals on humans vary

based on the levea@;th of exposure™.
2.5 Pl@%ml Routes of Exposure

Exposure routes are the ways an agent or contaminant enters a person or individual or population
after contact. The route of exposure is crucial in an exposure event>*>. There are three major
means by which a heavy metal can come into contact with or enter the body. These are called

routes of exposure?’.
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2.5.1 Inhalation Exposure

Inhalation is the most rapid and common route of exposure®>*4. Inhaling contaminated air can

occur when breathing in particles (such as dust), vapors (like volatile or semi-voéqubstances),
or aerosols and mist?’*°, People may encounter exposure through inhalett{@ ¢ participating

in various activities both outside and indoors. Additionally, individ a@sl e buildings may be
exposed to outdoor pollutants that enter and affect the indoor ai %y“. Chemicals can enter
and irritate the nose, air passages and lungs. They can be deposited in the airways or be
absorbed through the lungs into the bloodstream. I@d can then carry these substances to

the rest of the body?7>>%, Signs of chemical gée via inhalation may include irritation of the

eyes, nose, and throat, as well as coughing} trouble breathing, headaches, dizziness, confusion,
°

and even fainting¢. ,\C;\\'
Q

2.5.2 Dermal Exposure Q\

N

Dermal exposure re@ direct contact with the skin or eyes. Certain substances can penetrate
the skin and e er(hl\bloodstream. If the skin is broken, cut, or cracked, it can facilitate the entry
of these @nces into the body?’. Chemicals can rapidly reach the bloodstream, potentially
leadin%dditional harm, alongside the immediate effects that may occur to the eyes and skin’®.
Dermal exposure can result from skin contact with contaminated environmental sources such as

water during bathing, washing, or swimming, as well as contact with sediment (e.g., while

wading, fishing); soil or dust from outdoor sources (for instance, during leisure activities,
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gardening, or construction work); and dust that has accumulated indoors on carpets, flooring,

clothing, countertops, or various other surfaces™.

Water can become polluted through direct discharges into surface water (i.e., point sources),
indirect releases, and movement into groundwater or other water sources where people may be
exposed through skin contact. Soil, household dust, or other materials may become aminated
due to deliberate applications (e.g., pesticide usage), deposition of partice.g., from
airborne pollutants), or transfer from different mediums (e.g., water). Human-receptors might
also come into contact with chemicals from consumer products @ (e.g., during use) or
indirectly (e.g., chemicals that have settled on indoor or o@or surfaces)®. Symptoms of

exposure to chemicals in the eyes can include itching ogming sensations, blurred vision,

discomfort, and potential blindness™. &Q

O
2.5.3 Ingestion Exposure @
)

.
Ingestion exposure can occur throu@ consumption of contaminated food, water, or other
beverages. Contaminated food contain chemical residues as a result of this exposure?”.
Substances that come i@act with food, cigarettes, utensils, or hands can be ingested.
Exposure throu '@on can happen either intentionally or unintentionally due to the
ingestion of soth, dust, or chemical residues present on contacted surfaces or objects through non-
dietar)\m%&md then brought to the mouth (this is particularly concerning for young children).
Soil can become polluted due to direct releases into the ground, deposition from the atmosphere,
or movement from other sources (such as water). Contaminated soil can also be brought indoors,
contributing to polluted household dust®™. Chemical exposure via ingestion happens when

substances are absorbed through the digestive system. Chemicals can be ingested both directly
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and indirectly. Direct ingestion may happen accidentally by ingesting or drinking a chemical;
proper labeling and housekeeping can reduce the likelihood of this occurring. The risk of
chemical exposure increases with indirect ingestion. This scenario arises when food or beverages
are taken into a chemical lab, where they can absorb chemical contaminants (from vapors or dust
in the air), leading to exposure when consumed. Similarly, this can happen if food or drink is
kept alongside chemicals, such as in a refrigerator. Ingestion may also occur if a Q&oker who
handles chemicals neglects to wear gloves or maintain good personal hy ie@sg\ as frequent
handwashing, and then goes outside the laboratory to eat, drink, or s all such instances,
chemical exposure can occur, although the effects of prolon exposure might remain
undetected for many years>®. Children are at greater risk og substances found in dust or
soil because they often put their fingers or other o 'ey&%heir mouths. Lead present in paint
chips exemplifies this process. Such substa; ce!@ be absorbed into the bloodstream and
subsequently distributed throughout the bo \F e route of exposure can determine whether or
not the toxic substance has an effec&@r example, breathing or swallowing lead can result in
health effects, but touching 1%& ot usually harmful because lead is not readily absorbed

through the skin?’->4, Sig@emical ingestion may include unusual or metallic flavors in the

mouth, stomach pi‘tq’@sea, difficulties with swallowing, and an overall sense of unwellness>®.

2.6 Speci eavy Metals and their Risks

Q

As tracéw€lements or at low concentrations, Certain heavy metals, including copper, iron,
selenium, zinc, and manganese, are considered essential elements to maintain the metabolism of
the human body and human survival. However, at higher concentrations they can become toxic
agents and lead to poisoning>®*°. Heavy metals such as arsenic, cadmium, lead, thallium, and
mercury have no biological function but can enter the human body through environmental
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exposure. Like essential metals, they become toxic when their concentrations exceed certain

thresholds>?:¢0

2.6.1 Copper (Cu)

Copper is a fundamental element required for the survival of organisms rangi %\mbacteria
and fungi to plants and animals. In humans, copper serves as an indispensab tr@ metal and is
a necessary cofactor for various biological processes®!. An intake of O®g er day of copper is
adequate to maintain and regulate copper homeostasis in the h@%y&. Most dietary copper

is in the form of Cu?*, which cannot be directly absorbed s. Digestive tract cells process
Cu?*, reducing it to Cu+ with the help of Divalent ransporter 1 (DMT1). Cu” then binds
to Copper Transporter 1 (CTR1) to enter cells inside, Cu" is transferred to the copper
chaperone protein antioxidant 1 (Atoxl), h\hgch interacts with copper transport ATPase [
(ATP7B) through the Golgi comple)&ﬁ%way from preceruloplasmin and subsequently acts on
organs and tissues throughout'@%ﬂy“. Copper exhibits significant redox activity, enabling it

to participate in diverse% mical reactions through electron transfer. As a trace element,

copper is broadl ‘@uted in biological tissues, contributes to protein synthesis, and is
iol

essential for g@

protei@gzymes, plays a crucial role in essential physiological processes, including energy

ogical regulation and human health%. Copper, in conjunction with specific

metabolism, oxidative detoxification, and mitochondrial respiration. The absorption, transport,
storage, and excretion of copper ions constitute the fundamental mechanisms that maintain
copper homeostasis in the body®*%. Copper binds to enzymes, facilitating blood clotting,

hormone maturation, and cellular energy metabolism. The distinct redox properties of copper
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confer both beneficial and harmful effects on cells. Excess copper induces cytotoxicity and leads
to cell death, whereas copper deficiency impairs its absorption and transport, resulting in
abnormal intracellular copper distribution®®. Both excess and deficiency of copper disrupt normal
cellular function. Since tumor growth and metastasis require increased copper, copper-based
diagnostic and therapeutic approaches are well-suited for cancer®®. The average daily copper
intake in adults, as determined by balance studies, should be interpreted wit Q&o due to
uncertainties in copper concentrations across various foods and water sources:Additionally,
homeostatic mechanisms regulating copper absorption and excretion @uence the adequacy
of copper supplied to the blood and liver®”6%%_ Although the beneficial effects of copper as an
essential trace element are well understood, there is un@l y regarding copper reference
values for humans due to differing recommen ti@om various national authorities®’.
Proposed reference ranges for copper are as follo ood free serum copper, 1.6-2.4 umol/L or
10-15 pg/dL; blood total copper, 10-22 )&0 or 63.7-140.12 pg/dL; serum ceruloplasmin,
2.83-5.50 pmol/L or 18-35 ng/dL; @-hour urine copper, 0.3—-0.8 umol or 20-50 pg; and
@Q%ue or 20-50 pg/g of tissue®®%®. Normal urinary copper

N\

excretion is assumed to U@s han 70 pg per day, while fecal copper output, primarily from bile,

liver copper, 0.3—0.8 pmol/g

is estimated to be 1@1}; per day. While copper is a vital trace element for many biological
functions, inc@n those in humans, elevated concentrations of these metals in water bodies
caused b ’Qution can result in negative health impacts for aquatic life and humans who
consume them’"72, Copper, which is crucial for various enzymatic activities and bodily functions,
can lead to gastrointestinal problems, abdominal disorders, disruptions in metabolic processes,
damage to the liver and kidneys, and neurotoxic effects when present in high

concentrations?®7>747576 = Copper (Cu) is an essential micronutrient for human health.
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Nevertheless, elevated concentrations of Cu may result in toxicity and adverse health outcomes’”.
Copper accumulation induces mutations and aggregation of mitochondrial proteins, leading to a
reduction in the activity of primary antioxidant enzymes and an increase in the production of
toxic reactive oxygen species’®. An association between increased copper (Cu) levels and the

development of fibrosis in renal tissues has been demonstrated”. Copper exposure, adversely

affects male reproductive function, resulting in reduced sperm count and motilit 80Qco elation
@er influences

has been identified between copper exposure and the prevalence of obes{n
the homeostasis of essential elements, including calcium, iron, and @g ese. Disruption of

these elements is associated with the induction of oxidative s;:ess. nsequently, this process

may contribute to the onset of neurodegenerative disordersﬂg

2.6.2 Manganese (Mn) 6’§

Manganese is a grayish-red transition metal ’Qs among the most abundant elements in the
Earth's crust at an average concentrati.o@SO mg kg! or 0.095% in proportion. Manganese
primarily occurs in mineral ores s&caxpyrolusite (MnO,), rhodocrosite (MnCO3), manganite
(Mn203-H>0), hausmannite \ %4), biotite mica (K(Mg,Fe)3(AlSi3010)(OH)2), and amphibole
((Mg,Fe)7SigOzz(OH)z)%@. Manganese (Mn) functions as a cofactor for multiple enzymes
and is essential éi@wsiological processes of humans, plants, and animals. Additionally,
manganese %Qs as a critical raw material and alloying element in various industrial
applica% However, widespread industrial use results in excessive emissions into the
environment, posing a significant threat to both ecosystems and public health. Generally,
Manganese exhibits valence states of +2, +3, +4, +6, and +7. In aqueous environments with pH
values between 4 and 7, manganese predominantly exists as Mn?*. At higher pH levels or in the

presence of microbial oxidation, higher oxidation states of manganese are observed®’.
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Manganese confers beneficial effects primarily by facilitating the incorporation of metal ions
into metalloproteins. Additionally, it is incorporated into the enzymes arginase, glutamine
synthetase, phosphoenolpyruvate decarboxylase, pyruvate carboxylase, and manganese
superoxide dismutase®®. For example, the regulation of ammonia levels in the body depends on
manganese, which modulates the enzymatic activity of arginase. Furthermore, manganese
significantly influences bone health due to its ability to interact with glycosylt Q&:esgg. A
recent study demonstrated that manganese enhances the body's defense a ai@A viruses by
increasing the sensitivity of the DNA sensor cGAS and its downstrea@&tor protein STING.
Additionally, manganese plays a significant role in the innate_immune sensing of tumors and
enhances adaptive immune responses against tumors®. ermore, several studies have
indicated that manganese (Mn) bioavailability is ar@ﬁcant regulator of long-term litter
decomposition rates®'. Manganese (Mn) is an_ess element for the production of manganese

™

peroxidase (MnP), a key enzyme involved % degradation of lignin and humification products.

This relationship likely explains the é%w

i
ed phenomenon®?. Manganese in nature is primarily
sourced from deep-sea ore clu gfock crust, soil, and freshwater. Crustal rocks and mining
ores formed by volcanic @%s, forest fires, and diverse plant life on land and in water are the
main contributors %anese reserves in the biosphere®?. Diet constitutes the main source of
manganese ( infake in non-occupational settings. Adults typically consume between 1 and 10
mg o \\@r day, with approximately 1 to 5% absorbed in the gastrointestinal tract®.
Manganese (Mn) is abundant in wheat germ, green vegetables, tea, and highly refined bread and
cereals produced from crops grown in fertile soil. Furthermore, manganese concentrations are

elevated in most dried fruits, particularly pine nuts®*®. While manganese (Mn) metal has

significantly advanced industrial development and regional economic growth, it has also resulted
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in substantial environmental pollution and degradation, particularly due to emissions from
electrolytic manganese residue (EMR)°79%9%190 EMR is a waste residue produced during
electrolytic manganese processing, following sulfuric acid leaching, ammonia neutralization, and
plate filter pressing!®192, Primary sources of airborne manganese (Mn) include industrial
emissions from foundries and ferro-manganese facilities, combustion of fossil fuels, and the
entrainment of Mn-containing soils'®. Individuals who accidentally inhale M Qy{bsorb it
directly into the brain via olfactory or trigeminal nerve pathways, bypassitg liver. In the
brain, Mn disrupts dopamine, serotonin, and glutamine signalin@easing the risk of
manganism! 105,106

The World Health Organization (WHO) recommends tha@ anese (Mn) levels in drinking

excessive Mn accumulation in the central nervo tem can cause neurotoxicity, leading to a

water not exceed 0.1 milligrams per liter (mg/L)é i -Wegrzynowicz et al. suggest that
neurological disorder known as manganis k\ uring the early stages of the disease, patients
exhibit psychotic symptoms. Over 'ﬁs\t ese symptoms progress to chronic disturbances in
extrapyramidal circuits, resulti@%postural instability, dystonia, bradykinesia, micrographia,
mask-like facial expre 'oQand speech disturbances!?”1%, The neurological impact of

manganese (Mn) i$ @nced by both the route of exposure and the extent of accumulation.

N\
Inhalation of &1 typically linked to oxidative stress and increased neuronal apoptosis. In
contrat&/@on of Mn tends to produce more subtle effects, primarily altering neurochemistry
and cognitive function. Currently, manganese (Mn) toxicity is primarily linked to occupational
exposure among welders, miners, and steel workers who are exposed to chronic high

concentrations of airborne particulate Mn. Inhalation of manganese may result in pulmonary

inflammation and the gradual onset of respiratory symptoms, including cough, bronchitis,
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pneumonitis, and reduced pulmonary function®. Manganese smelters and miners are at increased

risk of developing occupational manganism and Amyotrophic Lateral Sclerosis (ALS)®.

2.6.3 Lead (Pb)

Natural lead comprises four stable isotopes: 2%Pb (1.4%), 2%Pb (24.1%), **’Pb (22.1%), and
208Pb (52.4%)3!. The element is characterised by a bluish-white, lustrous appearan exhibits
both malleability and ductility. Its advantageous characteristics, such as reso corrosion,
high density and low melting point make it suitable for use in pigesy, solder, and storage
batteries®!. Sources of lead vary among countries, depending @ istorical and current

applications of lead-containing products. These sources exte .&, ond gold ore processing and

the recycling of used lead materials. Studies have demo@atd a reduction in blood lead levels
among populations in countries where unleaded %e is used®’. A recent study reported
elevated blood lead levels among pregnant Q@i in a rural village in Bangladesh. More than
30% of the sampled women had blo’%&a concentrations exceeding 5 pg/dL. The primary
source of lead exposure for th?seA\@Xn was identified as food storage cans. Nearly 18% of the
tested cans contained lea \, contributing to lead contamination among the women'?®. A
study conducted in g&measured blood lead levels (BLLs) in children receiving treatment at
lead specialty ch and reported BLLs ranging from 5 to 126 ug/dL This phenomenon can be
attributed t Q‘lndusmal sources and the widespread use of folk medicine in China''®, Lead
poisonin has been reported in Zamfara State, Nigeria, an area known for gold mining.
According to Mahuta, sources of lead exposure in Nigeria include gold mining, the use of lead
pipes for drinking water, and cultural practices involving lead'!!. Exposure occurs primarily
through inhalation and ingestion, specifically via the respiratory tract and through the

consumption of contaminated water and soil?*. Sharma et al indicated that lead present in soil can
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infiltrate the human food supply through plants growing in the contaminated soil''?. Lead is a
hazardous environmental pollutant with significant toxic effects on multiple organ systems.
Although lead (Pb) can be absorbed through the skin, the primary routes of absorption are the
respiratory and digestive systems. Exposure to Pb may result in neurological, respiratory, urinary,
and cardiovascular disorders through immune modulation, oxidative stress, and inflammatory
processes. Furthermore, lead (Pb) may disrupt the balance of the oxidant—antioxi Qs{ylem and
trigger inflammatory responses in multiple organs. Exposure to Pb alters physiolggical functions
and is linked to various diseases'!®. Lead (Pb) is highly toxic and adv@rxffects neurological,
biological, and cognitive functions in humans. The internation %()gnised threshold for lead
poisoning is 10 pg/dl in blood!!*. In 2021, the Centers for ontrol and Prevention (CDC)
revised the public health action level for blood lead Pbb%j ug/dL (0.17 umol/L) for children
under six years of age, while maintaining the thre@b§at 5 pg/dL (0.24 pumol/L) for individuals
aged six and older (18). The 3.5 pg/dL (0. %mol/L) threshold was established based on data
from the National Health and Nutriti’(@(amlnation Survey (NHANES) for the 2015-2016 and
2017-2018 cycles'!>. The adu@%n of opium with lead (Pb) has emerged as a significant
threat to human health irb@%years“? The lead toxicity in humans causes intestinal cancer, a
serious effect on alth (Alzheimer’s disease), lung cancer, and central nervous system??.
Lead inducesgxidative damage in various organs by directly promoting membrane lipid
perox'dat@%d decreasing antioxidant parameters'!’. Low levels of lead exposure have been

reported to stimulate immune responses, whereas higher exposures typically result in

immunosuppression' 8119,

2.6.4 Zinc (Zn)
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Zinc (Zn) is among the most abundant transition elements in the Earth's crust and is recognised
as an essential trace element for all living organisms'?%!21122 [t is an essential component of
many proteins and serves as a cofactor or coenzyme for over 300 enzymes. It plays a key role in
regulating enzymes, proteins, DNA, immune function, and cell metabolism!?. It also helps

reduce the formation of free radicals and Reactive Oxygen Species (ROS), support&uprotein
oc

stability and the activity of antioxidative enzymes'?*

. In natural environments, zi s as a
divalent cation (Zn?*) and interacts with a range of negatively charged ions ( OQH‘, C20%).
Zinc (Zn) is primarily found in nature as the mineral sphalerite (ZnS@ ossesses five stable
isotopes (%4Zn, %Zn, ’Zn, 8Zn, and 7°Zn). Among these, *Zn is.the 'most abundant'?. In humans,
zinc is essential for the synthesis of hormones and thei sponding receptors!?¢127. The
human body contains approximately 2 to 3 grams o z'%‘ ith over 80% found in the bones and
muscles. Within the circulatory system, enzym as superoxide dismutase and carbonic
anhydrase, which are present in red blood ¢ b&ransport the majority of zinc in the bloodstream.

.
The majority of transported zinc {@asma is bound to albumin, with an approximate
concentration of 12—16 pm. M %r, zinc regulation in the human body is closely linked to
cellular proliferation, apb@% differentiation, and the production of cytokines and antibodies.
These processes g{& ntial for maintaining the homeostasis of both innate and adaptive
immune syste@ #29.130 Zine supplementation has been recommended to reduce viral activity
and to ar@te tissue damage and inflammation in various viral infections, including COVID-
19135132 Human zinc intake depends on diet, which varies by age and gender. The German
Nutrition Society recommends a daily intake of 1.5 mg for infants aged 0 to 4 months, 11 mg for

adolescent males, and 14 mg for adolescent females aged 15 to 19 years. For adults aged 19

years or older, the Food and Nutrition Board of the United States recommends an average intake
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allowance of 11-16 mg/day and 7-10 mg/day, respectively, depending on the amount of phytate
consumed'*>!133*, Zinc intake, particularly in excessive amounts, has been reported to influence
the modulation of gastrointestinal microbiota and the immune system!34. Excessive intake of this
element may cause adverse effects, including disruption of other elemental levels, particularly
copper. This disruption can lead to copper deficiency anaemia, decreased copper-dependent
enzyme activity, and dysregulation of cholesterol metabolism!'3>!3¢, At elevated *e‘lrations,
Zn can become toxic to cells by disrupting essential biological functions. This g¢Curs when Zn
blocks protein thiols through mismetallation with other metals137’138’139®0nmen‘[al emissions
of large quantities of zinc (Zn) from both natural and anthropggente, sources have facilitated its
unchecked entry into food chains, leading to biomagn§ in living organisms. Zn is
commonly present in soil due to weathering and in a{@dies as a result of industrial effluent
discharge. Zinc (Zn) is among the most prevalent metals in soil. Excessive concentrations
can induce phytotoxicity, significantly r %ng crop quality and yield. Furthermore, the
.
accumulation of Zn in edible plant @ may pose health risks to humans upon consumption
due to absorption or depositie%%“oﬁ““’m. Moreover, elevated concentrations of Zn in soil
inhibit and alter soil mib@%communities due to its bioavailability as ionic Zn and within
organometallic ¢ % as previously established!#344145.146,147.148.149 T hymans, zinc toxicity
primarily ma@t through oral exposure, dermal contact, or accidental inhalation'*°. Zinc is
essent@%gulating many biological functions, including immune response, wound healing,
enzymatic activity, and metabolism. However, excessive zinc levels have been linked to prostate
cancer, possibly through the regulation of the Zipl transporter, which affects zinc accumulation

in prostate cells. High zinc intake may also contribute to gastrointestinal disorders, kidney issues

such as nausea and vomiting, immune system disruption, and abnormal liver function®*!31152,
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2.6.5 Chromium (Cr)

Chromium (Cr) is a naturally occurring heavy metal present in the earth's crust and seawater, and

133 Chromium exhibits several oxidation

is commonly utilised in various industrial processes
states from —2 to +6, with the trivalent and hexavalent forms being the most common and
stable'>*. Chromium can enter the human body through inhalation, ingestion, & dermal
absorption. Occupational exposure to chromium constitutes a substanti@th risk!33.
Chromium is widely utilised in the production of stainless steel, chrome )Qggdeather tanning,
and as a dye in printing and textile manufacturing, as a cleaning soluti nd as an anticorrosive
in cooling systems. Industrial exposures with Cr can be to tl@va ent and hexavalent forms,
which exhibit different toxicokinetics and toxicodynami@ the body'*. Chromium (VI) is
associated with various diseases and pathologies, &%&s chromium (III) is essential in trace
amounts for lipid and protein metabolism an ns as a cofactor in insulin activity 135156157,
According to the International Agency, @search on Cancer (2018), hexavalent chromium is
classified as a group I occupationaéﬁaogenm. For non-occupational human populations, the
primary exposure pathways t .®mium are the ingestion of chromium-contaminated food and
water, and dermal c&&with chromium-containing products. In addition, metallurgical,

refractory, and @x&

groundwater @air, resulting in adverse health effects on humans, animals, and marine life

19 industries discharge significant quantities of chromium into soil,

158

Chronﬁ{/%r) can induce a range of diseases through bioaccumulation in the human body.
These include dermal, renal, neurological, and gastrointestinal disorders, as well as various
cancers affecting the lungs, larynx, bladder, kidneys, testicles, bone, and thyroid'>®. A recent
meta-analysis indicated that exposure to Cr (VI) might lead to higher mortality rates and the

incidence of multiple cancer types, including lung, laryngeal, bladder, kidney, testicular, bone,

51



and thyroid cancers in humans'>®. An ecological study conducted in Greece in 2011 reported
elevated concentrations of Cr (IV) in drinking water, ranging from 41 to 156 pg/L, and a
corresponding increase in the incidence of liver (p < 0.001), lung (p = 0.047), and genitourinary
cancers (p = 0.025) among women!3>160.161.162163 “ A 2012 study conducted in India reported a
higher incidence of gastrointestinal and dermatological complications among populations
exposed to groundwater contaminated with hexavalent chromium (Cr(VI))!3%164 Q%amage,
genomic instability, and reactive oxygen species (ROS) generation are reC(%ij mechanisms
underlying chromium (Cr) toxicity and carcinogenicity. Both Cr (V@ r (II) can induce

ROS production'®. Chromium carcinogenicity is associated with damage, disruption of

transcriptional regulation, lung disorders such as bronchit Qc cancer, and adverse effects on

the renal and reproductive systems??. Chromium ( r}'g%mulation in body organs may pose
significant risks to human health'®. Cr negatjvel cts bronchial epithelial cells, possibly by
disrupting proteins involved in apoptosis, % cytoskeleton, and energy metabolism'®’. The

effects of chromium (Cr) on fetal gr{ uring pregnancy have been examined'®’. The study's
findings indicate that chromm&) may exert toxic effects on fetal growth. Chromium is

classified as a carcinog&@ has been associated with the development of lung cancer'®,
Hyperpigmented {/@'\Ay results from exposure to elevated levels of chromium!7°,

2.6.6 Nicke@)

Nicke@sba silver-white metal with notable antioxidative properties. It ranks as the fifth most
abundant metal on Earth, following iron, oxygen, silicon, and magnesium'¢%!”°, Nickel in the
environment primarily originates from soil migration resulting from rock weathering, soil

deposition, riverbed sedimentation, and volcanic eruptions. Although nickel can exhibit multiple

valence states under certain conditions, nickel compounds are most commonly present in the
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environment as Ni?*, which exhibits low solubility in water !7°. Nickel offers greater
antioxidative properties than iron and is widely used in electroplating, coatings, alloys, and
industrial equipment!’2. Human activities, including industrial wastewater discharge, fossil fuel
emissions, and the use of nickel compounds in manufacturing and electroplating, have increased
nickel levels in water, soil, and air'’?. Organisms in these environments may be impacted by
elevated nickel levels and accumulation!”. Nickel primarily exists as Ni**. In bio Qal ystems,
all forms of nickel intake, except for nickel carbonyls, involve the indepen@nj ction of Ni?*.
The solubility of Ni2+ influences its toxicity mechanisms!7*. Nickel @&ssen‘[ial element for
certain plant species; however, its biological role in humans _temains unclear. Although most
soluble nickel compounds are excreted in human feces, ex@e o different forms of nickel can
still cause health issues. Acute exposure, especially @@tion, may result in severe conditions.
Chronic Ni exposure can occur through Varidfb%lthways, most commonly affecting the
digestive tract!”. Nickel exposure through drifkking water and food can harm the human body,
affecting the reproductive system a@h, and may lead to fatal toxicity!’>!74176 In addition,
alloys containing nickel, com@utilised in food processing, can leach into food through
direct contact or during s@%ﬁon”%”&m. These results emphasize the necessity of tracking
nickel contamin td\&a food. The US Environmental Protection Agency (USEPA) has
established a g{e dose (RfD) of 20 pg/kg body weight per day. In 2015, the European Food
Safety, A@rgty set a tolerable daily intake (TDI) of 2.8 ug/kg body weight, which was
subsequently revised to 13 pg/kg body weight '7>1%, Nickel (Ni) is widely present in air, water,
and soil'®!. The negative effects of nickel (Ni) on human health have been extensively

investigated, with a particular focus on its impact during pregnancy. Studies have demonstrated a

positive correlation between Ni exposure in pregnant women and the incidence of preterm
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delivery'®2. Patients with diabetes demonstrated higher urinary concentrations of nickel (Ni)
compared to non-diabetic individuals'®3. Maternal exposure to Ni has been associated with an
increased risk of congenital heart defects in offspring!®*. Nickel has been linked to
immunological disorders, including Type I hypersensitivity and Type IV immune reactions, in

individuals with chronic systemic symptoms related to nickel exposure!®3.

2.6.7 Cadmium (Cd) QQ\

Cadmium (Cd), a relatively rare element, is naturally present in soil in minerals including

sulfide, sulfate, carbonate, chloride, and hydroxide salts, as@ s in water. Elevated

concentrations of cadmium (Cd) in water, air, and soil ofie sult from industrial activities,

leading to significant human exposure to Cd!8>186 87, Gadmium commonly occurs alongside
other heavy metals, including zinc, copper, and le%s widely present in the environment!'8,
Environmental cadmium concentrations are\\‘@asing as a result of soil disruption, volcanic
activity, and industrial processes thegg\s&h cadmium in alloys, pigments, stabilizers, and
batteries!®!%0, Cadmium is Eri&@‘used in electroplating and the manufacture of nickel-
cadmium batteries'®®. As @h, cadmium frequently contaminates municipal solid waste
landfills, electroni.c &e, soils, and various plant tissues, including leaves, stems, and
roots!?1192.193, tﬁ@} exposure to cadmium may occur through inhalation, including cigarette
smoking, a ough the consumption of contaminated food. Contamination can result from
cadmiumwdptake by plant roots or rhizomes, or through horizontal transfer, affecting crops such
as potatoes, grains, seeds, and mushrooms. Additional dietary sources include crustaceans,
mollusks, shellfish, mussels, cocoa powder, and dried seaweed. The presence of cadmium (Cd)
in contaminated water may disrupt essential physiological mechanisms, potentially leading to

both acute and chronic health disorders!'¥¢-187:188 Cadmium, in its ionic form as Cd>*, is a non-
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194 " As a result, cadmium does

essential divalent metal that exhibits toxicity in eukaryotic cells
not participate in any known biological processes, including those involving enzymes. Therefore,
cadmium is not physiologically eliminated from the human body, as mechanisms responsible for
cadmium homeostasis and regulation of its uptake and release are absent. Infants may possess
cadmium in their bodies from birth, as cadmium crosses the placental barrier and readijly reaches
the fetus'®. Ingestion of contaminated food is a primary source of cadmium {exposure.
Additional exposure can occur through smoking, which increases bldod jahd urine Cd
concentrations. Inhalation of industrial dust leads to more efﬁcien@&nary absorption of
Cadmium. As individuals age and are continuously exposed to_cadmium through inhalation and
ingestion, cadmium accumulates in the body and can p@t or 20 to 30 years as a non-
biodegradable metal!®>1961%7  Cadmium (Cd) is la@ by the International Agency for
Research on Cancer (IARC) as carcinogenic to ns (Group 1)!8. This toxic heavy metal
NS

poses significant risks to human health!®, %ﬂum exposure affects the vascular endothelium
N

by stimulating the release of antit@\oﬁic substances, which subsequently increases the
production of inflammatory m@%‘o Vijayakumar et al. investigated the biological effects of
cadmium (Cd) on the pr%&ion and metastasis of prostate cancer and basal breast tumors?°!,

Breast tumour ce ave reduced anti-oxidative defences, which can trigger ROS formation

when expose@ . The proximal tubule is also the primary site of Cd accumulation and

nephr@ e202,

2.7 Trace Metal Exposure Pathways

Trace metals are minerals found in living organisms in minor quantities. Certain ones are

recognised as nutritionally vital, while others could be essential, and the rest are regarded as non-
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essential. Trace metals primarily act as catalysts in enzyme systems; some metal ions, like iron
and copper, are involved in oxidation-reduction reactions related to energy metabolism?*. Trace
metals are present in a wide range of aqueous environments, geological materials, and biological
systems. Trace metals exhibit toxicity when consumed in excessive quantities over prolonged
periods?®. It is widely recognised that trace metals can readily penetrate the human body because

%act, and

of their tiny particles and high mobility through three primary routes: ingestion, Q
inhalation?°®. The small size and widespread presence of dust pose rl%sjé both urban
environmental quality and human health. Inhalation of dust is one of@&eposure pathways in
which humans are exposed to trace metals as the dust may be.co inated by heavy metals.
Humans are also exposed to trace metals from the consu@o or ingestion of contaminated
food and drinks. When compared to adults, you @en might present a greater risk of
exposure to food and drinks contaminated with metals due to their repetitive hand/finger
sucking and mouthing non-food objects?*®¢%” N\Humans are exposed to trace metals by direct
.
contact with the eye or skin. Heavy @ are commonly found in colored cosmetics, either as
intentional additives or as impusitics”introduced during the manufacturing process through raw
materials?®®, The presené@%avy metals, including cadmium (Cd), lead (Pb), arsenic (As),
nickel (Ni), chromi ), and mercury (Hg), in cosmetic products poses significant risks to
human health ain elements are incorporated into cosmetics to promote optimal metabolic
and p si@:al functions of the skin. Products containing the metals mentioned earlier include

those applied to the mucous membranes, such as lipsticks, lip glosses, beauty creams, lotions,

and hair care preparations?!%-211:212,

2.8 Effect of Trace Metals on Human Health
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Heavy metals can enter the human body through the gastrointestinal tract, skin, or inhalation.
These toxic metals represent a significant threat to human health due to their capacity to damage
cellular membranes and DNA, as well as disrupt protein and enzyme function®!3. The pathways
of exposure and the associated health effects of heavy metals are illustrated in Figure 2.1. The
primary pathways of exposure, the health consequences of toxic metals, and the strategies for
risk mitigation are critical considerations. These adverse effects arise from dire@ir mental
exposure to toxic metals as a result of human activities?!?. QJ
¢\
O
D
O
Q

2.8.1 Cadmium Q

6’2}

At low levels, cadmium compounds are high ’de can accumulate in the environment. The
disease known as "Itai-Itai" (which inv@osteoporosis and kidney dysfunction) results from
the accumulation of cadmium in %Es?leading to weakened bones and fractures in people. It
may also have the potential t@to lung cancer, in addition to harming the respiratory system,

liver, and kidneys?'421°,,C

ium significantly contributes to the risk of cardiovascular diseases
associated with @g, including peripheral artery disease and coronary heart disease and
infertility C%Q by reproductive system failure?'. Cadmium leads to mental health issues,
digestl\&blems, complications in the Central Nervous System, weaknesses in the immune

system, damage to DNA, and Cancer?'".

2.8.2 Chromium
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Elevated levels of chromium can damage the liver and kidneys, cause skin ulcers, and impact the
human nervous system. Chromium (VI) poses a greater risk to human health compared to
chromium (II1)*'321% Cr (VI) induces oxidative stress and elevated production of reactive oxygen
species (ROS), which target cellular DNA and lipids, resulting in DNA damage and lipid
peroxidation, respectively. Additionally, various other cellular injuries and cell death, including
both apoptosis and necrosis, may occur. At medium to low concentrations, RO %ction in
cells can contribute to tumour formation and progression’?’. Ingestion ‘of ¢Hromium (VI)
typically results in acute poisoning, manifesting as gastrointestinal ul, nausea, vomiting,
fever, diarrhoea, vertigo, toxic nephritis, liver damage and dea@ ally at 1-3 g). Exposure to
chromium (VI) through inhalation or repeated skin ct results in chronic poisoning.
Chromium (VI) exposure is associated with alle ng tact dermatitis, eczema, gingivitis,
mucous membrane irritation, bronchitis, liver a dney disease, sinusitis, pneumonia, lung
cancer, and the development of chrome ho }particularly on the forearms, hands, fingers, and
]
nOS6221,222' \%\
2.8.3 Lead .$Q
N

Lead (Pb) poisoniqg@ significant risks to human health. Elevated levels of Pb can adversely
affect the fetys @egatively impact the central nervous system??}. This exposure leads to
various heeﬂb‘§5ues, including damage to the renal and neurological systems, intellectual
disabﬂ}&{, and cancer??#??4226. Lead exposure can result in hypertension, reproductive
complications, renal impairment, neurological damage, abdominal pain, peripheral nerve damage,
iron deficiency, and cognitive impairment. In children, lead exposure impairs brain and central
nervous system development, lowers intelligence, reduces educational achievement and attention

span, and increases antisocial behaviour??7-228:229,
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2.8.4 Copper

Copper leads to hair loss, anaemia, kidney damage, and headaches, and it can also result in death
when it builds up in the liver, brain, and pancreas, leading to fatal outcomes?*’. Excess copper
exposure has been associated with insomnia, anxiety, agitation, and restlessness. In cases such as
Wilson's disease, where copper accumulates in organs due to impaired biliary excre% clinical
manifestations may include lack of appetite, fatigue, jaundice, Kayser-Fleisc@gs, speech

impairment, difficulty swallowing, uncontrolled poisoning, brain damage, gedyelination, and

hepatic cirrhosis?*!. EQ
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2.8.5 Zinc

While zinc is essential for humans in small amounts, elevated levels can lead to symptoms such
as vomiting, skin irritation, fever, and anaemia®?. Zinc may cause nausea, vomiting, stomach
cramps, decreased HDL cholesterol, pancreatic complications, fatigue, epigastric pain, copper

deficiency, anemia, impaired immune function, and neutropenia?33. \

2.8.6 Nickel ( O

Small amounts of nickel may not adversely affect biological cells, @g—term exposure to
elevated levels can be damaging to cells, lead to weight loss, and n ely impact the heart and
liver. Nickel toxicity could lead to impaired cell growt J~ah increased risk of cancer?*.
Nickel exposure has been linked to lung embolis s,&%na allergic reactions from jewelry,
respiratory failure, heart disorders, dizziness aft exposure, and a higher risk of cancer.
Nickel sulphide, nickel oxide, and solubl \Ql compounds are classified as carcinogenic.
Occupational exposure to inhaled ni \om ounds in the nickel industry is associated with an

increased risk of lung and nasal Q& 235,236,

\\)K\
2.9 Parabens
Q)

Parabens are cl@ compounds that are frequently utilised as preservatives due to their ability
to inhibit 1al growth. They are typically included in cosmetics and various personal care
items to'stop the development of mould, bacteria, and yeasts. Methylparaben and propylparaben
are the two most widely utilised parabens?’. Other names for these are methyl 4-

238 Parabens are widely recognised

hydroxybenzoate and propyl 4-hydroxylbenzoate
preservatives that help extend the shelf life of many foods, cosmetics, and pharmaceutical items

by preventing the growth of microorganisms. They work to inhibit or minimize the proliferation
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of mould and harmful bacteria. Their purpose is to safeguard both the product and the
consumer?®. Parabens constitute a widely recognised class of synthetic chemicals employed as
preservatives in foods, cosmetics, and pharmaceutical products?*®. Parabens (PBs) are ester
derivatives created by replacing the alkyl groups of para-hydroxybenzoic acid with methyl, ethyl,
or benzyl groups?*?#2, These compounds are alkyl or aryl homologs of p-hydroxybenzoic acid
(PHBA) ?%. Producers incorporate parabens to enhance the stability of various Q&are and
food products, thereby extending their shelf life. In the absence of a réliable” preservative,
numerous products, when used regularly, can become tainted and tum@*habitat for bacteria,
yeast, and mould. Parabens are odourless, tasteless and chemi ly%le, making them perfect
for incorporation into food and personal care items. Pa ave been commonly used in
personal care items, as well as in food and drink, ingb 1920s. Individuals face continuous
exposure to parabens over their lives, due tQ th(@§istent use of products that include these
chemicals or the regular consumption of ce a\ibwidely-used food and beverage items. Parabens
.
are classified as endocrine disrupto ﬁ;:\ could lead to reproductive issues, impact birth
results, and elevate the risk‘@%cerm. Parabens are frequently present in personal care
products and cosmetics\%Qotions, sunscreens, antiperspirants, and makeup, moisturisers,
shaving cream, ¢ @r, shampoo, diaper rash ointment, baby wipes, facial scrubs, mascara,
cream, pow@ ush, liquid and powder foundation, stain removal and hair
produ tsz@im’z‘”. Parabens may also be found in chewing gum and mouthwash?*®. Food
items that include parabens consist of beer, soft beverages, sauces, syrups, jams, jellies, desserts,
frozen dairy items, pickles, processed vegetables, trail mix, and packaged tortillas**°. Although

these chemicals have been widely used since the 1920s, numerous aspects of their effects on

human health remain unclear. For example, the combined impact on the endocrine system and
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potential disruptions to homeostasis are not yet fully understood. Numerous studies have
evaluated the effects of both acute and chronic exposure to parabens. The findings from these
investigations have resulted in the classification of parabens as Endocrine Disrupting Chemicals
(EDCs)?. Previous studies have investigated the potential role of parabens as causative agents

in diseases associated with hormonal disorders?>!.

2.10 Characteristics of Parabens OQ

Parabens are structurally based on para-hydroxybenzoic acid (PHBA) dnd, are distinguished by
the nature of their substituent, which can be either an alkyl chain% omatic ring. The most
common parabens possess a linear alkyl chain as the s nt?*: methylparaben (MeP),

ethylparaben (EtP), propylparaben (PrP), butylparaben ( , and pentylparaben (PeP).

Iso-propylparaben (iso-PrP) and iso-butylparab K&BuP) are parabens with branched-chain
substituents. Benzylparaben (BzP) represe%%aromatic ester derived from PHBA?#®. Cosmetic
.
products typically contain substance{(x% provide a favorable environment for the growth of
microorganisms such as bactb@ fungi. These substances include amino acids, peptides,
protein hydrolysates, m@ charides, plant extracts, and vitamins. In the absence of
preservatives, cos ?&s%e prone to rapid spoilage, which leads to alterations in both aroma and
appearance o%e product?322%3, Antimicrobial ingredients are incorporated during cosmetic
produ%@xtend product shelf life and inhibit microbial growth. Preservatives are classified
as agents that inhibit the growth and development of microorganisms, such as fungistatic and
bacteriostatic compounds, or as substances that kill microorganisms by causing cell damage,
including bactericidal and fungicidal preservatives?*. Widely used preservatives include

derivatives of benzoic acid. In cosmetics, esters of parahydroxybenzoic acid (PHB), also known
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as 4-hydroxybenzoic acid or parabens, are particularly significant. Parabens primarily exhibit
fungistatic activity by inhibiting the growth of fungi such as mould. They also exert a lesser
inhibitory effect on bacteria. In addition to parabens, other preservatives such as phenoxyethanol
are used specifically to inhibit bacterial growth?°. The group of PHB preservatives includes
compounds such as parasept, Nipagin, and Aseptin?>®. Paraben concentrations in, cosmetics
typically range from 0.3% to 0.5%, with a maximum of 0.4% permitted in the % Union.
These esters exhibit poor solubility in water. Benzyl para-hydroxybenzoa onstrates the
lowest solubility, while methyl para-hydroxybenzoate has the highest ty among the group.
Although parabens share structural similarities with salicylic 'd%droxybenzoic acid) and
benzoic acid, their toxicological and chemical properties di @iﬁcantly.

The use of parabens in cosmetics remains a subject p&%{siderable debate. Despite extensive
testing over recent decades and their legal sta% duction, public concerns persist regarding
the potential effects of these compounds o hﬁan health. In 2007, parabens were classified as
compounds that may disrupt the e@m system. Some experts also caution that they can
trigger allergic reactions. Son&%bens are also naturally occurring. For example, methyl
paraben is present in blue@ . Additionally, many medical professionals assert that the current

acceptable dose @ns in cosmetics is insufficient to cause harm?’. Parabens are esters
as

primarily use reservatives. They inhibit the growth of yeasts and bacteria that may
prolifi rat@rbosmetic products over time. Parabens significantly extend the shelf life of creams
and masks. The durability of a cosmetic product and the selection of an appropriate preservative

are critical factors in ensuring cosmetic safety. In the absence of preservatives, water-based

cosmetics typically exhibit a significantly reduced shelf life and generally require refrigeration
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for storage. Cosmetics require preservatives because their primary ingredient is water, which
supports the growth of microorganisms?>8,

Parabens, which are esters of p-hydroxybenzoic acid and related compounds, have been widely
used as preservatives in cosmetic products for several decades and remain the most prevalent
preservatives in this industry. These substances are extensively utilised in the cosmetics,
pharmaceutical, and food industries. They are also present in products design \cuildren’s
care and in cosmetics labeled as hypoallergenic. They exhibit both antifungdal afid antibacterial
activity, with greater effectiveness against Gram-positive bacteria t@inst Gram-negative
bacteria®>>?®, In addition to exhibiting antimicrobial properties,” these compounds are
incorporated into soaps as antiperspirant agents and into s@) 0s as anti-dandruff substances.
They also demonstrate the ability to penetrate the skin. Q

Based on penetrative ability, parabens are ran s follows: butylparaben, propylparaben,
ethylparaben, and methylparaben. A min \r\ﬁ?exists for paraben accumulation in adipose

.
tissues?$!. Parabens help protect cos@s from microbial infections, but they have also been

linked to potential health risks d@e they are among the most sensitising contact substances,

they are generally consid@ \eak allergens. Allergic reactions are typically mild, manifesting
as pruritus and e @but can also result in the development of atopic dermatitis. Parabens
are classified among compounds with extremely low oestrogenic activity.

The pote@f parabens is between 1,000 and 1,000,000 times lower than that of natural
oestrogen. The Scientific Committee on Consumer Safety (SCCS) report states that parabens,
when used within acceptable concentrations, are considered safe and do not exhibit toxic,

carcinogenic, genotoxic, or teratogenic effects?®2. However, there is a growing body of concern

that these substances may cause skin irritation, allergic reactions, cancer, and reduced male
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fertility. According to the EU Commission Regulation of 18 September 2014, propylparaben,
butylparaben, their isomers, and salts are banned in products intended for children under three
years of age due to their potential effects on the endocrine system?®. The concentration of these
substances has been restricted to 0.14% when used individually or in mixtures. In addition, the
EU Commission Regulation of 9 April 2013 prohibits the use of isoparabens (isopropylparaben,
isobutylparaben, pentylparaben, benzylparaben, phenylparaben) in cosmetics du Qﬁwfﬁcien‘[
safety data. Parabens are solid compounds that appear as fine, odorless ¢ S%}Qrious groups
of parabens are illustrated in Figure 2.2. Common parabens utilisecésmetic formulations
include methylparaben, ethylparaben, propylparaben, isopropylparaben, butylparaben,

isobutylparaben, and their respective potassium and salts, such as potassium

methylparaben and sodium isobutylparaben?%. be

2.11 Structures of Parabens @
2.11.1 Ethylparabens X ’&

Ethylparaben (ethyl para-hydrb&gﬁoate) is the ethyl ester formed from p-hydroxybenzoic acid
through the process of d@ ing the carboxy group of 4-hydroxybenzoic acid with ethanol.
The ITUPAC nam ‘@rlparaben is ethyl 4-hydroxybenzoate. Its formula is (CoH1003). It is

used as an a@ungal agent, antimicrobial preservative, a plant metabolite, and as a food

additi@le 2.1 shows the molecular structure of Ethylparaben?®’.

2.11.2 Methlyparabens

Methlyparaben is an aromatic substance. It appears as a white, odourless crystalline powder and
is the methyl ester of p-hydroxybenzoic acid with the chemical formula of CsHgOs3. The IUPAC

designation for Methylparaben is methyl 4-hydroxybenzoate. It is used as a preservative in
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cosmetics, medicine and foods. It's known for its effectiveness and cost-effectiveness in
preventing microbial contamination. It has anti-bacterial and anti-fungal properties?%>. Also,

Table 2.1 illustrates the structural configuration of methylparaben?%>.
2.11.3 Propylparabens

Propylparaben is the propyl ester derived from 4-hydroxybenzoic acid. Its formul 'Y&HQO_@).
The TUPAC designation for Proplyparaben is sodium 4—propoxycarbon3€/@late. It is a
benzoate ester and is functionally connected to both propan-1-ol and 4- ﬁﬂxybenzoic acid. It is
used as preservative, mostly used in water-based cosmetics, such%ampoos, lotions, creams,

an antifungal agent and an antimicrobial agent?®>. Simila% e 2.1 illustrate the structural

2
&

Butylparaben is an organic compound’\@ the formula (Ci11H1403). The IUPAC name of

configuration of Propylparaben?%3,

2.11.4 Butylparabens

Butylparaben is butyl 4-hydroxyb@€?e. Butylparaben serves as an antimicrobial preservative
in cosmetic products, as i @nts the growth of bacteria and fungi in personal care items, in
medication suspensions§‘1 s a flavouring additive in food ?%°. Likewise, Table 2.1 shows the

[ ]
the structural co@

on of Butylparaben?®,

2.12 P]@’bchemical Properties of Parabens

N

Parabens, which are esters of p-hydroxybenzoic acid, are widely used as preservatives in
cosmetics, pharmaceuticals, personal care products, and food due to their low cost, chemical

242,266,267

stability, and high water solubility . The physicochemical properties of parabens are

significantly influenced by the nature of the substituent group. Parabens are odorless, tasteless,
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and colorless compounds. Parabens do not alter the characteristics of cosmetics or food, so the
color, aroma, and density remain unchanged. The general physicochemical properties of
parabens are presented in Table 2.2. Parabens vary according to the type of alkyl group, which
influences both their solubility in water and their antimicrobial activity?*®. These compounds are
chemically stable and lipophilic. Depending on the alkyl chain length, their solubility in water is
weak or very weak, as indicated in Table 2.3. Because these preservatives are % only in
the aqueous phase, solubilizing aids such as propylene glycol, glycerol, of ethafiol should be
added. These aids maintain antimicrobial activity across a pH range 0@) . The antimicrobial
efficacy of parabens decreases in the presence of certain surfac due to hydrogen bond
formation or the incorporation of paraben molecules in Qles. Parabens utilised on an

industrial scale are typically synthetic compounds. f@éver, several parabens, particularly

methylparaben and propylparaben, also occur nat in various commercial plants®’,
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Table 2.1: Molecular Structure of Parabens2%®

Paraben Molecular Structure
Methylparaben (MeP)

O

OCH3;
\
HO S
\J

Ethylparaben (EtP)

A\

O
P
HO
v

Propylparaben (PrP) %
O

QQ HO
Butylparaben (B‘Q:\\%
O

\/Q:b S N
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Table 2.2 Physicochemical Properties of Parabens 26

Property Methyl Ethyl Propyl Butyl
1 2 3 4 5
Molecular 152.16 166.18 180.21 194.23
weight
Melting point 131 116-18 96.2-98 8-69
(T) 125-128 115-118 95-98 72
Boiling point 270-280 297-298 - &
(“C) Q
Density — — 1.0630 0
Refractive index 1.5250 1.5050 1.5050 Q/
*max’’ in H20 - 256 (1.5 x 1072) 256 (1.5 . 256 (1.55 x 1072)
PKa 8.17 8.22 % 8.37
Inorganic impurities**%
As I ppm - QQI ppm I ppm
Pb 10 ppm — b’b 10 ppm 10 ppm
Ash 0.1% 0%’6 0.1% 0.1%
ig%leif‘ili‘ff 8,2) 0.05 . \%%5 0.05 0.05
Loss 0(13 /drying* 0.5 (.)\ 5 0.5 0.5
%) N\
(mEA;/l%tg;g) 0.02 * QQJ 0.02 0.02 0.02
QQ Solubility
Alcohol stoluble very soluble soluble soluble
Water &tly soluble slightly soluble insoluble insoluble
Ether very soluble very soluble soluble soluble
A et(%rb very soluble soluble soluble soluble
B;éle slightly soluble - - -
te tr(ajlzlblg?i de slightly soluble — — —
Glycerin slightly soluble slightly soluble — slightly soluble

**Maximum recommended; no information available on organic impurities

70



Table 2.3: Parabens have a restricted solubility in Water?6S

Provert Methylparaben Ethylparaben  Propylparaben  Butylparaben
operty sol. g/100 mg sol. g/100 mg sol. g/100 mg sol. g/100 mg

0.023 0.005

Water 18°C 0.16 0.08
0 0.015

Water 25°C 0.25 0.11 0.04
Water 80°C 3.2 0.86 : % 0.15

Ethanol 22 25 be 26 110

0.4 0.3

Propylene, Glycol 1.7 . @

Peanut Oil 0..
Mineral Oil ( @0.0l 0.025 0.03 0.1

N4

\/Q/
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2.13 Occurrence of Parabens

Parabens are widely present in the human environment. Certain parabens are synthesized by
plants and bacteria, leading to their presence in natural ecosystems. Parabens occur naturally in
bacteria, plants, and fruits, and have been synthesized and used by industry since the
1920269270271 Members of the Microbulbifer family synthesize para—hydroxyb%)ic acid
(PHBA) and its esters. Methyl paraben (MeP) has been detected in berries at con@Q@tions up to
0.15 ppm and is also present in Oxalis tuberosa and Andrographis pan%&?zn’m. PrP was
isolated from the aerial parts of Stocksia brahuica, a species in the f: apindaceae. Parabens
synthesized by plants and microorganisms may function as @ec ive agents that inhibit the
growth of fungi and Gram-positive bacteria®>’-?’4, The su@tial presence of parabens in the
human environment is attributable to compounds é@d through industrial-scale chemical
synthesis. The high efficiency and low c@uis synthesis process have facilitated the
widespread use of parabens?37274, Fur,ﬂ@re, parabens are widely used due to their broad-
spectrum antibacterial and anti%gv\properties, which include the inhibition of yeast
growth?37-274, Parabens were @ﬁﬁered safe for many years, which led to a systematic increase
in their production tha Qinues to rise annually?’?’*, The substantial increase in paraben
production has c@&t to the contamination of potable water and subsequent absorption of
parabens by @tic organisms?>273. A recent study documented the widespread presence of
parab%% their metabolites in fish, seagrasses, invertebrates, marine macroalgae, seawater,
mangroves, and ocean sediments?”. Furthermore, parabens have been detected in both dust and
indoor air, thereby increasing overall exposure to these endocrine-disrupting chemicals
(EDCs)?*%. Parabens are typically synthesized via acid-base reactions or esterification processes

that involve p-hydroxybenzoic acid and an alcohol (R-OH) in the presence of catalysts such as
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thionyl chloride, dodecatungstophosphoric acid, or montmorillonite K10 clay. This reaction
yields parabens and water?’%2’7, Methylparaben and propylparaben are synthesized through the
esterification of p-hydroxybenzoic acid with methanol for methylparaben and n-propanol for
propylparaben, both of which utilize sulfuric acid as a catalyst?’. Alternatives to parabens
include formaldehyde, quarternium-15, imidazolidinyl urea, diazolidinyl wuyrea, and
dimethyloldimethyl hydantoin. Natural preservatives such as thymol, cinna Q%yle, allyl
isothiocyanate, citric acid, ascorbic acid, and rosemary extract are also availa%ﬁ—[owever, the
use of natural preservatives presents challenges, including potentia@&egenic reactions and
other health concerns. Furthermore, current research is insufficient onclusively demonstrate
the efficacy and safety of these products®”. Cosmetic pro Qay also contain preservatives,
including formic acid, propionic acid, sorbic acid, b nz&%&id, salicylic acid, benzyl alcohol, 2-
phenoxyethanol, sodium benzoate, tri , bronopol, DMDM hydantoin,

methylisothiazolinone, and methylchloroisothiazolinone?®°.

2.14 Application of Parabens C;\\'
>

These compounds are wide@ised due to their effective preservation and antimicrobial
properties, as well as their'ehemical stability and low production costs, making them suitable for
.
industrial applic@iﬁg“& 0. Furthermore, the low incidence of sensitization, adequate water
solubility fo;b ion preparation, chemical inertness, stability in product consistency and color,
and la&gberceptible odor or taste are properties that make parabens valuable compounds®”.
Increasing the alkyl chain length in parabens enhances their antimicrobial effectiveness, but it
also reduces their water solubility. Parabens are more effective as preservatives against fungi
than against bacteria, and are more effective against Gram-positive bacteria than against Gram-

negative bacteria. The range of effectiveness may increase when different parabens are used in
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combination ?*7. Furthermore, these compounds demonstrate efficacy at neutral and acidic pH
levels, as well as in alkaline solutions with a pH of up to 8. Above this threshold, their
preservative functions diminish?’¢. Since the 1990s, the use of parabens has increased annually,
and they are now utilised in diverse fields, including pharmaceuticals, food production,
cosmetics, and medicine 2°. Within industrial contexts, methylparaben (MP) is designated as E-
218, ethylparaben (EP) as E-214, and propylparaben (PP) as E-216. The use Q&wens has
significantly increased, particularly within the food industry. Since 2013, parabens have been

incorporated into the majority of canned and packaged food products”Q

2.14.1 Food Q

Analysis of various commercially available food ingred@(‘s and additives revealed that MeP is
the most commonly used paraben. The levels of %&quently correlate with those of PrP 4.
Parabens are commonly added to processed \%&lees, spices, dairy products, bread, and juices.
As reported by Liao et al., approxirnéj 99% of the 282 food samples examined contained
parabens®*!. The average conger&@ of parabens detected in food products was roughly 39.3
ng g'!'. Analysis of parab@ in various food categories revealed that vegetables contained

the highest concentratiens (109 ng g-1), followed by condiments (75.4 ng g™') and cereals (25.2
2.14.2@ceuticals

ng g—1)241.

In China, parabens were also detected at high levels in pharmaceutical products, with a detection
rate of approximately 97%. Zhao et al., reported that the geometric mean and median
concentrations for the sum of measured parabens (MeP, EtP, PrP, BuP, BzP, and HeP) were 94.8

282

ng g! and 119 ng g”!, respectively?®?. The maximum concentration of the sum of parabens ()
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was 1256 ng g'. Among the pharmaceutical samples analyzed, methylparaben (MeP) was the
predominant compound, representing 54% of the total measured parabens (EtP—24.6%; PrP—
20.7%)?%?. The geometric mean concentration of MeP (28.7 ng g'') was approximately 3.8 times
higher than that of EtP (7.49 ng g') and 3.6 times higher than that of PrP (7.95 ng g)*.
Furthermore, a strong positive correlation was observed between the concentration of MeP and
the concentration of PrP in the pharmaceutical samples (r = 0.316)*!. A US-ba Q&y found
that only 20% of the analyzed pharmaceutical products contained parabens. The fost frequently
detected parabens in these products were MeP, PrP, and EtP?*, @ t al., analyzed the

presence of parabens in pharmaceutical products, categorizin@ therapeutic use such as
0

throat, anti-inflammatory, gastrointestinal, cold, protective, er medicines?®?. However, the

study did not demonstrate significant differences e%%the groups and failed to categorize

pharmaceutical samples according to thei Iﬁég states, such as solid or liquid 2*2.

Nevertheless, a previous study reported a risingsprevalence of parabens in liquid pharmaceutical
.

products®®?. The results may be attr@ to the higher moisture content of the liquids, which

requires the addition of greatet &%ﬁes of preservatives to inhibit microbial growth?3.
2.14.3 Personal Care @cts

Esters of PH: A(haare been detected in various Personal Care Products (PCPs), including
shampoos ms, conditioners, creams, soaps, deodorants, make-up products, wet wipes, and
lotions?®*Analysis of 52 personal care product (PCP) samples in previous studies indicated that
among six measured parabens, methylparaben (MeP, 77%), propylparaben (PrP, 73%),
ethylparaben (EtP, 46%), and butylparaben (BuP, 25%) were most frequently detected?*%28, A
study conducted in Denmark detected parabens in 36% of 751 analyzed cosmetic product

samples intended for children®**. In Sweden, BuP was detected in 9% of cosmetic products
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collected for children. In a comparable study conducted in Norway, analysis of 117 cosmetic
products intended for children revealed that parabens were present in 32% of the samples.
Methylparaben (MeP) and propylparaben (PrP) were the most frequently detected parabens in

these products?®4,

2.15 Metabolism of Parabens \

Extensive research has investigated the metabolism of parabens in living (\‘;@sms. Studies
indicate that parabens are absorbed through dermal applicatio ietary intake, and
inhalation?*+?84, A previous study on parabens and their hydra@ roduct in indoor dust
reported that parabens and their common hydrolysis prod %*‘ were detected in all dust
samples collected from the four countries studied®®. The¢“geometric mean concentrations of the
sum of six parabens in dust decreased in the follg ’Qrder: Korea (2320 ng g!), Japan (2300
ng g'), United States (1390 ng g7), anY\\Qina (418 ng g'). The substantially lower
concentrations of parabens detected in&&s ples from China may be attributed to differences
in per capita consumption of cps&@‘ and personal care products. Korean and Japanese women
exhibited similar per capitQ mption of cosmetics and skin care products, a level five times
greater than that of @ican women and 50 times greater than that of Chinese women?86-287,
MeP and PrP §® most prevalent parabens, exhibiting a 100% detection rate in dust samples

collected fr
QJ%

with gé%tric mean concentrations ranging from 226 to 1670 ng g'!. PrP represented 12 to 46

four countries?®>. MeP represented 42 to 73% of total paraben concentrations,

percent of total paraben concentrations, with a geometric mean concentration ranging from 123

to 761 ng g*!'. The concentrations measured in this study demonstrate that cosmetics and personal

care products represent a significant source of indoor dust contamination by parabens.
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Additionally, dust ingestion constitutes an important exposure pathway for certain environmental
chemicals in humans?%3.

In another literature, the absence of data regarding the use rate of personal care products among
the Vietnamese population precludes estimation of the risk of parabens exposure via dermal
absorption. In this study, human exposure to parabens was quantified through the dust ingestion
pathway?%®. Among the analyzed parabens, methylparaben (MeP) exhibited the hi %etection
frequency in dust samples (n = 58) at 96.6 percent, followed by propylpatabefi“(PrP) at 89.7
percent and ethylparaben (EtP) at 84.5 percent. In contrast, isopropylp(IPrP) was detected
at the lowest frequency, with a detection rate of 34.5 per@t exhibited the highest

concentrations in the dust samples, with a mean of 304 and a median of 188 ng g,

followed by PrP (58.0/33.6 ng g")?®. These fi iq@e consistent with previous reports
indicating that MeP is the predominant parab€;§¢ected in dust samples®®. The median
concentrations of MeP, EtP, PrP, and BuP g’;ted in indoor dust samples from Oregon, USA
were 1920, 180, and 965 and 80 ng g{@pﬁivelymg. These results indicate that MeP was listed
as an ingredient in all labelled nd was present in both labelled and non-labelled products.
The total concentrations &@ens in dust samples (n=58) collected in Hanoi, Vietnam, ranged

from below the d tf{"ko' limit to 1650 ng g! (mean/median: 285/403 ng g!). The results align
with those obtainéd

from dust samples collected in Beijing, Jinan, Guangzhou, Shanghai,
Qigihaer, @Immchi, China (mean/median: 418/573 ng g')**°. Paraben concentrations in dust
samples from developed nations, including Canada, Spain, Japan, South Korea, and the USA,
were significantly higher than those in samples from developing countries such as Vietnam and
Algeria. These results suggest that consumer products, such as personal care products containing

parabens, are more commonly used in developed countries. Recent findings indicate an upward
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trend in paraben concentrations in Vietnamese house dust samples over the past several years.
The average and median concentrations of parabens in indoor dust collected from Vietnamese
residences in 2014, 2017, and 2019 were 183/132, 310/264, and 513/379 ng g, respectively.
This observation indicates a shift in the consumption patterns of products containing parabens
among Vietnamese consumers. The relatively small sample sizes in 2014 (n = 16) and 2017 (n =
15), as well as the use of different sampling sites across the three campaigns, int Qe otential
uncertainty in the analytical results. The exposure doses estimated in this §tu ere 5 to 10
times lower than those reported in other publications from China @e USA?. Overall,
human exposure doses to parabens via dust ingestion decreas v%ncreasing age. Exposure
through dust ingestion was substantially lower than exp a dermal absorption and food
ingestion?®®, be

Multiple studies in the scientific literature hQ/eQ mented the presence of parabens in dust
samples?>2%8, Both scientists measured the %entration of parabens in the dust samples as well

.

as the route of exposure, which i{ ?humans are exposed to parabens in the indoor
environment. However, the po@%’risk assessment of the parabens to human health was not
conducted. In addition, S@?ica, especially in developing countries like Nigeria, there is a
scarcity of data h’\ﬁkr' ontamination, and when available, it is limited to the outdoor air
environment &dnation. Furthermore, in Nigeria, there is a scarcity of monitoring and risk
assessKe/@l on the co-occurrence of these chemical residues in indoor dust. In this research,

we aim to evaluate the levels and possible health hazards posed by certain heavy metals and

parabens present in indoor dust from specific locations in Ibadan.

2.16 Legislation of Parabens
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In the United States, parabens are permitted in cosmetics without restriction. However, some

manufacturers are reducing their use or switching to alternative preservatives in response to

growing concerns?®*?°!, The Cosmetic Ingredient Review Organization has recommended

implementing restrictions on the use of parabens in the USA and Canada that align with those

established by the European Union?*°, The United States and Canada do not have specific

legislation governing the use of parabens in cosmetics. However, regulatory a@ie in both
18

countries recommend paraben concentration limits consistent with those@

European Union?#, é

hed by the

Several organizations, including ECORCERT (France), BDI@ermany), NaTrue (Belgium),
Soil Association (United Kingdom), ICEA (Italy), and BI SC (Switzerland), have adopted
EU measures and do not permit parabens in tl@%oducts. Additionally, CosmeBio has
prohibited parabens in cosmetics since 200 ’@:e 2011, Denmark has restricted the use of
propylparaben, butylparaben, isopropy@n, and isobutylparaben in products intended for
children under three years old**. Q’\%

The US Food and Drug A %\ﬁaﬁon (FDA) classifies methylparaben (MP) and propylparaben
(PP) as inactive ingregdients in dentifrices, contraceptives, analgesics, injectable drugs, inhalation
and intranas&(d&tions, as well as ophthalmic, oral, topical, rectal, and vaginal
pharmace@i
methyM

en and propylparaben safe for use at concentrations up to 0.1%

7. The FDA has approved parabens as food additives and considers

237,294 Furthermore,
the Joint FAO/WHO Expert Committee established a combined daily intake limit for MP, EP,
and 10 mg per kg of PP?*2, Obtaining information on the use of parabens in pharmaceuticals,

cosmetics, and food products from the USA and China is challenging. The FDA has not updated

its regulations regarding parabens. As previously noted, there are no restrictions on their use in

79



cosmetics, and no evidence contradicts the values reported by Soni et al. for food
applications®*’?2, No relevant academic publications or official sources were identified for
China. However, one website indicates that the most recent update to cosmetic legislation
occurred in 2015, permitting the use of MP, EP, PP, BuP, iso-PP, iso-BuP, and their sodium and

potassium salts in cosmetics®”

. A 2018 website update presents a list of ingredients proposed for
regulatory amendment, specifying only MeP, EtP, PrP, BuP, and their salt Q%alhorized
substances under the same restrictions as the European Union?**. If confirmed, Chiha has revised
its regulations concerning the use of parabens in the cosmetic indust Q

In Japan, ethyl, propyl, isopropyl, butyl, and n-butyl parabens,are ‘permitted as food additives,
and the permissible limits are regulated based on the total ity of p-hydroxybenzoic acid. In
cosmetic products, the maximum allowed paraben ¢ n@ion is 19244292,

Based on the preceding information, there is a le absence of significant action. Despite
increasingly stringent legislation regulati%%e industrial use of parabens, these compounds

.
remain present in the environment. ’@(al studies continue to identify parabens as potential

contributors to various human'l@ ssues. Additional restrictions on the use of parabens should

be implemented. Further\tesearch on the risks associated with parabens is necessary to provide

robust scientific e&/@‘or informed decision-making.

2.17 Esti Daily Intake of Parabens

Givenw limited and frequently contradictory findings regarding dietary and transdermal
absorption of parabens, researchers are working to consolidate data on precise paraben exposure
levels. The measured concentrations of parabens in the analyzed products provide a foundation
for determining the Estimated Daily Intake (EDI) in terms of ng kg™ b.w./24 h243276.283.285 A
comparative analysis of estimated daily intake (EDI) of parabens across multiple countries
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identified the average daily intake of total parabens via dust ingestion among adults in four
nations to be between 0.2 to 1.2 ng kg™! bw/day?®’. Children's exposure to parabens from dust
ingestion was approximately five times higher than that of adults. In the four countries examined,
estimated paraben intake through dust ingestion was higher among children in Japan, Korea, and
the United States compared to those in China*. In the United States, toddlers experience
paraben exposure through dust ingestion at levels twice those estimated for child Q§I3 times
those estimated for adults®*. Although the intakes of parabens through alteriiative exposure
routes such as diet, inhalation, and dermal absorption from cosme@nain undetermined,

dietary and dermal exposures are likely significant contributors to total daily paraben exposure?!.

Findings from human biomonitoring studies indicate elevat@ sure levels to parabens among

the U.S. population. b’bQ
2.18 Exposure Pathway of Parabens ’b
p y @

Humans primarily encounter parabens’h@,u oral and dermal routes, with food and personal
care items being the key sourcesmél‘hese substances are eliminated from the body chiefly via
urine, and the urinary b%ﬁ@ that can be detected indicate exposure from all routes: oral,

inhalation, and derK 3297 Pharmaceutical products and cosmetics represent the primary

sources of hulﬁan@sure to parabens?#,

2.19 H@ Health Impact of Parabens Exposure

N

Paraben compounds exhibit both estrogenic and anti-androgenic activities. These molecules have
been linked to the development of tumors, particularly breast tumors, and to male infertility.
Parabens have been identified as potential risks to human health. The primary sources of human

exposure to parabens are pharmaceutical products and cosmetics?#4298:299,300,
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Parabens and other xenobiotic chemicals disrupt the hypothalamo-pituitary-gonadal axis by
mimicking female hormones. This interference disrupts normal hormonal regulation and
negatively affects male reproductive function®*®. Endocrine disruptors interfere with the action,
synthesis, metabolism, and transport of endogenous hormones. These compounds may disrupt
the central nervous system, immune system, lipid and glucose regulation, and thyrc&unction.
They can also act as epigenetic modulators, leading to transgenerational effects?*4 Q

Propylparaben does not irritate or sensitize normal skin. However, megdicifits containing

parabens have shown sensitizing effects when applied to dama xroken skin?*, The
dé

Ophthalmic Drug Panel of the United States Food and Drug 1stration Bureau of Drugs
determined that MeP and PrP are unsuitable for use in op ic solution preparations due to
their potential to cause eye irritation’. be

Sabalitschka and Neufeld-Crzellitzer found that takidg 2000 mg of PrP daily for one month did
not produce visible toxic effects. Simila ,\nother study using 2000 mg of MeP for an

unspecified duration also reported nq@s se ‘effects?®®. Current data do not establish a clear link

between paraben use and allerg@%[ions, though some individuals have reported allergies after

ingesting products contai@abensw“.
&amined human skin irritation associated with products containing
. 0

C
parabens at Om&

irritati@ged in some instances. In a summary of tests involving parabens in 27,230 patients

Previous resear

276 Qverall, irritation was not observed in most cases; however, moderate

with dermatitis, only 2.2% developed sensitization following patch testing with 1-30%
parabens®’¢. Individuals with intact skin did not exhibit sensitization reactions to parabens®7®.
Parabens are recognised as endocrine disruptors that can replicate estrogen's effects in the body.

The endocrine system is a sophisticated network of internal organs responsible for producing
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hormones. Hormones act as signalling molecules that travel through the circulatory system to
their target locations. The effective operation of the endocrine system is crucial for maintaining
homeostasis in the human body. Hormonal function disorders can arise from both internal and
external factors®°!.

Numerous studies indicate that parabens may interfere with the functioning of nxal breast
cells and possibly contribute to their irregular growth, which could heigléQhe risk of
developing breast cancer. QJ

Enhanced cell proliferation: Numerous research studies indicate \prabens can imitate
estrogen and, as a result, increase breast cell growth3923%, Cell- s@dies of parabens’ effects
on the estrogen receptor do not address other systems tha gce the development of breast
cancer. One cell-based study tried to mimic the con itip&%f cells and tissues by adding proteins
called growth factors, which stimulate the expre@ of HER2, found in 25 percent of breast
cancers. The authors found that the presen \oﬁa growth factor called heregulin leads parabens

.
to stimulate the estrogen receptor KO%’E'S that had been considered non-toxic in cell-based

research3%3, . @

Reduced cellular apoptesi Qesearch indicates that certain levels of parabens might diminish

programmed cell 5&@ﬂch is one mechanism the body employs to handle damaged cells*?.
a

Metastasis: e conducted in vitro has demonstrated that cells treated with parabens for

more t a@eeks could elevate factors linked to metastasis3?2.
Inhibition of chemotherapy drugs: Methylparaben might reduce tamoxifen's effectiveness in
blocking estrogen's impact, which could lead to diminished efficacy of this widely used

chemotherapy medication in treating breast cancer3%2,
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Parabens have been associated with various health issues, including allergies, and could also
interfere with thyroid function levels**3%, The thyroid gland is an endocrine organ responsible
for the synthesis and storage of thyroxine (T4) and triiodothyronine (T3). Diverse biological
functions, including the regulation of protein activity and active hormones are characterised by
their roles in carbohydrate synthesis, initiation of fatty acid catabolism, enhancement of bone
metabolism and nervous tissue growth, and regulation of kidney and cardiovasc qu ction%°,
Urine samples from women at 16-20 and 24-28 weeks of gestation were &J@d for thyroid
hormones and parabens, including MeP, PrP, and BuP. Results show@&carrelated increase in
BuP and free thyroxine (FT4) levels. An increase in FT4 level ﬁewed at 16 to 20 weeks
of gestation, followed by a decrease at 24 to 28 weeks, ¢ §t with rising MeP levels. The

measured FT4 levels corresponded with the a tiw’@l physiological hormonal changes

observed during pregnancy, indicating that thg fi are unlikely to be attributable to paraben

exposure’?’, \

2.20 Dust
[ ] Q

Dust is any microscopic, Q@like particle or collection of powder-like particles that is made
up of sand, soil, frgg&m of organic tissue or manufactured materials, or some combination of
these sources an@both light enough to be carried by the wind and heavy enough to be
deposited 0% urface. Individual dust particles can be large enough to be observed by the
unaide}bfe, and large concentrations of dust driven by wind are often conspicuous as dust devils
and dust storms, which can impair normal visibility and make breathing difficult**®2%. Dust
consists of tiny, dry particles, including pollen, bacteria, smoke, ash, and salt crystals from the
sea, along with small fragments of dirt or rock, such as sand. It includes a wide range of particles
of varying origins, such as soil, pollen, pollutants, dead skin cells, and cosmic particles®!?. Dust
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may also comprise small particles of human and animal skin cells, pollutants, and hair. Dust is
everywhere in both natural environments and human-made settings. It is small enough to be
suspended in the air and settle slowly under gravity or collects on virtually all surfaces, including
the surfaces of individual plants, between hair-like structures of animals, and on the ground in
cultivated and uncultivated landscapes, as well as on furniture and other elements of the indoor
environment. Suspended dust that floats gently in the air may be almost unnotice Qm ss light
from a sunbeam reflects off individual particles**®*!°. Dust plays a substa%ge in various
environmental and atmospheric processes. For example, it contribu@&he Earth's radiative
balance by scattering and absorbing solar radiation, affectin ea% and climate patterns?!?,
Dust particles can also serve as nuclei for cloud formation Qing precipitation patterns and
the hydrological cycle®!!. Dust particles and other a O@Oft perform critical roles in weather.
Most importantly, they serve as condensation sur hat facilitate the formation and growth of

>

raindrops and snowflakes. In larger conce% ns, dust particles help reflect incoming sunlight
into space, which slows the heat@f

significantly contribute to Clm@g{densaﬁon Nuclei (CCN). These nuclei consist of tiny solid

arth’s surface’%®

. Microscopic particles of dust
materials present within s@ CCN might arise from a dust storm moving through a cloud or
an updraft carryi particles. In the clouds, water vapour condenses around CCN,
transforming into 1iquid. Often, the invisible dust serves as the core of every raindrop*®®>!!. Dust
particles 1@ in size from 1 to 400 micrometres (um; 1 pum = 0.001 mm [about 0.00004 inch]).
Particles larger than about 100 um (0.1 mm [0.004 inch]), which is about the width of a human
hair, are visible to the unaided eye. Depending on their size and composition, dust particles can
remain airborne for long periods and can be transported over large distances by wind*®. Human

lungs are capable of filtering out particles as small as 1 pm. However, smaller particles, which
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include allergens, some types of smoke and ash particles, soot, and dust that remains suspended
in the air, can lodge in the lungs and enter the circulatory system?!’. Dust can be inorganic or
organic. Inorganic components of dust include small bits of rock, salts, and pollutants, such as
insecticides and fumes given off by heavy metals such as copper, iron, and mercury. Organic
components include pet dander, hair or fur, skin fragments, textile fibres, and ash, as well as tiny
living things such as pollen, mites, and mould spores®!'?. The inhalation of dust i Q&ible for
several lung and respiratory disorders, whose symptoms and severity de e@he particles’
composition and size, the amount of dust inhaled, and the length of e. Larger allergens,
such as pollen (which ranges in size from 20 to 100 um), ski fra%nts (which range in size
from 1 to 40 um), and mould spores (which range in size @ to 10 um), can trigger allergic
reactions and asthma. In addition, lung diseases ?@S the pneumoconioses result when
certain inhaled mineral dusts are deposited in t gs, where they cause a chronic fibrotic
reaction that leads to decreased capacity fi &rcise and increasing breathlessness, cough, and
respiratory difficulty. Such larger p@s can deliver into the lungs smaller agents, such as
heavy metals, viruses, and baﬁ\eig,which can later enter the bloodstream. Soot and tobacco
smoke particles (which r%?size from 0.01 to 0.15 pum and from 0.01 to 1 um, respectively),
known for their @ cause cancer and raise the risk of heart attack and stroke in human

beings, are s nough to easily pass the body’s blood-gas barrier>!°.

2.20.1\'()%s of Dust

Mineral Dust: This is primarily created from natural sources such as deserts, dry lake beds, and
other waterless regions where wind erodes soil and rocks. These particles are mostly composed
of silicates, clays, quartz, and carbonates. It plays a crucial role in atmospheric processes by

influencing the Earth's radiative balance, serving as cloud condensation nuclei, and fertilizing
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ocean ecosystems through long-range transport. Exposure to mineral dust usually leads to
respiratory problems and visibility reduction’!!-*12,

Industrial Dust: This is dust generated in various industrial processes and manufacturing
operations, and human activities such as construction, mining, and manufacturing processes.
Industrial dust often contains a wide range of particles, including metals, chemicals, minerals,
and pollutants. Examples are coal dust, metal particles such as nickel (Ni), Cad 'Q( ), Lead
(Pb), silica dust, chemical dust and other toxic substances. Exposure to indus@ st can lead to
serious health conditions like silicosis, lung cancer and pneumoconios@hstrial dust may lead
to occupational health hazards?!3-3!4,

Organic Dust: This dust is comprised of particles resultin 10logical sources such as plant

can cause respiratory issues such as

fibres, fungal spores, animal dander, bacteria, and fgbp’ag‘insects. It is common in agricultural

settings and indoor environments. OrgangQ
hypersensitivity pneumonitis, asthma, and a %c reactiong3%-315316,
.

Pollen Dust: Pollen dust is a type o{ﬁs\ powder produced by plants, including flowers, trees,
and grasses. Pollen dust is rel@ as part of their reproductive process and consists of tiny
grains that are disperse&@%ind, insects, or animals and can become airborne. Pollen is
typically domina @ specific seasons, depending on the plants in the area. Exposure to
pollen dust cﬁlg er allergic reactions in sensitive individuals, leading to symptoms such as
sneezing, @ta, hay fever, itching, and congestion?®'6317,

Combustion Dust: This is also called Soot/Black Carbon dust. This type of dust results from the
incomplete combustion of organic materials, including fossil fuels, wood and biomass. It is rich
in carbon and has a distinguishing black colour. Due to the potent climate-forcing agent of

combustion dust, it absorbs sunlight and adds to atmospheric warming. In addition, it has effect
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on air quality and visibility. Owing to the smallness of the dust particles of combustion dust, they
can infiltrate deep into the respiratory system, leading to cardiovascular and respiratory
diseases3!8:319.320

Household Dust: This is also called Indoor dust, and it is the most common type of dust found
in homes. Household dust consists of a mixture of materials such as dead cells, including skin
cells, textile fibres, pet dander, pollen, insect debris, dust mite waste and particl Q&gh‘[ from
the outdoors and found within the indoor environment. Household dust ca@ur allergens,

microorganisms, as well as chemical contaminants like flame retard@)tentially impacting

indoor air quality and contributing to respiratory problems32!-322

2.21 Indoor Dust QQ

Indoor dust can be defined as a combination or ¢ %(Q mixture of fine inorganic and organic
materials that can originate from both indoor\\\@)utdoor environments. It includes organic and
inorganic materials such as soil partic e’@tile fibres, skin flakes, pollen, and residues from
building materials323-324325, Inc}o&@&is defined as particulate matter (PM) that accumulates on
floors, carpets, surfaces, Qd@l\er objects within indoor environments?¢. Indoor dust can be
described as a hetez@us mixture that includes soil brought in from outside, settled particles,
dander from ur@nd animals, insect remnants, and various other debris, complicating the
extraction dentification of specific compounds while presenting multiple pollutants.
Furthe%ofe, Indoor dust contains semi-volatile organic compounds, heavy metals, and allergens.
These substances can enter the body through inhalation, non-dietary ingestion from contaminated

surfaces, or direct skin absorption??7-328:329:330,

2.21.1 Sources and Composition of Indoor Dust
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The sources of particulate matter found in indoor air can be categorised into two primary types:
The first type is outdoor sources, which include particles from the outdoor atmosphere that come
in through doors, windows, ventilation systems, and the movement of residents entering and
exiting the space. The second type comprises indoor sources, such as smoke from cigarettes,
cooking, and various other indoor activities?!:332:333334.335.336  [ndoor air particulate matter comes
from outdoor sources, the movement of residents in and out of the space, an Q% indoor
activities such as cooking and smoking?3?>336:337.338 "Within the household, openifig the door and
entering from the outdoors can ferry dirt and pollen to join the dust @n&laﬁng inside. Some
research suggests that about two-thirds of household dust co %wtdoor sources, such as

outdoor dust and air pollution, while the remaining one erives from indoor inorganic

310

sources>!?. (OQ

The composition of indoor dust is influenced b rrounding environment, human activities,
household products, and outdoor air quali .\Sust serves as a sink for various contaminants,

.

including heavy metals and organic @cals like parabens, which can adhere to dust particles
due to their small size and sur@%opertiesm. As a result, indoor dust plays a crucial role in
human exposure to enviﬁq@&al contaminants. Other components of dust include colonies of
mould, shreds of %d traces of soot. Dust also contains small fibres of cloth pulled from
clothes and itufe. Dangerous chemical pollutants, such as the toxic insecticide Dichloro-
Diphe yl@réloroethane (DDT), have persisted in U.S. household dust as recently as 2022.
Though DDT was banned in most countries in the 1970s due to its dangerous properties, the
insecticide has persisted in nature and in households, where it may endanger children and other

vulnerable groups®!’. While human skin cells and hair are not the only components of indoor

dust, these materials do make up a significant portion of the mixture. Each human sheds about
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500 million skin cells per day. Estimates of the percentage of dust composed of flakes of human
skin vary, with one study placing the figure as high as 75 to 90 percent. However, the portion of
dust derived from living things does not necessarily come from humans alone. Traces of fur,
dander, and feathers from pets add to the mix. Such cast-off cells are not the only contribution
pets make to dust in the house. Research has indicated that households with dogs have more
types of bacteria in their dust than pet-free households do. Other biotic substanc Q&s small

living and dead insects, can also appear in dust. Dust mites, household pests that [ive in dust, can

cause allergies®!?. é

2.22 Role of indoor dust as a carrier of pollutants, includeavy metals and organic

compounds like parabens QQ
The concern over indoor dust is especially pron in urban areas, where high population
density and industrialization can exacerbat@utant levels. This is particularly relevant in

developing regions like Nigeria, wheré;égu%tory frameworks and environmental management
practices may lag behind those @eloped countries. Thus, understanding the role of indoor

dust in pollutant accumula%@ exposure is critical for public health34,

2.23 Indoor A@%

Indoor air q}b@ pertains to the condition of the air within residential, educational, workplace,
or othﬁ\i/%bor spaces*?. Various studies have shown that we spend up to 90% of our time
indoors, whether at home, workplaces, educational institutions, public spaces, commercial
establishments such as shops and restaurants, and vehicles. Chemical exposures within indoor
environments play a crucial role in shaping the exposome, which encompasses all environmental

exposures experienced by an individual over a lifetime*’. Indoor dust refers to settled particulate
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matter (PM) that accumulates on floors, carpets, surfaces, and various objects within indoor
environmentslt is a heterogeneous mixture of particles, including artificial and natural fibers,
atmospheric particulate matter, hair, biological materials such as molds, pollen, bacteria, animal
fur, and dander, as well as ash, soot, skin particles, and components from building and consumer
products®?’. Settled house dust particles typically range in size from micrometers to millimeters,
with the majority measuring between 30 and 300 micrometers®’. Particles sma Q% 10 mm
typically remain airborne instead of settling as surface dust and account for legss than 10% of the
total indoor dust mass*’. Reported indoor dust shows significant @ion in particle size
distribution, partly due to differences in sampling methods. Ho &signiﬁcant portion is due
to variations in human behavior, indoor environments, b f@ materials, consumer products,
and the transfer of materials from outdoors to indo %ticle size distribution varies within
individual studies. For instance, the mass contflbl on of 25-63 pum particles in researcher-
collected dust from UK homes ranged &0}\9%8 than 20% to more than 70%*!. Indoor
.
residential dust generally contains @\35 percent material originating from outdoor soil*?’.
Outdoor soil is often introduce@gfndoor environments via shoes and clothing. The proportion

of outdoor soil in indoo&@Qan vary substantially, ranging from 30% to 70%, depending on
factors such as tl@ce of pets and whether shoes are worn indoors. There is even greater
r

variation acro%ot

shoes % orn inside, whereas in vehicles, outdoor shoes are always worn. Organic content

indoor microenvironments. For example, in child daycare centers, outdoor

varies according to the specific microenvironment and typically ranges from 5% to 40%7. Finer
particles contain more organic material, which significantly increases the ability of indoor dust to
absorb organic contaminants. For example, particles smaller than 63 um have an organic fraction

of 68%, compared to 42% in particles between 63 um and 2 mm. Coarser fractions have the
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highest silica content. Fibrous particle concentrations range from 9 to 89 percent, depending on
room type and furniture. Kitchens typically have lower levels of air quality than bedrooms, and
carpets and sofas can increase the amount of fibrous dust. The highest concentrations are found
in homes with pets®¥’. Particles are classified based on their diameter for air quality regulations.
Particles that measure 10 microns or less in diameter (PM10) can be inhaled into the lungs and
may cause negative health effects. Particulate matter that is 2.5 microns or Q{P 2.5) is
referred to as fine particulate matter. Consequently, PM2.5 is a subset of| P . PM10 and
PM2.5 often originate from different sources of emissions and @s distinct chemical
compositions. The combustion of gasoline, oil, diesel, or wood i re%sible for a large share of
the PM2.5 pollution in the outdoor environment, as well onsiderable amount of PM10.
Furthermore, PM10 includes particulate matter origi eﬁ@rom construction activities, landfills,
agriculture, wildfires, brush or waste burning, inﬂb al processes, windblown dust from open
areas, pollen, and bacterial fragments3*3. P ?c?ate matter is either directly emitted as primary
)
particles or formed in the atmos@ as secondary particles through chemical reactions
involving gases like sulfur d'i& nitrogen oxides, and certain organic compounds. These
compounds originate fro%%al sources such as trees and vegetation, as well as from human
activities includi }\f(g and vehicle emissions. The size of dust particles is a key factor in
evaluating the bi g{human exposure to heavy metals in indoor environments 334, Finer particles
settle o@wly than larger ones, allowing them to stay suspended in the air for extended
periods, which can potentially affect human respiratory health3*?. Particles that are less than 10
um in size are especially dangerous due to their small dimensions, which enable them to

penetrate the lungs’#. Industrial dust, like that from solvent-based paints, consists of very fine

particles (less than 1 pm) and typically contains high levels of lead and zinc®*¢. The primary
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concern regarding human exposure is not the dust matrix itself, but the diverse range of
chemicals present on or within dust particles. These chemicals originate from the surrounding
environment, including building materials, furnishings, and consumer products such as

electronics, outdoor air, aerosols, and human activities such as cooking, heating, and cleaning®?’.

2.24 Contaminants in Indoor Dust &< O

Indoor dust comprises a diverse array of chemical compounds&ncentrations varying

according to the specific sources of the dust. An extensive@at re review by Dong et al.
identified 355 distinct chemicals present in indoor dust, o@ich only four were of biological
origin, such as fatty acids®*’. Additionally, chemi sorbed onto dust particles, although
susceptible to degradation under direct sur@%nerally degrade or dissipate more slowly
indoors than outdoors or in indoor air. T h&wer rate is attributed to stable indoor temperatures,
lower humidity, reduced microbi@g%ﬂations, and limited exposure to solar radiation3®,
Commonly identified chemic@ures present in indoor dust include the following:

2.24.1 Polymer constit e}hwlude bisphenols, such as bisphenol A, F, S, and AF, as well as

alkylphen 3’&'
2.24.2 Plasti a@es, specifically flame retardants (FRs), include substances like the
pr@%ed Polybrominated. Diphenyl Ethers (PBDEs), alternative ‘novel’ halogenated
}(s and organophosphate esters (OPEs) FRs; plasticisers such as phthalate esters341 and
their replacements339-340.341,342,343
2.24.3 Ingredients found in personal care products, cleaning agents include parabens, synthetic

fragrance chemicals, triclosan, siloxanes, and ultraviolet (UV) filters343345-346,

2.24.4 Perfluorinated alkyl substances and related fluorinated compounds®*’.

93



2.24.5 Pesticides encompass both banned legacy compounds, such as DDT and
hexachlorocyclohexanes, as well as currently used agents, including chlorpyrifos and
permethrin348:349,

2.24.6 Industrial compounds such as polychlorinated biphenyls (PCBs) and chlorinated
paraffins®+%-3%0

2.24.7 Combustion and degradation by-products include polycyclic aromati Q%carbons
(PAHs), polychlorinated and polybrominated dibenzo-p-dioxins and dib€nzofurans, as
well as related compounds such as nicotine#. O

2.24.8 Heavy metals, significantly, lead®>'. %

Concentration levels differ by several orders of magnitude@& various compound groups and

microenvironments. Typically, PCDD/Fs, PCBs, O Ppb PBDEs are found at concentrations

ranging from picograms to nanograms pe 1% arabens, synthetic musks, PAHs, and
alternative halogenated flame retardan@enerally present at nanogram-per-gram levels.

Phthalate esters, OPEs, chlorinated @ﬁns, and siloxanes are usually detected at the highest

concentrations, reaching milliglg%er gram*1332,
2.25 Transfer of He \@etals and Parabens from Sources to Dust

Chemicals enter ggyldoor environment through direct application, as exemplified by pesticides,

unintention duction, as observed with polycyclic aromatic hydrocarbons (PAHs), and

353

emissioXsrfrom products such as flame retardants (FRs) and plasticizers®-. Gas-phase chemicals

can partition onto airborne particles, which subsequently settle or adhere to indoor surfaces,

forming dust layers’>?

. Due to their high surface area-to-mass ratio, settled dust acts as a
significant reservoir for chemicals. Consumer products contribute chemicals to dust through

three primary processes: volatilization, followed by partitioning into dust; direct transfer through
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contact with dust; and abrasion, which generates dust particles®>. The primary transfer pathways
are determined by both the type of product and its chemical properties. For instance, in the case
of BDE-209, volatilization is negligible while abrasion and direct transfer are the predominant

mechanisms3?3.

>\
2.26 Human Exposure Routes to Dust QJQQ
The main human exposure pathways to dust are dermal contact an@&estion, which occur
through hand-to-mouth behavior and consumption of food conta@d with settled dust. The
rates of dust ingestion and the sizes of ingested dust p remain uncertain. Finer dust
particles adhere to hands, increasing the risk of both ig@on and dermal exposure. There is no
consensus on the minimum particle size required ﬁb erence to hands, with reported diameters
ranging from less than 10 mm to less than }\1 354 Children have significantly higher rates of
dust ingestion than adults due to their ég&‘é floor play and the increased likelihood of placing
hands and non-food objects insthe \uths. This behavior, together with the smaller body size of
children, results in signi@greater exposure to chemicals via dust for children compared to
adults. Estimated du ’(*estion rates are 30 to 140 mg per day for children and 2 to 30 mg per
day for adults&gvl\ertain scenarios, dermal contact represents a greater source of exposure than
dust inge@“. Dermal exposure is quantified according to the body surface area in contact
with c&! ranging from conservative estimates involving only the hands to assessments that
include the entire body for young children. Dermal exposure is influenced by the degree of dust
adherence to the skin, as outlined in guidelines for dermal contact with soil. For children indoors,
dust adherence ranges from 0.004 to 0.01 mg/cm? across different body parts. For adults, values

range from 0.02 to 0.80 mg/cm?, depending on activity®>+*37.
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Ingestion and dermal adherence rates for dust exposure remain highly uncertain. Most estimates
rely on soil ingestion rates, which may not accurately reflect indoor environments due to
differences in behavior and activity. Furthermore, dermal absorption factors vary depending on
the specific chemical and are determined by the extent of soil contact’*. The bioaccessibility of
chemicals present in dust remains insufficiently characterised and is expected to vary among
different chemical compounds®>*. Consequently, exposure estimates based on th@@lion and
dermal exposure rates remain highly uncertain?>3.

Although often overlooked, inhalation exposure to resuspended in@%st can represent a
significant pathway under certain conditions, contributing overall exposure to airborne
particulate matter with a diameter of less than 10 micrg. Human activities, such as
walking and vacuuming, re-entrain dust into indo r@sulting in a 'personal cloud' where
particulate matter (PM) concentrations exceed a@§t levels both indoors and outdoors. The

composition of indoor airborne PM typical erelates with indoor dust levels, indicating that

resuspended indoor dust signiﬁcantlxé%hr\if)utes to indoor airborne PM*3%,

Q

2.27 Evidence of Exposut@eavy Metals and Parabens through Dust

Although quantifyi.n@osure through dust remains uncertain, the significance of this pathway
is well esta lis@ Multiple studies have demonstrated associations between chemical
concentrati indoor dust, biomarkers of exposure, and, in certain instances, health outcomes.
The assOefation was established for lead, as lead-contaminated house dust was identified as the
primary source of lead exposure among children®’. Initial environmental modelling indicated
that dust is a significant exposure pathway for PBDEs. Subsequent dust measurements and
exposure estimates corroborated this finding***3¢, Additional evidence for this exposure
pathway is provided by observed correlations between contaminant concentrations in dust and
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corresponding levels in the human body, such as the association between dust and blood (serum,

361 There is evidence of a direct association between

plasma) concentrations of PBDEs
contaminant dust levels and specific health outcomes. For example, flame retardants in house

dust have been linked to endocrine disruption in men, while phthalates in house dust are

associated with allergic diseases in children362363, \
2.28 Factors Influencing Indoor Dust Contamination 02

Geographic variations in indoor dust concentrations are well docurﬁted and result from
multiple factors. The predominant factor appears to be differenees emical usage among
countries. Polybrominated diphenyl ether (PBDE) concent in dust are higher in North
America compared to other regions, primarily due to %g ater use of PBDEs in consumer
products. In contrast, the predominant organophos@(gester (OPE) compounds found in dust
from Europe and North America differ from \@ commonly detected in Asian dust342343-363.364,
Income level serves as a key determirfa%g*’:ountry-speciﬁc differences in compound use and
sources. FR and PCB concentr&é\are generally elevated in high-income countries, while
pesticide and PAH conce @ tend to be higher in middle-income countries®*°. Restrictions
on chemicals and t.hei bsequent replacement with alternatives are evident in the composition

&

of indoor dlis (} instance, concentrations of Firemaster 550 components increased

significantl
o5

decreaéd,concurrently%? The type of indoor environment also affects the levels of contaminants

2006 to 2011 in California indoor dust, while levels of the phased-out PBDEs

in dust*®®., For example, vehicle dust and dust in public spaces with higher flame-retardancy
standards often contain higher levels of flame retardants®’. Significant heterogeneity in
contaminant levels in dust is frequently observed within individual rooms, primarily due to the

proximity of dust to chemical sources. This spatial variability can result in substantial differences
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in human exposure, depending on the specific dust encountered within an indoor environment38,
Additional factors that influence heavy metal contamination include seasonal variation, the
presence of heavily polluting industries, housing characteristics, traffic volume, and specific

spatial areas’®,

>\
N
2.29 Evaluation of Health Risk QJQ
Dust has a significant impact on human health due to its complex @al composition and
potential for re-emission. Heavy metals present in indoor dust r% key predictors of heavy
metal concentrations in biological markers3%37!, Chromiu@e s in industrial indoor dust and
in the urine and saliva of workers exposed in the.s instrument manufacturing industry
showed significant positive correlations’”. Z%@ltrations in indoor dust served as reliable
predictor variables for toenail zinc content N}ead present in household dust was a significant

.

predictor of blood lead concentrati@ young children. Potential human health risks from
heavy metals present in dust %%@ically evaluated using the United States Environmental
Protection Agency (US E@Qealth risk assessment model*’?373, Potential human health risks
from heavy metal 'i@r dust exhibit significant variation across different locations. In Hubei,
China, non-ca@ogenic risks (hazard quotient, HQ) and carcinogenic risks (cancer risk, CR) for
children i@an areas were 1.59 to 1.95 times higher than those for children in rural areas’’.
Residents living in industrial areas face greater potential health risks compared to those residing
in urban or rural regions®’>. Additionally, substantial differences exist in the health risks linked to
heavy metals present in dust of varying ages®’®. Children are at greater risk than adults of

exposure to heavy metals through indoor dust intake due to their more frequent hand-to-mouth
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behaviors®”’. In urban areas of Hubei, China, the hazard quotient (HQ) and cancer risk (CR)
values for children aged 3 to 5 years were 1.40 to 1.47 times higher than those for children aged
6 to 9 years®’®. Exposure to heavy metals through dust may present considerable health risks to
populations residing in e-waste recycling regions®’®. The hazard quotient (HQ) values for lead
(Pb) were 2.27 for adults and 9.52 for toddlers in e-waste workshops?”®. An HQ value of 1.56 for
children's exposure to Pb in dust from electronic workshops indicated a si %ﬂt non-
carcinogenic risk®*’. Heavy metal exposure from dust ingestion in young childréfrresiding near
an e-waste recycling area presents significant risks, as indicated by h'&dotlent (HQ) values
for Pb (11.10), Cu (2.78), and Cd (1.16)*8!. Lead (Pb) was e as the most prominent
pollutant presenting a substantial risk in the e-waste rec@ ector, indicating the need for
further investigation®®?. Certain industrial sectors y& experience considerable health risk
implications. The cancer risks (CRs) of chro and cadmium (Cd) in workers exposed to
the manufacturing of surgical instruments 3 0 x 10" and 4.1 x 1072, respectively. These
values substantially exceed the safet{a.éﬂﬁl x 107 < CR < 1 x 107%) established by the US

EPA3,

Hand-to-mouth behaV%\ now a leading non-dietary way people are exposed to indoor
environmental ¢ nt ts through accidental ingestion of dust. This study calculated the
estimated bntake (EDIL, ng g' bw/day) of parabens from dust ingestion for various

popula\'&following the method described by Wang et al. (2021)3*3. The equation is as follows
(1).

C xX DIR
BW

EDIingveslion = (1)
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Where C denotes the concentration of parabens in dust, expressed in nanograms per gram (ng g’
. The Dust Ingestion Rate (DIR) is 0.03 grams per day for infants and adults, and 0.06 grams
per day for toddlers, children, and teenagers. The average body weights are as follows: infants, 6
kg; toddlers, 15 kg; children, 25.2 kg; teenagers, 48 kg; women, 57.3 kg; and men, 66.2 kg383-384,

Table 3 presents the estimated daily intake (EDI) values of parabens for various populations
through dust ingestion. Currently, employees in cosmetics stores exhibit the Qﬁ‘ median
estimated daily intake (EDI) values of X6 parabens (4.6 ng kg™! body weight/day). This finding
indicates that potential health risks associated with dust ingestion Vs@increased attention.

The estimated daily intake (EDI) values of £6 parabens throug t ingestion decreased with

increasing age. The median EDI for infants was 0.83 ng kg ‘Q| vy weight per day, approximately

The median estimated daily intake (EDI) value

\®)

observed in this study align with those reportéd for the Chinese (0.10-1.5 ng g! bw/day) and

ten times higher than that for adults (0.075-0.087 n kgb%ly weight per day).

!@6 parabens (0.075-0.83 ng kg bw/day)
Vietnamese populations (0.11-0.53 @ w/day). However, these values are substantially
lower than those documented *f; gferican (0.52-6.6 ng g! bw/day), Korean (1.11-5.42 ng g!

bw/day), and Japanese p@ns (1.18-5.38 ng g'! bw/day)?8!344385 Furthermore, the median

estimated daily 1 t@DI) values of X6 parabens for female students (0.64 ng kg! body
e;Ed

weight/day) e%

attributed gher paraben concentrations in dust from female dormitories and the generally

those for male students (0.56 ng kg!' body weight/day). This difference is

lower body weight of female students. Overall, paraben exposure levels resulting from dust
ingestion among the Chinese population remain low%. Table 2.3 presents the estimated daily
intake (EDI, ng kg! body weight/day) of parabens resulting from the ingestion of indoor dust

among different populations®®>.
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Table 2.4: Estimated daily intake (EDI, ng per kg body weight per day) of parabens via
ingestion of indoor dust among different populations3

MeP EtP Prp BuP BzP HeP  X¢Parabens

Homes

Median 0.36 0.068  0.29 0.027 0.01 1.0e-4 0.83

Infants 95th

15 15 46 022 0026 1.0c4d i4 5
percentile
Median 029  0.054 023  0.021 0.008 8.0e-5 Q(%6
Toddlers h \J)
th o 12 37 017 0020 8 0&
percentile

Median 0.17 0.032  0.14 0.013  4.8e- 36\ 5 0.39

Children 95th
3.6 0.72 2.2 0.10 (Q\ 4.8e-5 7.4

percentile
Median  0.089  0.017  0.072 66e— Be-3  2.5¢-5 0.21
Teenagers h
95t. 1.9 0.38 1.2 pgg} 6.5¢-3  2.5¢-5 3.9
percentile >\
Median  0.032  6.1e-3 ({026&5.4&3 9.1e-4 9.1e-6 0.075
Male
h
Adults Sth 065 014 03 0020 24e3 O.de 1.4
percentile A
Median  0.037 7&6%\\'8.030 28¢-3 1.0e-5  0.087
Female
Adults ot 078& 049  0.023 2.7e3 1.0e5 1.6
percentile
\\ University dormitories
Male Me§;®o 35 0023 0.14 34e3 1l4e3 9.le6 0.56
h
students & 0.18 028 0.014 2.7e¢3 9.le6 1.3
re '"{lfv Qedian 040 0.026 016  39¢3 17e3  10eS 0,64
95th
studen . 088 020 032  0.017 3.1e-3 1.0e-5 1.9
percentile
Cosmetics stores
Median 4.6 0.67 2.6 0.10  0.021  1.0e-5 8.0
Female
95th
Adults 9945 45 6.3 0.19  0.042 1.0e-5 17.8
percentile

102



2.30 Limitations of Previous Study and Research Needs

Many studies have shown that heavy metals and parabens are ubiquitous in the environment and
have high toxicity and endocrine disruption properties, respectively. Numerous studies have been
conducted globally, especially in China, Vietnam, Japan, etc. However, in Africa, especially in
developing countries like Nigeria, there is a scarcity of data on air contaminatio%d when
available, it is limited to outdoor air environment contamination. In addition, i@ia, there is

a scarcity of monitoring and risk assessment data on the co- occurrKQ‘/these chemical
residues in indoor dust. &

This research will assess the concentration and potential he s of certain heavy metals and
parabens present in indoor dust from specific locations i@a an, Oyo State, Nigeria. The levels
of the parabens in the indoor dust will be quantiﬁ;cb&g the Average Daily Dose of the studied
heavy metals and parabens will be evaluateﬁ\\@‘thermore, the potential exposure risks of the
inhabitants (adults and children) and @amination source will be assessed using bivariate

and multivariate statistical analy @rrelation and Principal Component Analysis (PCA) study).
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Chapter Three
Methodology

3.1 Description of the Study Area

This study was conducted using sampling points located within Ibadan city, one of Nigeria’s
most prominent and historically significant cities. It is also the capital and mos@lous city of
Oyo State, located in the country's southwestern region. Ibadan lies ’Q&mately 128 km
northeast of Lagos and serves as a key administrative, commercial, @oademic hub. It is the
city with the third-largest population in Nigeria, following Lag@ﬁmo, and the second most
populous in Africa after Cairo, with a total population o 49,000 as of 2021'2, Oyo State
encompasses a total area of 28,454 km?. Ibadan, '%%ers 3,080 km?, is the largest city in
Nigeria by land area and is situated between &6’@ 7°15'N and 7°30'N and longitudes 3°45'E
and 4°00'E. Additionally, it ranks amoq&@est cities in West Africa in terms of land size.
A\

Ibadan experiences a tropicakw&@cgry climate, with a long rainy season and a shorter dry
season. The dry season la @I November to March, while the wet season runs from April to

October. Average ag\l rainfall is 1,205 mm, ranging from 1,200 to 1,600 mm. Humidity

averages 74.5?% roughout the year, with a mean annual temperature of 28°C?.

Historica]%%adan was founded in the early 19" century as a military outpost and later
develop&into a major hub of Yoruba politics and commerce. Presently, it functions as a
strategic urban centre, hosting various academic institutions, several research institutes,
government agencies, and major manufacturing companies. Some of the academic institutions
include the University of Ibadan, Ibadan Polytechnic, Lead City, etc. Some manufacturing

companies in Ibadan include
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Figure 3.1. Map Illustrating the Locations of the Sampling Sites

Source: Author’s Field work, 2025
142




Sumal Nig. Ltd, Agritech Nig. Ltd, 7-Up Bottling Company, Elixir Global, Steel Works Ltd,
Polyfilm, etc. The United Nations Human Settlements Programme has identified the city of
Ibadan as one of the fastest-growing urban centres in sub-Saharan Africa due to rapid
industrialisation and urbanisation*. Consequently, it faces several environmental and public
health challenges, including unregulated urban expansion, inadequate waste management, and
insufficient water and sanitation services. Generally, these challenges result i Qin reasing
level of environmental pollution, such as air pollution. Qjé

The coordinates of the sampling locations are illustrated and detailed i@e 3.1 and Table 3.1,

A\
O
3.2 Sample Collection and Preservation Q

QO

A total of 20 indoor dust samples (n = 6), w@re composite in nature, were randomly

respectively.

gathered from residential locations, including\&eholds (13), shops (3), and offices (4) within
Ibadan between February and March 2&%& ng the method described by Bamigboye et al. with
some modifications®. Dust pa.rta om at least six different undisturbed surfaces in indoor
environments, such as wi Qnets, bookshelves, kitchen shelves, refrigerator tops, cemented
floors, and tables ﬁr@&ch sampling location, were gathered using a disposable plastic brush
and dustpan. g,j,ﬁbnal samples of settled indoor dust were collected from offices and
laboratori@.’@ust samples from different parts within each location were merged to create a
compcmsample in a re-sealable plastic bag that was clearly labelled. A new disposable plastic
brush was used at each sampling site, and the dustpan was cleaned between locations to prevent
cross-contamination. Dust particles from these locations at each sampling point were pooled,
divided, and stored for elemental and parabens analyses in sealed plastic bags and pre-cleaned,

dry amber-coloured bottles, respectively.
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Table 3.1. Coordinates for the Sampling Sites

Sample Description Coordinates

S1 school 7°19'39"N, 3°52'39"E
S2 residential 7°15'3"N, 3°49'57"E
S3 market 7°19'31"N, 3°52'33"E
S 4 industrial 7°22'12"N, 3°51'34"E
S5 school 7°19'39"N, 3°52'40"E
S6 residential 7°21'0"N, 3°52'10"E
S7 industrial 7°21'19"N, 3°50'52"E
S8 residential 7°19'14"N, 3°49'42"E
S9 residential 7°19" 16"N, 3°53'7"E
S10 residential -

S11 residential 7°19'16"N, 3°53'13"E
S12 residential 7°19'15"N, 3°53'12"E
S13 residential 7°19'11"N, 3°49'46"E
S 14 market 7°19"29"N, 3°52'31"E
S 15 market 7°19'30"N, 3°52'33"E
S 16 residential 7°19'11"N, 3°49'43"E
S17 residential 7°19'17"N, 3°49'43"E
S18 residential 7°19'41"N, 3°54'10"E
S19 residential 7°21'2"N, 3°5020"E
S 20 residential 7°31'25"N, 3°55'32"E

Source: Author’s Analysis, 2025



Samples for parabens analysis were kept away from sunlight at the sampling site to prevent

degradation. All the samples were subsequently taken to the laboratory for examination.
33 Sample Pre-treatment

3.3.1 Sample Pre-treatment for Heavy Metals

The dust samples for elemental study were initially air-dried at the Research @tory, Lead
City University, Ibadan, Oyo State, Nigeria and were subsequently sc%g‘p eliminate any

apparent contaminants such as hair, soil, and grit. Subsequently, ere dried in an oven
using

at 50°C for 24 hours. The dried material was then homogeni@ a mortar and pestle and

sieved through a mesh with openings smaller than 63 mm. Q

QO

Exactly 0.5 g of the consolidated dust particles fror@ public place were acidified separately
using 30 mL of aqua regia (3:1 [v/v] HCI @NQQ in a 250 mL beaker. The sample-acid
mixture was allowed to predigest for 'a%w imately one hour, then heated in a controlled hot
plate within a fume cupboard for&@urs at 120 °C. After digestion, the sample was allowed to
cool down to room tempe t\@,\fterward filtered through a 0.45um Millipore membrane filter
into a 25 mL Volur‘n tri¢, flask, where the volume was made up to 25 mL and stored for further
analysis. Dig ti@s conducted on samples obtained from each sampling point. Blanks were

prepared an sted using the identical procedure applied to the sample solutions.
3.3.2 Sample Pre-treatment for Parabens

The separate samples kept in the refrigerator to prevent degradation were used for paraben
extraction. The same samples were kept initially away from sunlight at the sampling sites to

avoid degradation due to sunlight. Extraction and recovery of analytes from the dust samples
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were achieved using the liquid-solid ultrasound extraction method with HPLC-grade methanol
via five (5) sequential extraction times described by Bamigboye et al.’. Specifically, 10 mL
HPLC-grade methanol (99%) was poured into the 50 mL beaker. The extraction took place in an
ultrasonic bath for 10 minutes at ambient temperature. After 5 minutes of standing, the mixture
was placed in an ultrasonicator for sonication at ambient temperature. The sonication lasted for 5
minutes before the mixture was filtered. This extraction process was repeated &dltional
times, and during each repetition, an aliquot of the solution was gathered thro decantation.
Upon completion of the extraction cycle, the extract was filtered @ a 0.22 um PTFE
syringe filter. 0.8 mL of the filtrate solution was spiked with @ of 1ppm of the analytes

(methyl, ethyl, propyl, butyl-paraben, bisphenol A and tricl fore HPLC analysis'.

3.4  Instrumental Analysis 6’6

O
3.4.1 Heavy Metals Analysis @
o@

Concentrations of the targeted heav c@als, specifically Cd, Cr, Cu, Mn, Ni, Pb, and Zn, in all
digested dust samples and bl .@ere determined using atomic absorption spectrometry (AAS)
(Model AA-7000, Shim@ Corporation, Japan). The apparatus was adjusted using standard
solutions of theq‘el%v etals of interest and all calibration curves achieved a correlation
coefficient of@ 0.993 (Table 3.2). All analysis was done in triplicate. The accuracy of
analytk&focedures for the elemental determination was checked by analysing certified
reference materials (CRMs). A D081-540 soil CRM (ERA, A Waters Company, Milford, MA,
USA) was used for the analysis of dust samples (Table 3.2). The validity of the experimental

outcomes was assessed against certified results (Table 3.2). The measured values showed good
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agreement with the certified values (p < 0.05), and the recovery percentages of the instrument

fell within the standard ranges.

Table 3.2. Elemental Wavelength, Curve Correlation Coefficient (R?) and Validation of the

Digestion Recovery and Elemental Analysis Method using Soil Certified Reference

Materials
A\

Certified reference Elements Measured Certified Recovery (%)
materials (ugg™ (nge
D081-540 Cd 144 £5 143+ 6 101

Cr 86.6 £ 2.1 86.8 £ 6.1 99.8

Cu 267 £ 15 268 £ 10 99.6

Ni 234+ 22 236+ 5 99.2

Pb 97.8+7.2 98.0+£5.1 99.8

Zn 132+ 8 130+ 12 104

O
Source:\A/@’ s Field work, 2025

147



3.4.2 Analysis of Parabens

Paraben quantification was conducted using a liquid chromatography-ultraviolet\ (LC-UV)
system comprising an Agilent Series 1100 LC (Agilent Technologies, German;@Q; a GI1312B
Bin pump SL degassing chamber and a column oven set at 20°C (G1330B, 0 Thermostat).
The system was equipped with a G1365D, 1260MWD VL multi @gth UV/vis detector.
Paraben concentrations in the sample solutions were as@ﬁing an Agilent Liquid

Chromatography system (Agilent series 1100LC), which in@s a degassing chamber (G1312B

Bin pump SL) and a column oven set at 20°C and a %’bvavelength UV/Vis detector.

)

The target compound was separated using 18 column with a particle size of Sp and
dimensions of 250 x 4.6mm (inner &ﬁ ). Chromatographic conditions were as follows:
isocratic elution with water qn@anol (30:70, v/v) as the mobile phase, flow rate of 0.7
mL/min, and injection V(% \20 uL; the column maintained at 20 °C, and the detector set to
a wavelength of 254§$Similarly, the target analyte retention times were 6 min, 7 min, 9 min,
and 12 min , EtP, PrP, and BuP, respectively. All injections were done using an
autosamp@ analysis was done in triplicate. All the outcomes were presented based on dry

mass.

3.5 Reagents and Chemicals

Analytical standards for methyl, ethyl, propyl, and butyl 4-hydroxybenzoate, bisphenol A, and

triclosan (purity 99.0% or higher) were sourced from Sigma-Aldrich (St. Louis, MO, USA).
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HPLC-grade methanol was also obtained from Sigma-Aldrich. Ultrapure water was generated
using the Milli-Q Direct 8/16 System. Individual stock solutions were prepared in methanol and
stored at 4 °C. For the elemental analysis, 70% HNOs and 38% HCI were sourced from Sigma-
Aldrich (Buchs, Switzerland). Additionally, stock standard solutions of 1000 mg L™!, which are
of spectroscopic grade, were acquired from Sigma-Aldrich (Buchs, Switzerland) to create a
multi-elemental calibration standard for calibration purposes. To confirm the Qac of the
analytical methods, soil certified reference material (CRM), D081540@, A Waters

Company, Milford, MA, USA) was employed. é

Q

3.6  Analytical Quality Assurance / Quality Control Q

All sampling bottles were rigorously cleaned and ri with highly purified water. Every
chemical used was of analytical reagent gradg-.bé’a-pure water was consistently utilised
throughout the experiments for the analysis o}\ bens. Procedural blanks were used to confirm
that solvents and extraction materials .'®ntroduce contamination or interference. Analytical
accuracy was verified by analys@rtiﬁed Reference Materials for heavy metals and relevant
standards for parabens7®e\:trations detected in procedural blanks were subtracted from
environmental sam.p@lts. Methanol blanks and midpoint calibration standards were injected
after each bat%galonitor for instrumental discrepancies and analyte carryover. Quantification
of analyt%’\és performed using a calibration curve generated from standard solutions, which
were pkfared by analysing aqueous samples containing the target compounds across a
concentration range of 100 to 100,000 ng L™, thereby ensuring measurement accuracy®. The
instrumental limit of detection (LOD), which is a signal that is 3 times greater than the standard
deviation of the signal from a blank, was assessed at three times the signal-to-noise ratio

calculated by dividing the standard deviation of the six-point calibration intercepts by the slope.
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The limit of quantification (LOQ) was defined as the signal corresponding to ten times the
standard deviation of the blank signal, calculated using the same ratio applied for the limit of

detection (LOD).

3.7  Statistical Analysis Q\

Experiments were conducted in duplicates and presented as Mean + SD. &co(‘&ation study was
done to investigate the relationships between the studied paramet One-way analysis of
variance (ANOVA) was employed in identifying significant @re ces (p < 0.05) among the
examined parameters. Tukey's test was used for post-ho@alyses. In addition, multivariate
analysis incorporating principal component analy@ A) and cluster analysis (CA) was
conducted®’. Principal component analysis \x\\@%ax normalisation was applied to reduce the
dimensionality of the resulting data, @ling adequacy was checked by computing the
proportion of common variance be%@ariables, and if the variables are related or not through
the Kaiser-Meyer-Olkin (K@nd Barlett’s Sphericity assessment. The outcomes of these
assessment were used t &ate PCA results. Patterns in the concentrations of heavy metals and
parabens were d@& nteractions between heavy metals and parabens were also detected.
Furthermore @sible sources of contamination were identified. Statistical analyses were

perform&sing the Statistical Package for the Social Sciences (SPSS, version 26; IBM

Corporation, Cornell, NY, USA).
3.8  Human Health Risk Assessment for Heavy Metals

3.8.1 Non-Carcinogenic Risk Assessment for Heavy Metals
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Health risk assessment involves evaluating potential negative health impacts resulting from
human exposure to contaminants’. In this study, exposure levels of humans to heavy metals on a
daily basis were evaluated through ingestion, inhalation, and dermal absorption pathways, using
Average Daily Dose (ADD), expressed in milligrams per kilogram of body weight per day (mg
kg! bw day!). The health risk assessment model recommended by the United States
Environmental Protection Agency was employed to quantify the Average Dai $ (ADD)
(mg kg! day!) of heavy metals present in indoor dust, as calculated usiﬁl ations 3.1 to

3.3101L12 The human population was categorised into two segments: @e from 0 to 15 years

C X Ingra[e X EF X ED

BW x AT b’é*Q < 10°
(o)
O
C x Inhae X EF

ADDpy = C—Av Equation 3.2
PEF x P@é T
\\f\\A
CASA™ AF x ABS x EF x ED
ADDperm = \\\'@\ N x 106 Equation 3.3
( BW x AT

O

Where\&lng, ADDInh, and ADDDerm refer to the average daily dose for ingestion,

and adults from 15 years and above, respectively.

ADDing Equation 3.1

inhalation, and dermal contact, respectively. C denotes the concentration of heavy metal in dust

(mg per kg). EF is the exposure frequency (days per year), set at 35010-11.12.13.14,
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ED denotes the Exposure Duration measured in years, is defined as 30 years for adults and 6
years for children!®!11213.14: BW denotes the Body Weight, with 72 for adults and 15 for
children®101112.13.14,

AT denotes the Average Time (years), which is 70 x 365!0.11,12.13.14,

Ingrate denotes the Ingestion rate (m?® per day), which is 20 for adults and 30 for children!%!1:12.13.14,
Inhsae denotes Inhalation Rate (m? day™'), which is 20 for adults and 7.6 for chi Qé””’lz“’”;
PEF denotes the Particle Emission Factor (m?® kg'), with 550 for adult§~and 300 for
children!®!1:12.13.14. AF denotes the dermal Adherence Factor (mg/cm2/®li 0.07 for adults and
0.2 for children'®!1-12.13.14. SA denotes the Exposed skin area 6 ith 5700 for adults and
2800 for children!0-1112.13.14; Q

ABS denotes the Dermal absorption factor and 't'% itless, which is Copper (Cu): 0.1,
Manganese (Mn): 0.001, Lead (Pb): 0.006, Zinc (b #0.02, Chromium (Cr): 0.04, Nickel (Ni):
0.001, Cadmium (Cd): 0.110:11.12,13.14, \

RfD denotes the Reference Dose in @g ay’!, with Ingestion RfD: Copper (Cu): 3.7 x 102,
Manganese (Mn): 2.4 x 102, E, ): 3.5 x 1073, Zinc (Zn): 3.0 x 10"!, Chromium (Cr): 3.0 x
103, Nickel (Ni): 2.0 x l®mium (Cd): 1.0 x 103;

Inhalation RfD: ﬁr‘ u): 4 x 102, Manganese (Mn):5.0 x 10, Lead (Pb): 3.5 x 1073, Zinc
(Zn): 3.0 x 10& omium (Cr): 3.0 x 1073, Nickel (Ni): 2.06 x 102, Cadmium (Cd): 1.0 x 107,
Dermal C@t RfD: Copper (Cu): 1.2 x 102, Manganese (Mn): 4.6 x 102, Lead (Pb): 5.25 x

105, Zinc (Zn): 6.0 x 102 60 x 105 (Cr), 54 x 10° (Ni), 1.0 x 10°

2

(Cd) 15,16,17,18,19,20,21,22,23,24,25,26,27,29.
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SF refers to the slope factor, expressed in mg per kg per day, and is associated with ingestion
exposure: 0.0085 (Pb), 1.7 (Ni), 6.3 (Cd), 0.5 (Cr); Inhalation: 0.042 (Pb), 0.84 (Ni), 6.1 (Cd), 42

(Cr); Dermal Contact: 1.5 (Pb), 42.5 (Ni), 20 (Cd), 20 (Cr)!0:11.12.29.30
3.8.2 Hazard Quotient for Heavy Metals

The assessment of non-carcinogenic health risk related to heavy metals found in i@ust was
conducted using the Hazard Quotient (HQ). The HQ serves as a tool for Qc/ ing the non-
carcinogenic effects of heavy metals present in indoor dust. Th@ was estimated by
multiplying the ADD for ingestion, inhalation and dermal contact%e Reference Dose (RfD)

as indicated in Equation 3.4!0:1L12.1415 Q

ADD (ing/mh/ er
HQ = (I;gﬂ;l il fbb Equation 3.4
N
Q

3

ADDing, mh, pem refer to the &&e daily dose for ingestion, inhalation, and dermal exposure,

Where HQ is the Hazard Quotient;

respectively. RfD denot ®Reference Dose.

(N
for Heavy Metals

3.8.3 Hazar&
yo)

The I—h@g)lndex (HI) quantifies the risk of non-carcinogenic effects associated with multiple
exposure routes and chemical components. The total non-carcinogenic risk to humans is
calculated by summing the hazard quotients (HQs) for ingestion, inhalation, and dermal contact,

as described in Equation 3.5'*. An HI value greater than one indicates a significant non-
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carcinogenic risk to human health, whereas an HI value less than one suggests the absence of

such risk.
HI = Hang, + Hanh, + HQDerm Equation 3.5

Where HI is the Hazard Index; Q\

HQng / nh/ Derm are the Hazard Quotient for ingestion, inhalation and dermal c@espectively;

3.8.4 Carcinogenic Risk Assessment for Heavy Metals %0

The carcinogenic risk assesses the likelihood that an indivi y develop cancer due to their
lifetime exposure to carcinogens. Carcinogenic risk is ;8@6% as negligible when the CR value
is less than 1 x 10, acceptable or tolerable W ranges from 1 x 10% to 1 x 10*, and
unacceptable when the CR value exceeds 4 indicates there is a potential of 1 in 10,000
individuals to develop cancer as a rese;}éf lifetime exposure to carcinogenic threats'>*!32, The
Average Daily Dose (ADD) an@er Slope Factor (SF) from Equation 3.6 are combined to

determine the Lifetime C@isk (LCR). The LCR is then used to estimate carcinogenic risk

in humans'4. Q:\\%

LCR éb ADD x SF Equation 3.6

N

The Total Lifetime Cancer Risk (TLCR) is calculated by summing the Lifetime Cancer Risk
(LCR) values for ingestion, inhalation, and dermal exposure as shown in Equation 3.7 below!4.

The United States Environmental Protection Agency (USEPA) establishes the acceptable range
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for total lifetime cancer risk (TLCR) associated with cancer risk. TLCR values exceeding this

acceptable range suggest a potential risk of carcinogenic effects, which may be probable.

TLCR = LCRing + LCRmn + LCRDpem Equation 3.7

Where LCR is the Lifetime Cancer Risk; Q\

SF refers to the Slope Factor. l\(l

TLCR stands for Total Lifetime Cancer Risk.

ADD denotes the Average Daily Dose.

LCRmg, LCRmn, and LCRpem is the Lifetime Cancel Risk fo@estion, inhalation and dermal

2
®%
S

3.9 Dust Pollution Assessm%é
N\

contact, respectively.

Similarly, the evaluation@st pollution caused by the heavy metals found in residential indoor
dust samples waﬁ@ut using the following contamination indicators: contamination factor

(level of cont@aﬁon), geo-accumulation index, and pollution load index!#*3.

3.9.1 %Q’mqlation Factor

The Contamination Factor (CF) for each metal analyzed in this study was calculated using
Equation 3.8 along with soil quality standards aimed at protecting environmental and human
health impacts. Baseline values were determined based on the elemental composition of the

Earth's crust!434.
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Csample
CF, = Equation 3.8
Cbackgroung

Where CF, represents the Contamination Factor of each heavy metal;
Csample denotes the determined heavy metal concentrations
Chrackground denotes the heavy metal background concentration. The crustal abund values of
the metals: Cu =45, Mn = 900, Pb = 20, Zn = 95, Cr = 100, Ni = 68, and Cd(/@\rere adopted
as their background concentrations>-637, &
The CF is divided into four categories: %0
CF less than 1 indicates low levels of contamination; 0
1 is less than or equal to CF and less than 3 signals mode@@mtamination;
CF ranging from 3 to less than 6 indicates considera&ntamination;
CF greater than 6 indicates very high level of@minaﬁon.
)
N
&
, An%door dust was evaluated using the Pollution Load Index

The concentration of poll t@i
itib

and indicates the overall pollution impact of all heavy metals,

3.9.2 Pollution Load Index

(PLI). This index is R
summarised into€ sgé'e ontamination metric!* 3, The PLI was calculated by averaging the CF
values of th@ls as indicated in equation 3.9 below**.

l .
PLI - CFxCF2xCF3x...xCFy)" Equation 3.9

Where PLI stands for pollution load index. The variable n is the number of heavy metals

assessed, and represents their contamination factor. A PLI of 1 or higher indicates pollution,
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while a value below 1 suggests heavy metal concentrations are close to background levels. This
provides a comparative method to assess the quality of the site!*34,
A PLI value of less than 1 indicates ideal conditions, meaning no pollution or high site quality.
A PLI of 1 serves as a benchmark when pollutants are detected, and
A PLI greater than 1 indicates a decline in site quality.

>\
N
Q}O
The Geo-accumulation Index (Igeo) values were determined using Mub pression according

to equation 3.10 below?>3, %
. Q

Igeo =logy — Equation 3.10

1.5 x By b’b

Where Igeo is the Geoaccumulation index; \Qgrs to the concentration of heavy metals in dust

3.9.3 Index of Geo-accumulation

particles; B, denotes the concentranol&fe ackground sample. A value of 1.5 is the constant

for the background for hthogem@ectlon which is used to consider any variations in baseline

values caused by dlffererQQ)ck types in the samples?>-38,

NS

3.10. Healtl& ssessment for Parabens

Resear\hgdlcates that parabens are harmful to human health®®. People can come into contact

with parabens through ingestion, inhalation, and skin exposure.

3.10.1 Non-Carcinogenic Risk Assessment for Parabens
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To assess the risk to humans, the Average Daily Dose (ADD) was evaluated by using the mean
concentrations of the parabens (methylparaben, ethylyparaben, propylparaben and butylparaben)
obtained from the indoor dust samples, daily intake rate, and the average body weight of
humans®. The ADD was calculated using equation 3.11 and expressed in ng g of body

weight/day (ng g! bw/day)®.

CxFIxIRx EF x ED d?
ADDIng = BW AT E{@ . 1
X

Where C represents the concentration of the parabens (ng g @igniﬁes the fraction ingested,
which is calculated to be ca. 80% (0.80)*. IR denotes t%ﬁe Rate (0.06 g day™! as provided
by U.S. EPA 2011)*. EF represents the Exposure @ncy (365 days for adults and 250 days
for children)®. ED refers to Exposure Dura@ch is defined as 30 years for adults and 5
years for children)®. Body Weight (B efined as 80 kg for adults and 70 kg for children

aged six years. Average Time (ATéﬁ?culated as 30 times 365 days for adults and 5 times 365

days for children.)®. QQ\A
3.10.2 Hazard (ﬁ%\for Parabens
t

The Hazard Quoti€ft (HQ) will be calculated to evaluate the potential non-carcinogenic risk
associatet@% indoor dust. Hazard Quotient will be calculated based on the concentration of the
parabens that will be recorded for this study in the dust sample using the formula as shown in
equation 3.12 below. The non-carcinogenic risk is classified as high when HQ is greater than 1,

whereas it is considered low when HQ is less than 1.

HQ = ADD Equation 3.12!
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R/D

Where HQ represents Hazard Quotient; ADD represents Average Daily Dose; RfD refer to the
Oral Reference Dose value (ng kg! /day), which is 10000000 ng kg™! day! each for MeP and EtP,
100000 ng kg! day! each for PrP and BuP%*2,

3.10.3 Hazard Index for Parabens Q\

The Hazard Index (HI) was utilised to evaluate the potential for non-c&in&&hic health risks

associated with indoor dust as shown in equation 3.13 below®. 0

HI = >. HQ l@tion 3.13
Where HI is the Hazard Index and HQ is the @uotiem.
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Chapter Four
Results and Discussions of Findings

4.1 Elemental Concentrations of Dust Samples

Table 4.1 summarised the elemental levels in indoor dust samples obtained from twenty (20)
randomly selected areas in Ibadan, Oyo State, Nigeria. Overall, the mQ%emental
concentrations of the analyzed heavy metals across the study areas @J@olds, shops,
laboratories, and offices) followed a decreasing trend of Mn > Zn > Q&Pb > Cr > Ni > Cd.
Throughout the sampling locations, the concentrations of the e>$ed heavy metals ranged
from 5.20 to 32.10, 0.51 to 10.30, 2.15 to 6.80, < LOD to %Ql up to 0.64, 0.09 up to 1.60,
and 0.04 up to 4.36 expressed in milligrams per kilo rgﬁc manganese, copper, zinc, cadmium,
chromium, nickel, and lead, respectively. In parti he indoor dust sample obtained from the
laboratory showed the highest elemental m a}\glcentration of 32.0 mg kg™ for Mn. Exposure
to high levels of Mn, whether for shc@onged periods, can cause significant impairment to
the nervous system and result in@g neurological damage!. However, Cd had the lowest mean
concentration, falling bel@etection limit at sites S3, S7, S8, and S20.

Although elementa@entrations from this present investigation were lower than those
reported by fwa et al., nevertheless, 100, 95, 5, and 5% of the indoor samples had
concentra@%higher than those reported by Abdulraheem et al., for Cu, Mn, Zn, and Ni,
respeckfy“. Likewise, the mean elemental concentrations of Cd, Cr, Ni, and Pb observed in
this study were notably lower than previously reported values by Alotaibi et al. (Saudi Arabia)
and Hammood and Sobhanardakani (Iran), respectively*>. These results suggest that dust from

the previous study was more loaded with the studied heavy metals. Although there are currently

no established regulatory
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Table 4.1: Comparison of Concentrations of Heavy Metals with Standard and Other

Studies
Sample Cu Mn Pb Zn Cr Ni Cd
S1 1.52+0.04 32.00+0.10 0.18+0.02 6.73+£0.06 0.18+0.01 1.57+0.06 0.01=+0.01
S2 0.57+0.02 17.40+0.10 0.12+0.02 2.52+0.01 0.09+0.01 0.19+0.01 0.04+0.00
S3 0.93+0.08 1593+0.15 0.10£0.02 2.65+0.01 0.45+0.01 0.21=+0.01 <LOD
S4 1.00+0.09 1520+0.44 0.74+1.08 2.73+0.04 0.17+0.01 033+ 0.01 £0.01
S5 1.88+0.05 18.53+0.06 094+146 3.06+0.01 0.13+0.01 O. 0.02 +£0.01
S6 1.27+030 18.70+0.10 0.83+1.32 2.73+£3.06 0.17+0.01 1001 0.01=+0.01
S7 1.15£0.05 31.57+0.21 144+233 281+£0.02 0.01+0 «O.IOiOOI <LOD
S8 0.87+0.31 22.67+0.06 1.05+1.61 2.17+3.03 0.07 0.23 £0.01 <LOD
S9 1.14+0.07 22.50+0.10 0.87+1.33 2.81+0.02 Qﬁ .01 025+0.01 0.01=+0.01
S10 10.23+£0.06 16.10+£0.10 1.09 +1.82 3.20i001@2 +0.01 0.61+0.02 0.02=+0.01
S11 0.94+0.25 523+0.06 1.03+£1.58 231 0.36+0.01 0.16+0.01 0.01=+0.01
S12 1.81 £0.02 15.33+0.06 1.31+2.09 27'@ 0.37+0.01 0.21+£0.01 0.01=+0.01
S13 1.89+£0.02 23.13+0.12 1.23+2.0 +0.02 0.13+£0.01 0.23+£0.01 0.01+£0.01
S14 091+0.02 17.03+0.12 145=+ 2§\2.52 +0.01 0.19+£0.01 0.26+0.01 0.01+0.01
S15 1.06 £0.07 14.77 £ 0.06 1.50%!&4’1 2.56+0.01 026=+0.01 0.25+£0.01 0.01=+0.01
S16 1.16 £0.01 10. 67i006 %&t240 276 £0.01 0.07+0.00 0.28+0.01 0.01=+0.01
S17 0.52+0.01 14.27=+0. \ 41+£223 218+0.03 0.12+0.01 0.30+£0.01 0.01 £0.01
S18 0.81+0.03 12. 73 O§ 1.53+245 244+0.01 0.63+0.01 021+0.01 0.01+0.01
S19 1.01 £0.19 0.06 145+232 246+1.01 0.16+0.01 0.26+0.01 0.02+0.01
S20 1.11+0. (.)31005 1.48+2.39 278+1.01 0.15+0.01 0.26=+0.01 <LOD
Ilorin? 0.47 B 6.45 5.74 3.99 2.13 1.09 0.60
Ilaro? S%rb 328 51.8 378 35.2 9.71 461
CSQG*® \6 - 140 200 64 50 10

*LOD is Limit of Detection. CSQG = Canadian Soil Quality Guideline.

Source: Author’s Analysis, 2025
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standards for metal concentrations in dust at the local, national, or international levels, this study
adopted soil regulatory guidelines as reference values, an approach commonly used in several
previous studies’ #1011 Consequently, all measured elemental concentrations were compared to
the Canadian Soil Quality Guideline (CSQG) for residential and parkland land use, as established
by the Canadian Council of Ministers of the Environment (CCME) and found to be below the
regulatory limits set for metals in soil. Q

The elemental profile data from this study showed that Mn was the most p@, accounting
for 63.0% of the total studied heavy metals in the indoor dust across @sampling locations.
(Figure 4.1). The high levels of Mn could be attributed to u%activities like industrial
discharges and the burning of fossil fuels'?. Several report stablished the elevation of Mn
levels due to anthropogenic activities such as the co bp@ of fossil fuels!3: 1415,

4.2 Parabens Concentrations of Indoor Dus ples

N

The concentrations of parabens foundh\\' randomly obtained indoor dust samples for four
target parabens are summarised @&cable 4.2. Methylparaben (MeP), ethylparaben (EtP),
propylparaben (PrP), and u@ben (BuP) were detected across all the sample locations. The
mean concentrations o&ggeted parabens ranged from 0.24 to 7.10, 0.30 to 1.47, 0.29 to 2.06,
and 0.28 to 2.38@;{1 for MeP, EtP, PrP, and BuP, respectively. Overall, this study's mean
concentrati the targeted parabens follow the trend MeP > EtP > BuP > PrP. In this study,
MeP \Ngé most prevalent paraben, accounting for 52% of total parabens (Figure 3.2). This is
likely because the MeP analogue is widely used in consumer products'¢. Overall, the percentage
contribution of parabens in this study decreased in the following order: MeP < EtP < BuP < PrP.

While the high percentage contribution of MeP is consistent with earlier reports, the value is
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lower than the 78.4% reported by Zhu et al. in China!”. The highest concentrations in this study

for MeP,

3% 4%
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Figure 4.1: Composition Rrodfiles of Heavy Metals in Indoor Dust Particles

Source: Author’(&:{ , 2025
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EtP, BuP, and PrP were reported for sites S3 (7096.04 ng g!), S7 (1468.83 ng g!), S16 (2382.38
ng g'') and S16 (2062.91 ng g), respectively (Table 4.2). However, the lowest concentrations
for MeP, EtP, BuP, and PrP were recorded for S2 (243.58 ng g'), S19 (296.4Q%‘1), S11
(279.55 ng g!), and S13 (291.86 ng g), respectively (Table 3.1). Data frorQJ@tudy support
the previous report that suggests MeP as having the highest concent &n indoor dust from
classrooms in the United States'®!°. However, this result negates th vious study that PrP, out
of the four parabens, has the highest mean concentratio or dust from staff offices in

Iran?’. The elevated average levels of MeP detected in)@.lst may stem from the incorporation

®%

4.3 Bivariate Statistical Analysis os&eted Analytes in Indoor Dust Samples

o

The correlation results for the.ta@ parameters are summarised in Table 4.3. Correlation data

of MeP in numerous consumer goods?!?2,

revealed several signiﬁc%@ﬁ\onships among the studied analytes detected in the dust samples.
The results showed significant correlations (positive and negative) among the targeted analytes.
The highest a(u;} correlation coefficient of -0.4 was observed for a three-way correlation
between PQ’@& and Ni. These notable, significant negative correlations indicate the influence of
Variou&rces. Particularly, a significant (p < 0.01) correlation was observed between Zn and
Mn (r = 0.6), as well as between Ni and Zn (r = 0.9), indicating that their concentrations in
indoor dust may originate from common sources, respectively. Also, significant correlation
coefficients of 0.6, 0.4 and 0.3 associated with a positive three-way correlation between Mn, Zn

and Ni were recorded.
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Table 4.2: Concentrations of Parabens in Indoor Dust Samples (ng g!)

Sample MeP EtP PrP BuP

S1 721 £ 54 684 £ 327 593 £259 821 +£219
S2 244 + 1 319+ 78 314 £ 32 %&47
S3 7096 + 311 1399 + 271 1189 + 301 0%9i15
S4 2798 £ 246 858 £221 500 £ 127 Q/ 643 + 30
S5 5623 + 300 1063 £ 359 898 £ 152 ’\ 1061 £313
S6 1986 + 46 715£70 501 £1 806 + 34
S7 1173 £ 11 1469 £ 109 Qg 687 + 20
S8 1173 £ 12 1434 £ 142 Q()Oi 114 687 + 20
S9 359 £ 84 963 £ 71 ’6738157 564 + 35
S10 2405 £ 75 693 + h\\_Q 426 + 74 678 £ 31
S11 5201 + 336 8@‘)4 692 £ 42 280 + 80
S12 6541 + 1464 %(Q(a +205 445 + 101 468 + 337
S13 3428 + 232 QA 1015 + 69 292 £3 634 + 80
S14 2204 + 239Q 788 £9 456 £ 10 744 + 36
S15 164 .i’\&% 913 £328 1300 + 22 760 + 665
S16 %S‘_Hl% 1429 + 86 2063 £ 51 2382+ 198
S17 Q 2+226 825 £238 1288 £ 549 1425 £ 780
S18 \/ 1433 + 373 648 £ 185 710 £ 104 1156 £325
S19 1326 + 56 296 £ 17 650 £ 182 699 + 394
S20 5536+ 1171 712 £ 89 832 £ 375 1560 + 384

Source: Author’s Analysis, 2025
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Similarly, BuP showed a strong, significant (p < 0.01) correlation with PrP (r = 0.7). Butyl
paraben and PrP are commonly found in cosmetic products such as makeup, moisturizers, hair
care items, and shaving creams or gels?*?*. Likewise, EtP showed a significant positive
correlation with PrP (r = 0.5), indicating similarities in the origins of the associated analytes and
suggesting a shared source of contamination. On the other hand, there were also significant
negative three and four-way synergies between (Cd, MeP and EtP) and (Mn, Cr Q&a‘xd PrP).

Conversely, these significant negative correlations suggest contributions fron@@ent sources.

4.4  Multivariate Statistics Analysis $O

4.4.1 Principal Component Analysis (PCA) Q

Principal component analysis (PCA) was conducted t§&dne the associations among the
analytes and to predict their potential sources. The r@of the PCA are presented in Table 4.4.
Preliminary assessments, including a Kaiseer—Olkin (KMO) value of at least 0.6 and a
significant Bartlett’s sphericity test (p <®), confirmed the adequacy of the dataset for factor
analysis?. \c?

As presented in Table 1n01pal component analysis revealed five dominant principal
components, collective splammg 79.95% of the overall variance. The components were
primarily mﬂue@ﬁl Zn and Mn (PC1); EtP (PC2); PrP and BuP (PC3); Cr and MeP
(PC4); and d Pb (PC5), contributing 25.36%, 19.06%, 13.54%, 12.70%, and 9.29% of the
total VMCG, respectively. Analytes grouped within the same component are typically linked to
a common origin®. Figure 4.3B visually illustrates the relationship's direction and intensity
between the analytes and the component. The strong loading of 0.97 and close association
between Ni and Zn (Figure 4.3A) support the correlation analysis, and may indicate shared

anthropogenic inputs, such as vehicle emissions.

172



Table 4.3: Correlation Matrix for Analytes in Dust Samples

Mn Cu Zn Cd Cr Ni Pb MeP EtP PrP  BuP
Mn 1
Cu 0.0 1
>\
Zn 0.6** 0.2 1 Q/OQ
Cd -0.1 0.2 0.1 1 6\
Q
Cr -0.4%* 0.0 -0.1 -0.1 1 QO
Ni 0.4** 03*  0.9*%* 0.1 -0.0 ’bQ
O
Pb -0.1 0.0 -0.1 -0.1 &Q -0.1 1
D
MeP  -0.4%* 0.0 -0.1 A@ca\ 0.4** -0.2 0.0 1
EtP 0.3* -0.1 @ \ -0.6%* -0.2 -0.2 0.1 0.2 1
)
PrP -0.3* O.,\\' -0.1 -0.3*  -0.0 -0.1 0.1 0.1 0.5%* 1
O
BuP ’b -0.1 0.0 -0.2 -0.2 0.0 0.1 -0.0 0.2 0.7%* 1

* kK
s

Source: Author’s Analysis, 2025

Correlations significant at p < 0.05 and p < 0.01 respectively
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Conversely, the relatively high positive and negative loading for EtP (0.88) and Cd (-0.83) in PC
2 imply unrelated sources. This is further corroborated by the large distance between EtP and Cd
in Figure 4.3A. In PC 3, PrP was found to be strongly associated with BuP with high loading.
The strong correlation between PrP and BuP is further supported by their dominance in PC3,
with strong factor loading values of 0.88 and 0.91, respectively, demonstrating a likely shared
source of these parabens in indoor dust. Cosmetic products are major sources &a'nd BuP,
and have been implicated in numerous studies (Azeredo et al., 2023; Wang et™al., 2021)>24,
Similarly, PC 4 was dominated by Cr and MeP. However, a moderate@tive high loading of
-0.57 (Figure 4.3 was observed for Mn, suggesting the influe e%nother source within the
same PC. In contrast, PC 5 was primarily dominated by PQ! a moderately high loading of
0.7, while Cu exhibited a quasi-independent patt fb%a loading of 0.64 within the same
component, suggesting the contribution of angthe ce. This weaker association is depicted by
the larger distance observed in Figure 4.3A§}$ agrees with the correlation matrix result (r = 0)
in Table 4.3. Likewise, the large d&é%e between EtP and Cd (Figure 4.3A), as well as the
significantly negative high loa@g{ Cd (-0.83) in PC 2 (Figure 4.3B and Table 4.4) are all in
agreement with the corre@%atrix results of -0.6** between EtP and Cd.

4.4.2 Hierarchi h@ter Analysis (HCA)

Additionally, Juerarchical cluster analysis (HCA) was conducted on the concentrations of the
targete{/&s in the indoor dust samples. The resulting dendrogram (Fig. 4.4) illustrates the
associations among analytes, as indicated by the distances between clusters. Analytes examined
in indoor dust samples were categorised into two primary clusters (A and B), along with a
separate cluster C. The PCA result was further corroborated by the degree of association

depicted in the
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Table 4.4. Rotated Component Matrix for Analytes in Dust Samples

Component
1 2 3 4 5
Mn 0.52 0.38 -0.40 -0.57 -0.07
Cu 0.31 -0.20 -0.16 0.14 0.64
Zn 0.97 -0.004 -0.03 -0.08

3
Cd -0.003 -0.83 -0.10 -0.24 : 0%.04

Cr 0.01 -0.08 -0.08 0. -0.06
Ni 0.97 -0.11 0.03 : 0.04
Pb -0.21 0.15 0.13 0 -0.09 0.77
MeP -0.12 0.32 -0. 0.76 0.08

EtP -0.09 0.88 6‘% -0.13 0.04
O

PrP -0.08 0.28 @ 0.88 0.06 -0.07
BuP 0.04 0@ 0.91 -0.11 0.07

Eigenvalues 2.79 . A% .10 1.489 1.397 1.021
% Total 253 Q\ 19.06 13.54 12.70 9.29
variance .

Cumulative % Q:\}S'.% 44.42 57.96 70.66 79.95

Sourc@’s Analysis, 2025
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Figure 4.3. 3-D Principal Component An@ PCA) Loading Plot (A) and Path Diagram (B)
for Heavy Metals and Parabens in Indce)

st Samples.
Source: Author’s Analysis, 2025 ‘\
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generated dendrogram?’. The shorter the distance, the more significant the association.

Notably, clusters A and B comprise Cd, Cr, Ni, PrP, BuP, EtP, Pb, & Cu and Zn & MeP,
respectively, while cluster C contains only Mn. Nonetheless, clusters A and B are connected at a
fairly elevated level, suggesting a potential shared origin. The significant (p < 0.01) associations
between PrP & BuP (r = 0.7*%*) and EtP & PrP (r = 0.5%%*) in Table 5 are additional supported by
the closeness and small linkage distances detected in Figure 4.4. Similarly, the &ly large
distance observed in Figure 4.4 between Pb and Cu further corroborates the quasi-independent
behaviour exhibited by Cu (0.64) in PC 5 and hence the weak assoc@\etween Pb and Cu.
Equally, the stand-alone cluster C (Mn) was joined together w'@c ster B at a significant (p <

0.01) and relatively high level, implying the influence of d anthropogenic sources such as

vehicular emissions. ;

177



Rescaled Distance Cluster Combine

0 5 10 15 20 25
1 | | | 1
Cd 4
Cr 5
Ni 6
PrP 10
A
BuP 11
EtP 9
Pb 7
Cu 2
Zn 3
B
MeP 8
c
Mn 1
Figure 4.4. Dendrogr Hlerarchlcal Cluster Analysis Illustrating the Relationships among

Eleven Analytes(n%éo r Dust Samples (the Distances Indicating the Level of Correlation

between Each
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4.5  Exposure and Human Health Risk Assessment of Selected Heavy metals

4.5.1 Average Daily Dose for the Heavy Metals

The exposure to potentially toxic metals in indoor dust by humans was evaluated through the
three primary pathways: ingestion, inhalation, and dermal contact. The exposure risk was
computed using the Average Daily Dose (ADD)?8. The study population was cata@sed into
two age groups: children (aged 0—15 years) and adults (aged 15 years and abo Qhealth risk
assessment model developed by the United States Environmental Protv@i(éency (USEPA)
was utilised to estimate the average daily dose (ADD, mg kg™! da%@vtentially toxic metals
in indoor dust?$2%-30:31, Q

Table 4.5 shows the estimated ADD for the studied pot%@ toxic metals in dust samples for
children and adults. Data from this study showed 6’ADD for children was greater than for
adults for the ingestion and dermal pathway&{@’gfer, the ADD for adults was higher than for
children for the inhalation pathway. Ove)\%, his result indicates that children are more exposed
because the ingestion and dermal p@wc%rs are significant routes of exposure. Similarly, for both
age groups, ADDinhala io@vas greater than ADDingestion and ADDdermal, while
ADDingestion was greater*than ADDdermal for all the studied potentially toxic metals.
Generally, the es@\%ﬁ DD followed a decreasing trend of ADDinhalation > ADDingestion >
ADDderma indicates that inhalation emerged as the primary exposure pathway, followed
by ing?b{i% while dermal contact was the least significant exposure pathway for both children

and adults. This trend contradicts other studies where dermal contact was the primary exposure

pathway, followed by ingestion and inhalation32.
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Table 4.5: Average Daily Dose for Heavy Metals in Children and Adults

Children Adults
Sample HM ADD ADD ADD ADD ADD ADD
Ingestion Inhalation Dermal Ingestion Inhalation Dermal

S1 Cu 249x10° 211 x10* 4.65x107 346x107 151x103 3.45%x107
Mn 526x10° 444x102 982x10®* 731x10°¢ 3.19x102 7.29x107%®
Pb 296 x 107 250x10° 331 x10° 4.11x10®% 1.79x10* 2.46x107°
Zn 1.11 x10° 934 x10* 4.13x107 1.54x10° 3.07 x 1077
Cr 296 x 1077 250x10° 221 x10% 4.11x10°%® 1.64 x10°®
Ni 258 x10° 218 x10* 482x10° 3.58x107 3.58 x 107
Cd 1.64 x10® 139x10° 3.07x10° 2.28x107° 2.28 x 107°
S2 Cu 9.42x107 796x10° 176 x107 1.31x107 . 1.31 x 1077
Mn 286x10° 242x102 534x10%® 397x10% 73 %107 396 x10°®
Pb 1.97 x 107 1.67x10° 221 x107° 2.74 x 1.20 x10™  1.64 %107
Zn 4.14x10° 3.50x10* 1.55x107 5.75 % 251 <102 1.15x 1077
Cr 1.48x107 1.25x10° 1.10x10%* 2 10®* 897x10° 820x107°
Ni 3.12x 107 2.64x10° 5.83 x 1071 10®  1.89 x10% 433 x107"
Cd 6.58 x 10®* 5.55x10°¢ 1.23x10°® 3x107° 399x10° 9.11x107°
S3 Cu 1.53 x10°¢ 130x10* 286x1 213 x107 930x10* 213 x107
Mn 2.62x10° 221x102 4.89 3.64 x10° 1.59x10% 3.63x10°®
Pb 1.64 x 107  139x10° 1.8 @ 228x10% 996x10~° 1.37x107°
Zn 436x10° 3.68x10™ 1077 6.05x107 2.64x102 121 x107
Cr 740 x 107  6.25x107° x10®* 1.03x107 448x10* 4.10x10°
Ni 345x107 292 x4 6.44 x 107 479 x10% 2.09x10* 4.78 x 107"

Cd - - - - -
S4 Cu 1.65 % 10°° 1.3@‘%4 3.08 x 1077 229 x107 10.00x 10* 228 x 1077
Mn 250 x10°° *® Q 102 4.66x10® 347x10° 151x102 3.46x10°
Pb 1.20 x 1 6Q\.Ol x10* 134 x10% 1.67x107 7.27x10% 998 x 107
Zn 4.49 x T% 379 x10*  1.68 x107 623 x107 2.72x102 124 x107
Cr 2.7 7 236x107°  2.09x10® 3.88x10% 1.69x10* 1.55x10°®
Ni f@” 458x10° 1.01x10° 7.53x10®% 329x10* 7.52x1071°
Cd 64x10% 139x10¢ 3.07x10° 228x10° 996x10° 228x107°
SS Cu 63.09 x10¢ 2.61x10* 577x107 429x107 1.87x103 428 x107
@ 3.05x10°  257x102 5.69x10% 423x10° 1.85x102 4.22x10°
\4 1.53 x10° 1.29x10* 1.71x10%* 212x107 927x10* 1.27x10®
n 503 x10° 425x10* 1.88x107 6.99x107 3.05x10% 1.39x107
Cr 1.97x107 1.67x10° 147x10% 2.74x10® 120x10* 1.09x10°*
Ni 411 %107 347x107° 7.67x1071" 571x10% 249x10* 5.69 x 1071
Cd 1.64 x10®% 139x10° 3.07x10° 228x10° 996x10°¢ 2.28x10°

Source: Author’s Analysis, 2025
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Table 4.5: Average Daily Dose for Heavy Metals in Children and Adults

Children Adults
Sample HM ADD ADD ADD ADD ADD ADD
Ingestion Inhalation Dermal Ingestion Inhalation Dermal

S6 Cu 208x10°¢ 1.76x10* 3.89x107 2.89x107 1.26 x 102  2.88 x 107
Mn 3.07x10° 2.60x102 5.74x10% 427x10° 1.86 x 102 426 x10°®
Pb 1.35x10° 1.14x10* 1.51x10® 1.87 x 1077 8.17x10* 1.12x10®
Zn 449 x10° 3.79x10* 1.68x107 623 x 107  2.72x102 1.24x107
Cr 279x107 236x10° 2.09x10°* 3.88 x 10°® 1.69 x ﬁ\ 1.55x10°®
Ni 345x107 292x10° 6.44x10" 479x10% 2.0 %“ 4.78 x 1071
Cd 1.64x10®* 1.39x10°¢ 3.07x10° 228x10° 9 6 228x107°
S7 Cu 1.88x10°¢ 1.59x10* 3.52x107 2.62x107 4,102  2.61 x 1077
Mn 5.19x10° 438x102 9.69x10°*® 7.21 x 10‘6%.15 x102  7.19x10°®
Pb  237x10°¢ 2.00x10* 2.65x10°® 3.29 x OQ 43 %1072 197x10°®
Zn  4.60x10° 389x10* 1.72x107 6.39 % 279 %1072 128 x 1077
Cr 1.64 x10® 139x10°¢ 123x10° 2 102 996x10°¢ 9.11x107"
Ni 1.48x107 125x10° 2.76x101"° 10°® 897 x 10> 2.05x 101

Cd - - - -
S8 Cu 142x10° 1.20x10* 2.66x10_ Ql 98 x 1077 8.63 x10* 197 x107
Mn 3.73x10° 3.15x102 6.96 X& 518 x10°¢  226x102 5.16x%x10°®
Pb .71 x10¢ 144 x10* 19 2.37 x 1077 1.04 x 102 1.42x10°%
Zn  3.57x10° 3.01x10™* s@ 495x107 2.16x102 9.88x10°*®
Cr [.15x 107 9.72x10°¢ x107° 1.60 x 107® 6.97 x10° 638 x107°
Ni 3.78 x 1077 3.19 x k) %06 x 1071 525x10%  229x10* 524 x107"°

Cd - - - -
S9 Cu 1.88x10° 1 5%% 3.51 x 107  2.61 x107 1.14 x 102  2.60 x 1077
Mn 3.70x10° ° 102 6.90x10® 514 x10°¢  224x102 5.12x10°®
Pb 1.43 x 10:¢ I x10* 1.60x10°® 1.99 x 1077 8.67x10* 1.19x10®
Zn  4.60 x PQ L9 x 107 1.72 x 107 6.39x107  279x103 1.28x107
Cr 7 1.67x107° 147x10® 274 %107 1.20x10*  1.09 x 10°®
Ni 9@9 333 x10° 736x10" 548x10% 239x10* 547x101°
Cd Qﬁ 10® 1.39x10°¢ 3.07x10° 228x10° 996x10°¢ 228x107°
S10  Cu 61.68 X107 142x102 3.14x10° 2.34x10° 1.02 x 102 233 x10°
&b 2.65x107% 223x103 4.94x10° 3.68 x 10°¢ 1.60 x 10 3.67 x10°®
\4 1.79x10¢ 151 x10* 2.01x10%  2.49x107 1.09x 102 149 x10°*®
n 4.60x10° 3.89x10* 1.72x107 6.39x107  279x103 1.28x107
Cr 3.62x107 3.05x10° 270x107® 502x10%  219x10* 2.00x10°®
Ni 1.00 x 10 847 x10> 1.87x107° 1.39x 107  6.08x10* 139x107°
Cd 329x10%® 2.78x10°¢ 6.14x10° 457x107° 1.99 x 10°  4.55x107°

Source: Author’s Analysis, 2025
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Table 4.5: Average Daily Dose for Heavy Metals in Children and Adults

Children Adults
Sample HM ADD ADD ADD ADD ADD ADD
Ingestion  Inhalation Dermal Ingestion Inhalation Dermal
S11 Cu 1.54 x10°¢ 130x10* 287x107 2.14x107 933x10* 2.13x107
Mn 8.60x10° 7.26x10* 1.60x10% 1.19x10°¢ 521x102 1.19x10°%®
Pb 1.69 x10° 143 x10* 1.90x10®% 235x107 1.03x102 141x10°*
Zn 3.80x 10°¢ 321 x10* 1.42x107 527x107 230x103 1.05x107
Cr 592x107 5.00x10° 442x10% 822x10%® 3.59x 3.28 x 10°®
Ni 263 x107 222x10° 491 x101" 3.65x10°® 1.59 3.64 x 1071°
Cd 1.64x10®* 139x10°% 3.07x10° 228 x10° 9. 2.28 x 107
S12 Cu 298 x10° 251 x10% 555x107 4.13x107 1. 02 4.12x107
Mn 252x10° 213x103 4.70x10% 3.50 x 107 6&{53 x102 349x10°%®
Pb 2.14x10° 1.80x10% 239x10® 297x 1.30 x 102 1.78 x 10°®
Zn 454 x10° 3.83x10* 1.69x107 6.30 % 2.75x1072 126 x 107
Cr 6.08x 107 5.14x107° 454x10® 8 1 3.69 x 10* 337x10®
Ni 345x 107 292x10° 6.44x107'° 10 2.09x10* 478 x101
Cd 1.64x10®* 139x10°¢ 3.07 x 10‘9 8x10° 996x10° 228x10°
S13 Cu 3.11 x10°¢  2.63x10* 5 81 x 432x107 1.89x102 431x107
Mn 3.80x10° 3.21x1073 O 528 x10°¢ 230x102 527x10°®
Pb 2.02 x10° 1.71 x 10 281 x107 1.23x10° 1.68x10°®
Zn 447 x10°¢  3.78 x 10*4 621 x107 271 x102 1.24x107
Cr 2.14 <107 1.80x 107 X 10 8 297x10®% 1.30x10* 1.18x10°®
Ni 3.78 x 1077 3.19 x4 *7 06 x 107 525x10% 229x10* 524x101°
Cd 1.64 x 107® 1 39 x 3.07x10° 228 x10° 996x10° 228 x107°
S14  Cu 1.49 x 10°° 4 2778 %107 2.07x107  9.03x10*  2.06x 107
Mn 2.79x107 ° 102 522x10® 3.88x10° 1.69x102 3.87x10°
Pb 237x%x1 ‘6®OO x10*  2.65x10% 329x107 143x102 197x10°%
Zn 4.14 x % 3.50x10*  1.55x107 S5.75x107 251 x102 1.15x107
Cr 296 N0 250x10° 221 x10%* 4.11x10® 1.79x10* 1.64 x 1078
Ni ?@97 347 x10° 7.67x1071" 571x10% 249x10* 5.69 x 1071
Cd <~6} 10®  1.39x10° 3.07x10° 228x10° 996x10° 228 x107°
S15  Cu 61.74 x10¢ 147x10* 324x107 241 x107 1.05x102 241x107
&b 243 x107° 2.05x103 453x10® 337x10° 147x10% 3.36x10°
\4 247x10°¢ 208 x10* 276x10% 342x107 149x103 2.05x10°®
n 4.19x10° 3.54x10* 156x107 582x107 254x103 1.16 %107
Cr 411 x107 347 x10° 3.07x10%® 571x10% 249x10* 228x107®
Ni 411 x107 347x10° 7.67x101" 571 x10% 249x10* 5.69x101'°
Cd 1.64x10®* 139x10°¢ 3.07x10° 228x10° 996x10° 228 x107°

Source: Author’s Analysis, 2025
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Table 4.5: Average Daily Dose for Heavy Metals in Children and Adults

Children Adults
Sample HM ADD ADD ADD ADD ADD ADD
Ingestion Inhalation Dermal Ingestion Inhalation Dermal

S16 Cu 191 x10°¢ 1.61x10* 3.57x107 266x107 1.16x102 2.65x107
Mn 1.75x107° 148 x103 327x10% 244x10° 1.06x102% 243x10°%
Pb 242 x10°¢  2.04x10* 271x10®* 336x107 1.46x102 2.01x10°%
Zn 452x10°¢ 3.82x10* 1.69x107 628x107 2.74x1073, 125x107
Cr 1.15x 107 9.72x10°¢ 859x10° 1.60x10* 6.97x1 *6.38 x 107
Ni 444 x 107 3.75x10> 828x10" 6.16x10°* 2.69 6.15 x 1071
Cd 1.64 x10® 1.39x10°% 3.07x10° 228 x10° O. ¢ 2.28x107°
S17  Cu 849 <107 7.17x10% 159107 1.18x107 txj 0+ 1.18x107
Mn 235x10° 198x103 438x10®% 3.26x105% Q& x1072 3.25x10°®
Pb 230x10° 194x10* 2.58x10%® 3.20 x OQI. 9x102 191 x10®
Zn 3.58x10°¢ 3.03x10* 1.34x107 498 % 217x102 993 x10°®
Cr 1.97 x107 1.67x10° 147x10% 2. 106* 1.20x10* 1.09x10°®
Ni 4.77x107 4.03x10> 890 x 101 10 2.89x10* 6.60x 107"
Cd 1.64 x10® 1.39x10°¢ 3.07x107° x107° 996 x10°¢ 2.28x107°
S18 Cu 1.33 x10°¢ 1.12x10* 2.49x1 1.85x 107 8.07x10* 1.84x107
Mn 2.09x10° 1.77x103 391 % 291 x10°¢ 1.27x102 2.90x 10
Pb 250 x10° 211x10* 2.8 347 x107 1.51x102 2.08x10°®
Zn 4.01 x10°¢ 339x10™" @ 1077 5.57x107 243 x102 1.11 x 1077
Cr 1.04 x10¢ 8.75x107 x10% 144 x107 6.28x10* 574x10°%®
Ni 345x107 292 x4 6.44 x 107 479 x10% 2.09x10* 478 x 1071
Cd 1.64 x10® 1.39 x 3.07x10° 228 x10° 9.96x10° 228 x107°
S19 Cu 1.66 x 10¢ 1. “ 3.10x107  231x107 1.01x103 2.30x 107
Mn 1.65x10°° *© 102 3.08x10® 229x10° 999x103 228x10°*®
Pb 238 %1 ‘6®01 x10™* 2.67x10%* 331x107 144x103 1.98x10°®
Zn 4.04 x % 341 x10*  1.51x107 5.62x107 245x102 1.12x107
Cr 2.63 xN07  222x10° 196x10%®* 3.65x10® 1.59x10* 1.46x10°*
Ni 7@7 3.61 x 10> 798 x 107 594 x10% 2.59x10* 5.92x107"
Cd (69 10®  1.39x10° 3.07x10° 228 x10° 996x10° 2.28x107°
S20 Cu 61.83 x10¢ 1.55x10* 342x107 254x107 1.11x103 2.54x107
@ 1.48x10° 1.25x103 2.77x10% 2.06x10° 9.00x102 2.06x10°®
\4 243 x10°¢ 2.05x10* 2.72x10% 338x107 1.47x103 2.02x10°%
n 4.57x10° 386x10* 1.71x107 635x107 2.77x102 1.27x107
Cr 247 <107  2.08x10° 1.84x10* 342x10® 1.49x10* 1.37x10°*
Ni 427107 3.61x10° 798 =10 594x10%* 2.59x10* 5.92x10"

Cd - - - - - -

Source: Author’s Analysis, 2025
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In terms of potentially toxic metals in indoor dust, Mn had the highest estimated ADD, while Cd
had the lowest values for both children and adults. Also, the trend followed the decreasing order
for both children and adults: Mn > Cu > Zn > Ni > Pb > Cr > Cd. This pattern is in contrast to
Cr>Ni>Pb > Al > As > Zn > Mn > Cu reported by Famuyiwa and Entwistle 3.
4.5.2 Non-Carcinogenic Risk Assessment for the Heavy Metals

Equally, Table 4.6 summarised the assessment of Hazard Quotient (HQ) and H Qﬁiex (HI)
for Potentially Toxic Metals in Indoor Dust. All the calculated HQ v u@or ingestion,
inhalation and dermal contact for the studied potentially toxic metals i@&tudy were less than
1, except for HQ and HI values for Mn. Although data from this study showed that there was a
non-carcinogenic health risk due to Mn via the inhalation y, this result indicates that the
ingestion and dermal contact exposure pathways ar nq@iﬁcant exposure routes in this study.
The HQ values obtained for ingestion, inhalation ermal contact for Cu, Zn, Cr and Ni are in

\™

line with those reported by Kenechukwu e@.\ he HI results calculated for children and adults

for the selected potentially toxic mv@across all sampled sites, via ingestion, inhalation and
dermal contact exposure pathw&gére less than 1 except for managanese which is 8.88 x 10!

\Y

for children and 6.38 x 1@@%ults, while the HI obtained for adults is greater compared to that
obtained for chil@&s indicates that children and, in particular, adults, over an extended
period, may a@mu ate manganese in their body system due to exposure to dust via inhalation.
The squr manganese could be a result of vehicle emissions, industrial activities such as
mining, welding, cleaning products, and construction materials such as tiles. When inhaled,
manganese can cause gradual lung inflammation and respiratory issues such as coughing,

bronchitis, pneumonitis, and reduced lung function®.
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Table 4.6: Hazard Quotients (HQing, HQinh, HQderm) and Hazard Indices (Hling, Hlinh, HIderm) for Heavy Metals
Exposure in Children and Adults

Sample

S1 Cu
Mn
Pb
/n
Cr
Ni
Cd
Cu
Mn
Pb
/n
Cr
Ni
Cd
Cu
Mn
Pb
/n
Cr
Ni
Cd
Cu
Mn
Pb
/n
Cr
Ni
Cd

S2

S3

S4

Children

Adult

HM

HQing

6.74 x 107°
2.19 <107
8.45 x 107
3.69 x 10°7°
9.86 x 107°
1.29 x 10
1.64 x 107°
2.55 %1073
1.19 x 107
5.64 <107
1.38 x 107°
4.93 x 1073
1.56 x 107°
6.58 x 107°
4.15 %1073
1.09 x 1072
4.70 x 1073
1.45 x107°
247 %107
1.73 x 107°
4.46 x 1073
1.04 x 107
3.43 x 10
1.50 x 10~°
9.32 x

271 % 103

1.64 < 107°

HQinh

5.69 x 107
8.88 x 10"
7.14 x 107
3.11 x 102
8.33 x 107
1.06 x 1072
1.39 x 10!
2.15x107
4.83 x 10"
4.76 x 107
1.17 x 1072
4.16 x 1073
1.28 x 107
5.55 %107
3.50 x 10~
4.42 x 10"
3.97 x 107
1.23 x 1072
2.08 x 1072
1.42 x 107

HQderm HI children

1.26 x 107°
2.13 x 107
6.31 x 10~
6.88 x 107°
3.68 x 10~
8.92 x 1077
3.07 x 10~
4.75 x 107
1.16 x 107®
4.21 x 1073
2.58 x 10
3.98 x 1077
1.08 x 1077
1.23 x 107
7.74 x 107°
1.06 x 107

X 1077

B

3.76 '1@.32“06
4 2(;9 1.01 x 1076

2. 1072
x 1072

87 x 107
222 %107
1.39 x 10!

2.56 x 10
2.79 x 107
3.32 x107®
1.88 x 1077
3.07 x10™

5.77 x 107
8.88 x 10!
7.29 x 107
3.12x 107
8.80 x 1073
1.07 x 1072
1.39 x 10!
2.18 x 107
4.83 x 10'
4.86 x 107
1.17 x 1072

5 —1
'3%&10-3
S22 x 101

3.51 x@ﬁx.os x 1073
2.

1.23 x 1072
2.11 x 1072
1.43 x 107
3.82x107
4.22 x 10*
2.96 x 1072
1.26 x 1072
7.96 x 107
225 %107
1.39 x 10!

HQing
9.36 x10°
3.04 x 10
1.17 x 1073
5.12x10°°
1.37 x 1073
1.79 x 107

2.17 x 107
9.13 x107°
5.76 x 107®
1.52 x 10
6.52 x 107°
2.02 %10
3.42 x 107
2.40 x 107
6.19 x 107°
1.45 <10
4.76 x 1073
2.08 x 107
1.29 x 107°
3.77 x 107°
2.28 x10™°

©

@ o
x 107
421 xJp5006.85 x 1076
1.30

HQinh

Qo

4x10"°

4.08 x 10y
6.38 x,1 1.58 x 107°

5.1 fg{z
0 1
o
$9 x 1072
9.96 x 107!
1.54 x 102
3.47 x 1072
342 x1072
8.37 x 102
2.99 x 102
9.19 x 1073
3.99 x 10°
2.51 x 102
3.17 x 1072
2.85x 107
8.80 x 102
1.49 x 107!
1.02 x 102
2.70 x 1072
3.03 x 1072
2.08 x 10!
9.07 x 1072
5.65 x 102
1.60 x 102
9.96 x 10!

4.68 x 1073
5.11 x10°¢
2.73 x 107
6.62 x 1077
2.28 x 107
3.53 x107°
8.61 x 1077
3.12x10°°
1.91 x 107®
1.37 x 107
8.01 x 107®
9.11 x 10
5.74 x 107¢
7.89 x 1077
2.60 x 107°
2.01 x10°°
6.83 x 10™
8.86 x 107®
6.18 x 107°
7.53 x 1077
1.90 x 10
2.07 x107°
2.58 x 10
1.39 x 1077
228 x10™

HI Adult

4.09 x 1072
6.38 x 10
5.13 x 107
2.24 x 107
6.01 x 107
7.59 x 1072
9.96 x 107!
1.54 x 1072
3.47 x 10*
342 x 107
837 x 107
3.00 x 1072
9.19 x 107
3.99 x 10°
2.51 x 1072
3.17 x 107
2.85 %1072
8.80 x 107
1.50 x 107!
1.02 x 1072
2.70 x 1072
3.03 x 10*
2.08 x 107"
9.07 x 1072
5.67 x 107
1.60 x 1072
9.96 x 107!

Source: Author’s Analysis, 2025
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Table 4.6: Hazard Quotients (HQing, HQinh, HQderm) and Hazard Indices (Hling, Hlinh, HIderm) for Heavy Metals

Exposure in Children and Adults Cont’d

Sample HM Children Adult\l&e

HQing HQinh HQderm HI children HQing HQinh <{HQderm HI Adult
S5 Cu 835x10° 7.05x103 1.56x10° 7.15x103 1.16x10° 5.06 % 10" L 16 x 105 5.06 x 102
Mn 127x10° 5.14x10" 124x10°¢ 5.14x10" 1.76x10* 3.69 x A7 %107 3.69 x 102
Pb 437x10* 3.69x102 326x10* 3.76x102 6.07%10° 2.65% 242 x 10 2.65%x 107!
Zn 1.68x10° 142x102 3.13x10° 142x102 233x10° 1 1232 x10°¢ 1.02x 101
Cr 6.58x10° 555x102 232x107 5.62x102 9.13x10° 102 1.82x10* 4.00x 1072
Ni 205x10° 1.68x103 142x107 1.71 x103 2.85x10° 21 %102 1.05x107 1.21 x 1072
Cd 1.64x10° 1.39x10" 3.07x10* 139x10"' 228x1 9.96 x 10* 228 x10* 996 x 10"
S6 Cu 5.63x10° 475x103 1.05x10° 4.82x1073 7.82% 341 x102 7.80x10°¢ 3.41x107
Mn 1.28x102 519x10" 125x10°¢ 519x10" 1.78x%0* 3.73x10> 9.26x107 3.73 x10?
Pb 3.85x10* 325x102% 288x10* 3.32x107? 10° 233x107' 213x10* 2.34x10"
Zn 1.50x10° 126x102% 2.79x10°¢ 1.26 x 1028 x10°¢ 9.07x102 2.07x10°¢ 9.07 x 102
Cr 932x10° 7.87x103 398x107 7.96 % 10 29 x107°  5.65x102 258x10* 5.67 x 1072
Ni 1.73x10° 1.42x103 1.19%x107 1.43@ 240x10°¢ 1.02x102% 886x10% 1.02x 107
Cd 1.64x10° 139x10"' 3.07x10* 139x%N0"' 228x10°¢ 996x 10" 228 x10* 9.96 x 10!
S7 Cu 5.09x10° 430x103 9.51x10° 102 7.08x10° 3.09x102 7.06x10°¢ 3.09x 10?2
Mn 2.16x103 8.76x10" 2.11x10° 100 3.00x10* 6.29%x10> 1.56x10° 6.29 x 107>
Pb 6.76 x10* 571 x102 5.05x1 *’\ 83 x 102 939x10° 4.10x10*' 3.75x10* 4.10x 10"
Zn 1.53x10° 1.30x107? 2.86@ 1.30 x 102 2.13x10°¢ 930x102 2.13x10°¢ 9.30x 1072
Cr 548x10° 4.63x10* 7.3 7 4.69x10* 7.61 x107 3.32x103 1.52x10° 3.34x1073
Ni  7.40x10°¢ 6.06 x 107* «5. 10 6.14x10* 1.03x10° 435x103 3.80x10% 4.35x1073

Cd - - - - - - - -
S8 Cu 3.85x10° 3.25 X-IK 7.19x10°¢ 330x102 535x10°¢ 233x102 533x10° 233x107?
Mn 1.55%x102 6.2 >< S1x10¢  6.29 x100  2.16x10*  4.52x10> 1.12x10° 4.52 x 102
Pb 488x10* 4@ 2 3.65x10* 421 x102% 6.78x10° 296x10"' 271 x10* 2.96x 10"
Zn 1.19x10° 102 222x10° 1.01x102 1.65x10° 721x102% 1.65x10° 7.21 %107
Cr 3.84x 0‘5&4 x103 1.19x10°¢ 328x10°% 533x10°¢ 232x102 1.06x10* 2.34x107?
Ni  1.89 x %\5/ 1.55x1032 131 x107 1.57x103 2.63x10°¢ 1.11x102 9.70x10% 1.11 x 1072

Cd - - - - - - - -

Source: Author’s Analysis, 2025
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Table 4.6: Hazard Quotients (HQing, HQinh, HQderm) and Hazard Indices (Hling, Hlinh, HIderm) for Heavy Metals

Exposure in Children and Adults Cont’d

Sample HM Children Adulk&

P HQing HQinh HQderm HI children HQing HQinh erm HI Adult
S9 Cu 5.08x10° 429x102 948x10° 435x103 7.06x10°% 3.08x10 04 x10° 3.08x 1072
Mn 1.54x103 6.25x10" 1.50x10° 6.25x10" 2.14x10* 4.48 x10? A1 x 10 4.48 x 102

Pb  4.09x10* 345x102% 3.05x10* 3.52x102% 5.68x10" 2.4&& 226 x10* 248 x 10!

Zn 153 x10° 1.30x102 286x10°¢ 130x102 2.13x10° m 02 2.13x10° 930x107?

Cr 658x10° 555x102 123x10°% 5.62x102 9.13x10°_ "3 102 1.82x10* 4.00x 1072

Ni 197x10° 1.62x103 1.36x107 1.64x103 2.74x10°N\I7P6x102 1.01 x107 1.16 %1072

Cd 1.64x10° 139x10" 3.07x10* 139x10" 2 28 X @ 96 x 1070 228 x10% 996 x 10!

S10 Cu 455x10* 3.84x102% 849x10° 3.89x107? 0 2.76 x 10" 6.30 x 10" 2.76 x 10!
Mn 1.10x102 447x10" 1.07x10° 4.47 x 10! 321 x10* 797 x107 3.21 x 10?

Pb  5.12x10* 432x102 3.82x10* 4.41x107? X 10 5 3.10x101" 2.84x10* 3.11 x10!

Zn 1.53x10° 1.30x102% 286x10° 1.30x 10* 3 x10°¢ 930x102 2.13x10° 9.30x107?

Cr 121x10* 1.02x102% 431x107 1 03 X 1 67 x10° 731x102 334x10* 7.34%x107?

Ni 501 x10° 4.11x103 3.47x107 6.96 x 10°¢ 295x102 257x107 295x107?

Cd 329x10° 278 x10" 6.14x10* 7 457 x10°¢ 199 x10° 4.55x10* 1.99 x10°

S11 Cu 416x10° 351 x102 7.77x10° ‘8& 10 2578 x10° 252x102 577x10°% 2.52x 107
Mn 3.58x10%* 145x10" 3.49x 10‘7 100 498x10° 1.04x10> 259x107 1.04 x 10

Pb 484 x10* 4.09x102% 3.61 x 10 4 17x102  6.72x107° 293 x10*' 2.68x10* 2.94x10"

Zn 1.27x10% 1.07 x 107 1.07 x102 1.76 x10°¢ 7.67x102 1.75x10°¢ 7.67%107?

Cr 197x10* 1.67x107? 1.69 x 102 2.74x10° 1.20x10" 547 x10* 1.20x 10"

Ni  1.32x10° 1.08x 1073 409 10 1.09x103 1.83x10°¢ 7.74x103 6.75x10% 7.74%x1073

Cd 1.64x10° 139x10" 07 <107 1.39x101' 228x10°¢ 996 x 10" 228x10* 996 x 10!

S12 Cu 8.04x10° 6.79 xsl ’\1 50x 105 6.89x103 1.12x10° 4.87x102 1.11x10° 4.88 x 1072
Mn 1.05x102 4.2 >< 1.02x10° 426x10* 146x10* 3.05x10* 7.59x107 3.05 x10?

Pb 6.11 x10™ 5% 456 x10* 526x102% 848x10° 3.70x10" 338x10* 3.70x 10!

Zn 151 x10° 102 282x10° 128x102 210x10°% 9.17x102% 2.10x10°¢ 9.17x 1072

Cr 203x10*%>MN/1x102 829x107 1.73x102 282x10° 123x10" 562x10* 1.23x10"

Ni 1.73x108, 1.42x102 1.19x107 1.43x103 240x10°¢ 1.02x102 886x10% 1.02x107?

Cd 1.64x10° 139x10" 3.07x10* 139x10"' 228x10° 996x10"' 228x10* 9.96x 10"

Source: Author’s Analysis, 2025
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Table 4.6: Hazard Quotients (HQing, HQinh, HQderm) and Hazard Indices (Hling, Hlinh, HIderm) for Heavy Metals

Exposure in Children and Adults Cont’d

Sample HM Children Aduj,%d

HQing HQinh HQderm  HI children HQing HQinh <CHQderm HI Adult

S13 Cu 841x10° 7.10x102 1.57x10° 720x103 1.17x10° 5.10x1 \N17 x 105 5.10 x 102
Mn 1.58x102 6.42x10" 1.54x10°  6.42 x 10! 220 x 10  4.61 x(10*~="1.15x10° 4.61 x 107

Pb 578 x10* 488x102 431 x10* 498x102% 8.02x10° 5& 320x10* 3.51 %10

Zn 149 x10° 126x102 278x10°¢ 1.26x102 2.07x10° 102 2.06x10°¢ 9.03 x 102

Cr 7.12x10° 6.02x102 232x107 6.09x102 9.89 x10 x102 1.97x10* 4.34x107?

Ni 1.89x10° 1.55x10°% 131x10° 1.58x103  2.63 x 10%11 x102 970 x10® 1.11x107?

Cd 1.64x10° 139x10" 3.07x10* 139x10" 228X 9.96 x 10t 228 x10* 9.96 x 10"

S14 Cu 4.03x105 3.40x102 7.52x10° 345x103 5. 244 x 102 558 x10° 2.44 x 107
Mn 1.16x1072 4.72x10" 1.13x10° 472 x 10! L62%10* 3.39x10* 842x107 3.39 x10?

Pb 6.76 x10* 571x102 505x10* 583x1072 ,ﬁs x10° 4.10x101" 3.75x10* 4.10x 10"

Zn 138 x107° 1.17x102 258x10°¢% 1.17x107% 92 x10° 837x102% 191 x10°¢ 837x1072

Cr 986x10° 833x102 398x107 843x1 1.37x10° 598 x102% 2.73x10* 6.01 x1072

Ni 2.05x10° 1.68x102 1.31x107 1.7&% 2.85x10° 121 x102 1.05x107 1.21 x107

Cd 1.64x10°5 1.39x10" 3.07x10* 1.39 1 228x10°% 996 x 10" 228 x10* 996 x 10!

S15 Cu 4.69x10° 396x102 8.76x10° -@X 102 6.52x10° 285x102% 6.50x10° 2.85x1072
Mn 1.01x102 4.10x10" 9.85x107 (_) 10 x 10° 141 x10% 294 x10*> 731 x107 2.94 x10?

Pb  7.05x10* 595x102 5.26x 1 6.07 x 102 9.78 x 10> 4.27x10" 390x10* 427 x10"

Zn 1.40x10° 1.18x102 2. 61% 1.18 X102 194 x10°¢ 847x102% 194x10° 8.47x107?

Cr 137x10* 1.16 x107 1.17x102  1.90x 10> 830x102% 3.80x10* 8.34x107?

Ni 2.05x10° 1.68x1073 @10‘7 1.71 x 103 2.85x10°¢ 1.21x102% 1.05x107 1.21 x107?

Cd 1.64x10° 1.39x10" 10*  1.39x10t  228x10° 996x10"' 228x10* 996 %10

S16 Cu 5.17x105 4.36 %l ’\9 65x10°% 443 x103 7.18x10° 3.13x102 7.16x10° 3.13x107?
Mn 731x10* 2.9 >< 712 x 107 2.96 x 10! 1.02 x10% 213 x10* 528x107 2.13 x10?

Pb  6.90x10* 5& 516 x10%  595x102 9.59x10° 4.18x10" 3.83x10* 4.19x10"

Zn 1.51 x107 102 281 x10°¢ 127x102 2.09x10¢ 9.13x102 2.09x10°% 9.13 x 1072

Cr 3.84x 0‘5®4 x102 531x107 328x102 533x10° 232x102 1.06x10* 2.34x107?

Ni 222x1 1.82x103 142x107 1.84x103 3.08x10°¢ 1.31x102 1.14x107 1.31x107

Cd 1.64x10° 139x10" 3.07x10* 139x10"' 228x10° 996x10" 228x10* 9.96x 10"

Source: Author’s Analysis, 2025
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Table 4.6: Hazard Quotients (HQing, HQinh, HQderm) and Hazard Indices (Hling, Hlinh, HIderm) for Heavy Metals
Exposure in Children and Adults Cont’d

Sample HM

S17 Cu
Mn
Pb
/n
Cr
Ni
Cd
Cu
Mn
Pb
/n
Cr
Ni
Cd
Cu
Mn
Pb
/n
Cr
Ni
Cd
Cu
Mn
Pb
/n
Cr
Ni
Cd

S18

S19

S20

Children Adm.QQd
HQing HQinh HQderm  HI children HQing HQinh erm HI Adult
230x107° 1.94x103 428x10°¢ 197x103 3.19x10°¢ 1.39x 1 18 x10¢ 1.39 x 1072
9.77 x10* 396 x10* 9.52x107 3.96x10" 1.36x10* 2.84 x(1 7.06 x 107 2.84 x 10
6.58 x 10 555x102 491 x10* 5.67x102% 9.13x10° 3. K 3.64x10* 399 x 10"
1.19 x10° 1.01 x102 223x10°¢ 1.01x10% 1.66x10° 102 1.65x10°¢ 7.24x1072
6.58 x10° 555x103 498x107 5.62x102 9.13x10° x102 1.82x10* 4.00 x 102
238 x10° 1.95x103 1.53x107 198x102 3.31x10" 40 x 102 1.22x107 1.40x1072
1.64 x 10° 1.39x10"' 3.07x10* 1.39x10"' 2.28 x 9.96 x 10" 228 x10* 996 x 10!
3.60 x 10° 3.04x103 6.72x10° 3.08 x103 5. 218 x 102 499x10° 218 %1072
8.72x10% 3.53x10" 849x107 3.53x10" 121%10* 2.54x10> 630x107 2.54 x 107>
7.14x10* 6.03x102 533x10* 6.15x107 x10° 433 x10" 3.96x10* 4.33x10"
1.34 x10° 1.13x102 250x10°¢ 1 13 x 10 86 x10°¢ 810x102 1.85x10°% 8.10x 107
345x10* 292x102 133x10°3 95 479 x 105 2.09x101" 9.57x10* 2.10x 10"
1.73 x10°  1.42x103 1.65x 107 \@ 240 x10° 1.02x102 886x10% 1.02x 107
1.64 x 10 1.39x10"' 3.07x10* 1. 0" 228x10°% 996 x10" 228x10* 996 x 10"
449 x 107 3.79x103 838x10°¢ -@X 102 623 x10° 2.72x102 6.22x10°% 2.72x107
6.87 x 10 2,78 x10*  6.69 x 10‘7(_) 8 x 10" 954 x10°  2.00%x10> 497x107 2.00 x 10>
6.81 x 10 5.75x102 5.08 x ]Q’} 5.87x102% 946x10° 4.13x10" 3.77x10* 4.13x 10!
1.35x10° 1.14x102 2.52 x\0= 1.14 x102 1.87x10°¢ 817x102% 1.87x10°¢ 8.17x107?
87710 7.40x107 @! 749 <102  1.22x10° 531 x102% 243 x10* 534x107?
2.14 x10° 1.75x1073 @ 107 1.77x103 297x10°¢ 126x102 1.10x107 1.26x%107?
1.64 x 10°  1.39 x 107! 7x10%  1.39x101' 228x10°¢ 996 x 10" 228x10* 996 x 10"
495 x10°  4.18 el ’\9 23 x 10  424x103% 6.87x10° 3.00x102 6.85x10°¢ 3.00x 102
6.18 x 10 2. Slg;d 6.02x107 251 x10" 859x10° 1.80x10> 4.47x107 1.80 x 10
6.95 x 10 5.19x10%*  599x102 9.65x10° 421 x10" 385x10* 422x10"
1.52 x10°° %k 102 284 x10° 1.29x102 212x10°¢ 923x102% 2.11x10° 923x107?
8.22 %107 4 %1073 #NUM! 7.02x102 1.14x10° 498 x102 228x10* 5.01x107?
2.14 x 169 .75 x103 148 x107 1.77x102 297x10° 1.26x102 1.10x107 1.26x1072

Source: Author’s Analys1s 2025
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4.5.3 Carcinogenic Risk Assessment for Heavy Metals

Based on the available slope factor, the carcinogenic risk assessment was computed for Pb, Cr, Ni
and Cd in indoor dust in this study (Table 4.7). Generally, for both age groups, Cr had the highest
value, while Cd exhibited the lowest value. The cancer risk associated with the ingestion pathway
contributed to 0.89% and 0.02% of the overall cancer risk for children and adults&pectively.
However, cancer risk via the inhalation pathway accounted for 96.34% and 9@ of the total

cancer risk for children and adults, respectively. Similarly, the risk of cary{&nﬁgh the ingestion

route represented just 2.77% and 0.32% of the overall cancer risk 4 oth children and adults,

respectively. In this study, the CRing, CRinh and CRderm in ac@w e observed to be 7.20, 0.14
and 1.35 times that of children. In this study, the indoor lifeti@sk for Pb and Cd for both children
and adults were not significant except for Cd for site%%% S10 which showed significant cancer
risk with values of 2.43 x 10 and 1.22 X %spectively. Conversely, Cr and Ni showed

unacceptable or significant cancer risk fo t while the indoor lifetime risk for Cr and S1 for Ni

were significant for children, with CW‘%@ above 1x10-4 and 1x10-6.
N
&
\‘,?:Z>
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Table 4.7: TLCR for Heavy Metals for Children and Adults

Sample

S1
S2
S3
S4
S5
S6
S7
S8
S9
S10
S11
S12
S13
S14
S15
S16
S17
S18
S19
S20

TLCRchildren TLCRadult

Pb Cr Ni Cd Pb Cr Ni Cd

1.06 x10¢ 1.05x103 2.08x10* 8.63x10° 7.54x10°¢ 7.53 %1073 103 6.08 x 10°°
7.05x107 525%x10* 2.52x10° 345x10° 5.02x10° 3.77 x 102 x10* 243x10*
5.87x107 2.63x103 278 x107° - 419 x10° 1.88 %1 1.78 x 10* -

429 x10°¢ 992 x10* 437x10° 8.63x10° 3.06 x 10> 7. ’Q}Q" 279 x10* 6.08 x10°°
546 x10°¢ 7.00x10* 331x10° 8.63x10° 3.89 x10°° 103 2.12x10* 6.08x10°
481 x10°¢ 992 x10* 278x10° 8.63 x10° 3.43 x 105 1x103 1.78x10* 6.08x10°
846 x10°¢ 583x10° 1.19x10° - 6.03 Q 418 x10* 7.62x10° -

6.11 x10° 4.08*x10* 3.05x10° - 4.35 @ 293 x102 1.95x10* -

511 x10°¢ 7.00x10* 3.18x10° 8.63x10° 3@0‘5 5.02 x103 2.03x10* 6.08%x10°
6.40x10° 1.28x103 8.08x10° 1.73x10° és 6x10° 921x10°* S517x10* 1.22x10*
6.05x10° 210x103 2.12x10° 8.63 % 10 ’64 31 x10°  1.51x102% 136x10* 6.08x10°
7.63 x10° 216%x103 278 x10° 8.63x1 544 x10° 1.55x10% 1.78%x10* 6.08 x 10°°
722%10° 7.58x10* 3.05x10° 8.63, % 5.15x10° 544 x10°% 195x10* 6.08 x10°°
846 x10°¢ 1.05x103 3.31x10° 10°¢ 6.03x10° 7.53x10°% 2.12x10* 6.08 x10°°
8.81x10° 1.46x103 3.31x IO‘S@X 10°¢ 6.28x10° 1.05x10% 2.12x10* 6.08 x10°
8.63x10° 4.08x10* 3.58 \8 63 x 10°¢ 6.15x10° 293 x10°% 229x10* 6.08 x10°
822x10° 7.00x10* 3. 84% 8.63 x 10°° 586 107  5.02x10° 246x10* 6.08x107°
893 x10°¢ 3.68 x1073 » 2\' 10° 8.63x10° 6.36 x 10>  2.64x10% 1.78%x10* 6.08 x 10°°
851 x10° 9.33x10" 44 x 10 8.63 x 10°¢ 6.07x10°  6.70 x103* 2.20x10* 6.08 x 10°°
8.69 x10°¢ 8.75 x@ 344 x 10 - 6.20x10°  6.28 <103 220x10* -

TCR values >1.0 x 10 are shipwar in Bold figures

Source: Author’s Analysﬁ\gﬁS



4.6 Health Risk Assessment of Parabens in Indoor Dust Samples

Inhalation, ingestion and dermal contact are three exposure pathways through which humans can be
exposed to parabens. Potential human health risks from exposure to parabens in indoor dust were
evaluated using the Average Daily Dose (ADD) and Hazard Quotient (HQ), based on the USEPA’s
ingestion and dermal exposure assessment model. Generally, Individuals may encom& parabens
via unintentional direct contact with tainted indoor dust, hand-to-mouth beh and indirect
exposure to dust that clings to food or household items that are later @iﬁl Inhalation and

dermal absorption of contaminated indoor dust is also possible via re sion of dust by human

activities such as walking, cleaning, and vacuuming!'®1-20, 0

Q

4.6.1 Average Daily Dose for Parabens er

O

Average Daily Dose (ADD) was evaluated fo \@n and adults as shown in Tables 4.8 and 4.9.
The ADD results obtained for children ag&ﬂts were within the threshold limit 0 — 10 mg kg!
body weight set for parabens?!. The Q&b\for adults were seen to be 1.28 times greater than that of
children for Methylparabens ( y in sample locations S3, S4, S5, S10, S11, S12, S13, S14, S16
and S20 and for Butlypa&&BuP) in sample location S16. For children, MeP, EtP, PrP, and BuP

ADD ranged fron@ﬁ

respectively. }@uise, for adults, the ADD range of 0.1461 to 4.2576, 0.1778 to 0.8813, 0.1751 to

0 3.3328, 0.1392 to 0.6899, 0.1371 to 0.9689, and 0.1313 to 1.1189,

1.2377,8@! 677 to 1.4294 for MeP, EtP, PrP, and BuP, respectively, was observed.

192



Table 4.8: Average Daily Dose for Parabens in Indoor Dust for Children

ADDchildren

Sample MeP EtP PrP BuP
S1 0.3385 0.3213 0.2787 0.3856
S2 0.1144 0.1500 0.1475 0.1666
S3 3.3328 0.6570 0.5586 0.2013 \
S4 1.3142 0.4031 0.2350 0.3020 OQ
Ss 2.6409 0.4992 0.4219 0.4981
S6 0.9328 0.3360 0.2354 E 85
S7 0.5509 0.6899 0.2621 0 0.3229
S8 0.5507 0.6735 0.3288 Q 0.3229
S9 0.1688 0.4522 3@ 0.2648
S10 1.1294 0.3252 2 0.3187
S11 2.4427 0.4089 \: 0.3248 0.1313
S12 3.0721 0.305& 0.2088 0.2200
S13 1.6100 . @ 0.1371 0.2976
S14 1.0350 @.3701 0.2143 0.3494
S15 0.7719 0.4286 0.6104 0.5369
S16 1.16265\\' 0.6710 0.9689 1.1189
S17 ’980 0.3875 0.6051 0.6693
S18 \9 0.6731 0.3044 0.3336 0.5429
S19 0.6228 0.1392 0.3054 0.3283
S20 2.6002 0.3345 0.3906 0.7326

Source: Author’s Analysis, 2025
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Table 4.9: Average Daily Dose for Parabens in Indoor Dust for Adult

ADDadult

Sample MeP EtP PrP BuP
S1 0.4324 0.4105 0.3561 0.4926
S2 0.1461 0.1916 0.1884 0.2129
S3 4.2576 0.8393 0.7136 0.2572 \
S4 1.6789 0.5150 0.3002 0.385 OQ
Ss 3.3737 0.6377 0.5389 qu-/
S6 1.1916 0.4292 0.3007 0 835
S7 0.7038 0.8813 0.3348 0$0.4124
S8 0.7035 0.8604 0.4ZOIQ 0.4124
S9 0.2157 0.5777 0.@ 0.3383
S10 1.4428 0.4155 @558 0.4071
S11 3.1206 0.5223 \Q 0.4150 0.1677
S12 3.9246 0. 39@%@ 0.2668 0.2811
S13 2.0567 @8 0.1751 0.3802
S14 1.3223 0 4729 0.2738 0.4464
S15 0.9861%Q 0.5476 0.7797 0.6859
S16 1 53}. 0.8572 1.2377 1.4294
S17 %64574 0.4950 0.7730 0.8551
SIS\% 0.8598 0.3889 0.4261 0.6936
S19 0.7956 0.1778 0.3901 0.4194
S20 3.3217 0.4273 0.4989 0.9358

Source: Author’s Analysis, 2025
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4.6.2 Hazard Quotient and Hazard Index for Parabens

Tables 4.10 and 4.11 summarizes the Hazard Quotient and Hazard Index for parabens in the
indoor dust samples for children and adults, respectively. In this study, all four parabens detected
for children and adults have HQ and HI values < 1 (Low Risk). This indicates that there is a low
non-carcinogenic risk of parabens in indoor dust for children and adults. For child;&the HQ
value for MeP range from 1.14 x 10® to 3.33 x 107 with the highest from S ange from
1.39 x 10 to 6.90 x 10 with the highest from S7, PrP range from 1.37 40" .69 x 10°° with
the highest from S16, BuP range from 1.31 x 10 to 1.12 x 107 wi @ﬂghest from S16. For
adults, the HQ value for MeP range from 1.46 x 108 to 4.26 x with the highest from S3, EtP
range from 1.78 x 10® to 8.81 x 10" with the highest fj @7, PrP range from 1.75 x 10 to
1.24 x 107 with the highest from S16, BuP range fr%%S x 10 to 1.43 x 10~ with the highest
from S16. Adult has the highest mean HI Vﬁl\@% x 107, compared to those of children, 2.11
x 107, This indicates that adults are ﬁ@kely to be exposed to possible contamination of
parabens. However, the non-carc@gp(?lc risk for adults and children is considered low, as
indicated by the HI values f@ group are below 1. These results obtained for children and
adults negate the reszggvious studies'.
C
O
O
\¥
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Table 4.10: Hazard Quotient and Hazard Index for Parabens for Children

Sample

S1
S2
S3
S4
SS
Sé6
S7
S8
S9
S10
S11
S12
S13
S14
S15
S16
S17
S18
S19

S20

HI

6.71 x 107°
3.17 x107°

8.Q0 x 107°

O 54 %1076

4.98 x 10’< , 9.51x107°

McP EtP PrP BuP
HQ

3.39 x 10 321%10%  279x10°  3.86x10°
1.14 x 10°* 1.50 x 10°# 1.47 x 10°6 1.67 x 1076
333 %107 6.57x10*%  559x10°  2.01x10°
131107 403x10%  235x10°  3.02x10°
2.64 % 107 499x 10 422 %107
9.33 x 10 336x10%  235x10° 3.7
5.51 x 10°* 6.90 x 10*  2.62x10° $ 10
5.51 x 10°* 6.74x10°% 329 x 1069 23 %10
1.69 x 10°# 452100 347x10 7 265 %10
1.13x 107 3.25x 10 2.06%6 3.19 x 10
2.44 x 107 4.09 x 10°* x 1076 131 x 1076
3.07 % 107 3.06 x 1-0@ 209 %10 2.20x10°
1.61 x 107 1789 137x10° 29810
1.04 % 1077 '@x 10+ 2.14x10°  3.49x10°
7.72 x 10 Q4.29 x10%  610x10°  537x10°
1.16 @ 6.71x10°%  9.69x 10 1.12x 1073
3 gfs 3.88x10%  605x10°  6.69x10°

Q:bﬂ x 10 3.04x10%  334x10°  543x10°
6.23 x 10°* 139x10%  3.05x10°  328x10°
2.60 x 1077 334x10%  391x10°  7.33x10°

6.27 x 107°
597 x107°
6.64 x 10°°
6.18 x 107°
533 x10°
4.85 x10°¢
4.63 x 10°¢
4.56 x 1076
5.78 x 107°
1.16 x 1073
2.11 x 1073
1.28 x 1073
8.86 x 107°
6.41 x 107°

1.15x 1073

HI < 1 — Low Risk and HI > 1 — High Risk!®,

Source: Author’s Analysis, 2025
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Table 4.11: Hazard Quotient and Hazard Index for Parabens for Adults

Sample

S1
S2
S3
S4
SS
Sé6
S7
S8
S9
S10
S11
S12
S13
S14
S15
S16
S17
S18
S19

S20

HI

8.57 x107°
4.05 x 1076

1.02 x 1073

O .08 x 1076

6.36 x 10’< , 1.22x107

MeP EtP PrP BuP
HQ

432 % 10°* 410x10%  356x10°  4.93x10°
1.46 x 10°* 1.92 x 10°* 1.88x10°  2.13x10°
426 x 107 839x10*  7.14x10°  2.57x10°
1.68 x 1077 515x10%  3.00x10°  3.86x 107
337 x 107 638 x10%  539x10°
1.19 x 1077 429x10%  301x10% 48
7.04 x 10°# 8.81x10%  335x10° $ 10
7.04 x 10°# 8.60 x 10% 420 1069 12 % 1076
2.16 x 10°# ST8 107 443400 T 338 10
1.44 x 1077 4.15 % 10°* 2.56%6 4.07 x 10°6
3.12x 107 522 x 10 @?x 10 1.68 x 107
3.92 x 107 3.90 x 1-05\\% 267x10°  2.81x10°
2.06 x 107 6.09%{@3 175%x 10  3.80x 10°6
132 x 1077 'Q§x 10¢  274x10°  446x10°
9.86 x 10°* ?48 x10%  7.80x10°  6.86x10°
1.49 @ 8.57 x 108 1.24 %107 1.43 x 107
4 gfs 495x10%  773x10°  855x10°

Q:Qso x 10°# 389 x10%  426x10° 694 x10°
7.96 x 10°* 178x10%  3.90x10%  4.19x10°
332 x 107 427x10%  499x10°  936x 10

8.00 x 107°
7.63 x 107°
8.48 x 107°
7.89 x 107°
6.81 x 107°
6.19 x 107°
591 x10°
5.82x10°
7.38 x 107°
1.48 x 1073
2.69 x 1073
1.64 x 107
1.13 x 1073
8.19 x 107°

1.47 x 1073

HI < 1 — Low Risk and HI > 1 — High Risk!®,
Source: Author’s Analysis, 2025
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Table 4.12: Comparison of Median Concentrations of Paraben in Indoor Dust with

Previous Studies (ng g)

Sampled Sample
Country MeP EtP PrP BuP References
Sites matrix
Spain Homes Indoor Dust 451 135 266 106 36
Canada Homes Indoor Dust 1080 25 463 59 37
USA Homes Indoor Dust 1920 180 965 80 38
Korea Homes Indoor Dust 1310 46 800 40 39
Japan Homes Indoor Dust 1470 127 228 45 39
Vietnam Laboratories Indoor Dust 121 28.2 37.5 20.8 40
China Homes Indoor Dust 252 434 445 0.103 41
Nigeria  Laboratories Indoor Dust 916 2945 4461 5213 18
Nigeria  Residential  Indoor Dust 2094.92 841.68 670.88 693.18 This Study
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4.7 Dust Pollution Assessment

The contamination factor, the pollution load index, and the geo-accumulation index, also known
as the single factor pollution index (PI), were utilised to assess the degree of metal contamination

present in indoor dust.

4.7.1 Contamination Factor (CF) \

The contamination status or pollution intensity was assessed utilizing Forst ittmann’s
recommendations** 4. The information presented was derived ’ﬁqn the determined
Contamination Factor (CF) values indicated in Table 4.13. In the@ d locations, the mean
concentration indicates that all the heavy metals under this s ve a low contamination status
of CF < 1which indicates low contamination to all the sapapled’sites.

4.7.2 Pollution Load Index (PLI) 6’6

The Pollution Load Index (PLI), as propog’}\erbTomllinson et al.**, was below one at all
sampled locations, as shown in Table’@ he PLI values ranged from 0.010 to 0.027. This
suggests that the indoor dust é&ee from pollution or contamination by heavy metals.
Furthermore, it signifies th @\'te is of high quality or that there is no pollution present.

4.7.3 Index of Gfo- umulation (Igeo)

The Geo-acc L@ Index (Igeo) was applied to assess heavy metal contamination on indoor
dust sampl e various Igeo values for the indoor dust samples are presented in Table 4.14.
Accoraﬁvto the contamination classification established by Muller, the Igeo values for all the

heavy metals examined in the indoor dust samples are negative, indicating that Cu, Mn, Pb, Zn,

Cr, Ni, and Cd are categorised as practically unpolluted (Igeo <1)*.
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Table 4.13: Assessment of Contamination Factor and Pollution Load Index for Heavy

Metals in Indoor Dust
Sample Cu Mn Pb Zn Cr Ni Cd Pollution Load

Index
S1 0.034 0.036 0.009 0.071 0.002 0.023 0.044 0.020
S2 0.013 0.019 0.006 0.027 0.001 0.003 0.133 0.010
S3 0.021 0.018 0.005 0.028 0.005 0.003 - \ 0.019
S4 0.022 0.017 0.037 0.029 0.002 0.005 0.0 Q 0.015
Ss 0.042 0.021 0.047 0.032 0.001 0.004 U@ 0.017
Sé6 0.028 0.021 0.041 0.029 0.002 0. 006%044 0.015
S7 0.025 0.035 0.072 0.030 0.000 % 0.017
S8 0.019 0.025 0.052 0.023 0. OOQ 2003 - 0.020
S9 0.025 0.025 0.043 0.030 0.004 0.044 0.015
S10 0.227 0.018 0.055 0.034 6%02 0.009 0.067 0.027
S11 0.021 0.006 0.051 0 004 0.002 0.044 0.013
S12 0.040 0.017 0.065+ 5@929 0.004 0.003 0.033 0.018
S13 0.042 0.026 @ 0.029 0.001 0.003 0.044 0.017
S14 0.020 0.019 0.027 0.002 0.004 0.044 0.016
S15 0.023 0. O\bQO 075 0.027 0.003 0.004 0.033 0.016
S16 0.0260’@‘2 0.074 0.029 0.001 0.004 0.044 0.014
S17 0.% 0.016 0.070 0.023 0.001 0.004 0.044 0.013
S18 @8 0.014 0.076 0.026 0.006 0.003 0.033 0.016
S19\/0.022 0.011 0.073 0.026 0.002 0.004 0.056 0.015
S20 0.025 0.010 0.074 0.029 0.002 0.004 - 0.023

CF < 1: low contamination; 1 < CF < 3: moderate contamination; 3 < CF < 6: considerable

contamination; CF > 6: very high contamination*

. PLI <1 indicates perfection, i.e., no pollution

or good site quality; PLI = 1 is considered a reference line when levels of pollutants are present

and PLI >1 is considered a worsening of site quality**.
Source: Author’s Analysis, 2025
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Table 4.14: Igeo of Heavy Metals

Sample Cu Mn Pb Zn Cr Ni Cd
S1 -5.476 -5.399 -7.354 -4.403 -9.676 -6.025 -5.077
S2 -6.879 -6.278 -7.926 -5.821 -10.757 -9.094 -3.492
S3 -6.176 -6.405 -8.182 -5.751 -8.381 -8.901 -
S4 -6.072 -6.473 -5.348 -5.706 -9.757 -8.272 077
Ss -5.166 -6.187 -5.001 -5.540 -10.210 -8.6 AOQ 4.755
S6 -5.736 -6.174 -5.182 -5.704 -9.757 CV -5.077
S7 -5.879 -5.418 -4.377 -5.666 -13.458 QO 043 -
S8 -6.283 -5.896 -4.841 -6.035 @8$ -8.772 -
S9 -5.884 -5.907 -5.113 -5.666 @ 210 -8.692 -5.077
S10 -2.722 -6.390 -4.778 -5. 776Q -9.392 -7.378 -4.492
S11 -6.171 -8.011 -4.869 -8.716 -9.287 -5.077
S12 -5.221 -6.460 -4.521 687 -8.663 -8.901 -5.492
S13 -5.156 -5.867 (6;& -5.708 -10.172 -8.772 -5.077
S14 -6.218 -6. 308 374 -5.819 -9.650 -8.634 -5.077
S15 -5.997 -6: IQ -4.322 -5.801 -9.191 -8.653 -5.492
S16 -5.859 & -4.351 -5.692 -11.065 -8.526 -5.077
S17 -7.03 .,\\'— .564 -4.415 -6.030 -10.248 -8.426 -5.077
S18 %@1 -6.728 -4.297 -5.868 -7.888 -8.901 -5.492
Sl9\/Q6.062 -7.072 -4.371 -5.856 -9.843 -8.597 -4.755
S20 -5.922 -7.224 -4.341 -5.681 -9.934 -8.597 -

Igeo < 1 is unpolluted; Igeo > 1 is polluted®.

Source: Author’s Analysis, 2025
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Chapter Five
Conclusion

5.1 Summary of Findings

Overall, indoor dust samples were obtained from twenty residential sites in Ibadan. The
concentrations of heavy metals and parabens in the analyzed samples decreased i llowing
order: Mn > Zn > Cu > Pb > Cr > Ni > Cd for heavy metals, and MeP > BtP >"BuP > PrP for
parabens. Likewise, indoor dust samples contained varying levels of etals (Cu, Mn, Pb,
Zn, Cr, Ni, Cd) and parabens (MeP, EtP, PrP, BuP). Even thou @antiﬁed elemental levels
fall beneath the allowable thresholds established by the Ca oil Quality Guideline (CSQG)
for metals in soil, Mn was the most dominant, maki bout 63% of the total heavy metals
found in the indoor dust across all sampled 10{2666 he dominance of Mn may be attributable
to human activities such as fossil fuel com bﬁ)n from both vehicular and industrial emissions.
In contrast, Cd was the least domina@tﬂuting 0.1% of the total heavy metals in the indoor
dust across all sampled sites. S@%, MeP was the most abundant paraben, representing 52.0%
of the total parabens deté@%ross the sampled sites, followed by EtP (17.0%), BuP (16.0%),
and PrP (15.0%). @

Correspondin% correlation analysis revealed both positive and negative significant
relations ong the analytes in indoor dust, with strong associations observed between Zn—
Mn (r = 0.6), Ni-Zn (r = 0.9), BuP-PrP (r = 0.7), and EtP-PrP (r = 0.5), suggesting common
sources of contamination. In contrast, significant negative correlations, including multi-way
interactions such as Pb—Zn-Ni and Cd-MeP-EtP, indicated the influence of different sources.

Likewise, principal component analysis identified five dominant components that explained
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79.95% of the total variance, with Ni-Zn—Mn (PC1), EtP (PC2), PrP-BuP (PC3), Cr—MeP (PC4),
and Cu—Pb (PC5) emerging as the main contributors. The grouping of analytes within the same
components suggests common sources, such as vehicle emissions for Ni and Zn, or cosmetics for
PrP and BuP, while distinct loadings, such as EtP and Cd in PC2, indicate contributions from
different sources.

Furthermore, risk assessment showed that Mn posed significant non-carcinoge 'ka through
inhalation, with adults more vulnerable than children. Similarly, Cr and Qre linked to
notable target carcinogenic risks, higher in adults than in children. C@Iy, parabens' hazard
quotient and hazard index values were below one, indicating low health risks for both age groups.
A notable negative correlation was observed between Cd , suggesting distinct sources.
Overall, dust pollution by heavy metals was Z@@s low contamination, but the co-

occurrence of toxic metals and parabens ungers the need for monitoring and preventive

measures to protect human health. Q

5.2 Conclusion Q

In conclusion, the ﬁnding@%} present investigation indicate that indoor dust in the examined
locations within | &@‘:ts as a sink for both heavy metals and parabens, with Mn and MeP
emerging as % dominant contaminants. While the concentrations of heavy metals were
generally %%r the Canadian Soil Quality Guideline thresholds, the strong presence of Mn and
the co-occurrence of other metals such as Pb, Cr, and Ni highlight potential anthropogenic
influences, particularly from vehicular and industrial activities. Similarly, the predominance of
MeP and the significant associations between parabens, especially PrP and BuP, suggest

cosmetics and personal care products as major contributors.
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Correlation and principal component analyses revealed both shared and distinct sources of
contamination, emphasizing the complexity of indoor dust composition. Risk assessment further
indicated that Mn pose considerable non-carcinogenic while Cr and Ni pose carcinogenic risks,
particularly through inhalation, with adults more at risk than children. Although parabens
showed low health risk indices, their co-existence with toxic metals raises concerns about long-

X

Overall, this study underscores the importance of continuous monijtori f indoor dust

term exposure effects.

pollutants in urban Nigerian environments and highlights the i ce of implementing

preventive health interventions and enforcing regulatory actior@re uce exposure to hazardous

contaminants. Q

2
5.3  Recommendations ®%

°
Drawing from the results of this pr@§}'i vestigation, the following recommendations are

suggested: . Q
D

1. Routine monitor}brograms for indoor dust to track the levels and sources of heavy
metals ar(/@\s in Nigerian residential environments.
2. Increublic awareness on the potential health risks of indoor dust contamination,
\R/%cularly regarding household sources such as cosmetics, cleaning agents, and
building materials.
3. Implement strategies to minimize indoor pollution, including improved ventilation,
regular cleaning practices, and regulation of consumer products (e.g., cosmetics

containing parabens, paints, and materials that release heavy metals).
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4. Develop and enforce national control of alternatives to parabens in personal care
products.

5. Expand studies to include other emerging contaminants in indoor dust, larger sample
sizes, and diverse geographical locations in Nigeria to provide a more comprehensive
risk assessment framework.

6. Prioritize interventions for vulnerable groups who demonstrated higher @rc ogenic

and carcinogenic risks by promoting exposure reduction practices. <

5.4 Contribution to Knowledge : %

1. Results from this research provided data on the co—@nence of heavy metals and
parabens in indoor dust from residential env@&ts in Ibadan, filling a critical gap in
national monitoring and exposure d AQ%

2. It also provided insight into the n&standing of the interactions of metals and parabens
in indoor dust pollution pa&&gg\.

3. Moreover, the study @(ﬁed baseline data for developing dust quality standards,

exposure contr l}begies, and regulatory interventions in Nigeria.

o \'
5.5 Sugge?e@as for Further Research
There is Q% for more comprehensive data on the occurrence and concentrations of parabens
in perso\nﬁ care products in Nigeria, as well as on the co-occurrence of inorganic and organic

contaminants, including parabens and heavy metals present in indoor dust from both urban and

rural areas of the country.

210



Bibliography

Books

Academic Press, 2019, Pages 315-332, ISBN 9780128144664, https://doi.org/10.1016/B978-0-
12-814466-4.00026-4.

Agency for Toxic Substances and Disease Registry, Toxicological Profile for Lead, Available
Online: https://wwwn.cdc.gov/TSP/ToxProfiles/ToxProfiles.aspx?id= 96&t1d§’&2019

California Air Resources Board, Inhalable Particulate Matter and Health (Pl@?md PM10),
https://ww?2.arb.ca.gov/resources/inhalable-particulate-matter-and- he{ 4.

Canada center for Occupational health and Safety CCOHS, What ar ?@n&/ects of Dust on the
Lungs? Available Online: https.//www.ccohs.ca/oshans% icals/lungs_dust.pdf,

2024.

Canadian Council of Ministers of the Environment. (19 adian Environmental Quality
Guidelines: Canadian Soil Quality Guidelines fomthé’Protection of Environmental and
Human Health. Winnipeg, MB: Canadian C I% Ministers of the Environment.

Available Online: https://www.ncbi.n 20v/books/NBK441990/, 2023.

Chaudhry H.S., Anilkumar A.C., Copper: @ isease, National Library of Medicine,

Chemycal. Cosmetics—List of Regulaf@@edzents in Cosmetic Products in China. Available
online: https://chemvcal.comk\

Commission Regulation (EU) 004/2014 of 18 September 2014 amending Annex V to
Regulation (EC) %3/2009 of the European Parliament and of the Council on
cosmetic pro

Commission Re gﬁU) No 344/2013 of 4 April 2013 amending Annexes II, III, V and VI
to Re%ﬂon (EC) No 1223/2009 of the European Parliament and of the Council on

c %: products.
&

Cosme}wDesign Europe. China Cosmetic Regulations on Ingredients and Formulas. Available
online: http://cosmeticsdesign-europe.com/, 2021.

Dubey, A. and Rafferty, John P. Dust. Encyclopedia Britannica. Available Online:
https://www.britannica.com/science/dust, 2024.

EFSA. Opinion of the scientific panel on food additives, flavourings, processing aids and
materials in contact with food on a request from the commission related to para
hydroxybenzoates (E214-219). EFSA Journal 2004, 83, 1-26.

211


https://doi.org/10.1016/B978-0-12-814466-4.00026-4
https://doi.org/10.1016/B978-0-12-814466-4.00026-4
https://wwwn.cdc.gov/TSP/ToxProfiles/ToxProfiles.aspx?id=96&tid=22
https://ww2.arb.ca.gov/resources/inhalable-particulate-matter-and-health
https://www.ccohs.ca/oshanswers/chemicals/lungs_dust.pdf
https://www.ncbi.nlm.nih.gov/books/NBK441990/
https://chemycal.com/
http://cosmeticsdesign-europe.com/
https://www.britannica.com/science/dust

Emslay, J. Nature’s Building Blocks. Oxford university press, Oxford, 2011. ISBN: 978-0-19-
960563-7.

Environment, Health and Safety, Routes of Chemical Entry, Available Online:
https://ehs.cornell.edu/book/export/html/1381, 2024.

Environmental and Exposure Pathways - Strategies to Protect the Health of Deployed U.S.
Forces: Detecting, Characterizing, and Documenting Exposures. National Library of

Medicine, https://www.ncbi.nlm.nih.gov. Q\

Eurovent Certita Certification, What is Indoor Air Quality? A‘@( e Online:
(oo

https://www.eurovent-certification.com/en/category/article/what-is-in

quality?universe=air-quality-and-ventilation, 2024.

Exposure to Lead: a major public health concern, fourth edition, @ltmg disease through
healthy environments, World Health Organization 2025 A ble Online: Exposure to
lead: a major public health concern. Preventing d1 through - World Health

Organization - Google Books

https://www.dolcera.com/wiki/images/Getd nt.pdf, 2007.

Global Insight, Incorporation. 4 study of the Eug@ﬁosmetics industry. Available from:

International Agency For Research On Canb@onogmphs on the evaluation of carcinogenic
risks to humans. Arsenic, metals, & s and dusts. A review of human carcinogens. 2012,
100C X

ibrary of Medicine, Cadmium Toxicity, Available online:
v/books/NBK 536966/, 2024.

Koons A.L., Rajasurya V., Natio
hitps://www.ncbi.nlm.ni

Mayo Clinic, Lead ispning, Available online: https://www.mayoclinic.org/diseases-
conditions/l_e@soning/ symptoms-causes/syc-20354717, 2018.

Moya, J.; Phi ip&}Schuda, L.; Wood, P.; Diaz, A.; Lee, R.; Clickner, R.; Birch, R.; Adjei, N.;
Blood xposure Factors Handbook. United States Environmental Protection Agency,
A/600/R-09/052F. Available Online: https:/www.epa.gov/expobox/exposure-

\ﬁ&shandbook 2011-edition

NASA  Earth  Observatory, Tiny  Particles, Big Impact, Available  Online:
https://earthobservatory.nasa.gov/images/151100/how-dust-affects-the-worlds-health,
2023.

National Center for Biotechnology Information, Parabens, Available Online:
https://www.ncbi.nlm.nih.gov/pccompound?term=paraben, 2020.

212


https://ehs.cornell.edu/book/export/html/1381
https://www.ncbi.nlm.nih.gov
https://www.eurovent-certification.com/en/category/article/what-is-indoor-air-quality?universe=air-quality-and-ventilation
https://www.eurovent-certification.com/en/category/article/what-is-indoor-air-quality?universe=air-quality-and-ventilation
https://books.google.com.ng/books?hl=en&lr=&id=5d90EQAAQBAJ&oi=fnd&pg=PR3&dq=lead+exposure:+impact+on+immune+system&ots=SGuJ8cxWUu&sig=J4PegSmcRAjtIGp_6mC6Ylkup8k&redir_esc=y
https://books.google.com.ng/books?hl=en&lr=&id=5d90EQAAQBAJ&oi=fnd&pg=PR3&dq=lead+exposure:+impact+on+immune+system&ots=SGuJ8cxWUu&sig=J4PegSmcRAjtIGp_6mC6Ylkup8k&redir_esc=y
https://books.google.com.ng/books?hl=en&lr=&id=5d90EQAAQBAJ&oi=fnd&pg=PR3&dq=lead+exposure:+impact+on+immune+system&ots=SGuJ8cxWUu&sig=J4PegSmcRAjtIGp_6mC6Ylkup8k&redir_esc=y
https://www.dolcera.com/wiki/images/Getdocument.pdf
https://www.ncbi.nlm.nih.gov/books/NBK536966/
https://www.mayoclinic.org/diseases-conditions/lead-poisoning/symptoms-causes/syc-20354717
https://www.mayoclinic.org/diseases-conditions/lead-poisoning/symptoms-causes/syc-20354717
https://www.epa.gov/expobox/exposure-factorshandbook-2011-edition
https://www.epa.gov/expobox/exposure-factorshandbook-2011-edition
https://earthobservatory.nasa.gov/images/151100/how-dust-affects-the-worlds-health
https://www.ncbi.nlm.nih.gov/pccompound?term=paraben

National Center for Environmental Health, Division of Environmental Health Science and
Practice, Blood lead reference value, Available Online: https://www.cdc.gov/lead-
prevention/about/index.html?CDC AAref Val=https://www.cdc.gov/nceh/lead/data/bloo
d-
leadreferencevalue.htm#:%25E2%2588%25BC:text=CDC%2520uses%2520a%2520bloo
d%?25201lead.higher%2520than%2520most%2520children's%2520levels, 2021.

National Geographic Society, Dust Clouds in the Central Valley, Available Online:

https://education.nationalgeographic.org/resource/dust/, 2024 \

National Library of Medicine, Environmental and Exposure Pathways - Strate rotect the
Health of Deployed U.S. Forces: Detecting, Characterizing, and Doc(me g Exposures.
Available Online: https://www.ncbi.nlm.nih.gov./, 2024. &

National Research Council (US) Committee on Diet and Health. D Health: Implications
for Reducing Chronic Disease Risk. Washington (DC):_Nat Academies Press (US);
1989. 14, Trace Element Available from:
https://www.ncbi.nlm.nih.gov/books/NBK218751/ Q

Nigerian Meteorological Agency (NIMET). State ofsh imate in Nigeria. 2022.

Organisation for Economic Co-operation an pment Regional Statistics, Workshop on

children's exposure to chemicals, Available Online:

https://one.oecd.org/ document/]::%{&M ONO(2014)29/en/pdf, 2023.

“)

Tsafrir J., Copper Toxicity: A Co Cause of Psychiatric Symptoms, Available online
https://www.psychologyt gbm/ intl/blog/holistic-psychiatry/201709/copper-toxicity-
common-cause-psychi mptoms, 2018.

U.S. EPA. (2024) Ex@e Assessment Tools by Routes — Inhalation, United States

Environm n&\f\' tection Agency.

United State Ag for Toxic Substances and Disease Registry. (1983—-1987). Toxicological
Profil Manganese. Atlanta, GA: U.S. Department of Health and Human Services.

United%t%?nvironmental Protection Agency: Exposure factors handbook: 2011 edition. US
ironmental Protection Agency; EPA/600/R-: 1-1466.

United States Commercial Service South Korea. Medical, health and cosmetics products in
South  Korea, cosmetics industry in  South  Korea. Available from:
https://www.expertmarketresearch.com/reports/south-korea-cosmetics-market, 2012.

United States Environmental Protection Agency (USEPA) 2023. Regional Screening Levels
(RSLs)—User’s  Guide.  Available  online:  https://www.epa.gov/risk/regional-
screeninglevels-rsls-users-guide.

213


https://www.cdc.gov/lead-prevention/about/index.html?CDC_AAref_Val=https://www.cdc.gov/nceh/lead/data/blood-leadreferencevalue.htm
https://www.cdc.gov/lead-prevention/about/index.html?CDC_AAref_Val=https://www.cdc.gov/nceh/lead/data/blood-leadreferencevalue.htm
https://www.cdc.gov/lead-prevention/about/index.html?CDC_AAref_Val=https://www.cdc.gov/nceh/lead/data/blood-leadreferencevalue.htm
https://www.cdc.gov/lead-prevention/about/index.html?CDC_AAref_Val=https://www.cdc.gov/nceh/lead/data/blood-leadreferencevalue.htm
https://www.cdc.gov/lead-prevention/about/index.html?CDC_AAref_Val=https://www.cdc.gov/nceh/lead/data/blood-leadreferencevalue.htm
https://education.nationalgeographic.org/resource/dust/
https://www.ncbi.nlm.nih.gov./
https://www.ncbi.nlm.nih.gov/books/NBK218751/
https://one.oecd.org/document/ENV/JM/MONO(2014)29/en/pdf
https://www.psychologytoday.com/intl/blog/holistic-psychiatry/201709/copper-toxicity-common-cause-psychiatric-symptoms
https://www.psychologytoday.com/intl/blog/holistic-psychiatry/201709/copper-toxicity-common-cause-psychiatric-symptoms
https://www.expertmarketresearch.com/reports/south-korea-cosmetics-market
https://www.epa.gov/risk/regional-screeninglevels-rsls-users-guide
https://www.epa.gov/risk/regional-screeninglevels-rsls-users-guide

United States Environmental Protection Agency (USEPA). Guidelines for Carcinogen Risk
Assessment. EPA/630/P-03001F. US Environmental Protection Agency Risk Assessment
Forum, Washington, DC, 2005.

United States Environmental Protection Agency (USEPA). Guidelines for Exposure Assessment.
EPA/600/Z- 92/001. US Environmental Protection Agency, Risk Assessment Forum,
Washington, DC, 1992.

Inhalation, Available Online: https://www.epa.gov/expobox/exposure-as t-tools-

routes, 2024. O

United States Environmental Protection Agency. Exposure Factors H§d : (EPA/600/R-

United States Environmental Protection Agency, Exposure Assessment Tools by; Routes —

09/052F). National Center for Environmental Assessment, te¢ of Research and
Development. Available from U.S. EPA, Washington; . Available Online:
EXPOSURE FACTORS HANDBOOK, 2011 EDITION,_

United States Environmental Protection Agency. Ind. Quality. Available Online:
https://www.epa.gov/report-environment/indoor-aj&- ity, 2024.

United States Environmental Protection Agency’s
IRIS), 2017. Available Online: http:/www.

ted Risk Information System (USEPA
‘gov/iris/

United States Food and Drug Admini% . Parabens in Cosmetics, Available online:

https://www.fda.gov/cosmetics/tﬁ&g "c—ingredients/parabens—cosmetics, 2024.

US EPA. Particulate Matter (PM, %fl?tion. U.S. Environmental Protection Agency, Available
Online: https://www.epa: m-pollution, 2023a

N
USEPA. Regional Screeni vel (RSL) Summary Table; United States Environment Protection

Agency: Washington, DC, USA, 2019.

USEPA. Superfiumd lic Health Evaluation Manual; United States Environment Protection
Agenc@ashington, DC, USA, 1986.

World }@ Organization (WHO) Lead Poisoning and Health, Available online:
://www.who.int/en/newsroom/fact-sheets/detail/lead-poisoning-and-health

World Health Organization, WHO'’s global air-quality guidelines: particulate matter (PM2.5 and

PM10), ozone, nitro gen dioxide, sulfur dioxide and carbon monoxide., Lancet,
368(9544), 2021, 1302.

214


https://www.epa.gov/expobox/exposure-assessment-tools-routes
https://www.epa.gov/expobox/exposure-assessment-tools-routes
https://semspub.epa.gov/work/HQ/190592.pdf?utm_source
https://www.epa.gov/report-environment/indoor-air-quality
http://www.epa.gov/iris/
https://www.fda.gov/cosmetics/cosmetic-ingredients/parabens-cosmetics
https://www.epa.gov/pm-pollution
http://www.who.int/en/newsroom/fact-sheets/detail/lead-poisoning-and-health

Internet

18 Different Types of Metals (Facts and Uses) — Make it from Metal. Available Online:
https://makeitfrommetal.com/different-types-of-metal-facts-and-uses/

Ana Gascon, 2023. Parabens: What Are These Chemical Preservatives? Available Online:
https://www.goodrx.com/health-topic/environmental/what-are-parabens, 2023

Business Insider Africa. 2022. Available Online: Top 10 fastest growing cities in Afiica 2022 |
Business Insider Africa

Eurostat. Population change — Demo graphic balance and crude rates, a@tional level,
Available Online: https://ec.europa.cu/eurostat/databrowser/explore/al themes, 2023.

Exposure Concentration, an overview. 2024 https://www.sciencedirect@

Exposure Period, an overview. 2021 https://www.sciencedirect.co

Health Effects from Chemical Exposure, Hazardous Subs es’and Sites. Health and Senior

Services. www.health.mo.gov %

Mertz W. The essential trace elements. Science. 19 '2&514):1332—1338

Oyo Affairs. UN research ranks Ibadan as 2, St-growing city in 2022. Available Online:
https://oyoaffairs.net/un-research-rankss an-as-2nd-fastest-growing-city-in-2022/

N\
Parabens in cosmetics. 2022. https':@.fda.gov/cosmetics/cosmetic—ingredients/parabens—

cosmetics \cj

Richard M. Fisher; Vikas Gupt v Metals — Statpearls, 2024, https://www.ncbi.nlm.nih.gov

Trace Elements. Diet @Xealth: Implications for Reducing Chronic Disease Risk.
https://www.ncbj.nhaénih.gov/books/NBK218751/

Types of Pollut ,’Sa ce Facts, Available Online: Types of Pollution: Sources, Causes,
Effects, a&gevention. 2024.

Uses of Me mportant Applications of Metals, https://byjus.com/chemistry/uses-of-metals/

What g[)arabens? Environmental Working Group. Last modified September, 2020.
http://www.ewg.org/skindeep/browse.php?containing=703937&order=webscore DESC&&show

more=products&start=10

What are the Effects of Dust on the Lungs? Canada center for Occupational health and Safety
CCOHS 2024. https://www.ccohs.ca/oshanswers/chemicals/lungs dust.pdf

What is Exposure? www.cortlandcountyny.gov

215


https://makeitfrommetal.com/different-types-of-metal-facts-and-uses/
https://www.goodrx.com/health-topic/environmental/what-are-parabens
https://africa.businessinsider.com/local/lifestyle/top-10-fastest-growing-cities-in-africa-2022/b97e271?utm_source=chatgpt.com
https://africa.businessinsider.com/local/lifestyle/top-10-fastest-growing-cities-in-africa-2022/b97e271?utm_source=chatgpt.com
https://ec.europa.eu/eurostat/databrowser/explore/all/all_themes
https://www.sciencedirect.com
https://www.sciencedirect.com
http://www.health.mo.gov
https://oyoaffairs.net/un-research-ranks-ibadan-as-2nd-fastest-growing-city-in-2022/
https://www.fda.gov/cosmetics/cosmetic-ingredients/parabens-cosmetics
https://www.fda.gov/cosmetics/cosmetic-ingredients/parabens-cosmetics
https://www.ncbi.nlm.nih.gov
https://www.ncbi.nlm.nih.gov/books/NBK218751/
https://www.sciencefacts.net/types-of-pollution.html
https://www.sciencefacts.net/types-of-pollution.html
https://byjus.com/chemistry/uses-of-metals/
http://www.ewg.org/skindeep/browse.php?containing=703937&order=webscore_DESC&&showmore=products&start=10
http://www.ewg.org/skindeep/browse.php?containing=703937&order=webscore_DESC&&showmore=products&start=10
https://www.ccohs.ca/oshanswers/chemicals/lungs_dust.pdf
http://www.cortlandcountyny.gov

What is metal? 4 wuses of metal. https://www.open.edu/openlearn/science-maths-
technology/chemistry/what-metal/content-section-4

Journals

Abd Elnabi, M. K., Elkaliny, N. E., Elyazied, M. M., Azab, S. H., Elkhalifa, S. A., Elmasry, S.,
Mouhamed, M. S., Shalamesh, E. M., Alhorieny, N. A., Abd Elaty, A. E., Elgendy, 1. M.,
Etman, A. E., Saad, K. E., Tsigkou, K., Ali, S. S., Kornaros, M., & Mah , Y. A-G.
Toxicity of Heavy Metals and Recent Advances in T heiﬁnoval: A
Review. Toxics, 11(7), 2023, 580.

Abdulhssein H. M., Atefeh C., Soheil S. Health risk assessment of &retal exposure from
indoor dust: A case study of residential buildings in Is
Health Engineering and Management Journal, 11, 1, 20

ran, Environmental
34172.

Abdulraheem MO, Adeniran JA, Ameen HA, Odediran@Qmuf MO, Abdulraheem KA.
Source identification and health risk assessments vy metals in indoor dusts of Ilorin,
North central Nigeria. Journal of Environ ev&ealth Science and Engineering 10;
20(1), 2022, 315-330. B

Abdulraheem, M.O., Adeniran, J.A., Am&g A., Odediran, E.T., Yusuf, M.N.O. and

Abdulraheem, K.A. Source identif icqti
indoor dusts of Ilorin, North c %

and Engineering, 20(1), 202&

and health risk assessments of heavy metals in
eria. Journal of Environmental Health Science
15-330.

of Indoor Dust E: on Human Colonic Cell Viability, Cytotoxicity and Apoptosis.

Abdulrahman, N.; Honda, TEF® A.; Abdulrahman, N.; Vrinceanu, D.; Shishodia, S. Impacts
Toxics 2023, 11

Aberoumand, A, ’ﬁ The Nutritional Quality and Contents of Heavy Elements Due to
Therm essing and Storage in Canned Thunnus Tonggol Fish Change Compared to
Fres . Food Science And Nutrition. 2023, 11, 3588-3600.

Adami GQBontalti, M., Cattani, G., Rossini, M., Viapiana, O., Orsolini, G., Benini, C., Bertoldo,
Mracassi, E., Gatti, D., Fassio, A. 2022. Association between long-term exposure to air
pollution and im mune-mediated diseases: a population-based cohort study. Rheumatic

and Musculoskeletal Diseases Open, 8(1).

Adnan M., Xiao B., Xiao P., Zhao P., Bibi S. Heavy metal, waste, COVID-19, and rapid
industrialization in this modern era—Fit for sustainable future. Sustainability.
2022;14:4746.

216


https://www.open.edu/openlearn/science-maths-technology/chemistry/what-metal/content-section-4
https://www.open.edu/openlearn/science-maths-technology/chemistry/what-metal/content-section-4

Afolayan, O., Ajayi, T., Adejumo, S., & Ogundipe, O. (2023). Heavy metals in urban residential
dust: A case study of exposure and risk in Lagos, Nigeria. Science of the Total
Environment, 868, 162413.

Agbede, O. T., Taiwo, A. M., Adeofun, C. O., Adetunji, M. T., Azeez, J. O., & Arowolo, T. A.
Assessing the pollution effect of cement dust emission on the soil quality around Ewekoro
cement factory, southwestern Nigeria. Environmental Forensics, 25(4), 2022, 228-238.

Ahmed, T. M. K., & Bakr, M. M. Side effects of preservatives on human life.,Scientific
Research Journal of Pharmacy 2(5) 2022.

Al Hejami, A., Davis, M., Prete, D., Lu, J. and Wang, S. Heavy metals in indoar séttled dusts in
Toronto, Canada. Science of the Total Environment, 703, 2020, p.134895.

Alaba, P. A. A., Canete, E. D., Pantalan, B. S. S., Taguba, J. M. C., Y@, &, D. I, & Faller, E. M.
Toxic effects of paraben and its relevance in cosmetics: a reyieyw=International Journal
of Research Publication and Reviews, Vol 3, no 5, 2022, pp\3425-3466.

Al-Halaseh, L. K., Al-Adaileh, S., Mbaideen, A., Hajleh, Mb N)A., Al-Samydai, A., Zakaraya, Z.
Z., & Dayyih, W. A. Implication of parabeps, i cosmetics and cosmeceuticals:
Advantages and limitations. Journal of Cosmetie, Dermatology, 21(8), 2022, 3265-3271.

Ali J., Tuzen M., Shaikh Q., Jatoi W.B., Feng X\Stin G., Saleh T.A. 4 review of sequential
extraction methods for fractionatiomaudlysis of toxic metals in solid environmental
matrices, Trends in Analytical Chemistry, Volume 173, 2024, 117639.

Ali, M., Rehman M.Z., Murtaza G. agd HUssain S.. Comparative assessment of phytoavailable
cadmium by using various gextyactants in texturally different contaminated soils during
the growth of maize crop. Rakistan Journal of Agricultural Sciences 60: 2023398-400.

AlMulla, A.A.; Berekaa, Wy, ‘Saifullah; Dahlawi, S. Human Exposure Assessment to Air
Pollutants in ACNFilters from Agricultural, Industrial, and Residential Areas.
Atmosphere 2022, 13, 1899.

Al-Omran, LS., '‘Gbadamosi, M. R., Stubbings, W. A., Drage, D. S., Abdallah, M. A. E., &
Harrad\S* Organophosphate esters in indoor and outdoor dust from Iraq: implications
fof human exposure. Emerging Contaminants, 7, 2021, 204-212.

Alotaibi, M. O., Albedair, L. A., Alotaibi, N. M., Elobeid, M. M., Al-Swadi, H. A., Alasmary, Z.,
& Ahmad, M. Pollution Indexing and Health Risk Assessment of Heavy-Metals-Laden
Indoor and Outdoor Dust in Elementary School Environments in Riyadh, Saudi
Arabia. Atmosphere, 13(3), 2022, 464.

Al-Serhan, A., Allah, A., & Al-Momani, 1. F. Determination of Heavy Metal Concentrations in
Household Dusts in Irbid and Mafraq Cities, Jordan. Indonesian Journal of
Chemistry, 23(5), 2023, 1415-1435.

217



Al-Swadi, H. A., Usman, A. R., Al-Farraj, A. S., Al-Wabel, M. 1., Ahmad, M., & Al-Faraj, A.
Sources, toxicity potential, and human health risk assessment of heavy metals-laden soil
and dust of urban and suburban areas as affected by industrial and mining
activities. Scientific Reports, /2(1), 2022, 8972.

Amadou A., Praud D., Coudon T., Danjou A.M.N., Faure E., Deygas F., Grassot L., Leffondré
K., Severi G., Salizzoni P., et al. Exposure to Airborne Cadmium and Breast Cancer
Stage, Grade and Histology at Diagnosis: Findings from the E3N Cohort Study.
Scientific Reports, 2021;11:23088.

Angon P.B., Islam M.S., Das A., Anjum N., Poudel A., Suchi S.A.. Sources, effectsand present
perspectives of heavy metals contamination: Soil, plants and human food chgin. Heliyon.
Volume 10, Issue 7, 2024, e28357.

Anh, H. Q., Nguyen, H. M. N., Do, T. Q., Tran, K. Q., Minh, T. B., &can, T. M. Air pollution
caused by phthalates and cyclic siloxanes in Hanoi, Vietwam: levels, distribution

characteristics, and implications for inhalation exposieé=*Science of the Total
Environment, 760, 2021, 143380.

Antico, A.; Soana, R. Nickel Sensitization and Dietary Njgkel Are a Substantial Cause of
Symptoms Provocation in Patients with ChromicNdllergic-like Dermatitis Syndromes.
Allergy Rhinology. 2015, 6, 5663

Ao J, Yuan T, Gu J, Ma Y, Shen Z, Tian Y4 Shi(R, Zhou W, Zhang J: Organic UV filters in
indoor dust and human urine: a study of ‘eharacteristics, sources, associations and human
exposure. Science of the Total Environment 2018, 640-641:1157-1164.

Araina Z. H., Shaikha N. M., Jamilb=¥.; Jamalia S., Khosoa M. A., & Brohia M. H. Rapid
Identification of Lipsticks, Using Laser Induced Breakdown Spectroscopy, Journal of
Xi’an Shiyou Universityyyolume 20 (8), 2024, page 390 - 397.

Arya, S., Dwivedi, A.K.,"Alvatado, L., Kupesic-Plavsic, S., 2020. Exposure of U.S. population to
endocrine disruptive'chemicals (Parabens, Benzophenone-3, Bisphenols-A and Triclosan)
and their gssosiations with female infertility. Environmental Pollution, 265, 114763.

Asl, S. H., WiKfafjam, S., Majidi Zolbanin, N., Nassiri, R., and Jafari, R. (2021).
Immpigepharmacological perspective on zinc in SARS-CoV-2 infection. International
Inimuenopharmacology,96, 107630-107617.

Aslam, [.YMumtaz, M., Qadir, A., Jamil, N., Bagar, M., Mahmood, A., Ahmad S.R. & Zhang, G.
Organochlorine pesticides (OCPs) in air-conditioner filter dust of indoor urban setting:
Implication for health risk in a developing country. Indoor Air, 31(3), 2021, 807-817.

Azeredo, D. B. C., de Sousa Anselmo, D., Soares, P., Graceli, J. B., Magliano, D. C., &
Miranda-Alves, L. Environmental Endocrinology: Parabens Hazardous Effects on
Hypothalamic—Pituitary—Thyroid Axis. International Journal of Molecular Sciences,

24(20), 2023.

218



Aziz K. H. H., Mustafa F. S., Omer K. M., Hama S., Hamarawf R. F., & Rahman, K. O. Heavy
metal pollution in the aquatic environment: efficient and low-cost removal approaches to
eliminate their toxicity: a review. Royal Society of Chemistry Advances, 13(26), 2023,
17595-17610.

Babaahmadifooladi, M., & Jacxsens, L. Chronic dietary exposure to nickel from selected foods
consumed in Belgium. Food Additives & Contaminants: Part A, 38(1), 2021, 95-112.

Bais, H.P., Vepachedu, R., Vivanco, J.M., 2003. Root specific elicitation and exudation of
fluorescent b-carbolines in transformed root cultures of Oxalis tuberosa. Plant
Physiology Biochemistry, 41, 345-353.

Balali-Mood, M., Naseri, K., Tahergorabi, Z., Khazdair, M.R., Sadegh#; M./2021. Toxic
Mechanisms of Five Heavy Metals: Mercury, Lead, Chro mium, Gadmiwm, and Arsenic.
Frontiers in Pharmacology, 12, 643972. https://doi.org/10.3389/
FPHAR.2021.643972/BIBTEX

Balwierz, R., Biernat, P., Jasinska-Balwierz, A., Siodlak, D.Ausakiewicz-Dawid, A., Kurek-
Gorecka, A., Olczyk P & Ochedzan-Siodtak, We=Retential carcinogens in makeup
cosmetics. International Journal of Environmentall Research and Public Health,
20(6), 2023, 4780.

Bamigboye O., Alfred M.O., Bolujoko N.B., Olorunnisdla C.G., Omorogie M.O., Olorunnisola
D., Chigbundu E.C., Agunbiade F.O.nQgunlaja O.0., Ogunlaja A., and Olukanni O.D.,
Distribution, Correlations, and Risk Evqlwation of Endocrine Disrupting Chemicals from
Indoor Aerosols within Universities in Nigeria. American Chemical Society
Environmental Science and JTechnology Air, 1(6), 2024, pp.582-596.

Bandara, R., & Indunil, G. M..Fpadpuckaging from recycled papers: chemical, physical, optical
properties and heavy metal migration. Heliyon, 8(10), 2022.

Bannan, D., Ali, N., Alhakandy, N. A., Alfaleh, M. A., Alharbi, W. S., Rashid, M. L., Rajeh N. &
Malarvannanye' G\ Brominated flame retardants in Children’s room: concentration,

composition, “arid “health risk assessment. International Journal of Environmental
Researeh affd Public Health, 18(12), 2021, 6421.

Barabasz ¢Wiestaw, Pikulicka Anna, Wzorek Zbigniew, Nowak Anna 2019/12/2099124
¥cgtoxicological aspects of the use of parabens in the production of cosmetics.

Baszuk P., Janasik B., Pietrzak S., Marciniak W., Reszka E., Biatkowska K., Jabtonska E.,
Muszynska M., Lesicka M., Derkacz R., et al. Lung Cancer Occurrence-Correlation with

Serum Chromium Levels and Genotypes. Biological Trace Element Research 2021;
199:1228-1236.

219



Bayram, H., Rice, M. B., Abdalati, W., Akpinar Elci, M., Mirsaeidi, M., Annesi-Maesano, 1.,
Pinkerton K.E. & Balmes, J. R. Impact of global climate change on pulmonary health:
susceptible and vulnerable populations. Annals of the American Thoracic Society,
20(8), 2023, 1088-1095

Begum W., Rai S., Banerjee S., Bhattacharjee S., Mondal M. H., Bhattarai A., & Saha B. 4
comprehensive review on the sources, essentiality and toxicological profile of nickel.
Royal Society of Chemistry Advances, 12(15), 2022, 9139-9153.

Begum W., Rai S., Banerjee S., Bhattacharjee S., Mondal M. H., Bhattarai A. and Saha B. 4
comprehensive review on the sources, essentiality and toxicological préfile of nickel.
Royal Society of Chemistry, 2022, 12, 9139-9153.

Bharti R., & Sharma R. Effect of heavy metals: An overview. Materials Today:.Proceedings, 51,
2022, 880-885.

Binesh A., Venkatachalam K., Copper in Human Health and Disease.MN"Comprehensive Review.
Journal of biochemical and molecular toxicology, Volame38, Issuell, 2024, €70052.

Bizon A., Milnerowicz H., Kowalska-Piastun K., & Milfigrowicz-Nabzdyk E. The Impact of
Early Pregnancy and Exposure to Tobacco Smeke “on Blood Antioxidant Status and
Copper, Zinc, Cadmium Concentration—A Rilat)Study. Antioxidants, 10(3), 2021, 493

Bo Zhang, Yuan He, Yingyan Huang, Danhong #leng, Yiming Yao, Lei Wang, Wenwen Sun,
Baoqin Yang, Xiongfei Huang, Shimintg Sohg, Xueyuan Bai, Yuankai Guo, Tao Zhang,
Hongwen Sun, Novel and legacy poly- and perfluoroalkyl substances (PFASs) in indoor
dust from urban, industrial, and~e-Waste dismantling areas: The emergence of PFAS
alternatives in China, Environmental Pollution, Volume 263, Part A, 2020, 114461.

Briffa, J., Sinagra, E., and Blundell&/R. (2020). Heavy metal pollution in the environment and
their toxicological effgetson humans. Heliyon 6, e04691.

Brzoska, M. M., Kozlowska] M., Rogalska, J., Gatazyn-Sidorczuk, M., Roszczenko, A., and
Smereczanskig™NAM. (2021). Enhanced zinc intake protects against oxidative stress and
its consequenees m the brain: A study in an in vivo rat model of cadmium exposure.
Nutrients 137 478-504.

Burakov, A'EY Galunin, E.V., Burakova, I.V., Kucherova, A.E., Agarwal, S., Tkachev, A.G.,
Gupta, V.K. 2018. Adsorption of heavy metals on conventional and nanostructured
materials for wastewater treatment purposes: A review. Ecotoxicology and
Environmental Safety, 148, 702-712.

Biiyiikoztiirk S., Gelincik A., Unal D., Demirtiirk M., Celik D.D., Erden S., Colakoglu B., Erdem
Kuruca S. Oral Nickel Exposure May Induce Type I Hypersensitivity Reaction in Nickel-
Sensitized Subjects. International Immunopharmacology, 2015;26:92-96.

220



Cao S, Chen X, Zhang L, Xing X, Wen D, Wang B, Qin N, Wei F, Duan X (2020).
Quantificational exposure, sources, and health risks posed by heavy metals in indoor and
outdoor household dust in a typical smelting area in China. Indoor Air 30:872—-884.

Cao, S.Z., Duan, X.L., Zhao, X.G., Chen, Y.T.,Wang, B.B., Sun, C.Y., Binghui Zheng, B.H.,Wei,
F.S. Health risks of children's cumulative and aggregative exposure to metals and
metalloids in a typical urban environment in China. Chemosphere, 2016, 147, 404—411.

Cao, Z.; Wang, M.; Chen, Q.; Zhu, C.; Jie, J.; Li, X.; Dong, X.; Miao, Z.; Shen, M.; Bu, Q.
Spatial, seasonal and particle size dependent variations of PAH contaminagigniin indoor

dust and the corresponding human health risk. Science of the Total Envirgniment. 2019,
653, 423-430.

Cao, Z.G., Yu, G., Chen, Y.S., Cao, Q.M., Fiedler, H., Deng, S.B., Hifang, J.,Wang, B., 2012.
Particle size: amissing factor in risk assessment of human expasure to toxic chemicals in
settled indoor dust. Environment International, 49, 24-30%

Chabchoub I., Nouioui M. A., Araoud M., Mabrouk M., Amita D}, Aribia M. H. B., Mahmoud
K., Zhioua F., Merdassi G., Hedhili A. Effects of lead, Jcadmium, copper and zinc levels
on the male reproductive function. Journal of Anrology, 2021.

Chakraborty R., Renu K., Eladl M. A., El-Sherbiay\M., Elsherbini D. M. A., Mirza A. K.,
Vellingiri B., Iyer M., Dey A., Gopalaksishman A. V. Mechanism of chromium-induced
toxicity in lungs, liver, and kidney “and their ameliorative agents, Biomedicine &
Pharmacotherapy, Volume 151,2022, 113119

Chakraborty R., Renu K., Eladl WAy, El-Sherbiny M., Elsherbini D.M.A., Mirza A.K.,
Vellingiri B., Iyer M., De§?A", Valsala Gopalakrishnan A. Mechanism of Chromium-
Induced Toxicity in &imgs, Liver, and Kidney and Their Ameliorative Agents.
Biomedicine & Pharmaecotherapy, 2022;151:113119.

Chandravanshi L., Shiy K., Kumar S. Developmental toxicity of cadmium in infants and children:
A review. Enyironmental Analysis Health and Toxicology. 2021;36:¢2021003.

Chang Z., QuuY., Wang K., Liu X., Fan L., Liu X., Zhao Y., Zhang Y., The relationship between
co-exposure to multiple heavy metals and liver damage, Journal of Trace Elements in
Médieine and Biology, Volume 77, 2023, 127128.

Chanpong A., Dhawan A. Wilson disease in children and young adults—State of the art. Saudi J.
American Journal of Gastroenterology 2022; 28:21-31. doi: 10.4103/sjg.sjg 501 21.

Chao Lil, Xianxian Chen, Parabens in indoor dust from houses, university dormitories, and
cosmetics stores in Nanjing, China: occurrence and human exposure. Environmental
Science and Pollution Research (2023) 30:26929-26937.

221



Chen F., Saqglain L., Ma J., Khan Z.I., Ahmad K., Ashfaq A., Sultana R., Muhammad F.G.,
Magsood A., Naeem M., Malik LF., Munir M., Nadeem M. & Yang Y. Evaluation of
potential ecological risk and prediction of zinc accumulation and its transfer in soil
plants and ruminants: public health implications. Environmental Science and Pollution
Research, 29, 2022, 3386-3393.

Chen H, Li D, Zhang H, Zhang M, Lin Y, He H, Liu A, Shen S, Wang Y and Han Z.
Mechanisms of copper metabolism and cuproptosis: implications for liver diseases.
Frontiers in Immunology, 16, 2025, 1633711.

%human

Chen J., Hartmann E.M., Kline J., Van Den Wymelenberg K., Halden R.U. Assessfuent
exposure to triclocarban, triclosan and five parabens in US indoor dtz dispersive

solid phase extraction followed by liquid chromatography tandem ‘wass™ spectrometry.
Journal of Hazardous Materials, 360, 2018, 623—630.

Chen J.P., Decontamination of heavy metals: processes, mech ="and applications, 1st
Edltlon Chemical Rubber Company Press, New YorQ/,
Chen Y., Cai J., Liu D, Liu S., Lei D., Zheng L., Wei Zinc-based metal organic

framework with antibacterial and anti-inflamm v& roperties for promoting wound

healing, Regenerative Biomaterials, Volu , tbac019.
Chen, J., Hartmann, M.E., Kline, J.,Wymelenb -V.K., Halden, U.R., 2018. Assessment of
human exposure to triclocarban, trz and five parabens in U.S. indoor dust using

dispersive solid phase extracti ll wed by liquid chromatography tandem mass
spectrometry. Journal of Haza %ﬂ; aterials, 360, 623—-630.

Chen, J.; Ahn, K.C.; Gee, N.A ; SJ Hammock, B.D.; Lasley, B.L. Antiandrogenic
properties of parabens her phenolic containing small molecules in personal care

products. TOXiCO%Z Applied Pharmacology. 2007, 221, 278-284.

Chen, X., Li, Y., Zhang hang, Y., Zhou, Y., Wang, S., ... & Zhang, L. (2022). Health risk
assessmentv@‘y metals in urban dust based on probabilistic techniques: A case study
of a mega@// ina. Environmental Research, 213, 113002.

Chen, X., Z H., Wang, L., Zhao, Y., Li, J., & Wang, Z. (2022). Occurrence, distribution,
a% assessment of parabens in indoor dust from residential, commercial, and
\'{/ rial areas. Environmental Research, 207, 113002.

Cheng, Z., Chen, L.J., Li, H.H., Lin, J.Q., Yang, Z.B., Yang, Y.X., Xu, X.X., Xian, J.R., Shao,
JR., Zhu, XM., 2018. Characteristics and health risk assessment of heavy metals
exposure via household dust from urban area in Chengdu, China. Science of the Total
Environment, 619-620, 621-629.

222



Cheng, Z., Shi, Q., Wang, Y., Zhao, L., Li, X, Sun, Z., Lu Y., Liu N., Su G., Wang L. & Sun, H.
Electronic-waste-driven pollution of liquid crystal monomers. environmental occurrence
and human exposure in recycling industrial parks. Environmental Science &
Technology, 56(4), 2022, 2248-2257.

Chi, H., Liu, X., Yang, X., Zhang, R., Xia, T., Sun, Y., Hu K., Hao F., Liu Y., Yang S., Deng Q.
& Wen, X. Risk assessment and source identification of soil heavy metals: a case study of
farmland soil along a river in the southeast of a mining area in Southwest
China. Environmental Geochemistry and Health, 46(2), 2024, 39.

Chrowtoski P.C., Exposure assessment principles. In Toxic Air Pollution H. ok, edition.
Patrick, D. R. New York, NY: Van Nostrand Reinhold. 1994.

Chu, H., Liu, Y., Xu, N., & Xu, J. Concentration, sources, influenci tors and hazards of
heavy metals in indoor and outdoor dust: A review. Enviro I Chemistry Letters,
21(2), 2023, 1203-1230.

Ciriaci M., Roila R., Tavoloni T., Branciari R., Griff @ Palombo P., Siracusa M.,
Bacchiocchi S., Ranucci D., Stramenga A., Pie 1 A. Comprehensive inorganic
elements profile in seafood from central Ytaly: nutritional properties, risk
characterization and benefit—risk assessment, Control, Volume 178, 2025, 111505.

Cobine, P.A.; Brady, D.C. Cuproptosis: Cel/ molecular mechanisms underlying copper-
induced cell death. Molecular Cel% 2, 1786—-1787.

Colnot, T., Dekant, W., & Greim, H." ing of esters of 4-hydroxybenzoic acid for hazard
assessment. Archives of Toxi&ﬁl@gy, 98(2), 2024, 571-575.

Coppola, A. 1., Wagner, S., L’e& S. T., Seidel, M., Ward, N. D., Dittmar, T., Santin C. &
Jones, M. W. The rbon cycle and its role in the Earth system. Nature Reviews
Earth & Enviromnment, 3(8), 2022, 516-532.

Dalutai, M., Zheng, 5&‘%, J.,Fan, Y., Wu, Y., Yang, Q., Guo B., Wang Y. & Jin, J. Persistent
or

and eme inated flame retardants in indoor dust and human hair from remote
areas of Inner Mongolia: Pollution characteristics, source apportionment,

agro-p,
and n exposure. Emerging Contaminants, 2025, 100553.

Das, S% g&ﬁa, V. K., Tiwary, C. S., Gupta, A. K., & Chowdhury, S. Emerging contaminants in
the aquatic environment: Fate, occurrence, impacts, and toxicity. In Bioremediation of
Emerging Contaminants in Water. American Chemical Society, 2024, Volume 1 pp. 1-
32.

Davidova S., Milushev V., & Satchanska G. The mechanisms of cadmium toxicity in living
organisms. Toxics, 12(12), 2024, 875.

223



De Almeida Ribeiro Carvalho, M., Botero, W.G. and de Oliveira, L.C. Natural and
anthropogenic sources of potentially toxic elements to aquatic environment: a systematic
literature review. Environmental Science and Pollution Research, 29(34), 2022,
pp.51318-51338.

de Lima B. R., Penteado, J.O., P.F. Ramires, et al. Recommended Guidance and Checklist for
Human Health Risk Assessment of Metal(loid)s in Soil. Exposure and Health, Springer
Nature, 14, 2022, 295-304.

DeFlorio, W.; Liu, S.; Arcot, Y.; Ulugun, B.; Wang, X.; Min, Y.; Cisneros-Zevallos.L\; Akbulut,
M. Durable Superhydrophobic Coatings for Stainless-Steel: An Effective Defénse against

Escherichia coli and Listeria Fouling in the Post-Harvest Environmeuf, Fopd Research
International, 2023, 173, 113227.

DeLuca, N. M., & Cohen Hubal, E. A. 4ssessing Children's Exposurego~Coutaminants in House
Dust: A Case Study of Flame Retardants. Human and Ecelegi¢al Risk Assessment:
Theory and Practice, 2, 2024, 747-777.

Demirtepe H, Melymuk L, Diamond ML, Bajard L, Vojta=S,\Bsokes R, Sanka O, Klanova J,
Palkovicovd Murinova L, Richterova D, et al.: Linking past uses of legacy SVOCs with
today’s indoor levels and human exposure, NEnvironmental International, 2019,
127:653—-663.

Devi P., Kothari P., Dalai A.K. Stabilization aud~selidification of arsenic and iron contaminated
canola meal biochar using chemically’ modified phosphate binders. Journal of
Hazardous Materials, 2020;3853}%

Dodson RE, Rodgers KM, Carey G,¢€egdeno Laurent JG, Covaci A, Poma G, Malarvannan G,
Spengler JD, Rudel RA, AWert JG: Flame retardant chemicals in college dormitories:
flammability standards\’mfluence dust concentrations. Environmental Science &
Technology, 2017, 5[%4860—4869.

Dong T, Zhang Y, Jia'S, Shang H, Fang W, Chen D, Fang M: Human indoor exposome of
chemicalsginadust @nd risk prioritization using EPA’s ToxCast database. Environmental
Science & Technology, 2019, 53:7045-7054.

Dragicevié, /i)' & Maibach, H. 1. Effects of Occlusion: Percutaneous Absorption. In
Pépeutaneous Absorption 2021, pp. 205-218, CRC Press.

Du, S., Lin, H., Luo, Q. Man C.L., Lai S.H., Ho K.F., Leung KM.Y. & Lee P.K.H. House dust
microbiome differentiation and phage-mediated antibiotic resistance and virulence

dissemination in the presence of endocrine-disrupting chemicals and pharmaceuticals.
Microbiome 13, 2025, 96.

Duan Z., Luo Y., Wu Y., Wang J., Cai X., Wen J., Xu J. Heavy metals accumulation and risk
assessment in a soil-maize (Zea mays L.) system around a zinc-smelting area in
southwest China. Environmental Geochemistry and Health, 43, 2021, 4875-4889.

224



Dumpala S., Ramaneswari K., & Chintada V. Cadmium-induced neurotoxicity. In Cadmium
Toxicity Mitigation Cham: Springer Nature, 2024, pp. 103-118.

Dutta, S., & Ruden, D. M. Heavy Metals in Umbilical Cord Blood: Effects on Epigenetics and
Child Development. Cells, 13(21), 2024, 1775.

Edo, G. I, Samuel, P. O., Oloni, G. O., Ezekiel, G. O., Ikpekoro, V. O., Obasohan, P., Ongulu J.,
Otunuya C.F., Opiti A.R., Ajakaye R.S., Essagbah A.E.A & Agbo, J. J. Environmental
persistence, bioaccumulation, and ecotoxicology of heavy metals. Chemistry and

Ecology, 40(3), 2024, 322-349. \

Effat Eskandari, Mohammadreza Kosari, Mohammad Hossein Davood Abadi@ani, Negar
Dasineh Khiavi, Mohsen Saeedikhani, Reza Katal, Mehrdad Zari@a{ A review on
polyaniline-based materials applications in heavy metals removaldnd Catalytic processes,
Separation and Purification Technology, Volume 231, 2020,@9 , ISSN 1383-5866.

Famuyiwa A.O., Entwistle J.A., Characterising and communicatz& potential hazard posed
by potentially toxic elements in indoor dusts from ols across Lagos, Nigeria,
Environmental Science: Process. Impacts, 23 (6), >867-879.

Famuyiwa, A. O., Umoren, O. D., Enitan, M. O. Q&nde, S. Pollution and Health Risk

Assessment of Potentially Toxic Elements door Dusts from Selected Offices in
Adodo-Ota Local Government Area, te Nigeria, ChemSearch Journal 13(2),
2022, 84 —91. \

Fernandes, A. R., Lake, I. R., Dowdin & ose, M., Jones, N. R., Smith, F., & Panton, S. The
transfer of environmental \m’nants (Brominated and Chlorinated dioxins and
biphenyls, PBDEs, HBCD, 'Ns and PFAS) from recycled materials used for bedding
to the eggs and tissués\ chickens. Science of the Total Environment, 892, 2023,

164441.

Forstner U, Wittmann . Metal pollution in aquatic environment. Springer, 1983, New
York CF. "\\,

Francisco, Ag\Fonseca, A.P. Parabens paradoxes in cosmetic formulations: A review.
Inte nal journal of medical research and pharmaceutical sciences. International
J(@l 1 of Medical Research and Pharmaceutical Sciences, 2016, 3, 1-11.

Frederikse H. P. R. Techniques for Materials Characterization. Experimental Techniques Used
to Determine the Composition, Structure, and Energy States of Solids and Liquids. In
CRC Handbook of Chemistry and Physics, 2022, 41-42.

Fu, L., Sun, Y., Zhou, J., Li, H., & Liang, S. X. Parabens, triclosan and bisphenol A in surface
waters and sediments of baiyang lake, China: occurrence, distribution, and potential risk
assessment. Toxics, 12(1), 2023, 31.

225



Galvez-Ontiveros, Y., Moscoso-Ruiz, 1., Rodrigo, L., Aguilera, M., Rivas, A., & Zafra-Gomez,
A. Presence of parabens and bisphenols in food commonly consumed in Spain. Foods,

10(1), 2021, 92.

Garcia, R. J. L., da Silva Junior, J. B., Abreu, I. M., Soares, S. A. R., Araujo, R. G. O., de Souza,
E. S., Ribeiro, H. J. S., Hadlich, G. M., & de Souza Queiroz, A. F. Application of PCA
and HCA in geochemical parameters to distinguish depositional paleo environments from
source rocks. Journal of South American Earth Sciences 103, 2020, 102734.

Genchi G., Carocci A., Lauria G., Sinicropi M.S., Catalano A. Nickel: HumanHealth and
Environmental Toxicology. International Journal of Environmental Reséarch, Public
Health, Public Health. 2020;17:679.

Genchi G., Sinicropi M.S., Lauria G., Carocci A., Catalano A. The effeéts of Cadmium toxicity.
International Journal of Environmental Research, Public Health, Public Health.
2020;17:3782.

Genchi, G., Lauria, G., Catalano, A., Carocci, A., & Sinicropi, M.'S. The Double Face of Metals:
The Intriguing Case of Chromium. Applied Science§, IN2), 2021, 638.

Ghaffari H. R., Norouzi S., & Heidari M. Different pollition levels and source profiles of heavy
metals in the soil and surface dust of childpen§)playgrounds in a coastal city; source-
specific health risk assessment. Atmospheric\Pollution Research, 14 (10), 2023, 101869.

Ghuniem, M. M., Khorshed, M. A., El-saftynS. M., Souaya, E. R., & Khalil, M. M. H.
Assessment of human health risk dmue\to potentially toxic elements intake via consumption
of Egyptian rice-based and pbhéat-based baby cereals. International Journal of
Environmental Analytical Chemistry, 102(18), 2020, 6936—-6954.

Gkikas, A., Proestakis, E., Amifidis, V., Kazadzis, S., Di Tomaso, E., Tsekeri, A., Marinou E.,
Hatzianastassiou N\&, Petrez Garcia-Pando, C. Modls Dust AeroSol (MIDAS): a global
fine-resolution dudt_dptical depth data set. Atmospheric Measurement Techniques,
14(1), 2021, 309:334.

Golui D., Datta S\ P.,Dwivedi B. S., Meena M. C., Trivedi V. K., Jaggi S., & Bandyopadhyay K.
K. Assessing Geoavailability of Zinc, Copper, Nickel, Lead and Cadmium in Polluted
Soils (tising Short Sequential Extraction Scheme. Soil and Sediment Contamination:
Andnternational Journal, 30 (1), 2020, 74-91.

Gomaa N. Abdel-Rahman, Heavy metals, definition, sources of food contamination, incidence,
impacts and remediation, Egyptian Journal of Chemistry, Vol. 65, No. 1, pp. 419 - 437
(2022).

Gonzalez-Gonzalez, M. del R., & Miranda-Lopez, R. Cellulases, hemicellulases and ligninolytic
enzymes. Mechanism of action, optimal processing conditions and obtaining value-added
compounds in plant matrices. MOJ Food Processing & Technology, 10(1), 2022, 30-37.

226



Gouda S.A. Taha A. Biosorption of Heavy Metals as a New Alternative Method for Wastewater

Treatment: A Review. Egyptian Journal of Aquatic Biology and Fishery, 11, Volume
27,2023, Page 135-153.

Grzegorz Majewskil, Barbara Klik, Wioletta Rogula-Koztowska, Patrycja Rogula-Kopiec,
Justyna Rybak, Maja Radziemska, Ernesta Liniauskiené, Assessment of Heavy Metal
Inhalation Risks in Urban Environments in Poland: A Case Study. Journal of Ecological
Engineering 2023, 24(11), 330-340

Grzeszczak, K., Kwiatkowski, S., and Kosik-Bogacka, D. (2020). The role of Fe, Zn\and Cu in
pregnancy. Biomolecules 10, 1-33.

Gunathilake, T.M.S.U., Ching, Y.C. & Kadokami, K. An overview of organic\contaminants in
indoor dust, their health impact, geographical distribution and recent\extraction/analysis
methods. Environ Geochem Health 44, 677-713 (2022).

Gunathilake, T.M.S.U., Ching, Y.C. & Kadokami, K. An overview ofe¥ganic contaminants in
indoor dust, their health impact, geographical distributien_and recent extraction/analysis
methods. Environmental Geochemistry and Healths44, 2022, 677-713.

Guo, S., Chen, Z., Dong, Y., Ni, Y., Zhao, R., & Mag\W. Chronic Corticosterone Exposure
Suppresses Copper Transport through GR4{Mediated Intestinal CTRI Pathway in
Mice. Biology, 12(2), 2023, 197.

Gupta, P. D. Potential Cause of Cancer Brégst Gancer: Xenoestrogens. Journal of Oncology
and Cancer Screening, 3(4), 2021,

Gustafsson, A., Krais, A.M., Gorzsa%, “A’, Lundh, T., Gerde, P., 2018. Isolation and
characterization of a respirable particle fraction from residential house-dust.
Environmental Researchy 1'61,284-290.

Hager, E., Chen, J., &NZhao, L. Minireview: parabens exposure and breast cancer.
International journal of environmental research and public health, 19(3), 2022, 1873.

Hajizadeh Y., Kiani KG) Feizi A., Ebrahimpour K., Evaluation of exposure to parabens in
Iranian wowmeén and its association with personal care products using behavior. Human
and Ecglogical Risk Assessment: An International Journal, 27 (5), 2021, 1188—1205.

Hajji, °S., 'Karoui, S., Allouche, N. and Bouri, S.. Monitoring of groundwater suitability for
irfigation under severe arid conditions: case study of aquifer in Rjim Maatoug, Tunisia.
In Handbook of research on water sciences and society. Idea Group Incorporation (IGI)
Global Scientific Publishing, 2022, pp. 599-618.

Han J, Zhang R, Tang J, Chen J, Zheng C, Zhao D, Wang J, Zhang H, Qi X, Wu X, et al.
Occurrence and Exposure Assessment of Nickel in Zhejiang Province, China. Toxics.

2024; 12(3):169.

227



Han Q., Wang M., Xu X., Li M., Liu Y., Zhang C., Li S., Wang M., Health risk assessment of
heavy metals in road dust from the fourth-tier industrial city in central China based on
Monte Carlo simulation and bioaccessibility, Ecotoxicology and Environmental Safety,
Volume 252, 2023, 114627.

Harrad SJ, Abdallah MA-E: Brominated flame retardants in dust from UK cars - within-vehicle
spatial variability, evidence for degradation and exposure implications. Chemosphere
2011, 82:1240-1245.

Hayes WM. Lead. CRC Handbook of chemistry and physics. 95th Ed. Boca Raton EL): CRC
Press; 2014: p. 4-20.

Heidari, M.; Darijani, T.; Alipour, V. Heavy Metal Pollution of Road DuSt in~d City and Its
Highly Polluted Suburb;, Quantitative Source Apportionment\ and  Source-Specific
Ecological and Health Risk Assessment. Chemosphere, 273, 2021%129656.

Hines EP, Mendola P, von Ehrenstein OS, Ye X, Calafat AM, Feéaton SE. Concentrations of
environmental phenols and parabens in milk, uriné, and serum of lactating North
Carolina women. Reproductive Toxicology. 2015;54:120-8

Hosseini Zabet, A., & Ahmady-Asbchin, S. Investigatiemof cadmium and nickel biosorption by
Pseudomonas sp. via response surface metfodology. World Journal of Microbiology
and Biotechnology, 39 (5), 2023, 135,

Hossini H, Shafie B, Niri AD, Nazari, M, ¥Esfahlan AJ, Ahmadpour M, Nazmara Z,
Ahmadimanesh M, Makhdoumi R,"Mirzaei N, Hoseinzadeh E. A comprehensive review
on human health effects of dhxowium: insights on induced toxicity. Environmental
Science and Pollution Resear¢h International, 2022 Oct;29(47):70686-70705

Hossini, H., Shafie, B., Niri, A'D.. Nazari M., Esfahlan A.J., Ahmadpour M., Nazmara Z.,
Ahmadimanesh M.,\Makhdoumi P., Mirzaei N. & Hoseinzadeh E. 4 comprehensive
review on human=health effects of chromium: insights on induced toxicity.
Environméntal Science and Pollution Research 29, 2022, 70686—70705.

Hovorukha, Vy Mb6liszewska, E., Havryliuk, O., Bida, 1., & Tashyrev, O. Metal Resistance of
Micyogrganisms as a Crucial Factor for Their Homeostasis and Sustainable
Enyironment. Sustainability, 16 (22), 2024, 9655.

Huang, P C., Chen, H. C., Leung, S. H., Lin, Y. J., Huang, H. B., Chang, W. T., Huang H.I. &
Chang, J. W. 4ssociations between paraben exposure, thyroid capacity, homeostasis and
pituitary thyrotropic function in the general Taiwanese: Taiwan Environmental Survey
for Toxicants (TEST) 2013. Environmental Science and Pollution Research, 31(1),
2024, 1288-1303.

Huang, S.L., Yin, C.Y., Yap, S.Y., 2010. Particle size andmetals concentrations of dust froma
paint manufacturing plant. Journal of Hazardous Materials, 174, 839—842.

228



Hussain S, Khan M, Sheikh TMM, Mumtaz MZ, Chohan TA, Shamim S and Liu Y (2022) Zinc
Essentiality, Toxicity, and Its Bacterial Bioremediation: A Comprehensive Insight.
Frontiers in Microbiology 13:900740.

Isaac, R. A. A., Subbarayalu, R., Kumar, M. S. K., Martin, T. M., Lo, S. C., & Santosh, W.
Human endocrine disruption: an updated review of toxicological insights into parabens
and phthalates. Toxicology and Environmental Health Sciences, 1-14, 2025.

Islam Md. S., Kormoker T., Idris A. M., Proshad R., Kabir Md. H. and Ustaoglu, F. Plant—
microbe—metal interactions for heavy metal bioremediation: a review. Crop and Pasture
Science, 2021.

Islam, M.R., Akash, S., Jony, M.H., Alam, M.N., Nowrin, F.T., Rahman, M"M., Rauf, A.,
Thiruvengadam, M. Exploring the potential function of trace elemiénts in human health: a
therapeutic perspective. Molecular Cellular Biochemistry, 478, 2023, 2141-2171.

Isley C.F., Fry K. L., Liu X., Filippelli G.M., Entwistle J. A,, Martth A. P., Kah M., Meza-
Figueroa D., Shukle J. T., Jabeen K., Famuyiwa A. O.,\Wu)L., Sharifi-Soltani N., Doyi L.
N. Y., Argyraki A., Ho K. F., Dong C., Gunkel-GrillonP., Aelion C. M., and Taylor M.
P.. International Analysis of Sources and Humawn_Héalth Risk Associated with Trace
Metal Contaminants in Residential Indoor Dysf, lknvironmental Science & Technology,
56 (2), 2022, 1053-1068.

Iwegbue, C. M. A., Nwose, N., Tesi, G. O., Olisaly C., Ujam, O. T., Odali, E. W., ... Martincigh,
B. S. Concentrations, sources, and héalth risk assessment of metals in indoor dust

collected from visual arts studigs\of\selected tertiary institutions in Southern Nigeria.
Environmental Forensics, 24(4=2), 2021, 55-70.

Iwegbue, C.M., Nwose, N., Fesi)\G«O., Olisah, C., Ujam, O.T., Odali, E.W., Egobueze, F.E.,
Nwajei, G.E. and Maftineigh, B.S. Concentrations, sources, and health risk assessment
of metals in indoox dst collected from visual arts studios of selected tertiary institutions
in Southern Nigexia. Environmental Forensics, 24(1-2), 2023, pp.55-70.

Jadaa W, Mohammed H., Heavy Metals — Definition, Natural and Anthropogenic Sources of
Releasing into Ecosystems, Toxicity, and Removal Methods — An Overview Study,
Jourmalof Ecological Engineering, 24(6), 2023, 249-271.

Jarup LNHazards of heavy metal contamination. Br Med Bull. 2003;68:167-82, PMID: 14757716.

Ji, P.;Wang, P.; Chen, H.; Xu, Y.; Ge, J.; Tian, Z.; Yan, Z. Potential of Copper and Copper
Compounds for Anticancer, Applications. Pharmaceuticals 2023, 16, 234.

Jia, T., Gao, L., Liu, W., Guo, B., He, Y., Xu, X., Mao T., Deng J., Li D., Tao F, & Wang, W.
Screening of organophosphate esters in different indoor environments: Distribution,
diffusion, and risk assessment. Environmental Pollution, 327, 2023, 121576.

229



Jiang N., Li X., Wang Q., Baihetiyaer B., Fan X., Li M., Sun H., Yin X., Wang J., Ecological
risk assessment of environmentally relevant concentrations of propofol on zebrafish

(Danio rerio) at early life stage: Insight into physiological, biochemical, and molecular
aspects, Chemosphere, Volume 316, 2023, 137846

Jiang, J. H., Ge, G., Gao, K., Pang, Y., Chai, R. C,, Jia, X. H., et al. (2015). Calcium signaling
involvement in cadmium-induced astrocyte cytotoxicity and cell death through activation
of MAPK and PI3K/Akt signaling pathways. Neurochemical Research, 40 (9), 1929-
1944

Jilkova S, Melymuk L, Vojta S, Vykoukalovd M, Bohlin-Nizzetto P, Klanova.JsSmall-scale
spatial variability of flame retardants in indoor dust and implicationsfor dust sampling.
Chemosphere, 2018, 206:132—-141.

Jomova, K., Alomar, S. Y., Nepovimova, E., Kuca, K., & Valko, M. Heavy“metals: toxicity and
human health effects. Archives of toxicology, 99(1), 2025, d.53:269.

Jomova, K., Alomar, S. Y., Valko, R., Nepovimova, E., Kuta,\K., & Valko, M. The role of
redox-active iron, copper, manganese, and redox-in@ctiveZinc in toxicity, oxidative stress,
and human diseases. EXCLI Journal, 24, 2025, 880-954.

Jurkovi¢, J., Kovacevié, S., Wiggenhauser, M., & Basi¢{ ¥. Norway spruce (Picea abies) needles
as potential indicator for heavy metalryaied pollution in Sarajevo. Environmental
Monitoring and Assessment, 197(9)5202%,71-14.

Kahlson M.A., Dixon S.J. Copper-Induced €ell Death. Science. 2022;375:1231-1232.

Kargar-Shouroki, F., Mehri, H., & S€pali-Zoeram, F. Biochemical and hematological effects of
lead exposure in Iranian\bgttery workers. International Journal of Occupational
Safety and Ergonomic$y29 (2), 2022, 661-667.

Katsas, K., Diamantis, D\ V), Linos, A., Psaltopoulou, T., & Triantafyllou, K. The Impact of
Exposure to, Héxavalent Chromium on the Incidence and Mortality of Oral and
Gastrointgstingis Cancers and Benign Diseases: A Systematic Review of Observational
Studies, Reviews and Meta-Analyses. Environments, 11 (1), 2024, 11.

Kebonye, NNy Eze, P.N., John, K. et al. An in-depth human health risk assessment of
poténtially toxic elements in highly polluted riverine soils, Pribram (Czech
Republic). Environmental Geochemistry and Health 44, 2022, 369-385.

Kenechukwu E. Ugwu, Anthony C. Ofomatah, Concentration and risk assessment of toxic

metals in indoor dust in selected schools in Southeast, Nigeria, Springer Nature
Applied Sciences, 2021, 3:43.

Khajooee, N., Modabberi, S., Khoshmanesh Zadeh, B., Razavian, F., Gaya-Caro, N., Sierra, J.,
& Rovira, J. Contamination level, spatial distribution, and sources of potentially toxic
elements in indoor settled household dusts in Tehran, Iran. Environmental

230



Geochemistry and Health, 46(2), 2024, 56.

Khelfi, A., Idjeraoui, A., Ouarzidini, H., Aksas, K., Makrelouf, M., Cherifi, M., & Azzouz, M.
Paraben exposure profiles in pregnant women and association with changes in thyroid
hormone levels. In Annales d'Endocrinologie. Elsevier Masson, 2025, p. 101801.

Kicinska A., & Kowalczyk M. Health risks from heavy metals in cosmetic products available in
the online consumer market. Scientific Reports, 15(1), 2025, 316.

Kim B., Lee W-W., Regulatory Role of Zinc in Immune Cell Signaling, Molecule%d Cells,
Volume 44, Issue 5, 2021, Pages 335-341.

Kim H., Harrison F. E., Aschner M., Bowman A. B. Exposing the role of m%a@neurological
disorders: a focus on manganese. Trends in Molecular Medici& e 28, Issue 7,
2022, 555 — 568.

Kim, T. H., Kim, J. H., Le Kim, M. D., Suh, W. D., Kim, J. ﬁson, H. 1., et al. (2020).
Exposure assessment and safe intake guidelines for etals in consumed fishery
products in the Republic of Korea. Environmental Sci and Pollution Research. Int.,
27,33042-33051.

Kiouri D.P., Tsoupra E., Peana M., Perlepe SBQ, Stefanidou M.E., Chasapis C.T.
Multifunctional role of zinc in human health\ap update. EXCLI Journal. 2023, 22:809-
827.

Klein C. B. Carcinogenicity and genotoxi@chromium. In Toxicology of Metals, Volume I,

2023, pp. 205-219. ’\\,

Koch, W., Czop, M., Itowiecka, K c?rocka, A., & Wiacek, D. Dietary Intake of Toxic Heavy

Metals with Major Gr: f Food Products—Results of Analytical Determinations.
Nutrients, 14(8), 2022)\626.
Kok, J. F., Ridley, D. A., u, Q., Miller, R. L., Zhao, C., Heald, C. L., & Albani, S. (2018).

Smaller dese\' t cooling effect estimated from analysis of dust size and abundance.
Nature G@Bsenc . 11(5), 263-268.

Koller, Marti d Hosam M. Saleh. ‘Introductory Chapter: Introducing Heavy Metals’. Heavy
M, ’b nstitute for New Technologies, 27 June 2018.

Kondev ., Wang M., Huang W.J., Naimi S. and G. Audi. The NUBASE2020 evaluation of
nuclear physics properties, Chinese Physics C, 45, 2021, 030001.

Konstantinova, E.; Minkina, T.; Mandzhieva, S.; Nevidomskaya, D.; Bauer, T.; Zamulina, L;
Sushkova, S.; Lychagin, M.; Rajput, V.D.; Wong, M.H. Ecological and Human Health
Risks of Metal-PAH Combined Pollution in Riverine and Coastal Soils of Southern
Russia. Water, 15,2023, 234.

231



Kumar V., Dwivedi S.K. Bioremediation Mechanism and Potential of Copper by Actively
Growing Fungus Trichoderma Lixii CR700 Isolated from Electroplating Wastewater.
Journal of Environmental Management. 2021; 277:111370.

Kumar, A., Kumar, A., Cabral-Pinto, M., Chaturvedi, A. K., Shabnam, A. A., Subrahmanyam,
G., et al. (2020). Lead toxicity: Health hazards, influence on food Chain, and sustainable

remediation approaches. International Journal of Environmental Research, Public
Health, Public Health 17, 2179.

Kwong, L. H., Ercumen, A., Pickering, A. J., Unicomb, L., Davis, J., Leckie, J. O., & [suby, S. P.
Soil ingestion among young children in rural Bangladesh. Journal of exposure science
& environmental epidemiology, 31(1), 2021, 82-93.

Lan J.R., Sun Y., Huang P., Du Y.G., Zhan W., Zhang T.C., Du D.Y gUsig/lelectrolytic Mn
residue to prepare novel nanocomposite catalysts for efficient degiadation of Azo Dyes in
Fenton-like processes. Chemosphere. 2020; 252:12.

Lan, Y., Liu, Y., Cai, Y., Du, Q., Zhu, H., Tu, H., Xue J. & GhengNZ. Eight novel brominated
flame retardants in indoor and outdoor dust sgmplessfrom the E-waste recycling

industrial park: Implications for human exposure. Enironmental Research, 238, 2023,
117172.

Landeg-Cox, C., Middleton, A., Halios, C., Marczyle/T., & Dimitroulopoulou, S. Chemicals in
European residences—Part II: A reviewf of emissions, concentrations, and health effects
of Semi-Volatile Organic Compounds ($%OCs). Environments, 12(2), 2025, 40.

Lanphear B., Navas-Acien A. A., Bellinger D. C., Lead Poisoning, New England Journal of
Medicine, 1621-1631, 2024, 8391417

Le, T. M., Pham, P. T., Nguyei™>E. Q., Nguyen, T. Q., Bui, M. Q., Nguyen, H. Q., Nam, D.V.,
Kannan, K & Tran,\[.\M. 4 survey of parabens in aquatic environments in Hanoi,

Vietnam and its implications for human exposure and ecological risk. Environmental
Science and Pollution Research, 29(31), 2022, 46767-46777.

Le, T. M., Ta, N\ T.,Le, Q. T., Nguyen, A. N., Pham, P. T., Pham, C. L. T., Dang M.T., Dao
Y.H., ryong K.T., Duong A.H., Haomg A.Q., Trang T.M. & Tu, B. M. Parabens in
Phafmgceuticals, Personal Care Products, and Surface Waters from Vietnam:
Cotigentrations, Source-Sink Profiles, and Health Risk Assessment. International
Jotirnal of Environmental Research, 19(5), 2025, 1-15.

Lebelo K., Malebo N., Mochane M. J., & Masinde M. Chemical Contamination Pathways and
the Food Safety Implications along the Various Stages of Food Production: A Review.
International Journal of Environmental Research and Public Health, 18 (11), 2021,
5795.

232



Lee, H.-K.; Kang, H.; Lee, S.; Kim, S.; Choi, K.; Moon, H.-B. Human exposure to legacy and
emerging flame retardants in indoor dust: A multiple-exposure assessment of PBDEs.
Science of the Total Environment. 2020, 719, 137386.

Lee, Y., Lee, E., Yon, D. K., Jee, H. M., Baek, H. S., Lee, S. W., Chu J-Y. & Han, M. Y. The
potential pathways underlying the association of propyl-paraben exposure with
aeroallergen sensitization and EASI score using metabolomics analysis. Scientific

Reports, 11(1), 2021, 3772.

Lei Wang, Chunyang Liao, Fang Liu, Qian Wu, Ying Guo, Hyo-Bang Moon, Hamh% Nakata
and Kurunthachalam Kannan, Occurrence and Human Exposure of p- oxpbenzoic
Acid Esters (Parabens), Bisphenol A Diglycidyl Ether (BADGE), an i Hydrolysis
Products in Indoor Dust from the United States and Three East Asian Countries.
Environmental Science & Technology, 2012, 46, 11584—1 1593&

Levasseur, J. L., Hammel, S. C., Hoffman, K., Phillips, A. L., Zhan e, X., Calafat A.M.,
Webster T.F., & Stapleton, H. M. Young children’s exposte to phenols in the home:
Associations between house dust, hand wipes, sze wristbands, and urinary
biomarkers. Environment international, 147, 202 m» 7.

Li Zhou, Guijian Liu, Mengchen Shen, Ruoyu Hu, Liu, Source identification of heavy
metals and stable carbon isotope in indoor om different functional areas in Hefei,
China, Science of the Total Environment, ume 710, 2020, 135599, ISSN 0048-9697.

Li, C., Chen, X. Parabens in indoor dust fr ouses, university dormitories, and cosmetics
stores in Nanjing, China: occuk nd human exposure. Environmental Science and
Pollution Research, Springer \ure , 2023, 26929-26937.

Li, C., Zhao, Y., Liu, S., Yang, D! %, H., Zhu, Z., Kang L. & Lu, S. Exposure of Chinese adult
females to parabeps personal care products: Estimation of intake via dermal
contact and health ri3ks: Environmental Pollution, 272, 2021, 116043.

Li, C., Zheng, M.,, , G., Zhang, Y., Yang, F., Wang, Q. & Li, Y. (2022). Assessment of
micropla{ic ion in urban dust and the impact of rainfall in a megacity, China.
Total Environment, 838, 159098.

Scienc§

Li, H, Li % an, Y., Zhao, Y., Lu, A., Li, C., Lei R., Xue J. & Liu, W. A nationwide survey

\S/f Ql) legacy brominated flame retardants in indoor dust from China: continuing
occurrence, national distribution, and implication for human exposure. Environmental
Science and Pollution Research, 29(39), 2022, 58828-58842.

Li, T., Yu, Y., Sun, Z., Duan, J. 2022. A comprehensive understanding of ambient particulate
matter and its components on the adverse health effects based from epidemiological and
laboratory evidence. Particle and Fibre Toxicology 2022 19:1, 19(1), 1-25.

233



Li, W., Jin, H., Xie, H., & Wang, D. Progress in comprehensive utilization of electrolytic
manganese residue: a review. Environmental Science and Pollution Research, 30(17),
2023, 48837-48853.

Li, W., Sun, Y., Joseph, J., Fitzloff, J.F., van Breemen, H.H.S., Fong, R.B., 2003. p-
Hydroxybenzoic acid alkyl esters in Andrographis paniculata herbs, commercial extracts,
and formulated products. Journal of Agricultural and Food Chemistry. 51, 524-529.

Li, X., Chen, M., Zheng, Q., Wang, Z., Lin, D., & Peng, M. The association between brominated
flame retardants and serum testosterone levels in American adult men: NHANES 2013-
2016. Frontiers in Public Health, 13, 2025, 1589047. Q

Li, X., Huang, Y., Chen, J., & Yang, W. (2023). Exposure to heam‘ n@s in indoor
It

environments: Concentration levels, influencing factors, and Wea isk assessment.
Environmental Pollution, 324, 121667. Q
% Z.W., Ding, S.L., 2016.

indoor dust from two typical
esearch. 23, 9082-9092.

Li, YW, Pi, L., Hu, W.L., Chen, M.Q., Luo, Y., Li, Z., Su, S.
Concentrations and health risk assessment of metal(loi
cities of China. Environmental Science and Pollu

Lian M, Wang J, Sun L, Xu Z, Tang J, Yan J, Zeng ). Profiles and potential health risks
of heavy metals in soil and crops from the rshed of Xi River in Northeast China.

Ecotoxicology and Environmental Saf 442-448.

Lian, P., Cai, X., Wang, C. Liu K., Ya }, Wu Y., Zhang Z., Ma Y., Cao X. & Xu Y.
Identification of metabolism-re @ btypes and feature genes in Alzheimer’s disease.
Journal of Translational M e, 21,2023, 628.

Jiang, G. Assessment roid endocrine disruption effects of parabens using in vivo, in
vitro, and in silic hes. Environmental science & technology, 56(1), 2021, 460-
469.

Liao, C. S., Cao @‘.@e, W. C., & Yang, C. W. The effects of preservatives on antibiotic-and

preseryativé-resistant microbes and nitrogen/sulfur cycle associated microbial

Liang J., Yang X., Liu Q. S.,‘?&Q% Ren Z., Wang X., Zhang Q., Ren X., Liu X., Zhou Q. &
vac

com les in freshwater river sediments. Antibiotics, 12(7), 2023, 1082.

Liao, iu, F., Kannan, K., 2013b. Occurrence of and dietary exposure to parabens in
foodstuffs from the United States. Environmental Science & Technology, 47,
3918e3925.

Lincho J, Martins RC, Gomes J. Paraben Compounds—Part I: An Overview of Their
Characteristics, Detection, and Impacts. Applied Sciences. 2021; 11(5):2307.

Lioy, P. J. Air pollution emission profiles of toxic and trace elements from energy-related
sources: status and needs. Neurotoxicology, 1983.

234


https://doi.org/10.1016/j.envpol.2023.121667

Lisa Melymuk, Hale Demirtepe, Simona Rozéarka Jilkova, Indoor dust and associated chemical
exposures, Current Opinion in Environmental Science & Health, Volume 15, 2020,
Pages 1-6.

Liu L., Chen J, Liu C., Luo Y., Chen J., FuY.,, Xu Y., Wu H., Lei X. and Wang, H.
Relationships between biological heavy metals and breast cancer: a systematic review
and meta-analysis. Frontiers in nutrition, 9, 2022, 838762.

Liu, B., Huang, F., Yu, Y. et al. Heavy Metals in Indoor Dust Across China: Occurrence,
Sources and Health Risk Assessment. Archives of Environmental Contami
Toxicology 81, 67-76 (2021).

Liu, Y. Heavy metals in road dust from typical old industrial areas o an: Seasonal
distribution and bioaccessibility-based health risk assessment. @ emistry, 22(1),
2024, 20240117.

Liu, Y.Z., Ma, JW., Yan, H.X., Ren, Y.Q.,Wang, B.B. I$.Y., Liu, X.T., 2016.
Bioaccessibility and health risk assessment of arsenic i @ and indoor dust in rural and
urban areas of Hubei province, China. Ecotoxicology Environmental Safety, 126, 14—

22.

Lu, J., Lin, Y., Wu, J., & Zhang, C. Continental-s atial distribution, sources, and health
risks of heavy metals in seafood: challen e water-food-energy nexus sustainability
in coastal regions?. Environmenta?@nce and Pollution Research, 28(45), 2021,

63815-63828.

Lu'ci’c, A. M.; Onjia, A. Exposure Fg \s in Health Risk Assessment of Heavy Metal (loid)s in
Soil and  Sediment. etals 2023, 13, 1266. Available Online:
https://doi.org/l0.339071@3071266.

Lucattini L, Poma G, Covaci A, de Boer J, Lamoree MH, Leonards PEG: A review of semi-
volatile orga '%mpounds (SVOCs) in the indoor environment: occurrence in consumer
products, @ ir and dust. Chemosphere 2018, 201:466—482.

Lucchini, R., ieu, K. Manganese-Induced Parkinsonism: Evidence from Epidemiological and
ExpéTiurental Studies. Biomolecules, 13(8), 2023, 1190.

Lv M. en M.X., Zhang R., Zhang W., Wang C.G., Zhang Y., Wei X.M., Guan Y.K., Liu
J.J., Feng K.C., et al. Mn is critical for antitumor immune responses via cGAS-STING

and improves the efficacy of clinical immunotherapy. Cell Respiration. 2020;30:966—
979.

Ma J-J., Yan Y., Chen X-J., Niu Z-R., Yu R-L., Hu G-R., Incorporating bioaccessibility and
source apportionment into human health risk assessment of heavy metals in urban dust of
Xiamen, China, Ecotoxicology and Environmental Safety, Volume 228, 2021, 112985.

235


https://doi.org/10.3390/met13071266

Ma, W.L., Zhao, X., Lin, Z.Y., Mohammed, M.O.A., Zhang, Z.F., Liu, L.Y., Song, W.W., Li,
Y.F., 2016. A survey of parabens in commercial pharmaceuticals from China and its
implications for human exposure. Environment International, 95, 30-35.

Maciejczyk, P., Chen, L.C. and Thurston, G.. The role of fossil fuel combustion metals in PM2. 5
air pollution health associations. Atmosphere, 12(9), 2021, p.1086.

Mahuta, M.A. An overlook of sources and strategies of minimizing lead poisoning in Nigeria.
Journal of Humanities and Social Sciences 2020, 20(6), 330-340.

Marchetti, C. Role of calcium channels in heavy metal toxicity. Internatiowal Scholarly
Research Notices Toxicology, 2013, 1-9.

Martinez-Cuesta N., Carciochi W., Sainz-Rozas H., Salvagiotti F., Colazo NCs Wyngaard N.,
Barbieri P. Effect of zinc application strategies on maize. gxain yield and zinc
concentration in mollisols. Journal of Plant Nutrition, 44(4), 2020, 486—497.

Martinez-Morata 1., McGraw K., & Navas-Acien A. Tackling metals\to advance cardiovascular
health. European Journal of Preventive Cardiology, 2023, zwaf189.

Mary Ann Liebert, Journal of The American Collegeof ¥Woxicology, Vol. 3, No. 5, 1984,
Incorporate Publishers.

Maryam Pyambri, Silvia Lacorte, Joaquim Jaumotyadnd Carmen Bedia, Effects of Indoor Dust
Exposure on Lung Cells: Association “qf YChemical Composition with Phenotypic and
Lipid Changes in a 3D Lung_€aneer Cell Model, Environmental Science &
Technology, 57(49), 2023, 20532220541.

McCabe, S., Al-Ali, O., Limesand;JKy, Kruer, M.C., Zhao, N. The Blood—Cerebrospinal Fluid
Barrier and Brain Maugdnese Accumulation. Human Cerebrospinal Fluid and
Cerebrovascular Bayviéx,*Current Human Cell Research and Applications, 2025, pp
101-116.

Medellin-Castillo,, N* A\ Aguilera-Flores M. M., & Sendja, B. T. Removal of pollutants from
water by ‘adsgrbents prepared from animal bone wastes. In Porous materials: Theory
and its\application for environmental remediation. Cham: Springer International
PubliShing, 2021, pp. 273-314.

Mehenktag™C., & Arar O. Removal of zinc (Zn2+) through biopolymer-enhanced ultrafiltration.
Journal of Polymers and the Environment, 31(4), 2023, 1373-1382.

Mehrifar Y., Pirami H., and Farhang Dehghan S. Occupational Exposure to Cadmium and Its
Compounds: A Review on Health Effects and Monitoring Techniques. Journal of
Occupational Health and Epidemiology, 2025, 0-0.

Mei-Hong Chen, Bo Yu, Zi-Feng Zhang, Wan-Li Ma, Occurrence of parabens in outdoor
environments: Implications for human exposure assessment, Environmental Pollution,

Volume 282, 2021, 117058.
236



Melymuk, L., Blumenthal, J., Sanka, O., Shu-Yin, A., Singla, V., Sebkova, K., Fedinick K.P. &
Diamond, M. L. Persistent problem: global challenges to managing PCBs.
Environmental Science & Technology, 56(12), 2022, 9029-9040.

Melymuk, L., Demirtepe, H. and Jilkova, S.R.. Indoor dust and associated chemical exposures.
Current Opinion in Environmental Science & Health, 15, 2020, pp.1-6.

Men J.L., Men J.Y., Zhang Y.J., Zhao L., Zhang J., Zhang Z.H., Zhang D., Shao H., Lu Q.Y.
Investigation on occupational hazards in 20 automobile manufacturing enterprises in
Shandong Province. Zhonghua Laodong Weisheng Zhiyebing Zazhi. 202\39:198—
202.

Mengmeng Wang, Yinyi Lv, Xinyan Lv, Qianhan Wang, Yiyi Li, Pingd.u,N\Hdo Yu, Pengkun
Wei, Zhiguo Cao, Taicheng An, Distribution, sources and healthayisks of heavy metals in
indoor dust across China, Chemosphere, Volume 313, 20235187595.

Middleton D.R.S, Wedekind R, Hall A.L, Suonio E., DeBong N,, Vermeulen R., Fristschi L.,
Stewart P.A., Schubauer-Berigan M. K. Critical ¢Féwjews of exposure assessment in
carcinogenic hazard identification: the internationdlfagency for research on cancer
monographs, Occupational and Environmental'Medicine, 2024; 81:366-372.

Miller J., What Makes Heavy Metal ‘Heavy’?, The Journal of Aesthetics and Art Criticism,
Volume 80, Issue 1, Winter 2022, Pagés(70<82.

Minh, H. T. T., Hanh, D. T., Thang, P. Q.\& Ha, T. T. Occurrence and human exposure risk
assessment of brominated and ,ox@andphosphate flame retardants in indoor dust in Ha
Noi, Viet Nam. Vietnam JouxnaDof Science and Technology, 2023, 666-680.

Mitra, S., Chakraborty, A. J.; Fateq; A. M., Emran, T. B., Nainu, F., Khusro, A, Idris A.M.,
Khandader M.U., @stag* H., Alhumaydhi F.A. & Simal-Gandara, J. Impact of heavy
metals on the envikonmment and human health: Novel therapeutic insights to counter the
toxicity. Journal\of King Saud University-Science, 34(3), 2022, 101865.

Mohamad Haron§ D. E., Yoneda, M., Hod, R., Wahab, M. 1. A., & Aziz, M. Y. Perfluoroalkyl
and poffluoroalkyl substances, bisphenol and paraben compounds in dust collected from
residentital homes in Klang Valley, Malaysia. Human and Ecological Risk Assessment:
Andnternational Journal, 28(8), 2022, 827-843.

Mohanty S., Benya A., Hota S., Kumar M. S., Singh S. Eco-toxicity of hexavalent chromium and
its adverse impact on environment and human health in Sukinda Valley of India: A
review on pollution and prevention strategies, Environmental Chemistry and
Ecotoxicology, Volume 5, 2023, Pages 46-54.

Montano, L., Pironti, C., Pinto, G., Ricciardi, M., Buono, A., Brogna, C., Venier, M., Piscopo,
M., Amoresano, A. and Motta, O., 2022. Polychlorinated biphenyls (PCBs) in the

237



environment: occupational and exposure events, effects on human health and fertility.
Toxics, 10(7), p.365.

Moos, R.K., Angerer, J., Dierkes, G., Briining, T., Koch, H.M., 2016a. Metabolism and
elimination of methyl, iso- and n-butyl paraben in human urine after single oral dosage.
Journal Archives of Toxicology, 90, 2699-2709.

Mourinha C., Palma P., Alexandre C., Cruz N., Rodrigues S. M., & Alvarenga P. Potentially
Toxic Elements’ Contamination of Soils Affected by Mining Activities in the Rortuguese
Sector of the Iberian Pyrite Belt and Optional Remediation Action '&Review.
Environments, 9 (1), 2022, 11. Q

Mowla, M., Rahman, E., Islam, N., & Aich, N. Assessment of heavy m a&oyamination and
health risk from indoor dust and air of informal E-waste r ing shops in Dhaka,
Bangladesh. Journal of Hazardous Materials Advances, % 100025.

0

Mugudamani, I. Geochemical characterisation of soil and road.dustiom an informal settlement
and their possible health implications: a study of 4@ andela informal settlement,
Gauteng, South Africa. Doctoral dissertation, Cent niversity of Technology, 2022.

Muller, G. Heavy metals in the sediments of the Rhi @nges since 1971, Review in Science
and Technology, 79, 1979, 778-783. ’66

Muiioz, M. J. G., Ramdani, H. B., Daschner, \Q Gil, A. Report of the Scientific Committee of
the Spanish Agency for Food S nd Nutrition (AESAN) on the risk associated with
the presence of nickel in food fc ppopulation sensitised to this metal, 2021.

& AM. Determination of heavy metals and health risk
om different functional areas in Neyshabur, Iran. Indoor and
), 2020, 1781-1795

Naimabadi A, Gholami A, Ra
assessment in indoor di
Built Environment;

Narayanan, S. E., Rehumaty; N. A., Harilal, S., Vincent, A., Rajamma, R. G., Behl, T., et al.
(2020). @ r mechanism of zinc neurotoxicity in Alzheimer’s disease.
ental S

Environ cience and Pollution Research. 27, 43542-43552.
Nazir, A., y S., Ahmad, A., Ahmed, S., & Zahoor, A. F. Microbiological Safety and
C cs. In Sustainable Cosmeceuticals: Integrating Natural and Biotechnological

ations. Cham: Springer Nature Switzerland, 2025, (pp. 453-478).

Neagu, A. N., Jayaweera, T., Corrice, L., Johnson, K., & Darie, C. C. Breast cancer exposomics.
Life, 14(3), 2024, 402.

Nieder, R. and Benbi, D.K.. Potentially toxic elements in the environment—a review of sources,
sinks, pathways and mitigation measures. Reviews on Environmental Health, 39(3),
2024, pp.561-575.

238



Niu Y., Zhang Y., Zhu Z., Zhang X., Liu X., Zhu S., Song Y., Jin X., Lindholm B., Yu C.
Elevated Intracellular Copper Contributes a Unique Role to Kidney Fibrosis by Lysyl
Oxidase Mediated Matrix Crosslinking. Cell Death & Disease 2020;11:211.

Nowak, K.; Jablonska, E.; Ratajczak-Wrona, W. Controversy around parabens: Alternative
Strategies for preservative use in cosmetic and personal care products. Environmental
Research, 2020, 110488.

Odebode, A.A., Oladokun, T.T., Ogunbayo, O.T., Oyedele, J.B. Effectiveness of rent recovery
strategies on residential real estate in Ibadan, Nigeria. Property Management 40 (4),
2022, 581-590.

Ogunlaja A., Ogunlaja O.0., Okewole D.M., and Morenikeji O.A., Risk assessment and source
identification of heavy metal contamination by multivariate and hézard index analyses of
a pipeline vandalised area in Lagos State, Nigeria. Science of the Total Environment,
2019, pp.2943-2952.

Ogunlaja O.0., Ishola A.D., Akintobi O.A., and Peter \S.G, Assessment of Elemental
Contamination of Selected Major Dams from OsumState, Nigeria by Multivariate and
Hazard Index Analyses. Environmental Forensi¢s)2023, pp.1-14.

Okonofua, F. E., Ntoimo, L. F. C., Unuabonah, E., Msagati, T. A. M., Ekwo, M. C., Ayodeji, O.
F., Aziken M.E., Maduako K.T., Onoh MI,A khere Omonkhua A., Victor Ohenhen V.,
Olafusi C.O. & Alfred, M. O. 4ssociatignBetween Urinary Parabens and Sperm Quality
in Nigerian Men: A Case—Contrei~Study. International Journal of General Medicine,
2024, 2767-2779.

Okoro, H.K., Orosun, M.M., Agboola,*A.F., Emenike, E.C., Nanduri, S., Kedia, N., Kariem, M.,
Priya, A. and Rab, S.O, ¥ealth risk assessments of heavy metals in dust samples collected
from classrooms in Howin, Nigeria and its impact on public health. Heliyon, 11(4), 2025.

Olufemi, A. C., MjiaAs,\& Mukhola, M. S. Potential Health Risks of Lead Exposure from Early
Life throfigh\Pater Life: Implications for Public Health Education. International
Journal of\Einvironmental Research and Public Health, 19 (23), 2022, 16006.

Oro, C. E. BASdorin Puton, B. M., Venquiaruto, L. D., Dallago, R. M., & Tres, M. V. Effective
Mi€robial Strategies to Remediate Contaminated Agricultural Soils and Conserve
Ftinctions. Agronomy, 14 (11), 2024, 2637.

Otitoju, O. B.; Alfred, M. O.; Ogunlaja, O. O.; Olorunnisola, C. G.; Olukanni, O. D.; Ogunlaja,
A.; Omorogie, M. O.; Unuabonah, E. 1. Pollution and risk assessment of phenolic

compounds in drinking water sources from South-Western Nigeria. Environmental
Science and Pollution Research, 30, 2023, 76798—76817.

Ozcan, S., Levent, S., Can, N. O., & Kozanli, M. 4 novel HPLC method for simultaneous
determination of methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl and benzyl paraben

239



in pharmaceuticals and cosmetics. Combinatorial Chemistry & High Throughput
Screening, 24(3), 2021, 352-365.

Palit S., Das P., & Basak P. Application of nanotechnology in water and wastewater treatment
and the vast vision for the future. In 3D Printing Technology for Water Treatment
Applications, Elsevier, 2023, pp. 157-179.

Pan, Y., Wei, X., Zhu, Z., Yin, R., Ma, C., Jiao, X., ... & Qiu, R. Co-exposure of parabens,
benzophenones, triclosan, and triclocarban in human urine from children and adults in
South China. Chemosphere, 363, 2024, 142936.

Parida, L., Patel, T.N. Systemic impact of heavy metals and their role in caércj@glopment: a

review. Environmental Monitoring and Assessment 195, 2023, 76

Parvez, S. M., Jahan, F., Brune, M. N., Gorman, J. F., Rahman, M. atpenter, D., Islam Z.,
Rahman M., Aich N., Knibbs L.D., Sly P.D. & Sly, P. % alth consequences of

exposure to e-waste: an updated systematic review. The Lanc¢et'Planetary Health, 5(12),
2021, €905-¢920.

Passi A., Nagendra S.M. S., Maiya M.P., Assessment of e@we to airborne aerosol and bio-
aerosol particles and their deposition in the reSf& ry tract of subway metro passengers
and workers, Atmospheric Pollution Resea olume 12, Issue 11, 2021, 101218.

Patil R, Sontakke T, Biradar A, Nalage D. Zi«%&é@mential trace element for human health and
beyond. Food and Health, 5(3):13, 2023.

Paul J. Jannetto, Clayton T. Cowl, Elt%’\% Overview of Heavy Metals, Clinical Chemistry,
Volume 69, Issue 4, April 2023, Pages 336-349.

Pavesi, T., and Moreira, J. C. ). Mechanisms and individuality in chromium toxicity in
humans. Journal o ed Toxicology40, 1183—-1197.

tamination in parks and elevated blood lead levels in Brooklyn, New

analysis of1
York. %r ives of environmental contamination and toxicology, 82(1), 2022, 1-10.

Pawlik K., rychtot K., Dangerous cosmetics — true or false view, Journal of Comestics,
16(3)2013, 200.

Pavilonis, B., Cheng, % nson, G., & Maroko, A. Lead, soils, and children: An ecological
§0

Pereira, X. R., Gomes, 1. B., & Simdes, M. Impact of parabens on drinking water bacteria and
their biofilms: the role of exposure time and substrate materials. Journal of
Environmental Management, 332, 2023, 17413.

Pereira, A.R., Simdes, M. and Gomes, 1.B., 2023. Parabens as environmental contaminants of
aquatic systems affecting water quality and microbial dynamics. Science of the Total
Environment, 905, p.167332.

240



Petric, Z., Ruzi¢, J., & Zuntar, 1. The controversies of parabens—an overview nowadays. Acta
Pharmaceutica, 71(1), 2021, 17-32.

Pironti C., Ricciardi M., Proto A., Bianco, P. M., Montano L., & Motta O. Endocrine-disrupting
compounds: An overview on their occurrence in the aquatic environment and human
exposure. Water, 13(10), 2021, 1347.

Pokhrel, G. R., & Pokhre, G. The Effect of Chromium on Human-Health: A Review. BMC
Journal of Scientific Research, 5(1), 2022, 27-35.

Pyambri, M., Lacorte, S., Jaumot, J. and Bedia, C., 2023. Effects of indoor dust exgo3ure.on lung
cells: association of chemical composition with phenotypic and lipid €hamges in a 3D
lung cancer cell model. Environmental science & technology, 57(49), pp-20532-20541.

Qi, J., Wang, X, Fan, L., Gong, S., Wang, X., Wang, C., Li L., Liu Hg*€ao\Y ., Liu M,. Han X.,
Su L., Yao X, Tysklind M. & Wang, X. Levels, distributiew, childhood exposure
assessment, and influencing factors of polybrominated diphenyl ethers (PBDEs) in
household dust from nine cities in China. Science of the Total Environment, 874, 2023,
162612.

Qiao, H., Fu, Y., Feng, Q., Li, Y., & Jia, Z. Activity gf\Electrolytic Manganese Residue under
High Temperature Calcination-mechanical SQupling and the Solidification Mechanism
of Heavy Metals. Journal of Wuhan Univeérsity of Technology — Materials Science
Edition, 40(4), 2025, 953-966.

Rafi, S. M., Hazrami, Z. S. S. A. J., Nayeem\M., Richard, R. M., Alurkar, S. R. A., & Korrapati,
N. H. Understanding parabensgaMitérature review. Cosmoderma, 2024, 4.

Rahman M., Sarker N., Banik R {Habib M. A., & Sikder M. T. Assessment of heavy metals
contamination in lipsticks™available in Bangladeshi market and associated human health
risk. Bangladesh Journal of Environmental Research, 12, 2021, 62-74.

Rahman, M.S.; Jolly, Y W.; Akter, S.; Kamal, N.A.; Rahman, R.; Choudhury, T.R.; Begum, B.A.
Sources of-texic,elements in indoor dust sample at export processing zone (EPZ) area:

Dhaka, Bangladesh; and their impact on human health. Environmental Science and
Pollution Research 2021, 28, 39540-39557.

Rama Jyothi{Narjala. Heavy Metal Sources and Their Effects on Human Health. Heavy Metals -
Lheit  Environmental Impacts and Mitigation, IntechOpen, 3 Nov. 2021,
doi:10.5772/intechopen.95370.

Ramakodi GSJ, S., M. P., & TVBPS, R. Review of bioaerosols from different sources and their
health impacts. Environmental Monitoring and Assessment, 195(11), 2023, 1321.

Rasmussen PE, Levesque C, Chénier M, Gardner HD, Jones- Otazo HA, Petrovic S: Canadian
House Dust Study: population-based concentrations, loads and loading rates of arsenic,

cadmium, chromium, copper, nickel, lead, and zinc inside urban homes. Science of the
Total Environment 2013, 443:520-529.

241



Rasmussen PE, Levesque C, Chénier M, Gardner HD: Contribution of metals in resuspended

dust to indoor and personal inhalation exposures: relationships between PMI10 and
settled dust. Build Environment, 2018, 143:513-522.

Rauert CB, Harrad SJ: Mass transfer of PBDEs from plastic TV casing to indoor dust via three

migration pathways - a test chamber investigation. Science of the Total Environment
2015, 536:568-574.

Raychaudhuri, S. Sen, Pramanick, P., Talukder, P., Basak, A. 2021. Polyamines,
metallothioneins, and phytochelatins — Natural defense of plants to mitigate heqvy metals.
Studies in Natural Products Chemistry, 69, 227-261. https://doi.org/10.4016/"B978-0-
12-819487-4.00006-9

Raza-Naqvi S. A., Idrees F., Sherazi T. A., Anjum-Shahzad S., Ul-Hassah.S!, & Ashraf N.
Toxicology of heavy metals used in cosmetics. Journal of the Chilean Chemical Society,
67(3), 2022, 5615-5622.

Reis, A.P.M., Cave,M., Sousa, A.J.,Wragg, J., Rangel,M.J., Obweiray A.R., Patinha, C., Rocha,
F., Orsieree, T., Noack, Y. Lead and zinc concentratiehs_in household dust and toenails
of the residents (Estarreja, Portugal): a source-pathway-fate model. Environmental
Science Process Impacts, 20, 2018, 1210.

Renu K, Mukherjee AG, Gopalakrishnan AV, Wanjari UR, Kannampuzha S, Murali R,
Veeraraghavan VP, Vinayagam S, Paz-Mofitelongo S, George A, et al. 2023. Protective
effects of macromolecular polyphenols, tetal (zinc, selenium, and copper)-Polyphenol
complexes, and pectin in differeptgrgans with an emphasis on arsenic poisoning: a
review. International Journal ef\Biological Macromolecules 253:126715.

Renu K., Chakraborty R., Myakald HY Koti R., Famurewa A.C., Madhyastha H., Vellingiri B.,
George A., Valsala Gopalakrishnan A. Molecular mechanism of heavy metals (lead,

chromium, arsenicNiereury, nickel and cadmium)—Induced hepatotoxicity—A review.
Chemosphere. 202;271:129735.

Rodelo, C. G., Sakinas, R\ A., Armenta JaimeArmenta, E., Armenta, S., Galddmez-Martinez, A.,
Castillp-Blum,*S. E., et al. (2022). Zinc associated nanomaterials and their intervention

in emerging respiratory viruses: journey to the field of biomedicine and biomaterials.
Scientific Journal Coordination Chemistry Reviews 457, 214402-214431.

Roy, ANJha, A. K., Kumar, A., Bhattacharya, T., Chakraborty, S., Raval, N. P., & Kumar, M.
Heavy metal pollution in indoor dust of residential, commercial, and industrial areas: a
review of evolutionary trends. Air Quality, Atmosphere & Health, 17(4), 2024, 891-
918.

Ruiz, L.M.; Libedinsky, A.; Elorza, A.A. Role of Copper on Mitochondrial Function and
Metabolism. Frontiers in Molecular Biosciences. 2021, 8, 711227.

Saah S. A., Boadi N. O., Sakyi P. O., & Smith E. Q. Human health risks of lead, cadmium, and
other heavy metals in lipsticks. Heliyon, 10 (23), 2024.

242



Sadeghsoltani, F., Mohammadzadeh, I., Safari, MM., Hassanpour P., Izadpanah M., Qujeq D.,
Moein S. & Vaghari-Tabari M., Zinc and Respiratory Viral Infections: Important Trace

Element in Anti-viral Response and Immune Regulation, Biological Trace Element
Research 200, 2022, 2556-2571.

Saikat Mitra, Arka Jyoti Chakraborty, Abu Montakim Tareq, Talha Bin Emran, Firzan Nainu,
Ameer Khusro, Abubakr M. Idris, Mayeen Uddin Khandaker, Hamid Osman, Fahad A.
Alhumaydhi, Jesus Simal-Gandara, Impact of heavy metals on the environment and
human health: Novel therapeutic insights to counter the toxicity, Journal of King Saud
University - Science, Volume 34, Issue 3, 2022, 101865, ISSN 1018-3647.

Sakaguchi, Y., Hirota, N., Fukushima, S., Ichikawa, N., & Arizono, K. The effeéts on‘growth and
reproductive function by parabens in C. elegans. Fundamental Toxicolggical Sciences,
9(5), 2022, 145-150.

Sakina N. A. Blood Lead Levels of Pregnant Women in Agriculturgl owd=Coastal Area: A SDG’s
Indicator for Health and Pollution in Brebes District, AQP Conference Series: Earth
and Environmental Science, 2021, 940, 012072.

Samet, J.M., Chiu, W.A., Cogliano, V., Jinot, J., Kriebel,@®,, Cunn, R.M., Beland, F.A., Bero, L.,
Browne, P., Fritschi, L., Kanno, J., Lachemméier,» Di. W., Lan, Q., Lasfargues, G., Le
Curieux, F., Peters, S., Shubat, P., Sone, H%, White, M.C., Wild, C.P. 2020. The IARC
Monographs: Updated Procedures fox Modeérn and Transparent Evidence Synthesis in
Cancer Hazard Identification. INCI; Journal of the National Cancer Institute, 112(1),
30-37. https:// doi.org/10.1093/INCIDIZ169

Sani U., Determination of some heavy ‘metals concentration in the tissues of Tilapia and
Catfishes, Biokemistri 23(2)(2011) 73-80.

Sardana K., & Sachdeva S Rélebf nutritional supplements in selected dermatological disorders:
A review. Journahof ' Cosmetic Dermatology, 21(1), 2022, 85-98.

Sarim, M.; Jan, T.» Khattak, S.A.; Mihoub, A.; Jamal, A.; Saeed, M.F.; Soltani-Gerdefaramarzi,
S.; Tariq,{S.RY Fernandez, M.P.; Mancinelli, R.; et al. Assessment of the Ecological and
HealthsRisks of Potentially Toxic Metals in Agricultural Soils from the Drosh-Shishi
VallépyPakistan. Land, 11, 2022, 1663.

Savvaidesy T., Koelmel, J. P., Zhou, Y., Lin, E. Z., Stelben, P., Aristizabal-Henao, J. J., Bowden
J.A. & Godri Pollitt, K. J. Prevalence and implications of per-and polyfluoroalkyl
substances (PFAS) in settled dust. Current environmental health reports, 8(4), 2021,
323-335.

Sawicka E. , Jurkowska K. , Piwowar A. Chromium (Ill) and chromium (VI) as important
players in the induction of genotoxicity - current view. Annals of Agricultural and
Environmental Medicine, Volume 28 (1), 2021, p 1 — 10.

243



Sazakli, E. Human Health Effects of Oral Exposure to Chromium: A Systematic Review of the
Epidemiological Evidence. International Journal of Environmental Research and
Public Health, 21 (4), 2024, 406.

Scheuvens, D., Kandler, K. On Composition, Morphology, and Size Distribution of Airborne
Mineral Dust. In: Knippertz, mineral Dust. Springer International Publishing, 2014

Schoofs H., Schmit J., & Rink L. Zinc toxicity: understanding the limits. Molecules, 29(13),
2024, 3130.

Schrenk, D.; Bignami, M.; Bodin, L.; Chipman, J.K.; Del Mazo, J.;Grasl-Kraupp, Bs;"Hogstrand,
C.; Hoogenboom, L.R.; Leblanc, J.-C.; et al. Update of the Risk Assesspreqtof Nickel in
Food and Drinking Water. EFSA Panel on Contaminants in the Food/Chain/(CONTAM)
European Food Safety Authority Journal. 2020, 18, €06268

Scutarasu, E. C., & Trincd, L. C. Heavy Metals in Foods and BevVerdges: Global Situation,
Health Risks and Reduction Methods. Foods, 12(18), 2023 3340:

Sears C.G., Poulsen A.H., Eliot M., Howe C.J., James K.A., Harrington J.M., Roswall N.,
Overvad K., Tjenneland A., Raaschou-Nielsen O% eb &l. Urine Cadmium and Acute
Mpyocardial Infarction among Never Smokers in~the“Danish Diet, Cancer and Health
Cohort. Environment International, 2021;1507,06428.

Shabbir, A., Ashraf, S., Igbal, S., [jaz, S., MughalfBl™A., & Rauf, H. Evaluation of Iron Status in
Blood, Hair and Nails of Leather dpdustry Workers in Sialkot. Journal of Health,
Wellness and Community Research, 2025, ¢500-¢500.

Sharifi Soltani, N., Taylor, M. and Wilsert; S.P., 2022. Global Quantification of Microplastics in
Indoor Dust: Prevalencef pExposure and Risk Assessment. Exposure and Risk
Assessment.

She, W.; Guo, L.; Gao, JZhang, C.; Wu, S.; Jiao, Y.; Zhu, G. Spatial Distribution of Soil Heavy
Metals and Assggiated Environmental Risks near Major Roads in Southern Tibet, China.
Internatighal Jeurnal of Environmental Research. Public Health, 9, 2022, 8380.

Shen, W.; Hug¥,; Zhang, J.; Zhao, F.; Bian, P.; Liu, Y. Spatial Distribution and Human Health
Risk’ Assessment of Soil Heavy Metals Based on Sequential Gaussian Simulation and
Positive Matrix Factorization Model: A Case Study in Irrigation Area of the Yellow River.
Ecotoxicology Environmental Safety, 225, 2021, 112752.

Shi, T., & Wang, Y. Heavy metals in indoor dust: Spatial distribution, influencing factors, and
potential health risks. Science of the Total Environment, 142367. 2020.

Sielski J., Kazirod-Wolski K., Jozwiak M. A., Jozwiak M. The influence of air pollution by
PM?2.5, PM10 and associated heavy metals on the parameters of out-of-hospital cardiac
arrest, Science of The Total Environment, Volume 788, 2021, 147541.

244



Silva, S. V., Gallia, M. C., Luz, J. R. D., Rezende, A. A, Bongiovanni, G. A., Araujo-Silva, G.,
& Almeida, M. D. G. Antioxidant Effect of Coenzyme Q10 in the Prevention of Oxidative
Stress in Arsenic-Treated CHO-K1 Cells and Possible Participation of Zinc as a Pro-
Oxidant Agent. Nutrients, 14 (16), 2022, 3265.

Sjostrom, Y., Hagstrom, K., Lindh, C., Bryngelsson, L., Larsson, M., & Hagberg, J. Exposure to
phthalates and DINCH among preschool children in Sweden: urinary metabolite
concentrations and predictors of exposure. International journal of hygiene and
environmental health, 250, 2023, 114161.

Sjostrom, Y., Holmes, B., Ricklund, N., Struwe, N., Hagstrom, K., Hagberg, J., & assson, M.
Endocrine disruption potential of dust in children's indoor environmefitss dssociations
with multiple chemicals from various compound classes across expdsuredhatrices used
for health risk assessment. Environmental Research, 2025, 121644.

Skalny, A. V., Aschner, M., Lei, X. G., Gritsenko, V. A., Santamaria, A., Alekseenko, S. L., et al.
(2021). Gut microbiota as a mediator of essential and toxiceffests of zinc in the intestines
and other tissues. International Journal of Molecular/Stiences, 22, 13074-13090.

Smith A. R., Kogut K. R., Parra K., Bradman A., Holland N.\& Harley K. G. Dietary intake and
household exposures as predictors of urinary coueentrations of high molecular weight
phthalates and bisphenol A in a cohort of adeldseents. Journal of Exposure Science &
Environmental Epidemiology, 32 (1), 2022N\37-47.

Sofia B. Shah, Heavy Metals in Scleractiiian Corals Series: Springer International
Publishing Briefs in Earth Sciences) Year: 2021, Page 1.

Soltani, N., Sadeghi, T., Mahmoodi,”M. R., Saadloo, M., Baneshi, M. R., Rajabi, Z., &
Shamsizadeh, A. The biotaxiC effects of heavy metals exposure in miners and non-miners.
Journal of Trace Elements in Medicine and Biology, 84, 2024, 127423.

Somsunun, K., Prapamontgl, {[, Kuanpan, T., Santijitpakdee, T., Kohsuwan, K., Jeytawan, N., &
Thongjan, N, Health Risk Assessment of Heavy Metals in Indoor Household Dust in
Urban and Rurald Areas of Chiang Mai and Lamphun Provinces, Thailand. Toxics,
11(12)52023¢1018.

Song, X..Zid S., Hu, L., Chen, X., Zhang, J., Liu, Y., Bu Q. & Ma, Y. 4 review of the
distéibution and health effect of organophosphorus flame retardants in indoor
ertvironments. Toxics, 12(3), 2024, 195.

Sperdouli, I. Heavy Metal Toxicity Effects on Plants. Toxics, 10(12), 2022, 715.

Sriram K., Jefferson A.M., Lin G.X., Afshari A., Zeidler-Erdely P.C., Meighan T.G., McKinney
W., Jackson M., Cumpston A., Cumpston J.L., et al. Neurotoxicity following acute
inhalation of aerosols generated during resistance spot weld-bonding of carbon steel.
Inhalation Toxicology, 2014;26:720-732.

245



Stamatelopoulou, A., Dasopoulou, M., Bairachtari, K., Karavoltsos, S., Sakellari, A., & Maggos,
T. Contamination and Potential Risk Assessment of Polycyclic Aromatic Hydrocarbons
(PAHs) and Heavy Metals in House Settled Dust Collected from Residences of Young
Children. Applied Sciences, 11(4), 2021, 1479.

Stiles, L.I., Ferrao, K. & Mehta, K.J. Role of zinc in health and disease. Clinical and
Experimental Medicine, 24, 38, 2024.

Stowers C.C., Cox B. M, Rodriguez B. A. Development of an industrializable fermentation
process for propionic acid production. Journal of Industrial Micrgbiology &
Biotechnology. 2014;41(5):837-852

Studer J. M., Schweer W. P., Gabler N. K., Ross J. W., Functions of mangangseNin yeproduction,
Animal Reproduction Science, Volume 238, 2022, 106924.

Sulaiman, F. R., Roslin, T. N. H. T., Sulaiman, N., & Ismail, I. ¥#dogr dust composition of
university laboratories and potential health risks in Pahang\Mealaysia. Atmoésfera, 2024,
38.

Sun D., Yang L., Liu N., Jiang W.J., Jiang X., Li J.J., Yahg/Z.Y., Song Z.P. Sulfur resource
recovery based on electrolytic Mn residue calciftqtion and Mn oxide ore desulfurization
for the clean production of electrolytic Mi.J'Journal of Chemical Engineering.
2020;28:864-870.

Taghavi, M.; Darvishiyan, M.; Momeni, M.; Bslami, H.; Fallahzadeh, R.A.; Zarei, A. Ecological
Risk Assessment of Trace Elemengs™~NEEs) Pollution and Human Health Risk Exposure in
Agricultural Soils Used for Saffiom Cultivation. Scientific Report. 2023.

Tang, F., Li, Z., Zhao, Y., Sun\ %/ Sun, J., Liu, Z. & Cui, J. Geochemical contamination,
speciation, and bioaceessibility of trace metals in road dust of a megacity (Guangzhou)
in Southern Chinas Nmplications for human health. International Journal of
Environmental Research and Public Health, /9(23), 2022, 15942.

Taugeer, H.M., Katiha'W?, Rashid A., Shahbaz A.K., Ramzani P. M. A., Farhad M., Basharat Z.,
Turan \V. & Igbal M. The Current Scenario and Prospects of Immobilization
Remgdigtion Technique for the Management of Heavy Metals Contaminated Soils.
Appreoaches to the Remediation of Inorganic Pollutants, Springer Nature, 2021, pp
1£55-185.

Tay, J. H., & Zakaria, N. Heavy metals in private car dusts collected from Universiti Malaysia
Pahang, Gambang Campus: Contamination and human health risks. Current Science
and Technology, 1(2), 2021, 52-57.

Terfassa B, Schachner JA, Traar P, Belaj F, Zanetti NCM. Oxorhenium(V) complexes with
naphtholate-oxazoline ligands in the catalytic epoxidation of olefins. Polyhedron.
2014;75:141-145

246



Terrin, G., Boscarino, G., Chiara, M. D., lacobelli, S., Faccioli, F., Greco, C., et al. (2020).
Nutritional intake influences zinc levels in preterm newborns: An observational study.
Nutrients 12, 529-538.

Teschke R. Intoxications by aliphatic halogenated hydrocarbons: Hepatotoxic risks for patients
and clinical issues including role of COZ2-induced hyperventilation as therapy option.
Journal of Clinical and Experimental Toxicology. 2018;2:25-29.

Thennakoon M. Sampath U. Gunathilake . Yern Chee Ching . Kiwao Kadokami, An gverview of
organic contaminants in indoor dust, their health impact, geographical distribution and
recent extraction/analysis methods, Environmental Geochemistry and Health, 2021.

Therdkiattikul N., Ratpukdi T., Kidkhunthod P., Chanlek N., Siripattanakul-Rafpukdi S. Mn-
contaminated groundwater treatment by novel bacterial isoldtes: Kinetic study and
mechanism analysis using synchrotron-based techniques. Scientific Reports2020;10:12.
doi: 10.1038/s41598-020-70355-w.

Thompson C. M., Aardema M. J., Heintz M. M., MacGreges . T, & Young R. R. 4 review of
mammalian in vivo genotoxicity of hexavalent N\chromium: implications for oral
carcinogenicity risk assessment. Critical Reviews§ im Toxicology, 51(10), 2021, 820-849.

Tijani, M.K., K oster, P.C., Guadano-Procesi, L., Gearge, 1.S., Abodunrin, E., Adeola, A., Dashti,
A., Bailo, B., Gonz alez-Barrio, D., Gaftména, D. High diversity of Giardia duodenalis
Assemblages and Sub-Assemblages in asymptomatic school children in Ibadan, Nigeria.
Tropical Medicine and Infectiou§ Disease. Dis. 8 (3), 2023, 152.

Tinkov, A. A., Bogdanski, P., Skrypaik,”D., Skrypnik, K., Skalny, A. V., Aaseth, J., Skalnaya, M.
G., & Suliburska, J. Frace FElement and Mineral Levels in Serum, Hair, and Urine of
Obese Women in Relation to Body Composition, Blood Pressure, Lipid Profile, and
Insulin ResistancexBipmolecules, 11(5), 2021, 689

Tinkov, A. A., JPaolicllo, M. M. B., Mazilina, A. N., Skalny, A. V., Martins, A. C.,
Voskresenskaya, O. N., Aaseth, J., Santamaria, A., Notova, S. V., Tsatsakis, A., Lee, E.,
Bowman, A. B., & Aschner, M. Molecular Targets of Manganese-Induced Neurotoxicity:
A FivesYéar Update. International Journal of Molecular Sciences, 22(9), 2021, 4646.

Titcomb\L.J., Liu B., Lehmler H., Snetselaar L.G., Bao W. Environmental Nickel Exposure and
Diabetes in a Nationally Representative Sample of US Adults. Exposure and Health.
2021;13:697-704.

Tkalec, Z., Kosjek, T., Tratnik, J. S., Stajnko, A., Runkel, A. A., Sykiotou, M., Mazej D. &
Horvat, M. Exposure of Slovenian children and adolescents to bisphenols, parabens and
triclosan: urinary levels, exposure patterns, determinants of exposure and susceptibility.
Environment International, 146, 2021, 106172.

247



Tomllinson D.C., Wilson J.G., Harris C.R., Jeffery D.W. Problems in the Assessment of Heavy
metals levels in Estuaries and the formation of pollution index. Helgoland Scientific
Marine Research 33: 1980, 566-569.

Tran T.M., Tran-Lam T.T., Mai H.H.T., Bach L.H.T., Nguyen H.M.N., Trinh H.T., Dang L.T.,
Minh T.B., Quan T.C., Hoang A.Q., Parabens in personal care products and indoor dust
from Hanoi, Vietnam: temporal trends, emission sources, and non-dietary exposure
through dust ingestion. Science of the Total Environment 761, 2021, 143274.

Tran TM, Tran-Lam TT, Mai HHT, Bach LHT, Nguyen HMN, Trinh HT, Dang £%,"Minh TB,
Quan TC, Hoang AQ. Parabens in personal care products and indoor dis{from Hanoi,
Vietham: temporal trends, emission sources, and non-dietary exposureshrough dust
ingestion. Science of the Total Environment, 2021, 761:143274,

Tran, T. M., Tran-Lam, T. T., Mai, H. H. T., Bach, L. H. T., Nguyety H.M. N., Trinh, H. T, ...
& Hoang, A. Q. Parabens in personal care products and tndoor dust from Hanoi,
Vietnam: temporal trends, emission sources, and non-dietary exposure through dust
ingestion. Science of the Total Environment, 767,202[143274.

Traven L, Marinac-Pupavac S, Zurga P, Linsak Z, Zeielj SP, Glad M, Linsak DT, Cenov A.
Arsenic (As), copper (Cu), zinc (Zn) and seleniygm’ (Se) in northwest Croatian seafood: A
health risks assessment. Toxicology Repot$,2023 Oct 24;11:413-419.

Tri, T. M., Anh, H. Q., Nam, V. D., Van Chigy¥L., & Minh, T. B. Contaminants of Emerging
Concern in Vietnamese Environments: 4 Recent Assessment of Pollution Status,
Emission Sources, and Human@ealth’Risks. Ecological and Human Health Impacts of
Contaminated Food and Emvironments, 2025, pp. 213-239.

Tsang T., Davis 1. C., BradyN\D® C., Copper biology. Current Biology, Volume 31, Issue
9pR421-R427, 2021

Tsuchiyama T., CheneD.)\Al Hossain M.M.A., Tazaki A., Kagawa T., Gu Y., Gao Y., Kurniasari
F., Ahsat N%, "Akhand A. A., Kato M. Unexpected associations of long-term and
excessiye eéxposure to trivalent chromium with hypertension and glycosuria in male
tanneyworkers, Chemosphere, Volume 337, 2023, 139190.

Tugce 6,, Xfshin S., Tuba R., Karacan A. D., Burcu E., Ahmet Y., Yesim N. E. O, Incilay L.,
Suna S. Possible Effect of Chelation Treatment on Metabolomic and Lipidomic Analysis

in Lead Exposure. Journal of Occupational and Environmental Medicine 64(5), 2022,
p €284-e290.

Turner, A., Ryan, P. H., Ingram, S., Chartier, R., Wolfe, C., & Cho, S. H. Variability in personal
exposure to ultrafine and fine particles by microenvironment among adolescents in
Cincinnati. Science of the Total Environment, 946, 2024, 173806

248



Ugwu, K.E., Ofomatah, A.C. Concentration and risk assessment of toxic metals in indoor dust in
selected schools in Southeast, Nigeria. SN Applied Sciences. 3, 43, 2021.

Vahabzadeh, M., Balali-Mood, M., Banagozar Mohammadi, A., & Moshiri, M. Efficacy and
expenses of succimer vs. d-penicillamine plus garlic in the treatment of lead poisoning: a

retrospective cross-sectional study. DARU Journal of Pharmaceutical Sciences, 29(2),
2021, 477-481.

Vajdi M., khajeh M., Safaei E., Moeinolsadat S., Mousavi S., Seyedhosseini-Ghaheh H.,
Abbasalizad-Farhangi M., Askari G. Effects of chromium supplementatiou\ on body
composition in patients with type 2 diabetes: A dose-response systematiejreview and

meta-analysis of randomized controlled trials, Journal of Trace Elements)in Medicine
and Biology, Volume 81, 2024, 127338.

Vale, F., Sousa, C. A., Sousa, H., Santos, L., & Simdes, M. Parabens ds egeérging contaminants:

Environmental persistence, current practices and treatmént~processes. Journal of
Cleaner Production, 347, 2022, 131244,

Vandecasteele, H. A., Gautier, F., Tourneix, F., van Vligf, " Ex=Bury, D., & Alépée, N. Next
generation risk assessment for skin sensitisation: ANtase study with propyl paraben.
Regulatory Toxicology and Pharmacology, 12332021, 104936.

Vasilachi, 1. C., Asiminicesei, D. M., Fertu, D. AN\&* Gavrilescu, M. Occurrence and fate of

emerging pollutants in water environihéntand options for their removal. Water, 13(2),
2021, 181.

Vhahangwele Masindi, Philani Lindokuhl¢’ Mkhonza, Memory Tekere, Remediation of Heavy
Metals, Environmental Chemistry for a Sustainable World 70 Chapter: Sources of Heavy
Metals Pollution Springer}, 2021.

Vijayakumar V., Abern MR.» Jagai J.S., Kajdacsy-Balla A. Observational Study of the
Association betweénsAir Cadmium Exposure and Prostate Cancer Aggressiveness at
Diagnosis among\a Nationwide Retrospective Cohort of 230,540 Patients in the United

States. Imternational Journal of Environmental Research, Public Health, Public
Health\202%418:8333.

Vijiyakumar@®k, & Prince S. E. A comprehensive review of cadmium-induced toxicity, signalling
wathways, and potential mitigation strategies. Toxicology and Environmental Health
Sciences, 2024, 1-16.

Wan, M. L. Y., Co, V. A., & El-Nezami, H. Endocrine disrupting chemicals and breast cancer:

a systematic review of epidemiological studies. Critical reviews in food science and
nutrition, 62(24), 2022, 6549-6576.

Wang J., Yu J., Gong Y., Wu L., Yu Z., Wang J., Gao R. and Liu W. Pollution characteristics,
sources and health risk of metals in urban dust from different functional areas in Nanjing,
China. Environmental Research, 201, 2021, 111607.

249



Wang Y, Li GL, Zhu QQ, Liao CY, Occurrence of parabens, triclosan and triclocarban in
paired human urine and indoor dust from two typical cities in China and its implications
for human exposure. Science of the Total Environment, 786, 2021, 147485.

Wang Y., Zhang X. and Lin H. Removal of Cr(VI) and p-chlorophenol and generation of
electricity using constructed wetland-microbial fuel cells based on Leersia hexandra

Swartz: p-chlorophenol concentration and hydraulic retention time effects. Royal
Society of Chemistry, 12, 2022, 15123-15132.

Wang, B., Lin, C., Cheng, H., Duan, X., Wang, Q., & Xu, D. Health Risk Assessmenhof Metals
via Multi-Source Oral Exposure for Children Living in Areas with InteQe ctronic
Manufacturing Activities. International Journal of Environmenta@ arch and
Public Health, 18(21), 2021, 11409.

Wang, J., Liu, H., Zhang, X., Wu, B., Wang, L., & Li, M. Evaluatin &obal health impacts
of long-term exposure to PM2.5 using a high-reso atmospheric model.
Environment International, 175, 2023, 108070.

Wang, J., Liu, M., Chen, Y., Zhou, L., & Zhang, Q. (202 sment of human exposure to
parabens in indoor dust and associated health ris global review. Science of the
Total Environment, 867, 162589. Q

Wang, L., Liao, C., Liu, F.,Wu, Q., Guo, Y., M@%.-B., Nakata, H., Kannan, K., 2012.
Occurrence and human exposure of p-h enzoic acid esters (parabens), bisphenol
A diglycidyl ether (BADGE), and thei olysis products in indoor dust from the United
States and three east Asian countries. Environmental Science & Technology, 46 (21),
11584-11593. Fg\&

Wang, M., Lv, Y., Lv, X., Wang %’&dl, Y., Lu, P., & An, T. Distribution, sources and health
risks of heavy metals in § dust across China. Chemosphere, 2023, 373, 137595.

Wang, P., Hu, J., Zhang, Q. \Ma, W., Tian, L., Liu, T., Zheng H. & Han, G. Risk assessment and
contamination dyivers for heavy metals in kindergarten resuspended dust. Journal of
Hazardou &' ials, 490, 2025, 137757.

Wang, Y., Li hu, Q. and Liao, C., 2021. Occurrence of parabens, triclosan and
tricl @an in paired human urine and indoor dust from two typical cities in China and
it,@cations for human exposure. Science of the Total Environment, 786, p.147485.

Wang, Y.J Yan, Q., Shi, Y., & Long, M. Copper Toxicity in Animals: A Review: Biological trace
element research, 203(5), 2025, 2675-2686.

Wang,W.; Lu, N.; Pan, H.; Wang, Z.; Han, X.; Zhu, Z.; Guan, J. Heavy Metal Pollution and Its
Prior Pollution Source Identification in Agricultural Soil: A Case Study in the Qianguo
Irrigation District, Northeast China. Sustainability, 14, 2022, 4494.

Watson-Parris, D., & Smith, C. J. Large uncertainty in future warming due to aerosol forcing.
Nature Climate Change, 12(12), 2022, 1111-1113.

250



Wei, F., Mortimer, M., Cheng, H., Sang, N., & Guo, L. H. Parabens as chemicals of emerging
concern in the environment and humans: A review. Science of the Total Environment,
778, 2021, 146150.

Wei, F., Yue, H., Wang, B., Cheng, H., & Sang, N. Endocrine disrupting effects of parabens in
zebrafish (Danio rerio): New insights from transcriptomics, metabolomics, and
molecular dynamics simulation. Chemosphere, 354, 2024, 141682.

Weyh, C., Kriiger, K., Peeling, P., & Castell, L. The Role of Minerals in the Optimal Functioning
of the Immune System. Nutrients, 14 (3), 2022, 644. &

Weyh, C., Kriiger, K., Peeling, P., and Castell, L. (2022). The role of miner@che optimal
functioning of the immune system. Nutrients 14:4.

Widziewicz-Rzonca, K., Pyta, H., Staby, K., Blaszczak, B., Rogula-
Blaszczak M. & Klejnowski, K. Analysis of the seasonal

metals bearing particles in an urban environment and
Atmospheric Chemistry, 80(1), 2023, 77-101.

iec, P., Mathews, B.,
ctional variability of
inhalability. Journal of

Witkowska, D.; Stowik, J.; Chilicka, K. Heavy Metals ar@\man Health: Possible Exposure
Pathways and the Competition for Protein Bindin@tes. Molecules 2021, 26, 6060.

Witt B., Stiboller M., Raschke S., Friese S., Eberté chwerdtle T. Characterizing Effects of
Excess Copper Levels in a Human Astr; Cell Line with Focus on Oxidative Stress
Markers. Journal of Trace Elemen\ edicine and Biology 2021;65:126711. doi:
10.1016/.jtemb.2021.126711.

Wong C., Roberts S. M., Saab I. N. \vjregulatory reference values and background levels

for heavy metals in the Q/ n diet, Regulatory Toxicology and Pharmacology,
Volume 130, 2022, 105@

Wu R, Yao F, Li X, Sh@ ang X, Shu X, Liu H, Zhang W. Manganese Pollution and Its
Remediation; eview of Biological Removal and Promising Combination Strategies.
2022 Dec 6;10(12):2411.

Microor{:}&
Wu T., Luo 1 T., Zhang C., Chen H. X., Mao Y. T., Wu Y.T. and Huang, H. F. Effects of
exp to multiple metallic elements in the first trimester of pregnancy on the risk of

\% birth. Maternal & Child Nutrition, 20(4), 2024, ¢13682.

Wu X., Keegan J., & Behan P. Migration analysis of Cr, Ni, Al, Fe, Mn, Cu, Zn, and Mo in

internet-bought food serving stainless-steel utensils by ICP-MS and XRF. Food
Additives & Contaminants: Part B, 14 (4), 2021, 256-263

Wu, L.; Yue,W.;Wu, J.; Cao, C.; Liu, H.; Teng, Y. Metal-Mining-Induced Sediment Pollution
Presents a Potential Ecological Risk and Threat to Human Health across China: A Meta-
Analysis. Journal of Environmental Management, 329, 2023, 117058.

251



Wu, R., Yao, F., Li, X., Shi, C., Zang, X., Shu, X., Liu, H., & Zhang, W. Manganese Pollution
and Its Remediation: A Review of Biological Removal and Promising Combination
Strategies. Microorganisms, 10(12), 2022, 2411.

Xia B., Yuan J., Pang L., He K. Chromium [Cr(VI)] Exposure Causes Cytotoxicity of Human
Bronchial Epithelial Cells (16-HBE) and Proteomic Alterations. International Journal
of Toxicology, 2022;41:225-233.

Xia, Q.; Zhang, J.; Chen, Y.; Ma, Q.; Peng, J.; Rong, G.; Tong, Z.; Liu, X. Pollution, Sources
and Human Health Risk Assessment of Potentially Toxic Elements in Dlﬁ”eran%and Use
Types under the Background of Industrial Cities. Sustainability 2020, 12

Xu, F., Liu, Y.C.,Wang, J.X., Zhang, G., Zhang,W., Liu, L.L.,Wang, J.F., Ega./ , Lin, K.F.,
2015. Characterlzatlon of heavy metals and brominated flame t
and outdoor dust of e-waste workshops: implication for @ human exposure.
Environmental Science and Pollution Research. 22, 5469

in the lndoor

Xu, S., Wang, H., Liu, Y., Zhang, C., Xu, Y., Tian, F., & Me Hair chemicals may increase
breast cancer risk: a meta-analysis of 210319 subj 14 studies. Public Library
of Science one, 16(2), 2021, €0243792.

Xue, S.; Korna, R.; Fan, J.; Ke, W.; Lou, W. @?g, J.; Zhu, F. Spatial Distribution,
Environmental Risks, and Sources of Pot Toxic Elements in Soils from a Typical
Abandoned Antimony Smelting Site.\ al of Environmental Sciences,127, 2023,

780-790 %
Yan L.-J., Allen D.C. Cadmium-In idney Injury: Oxidative Damage as a Unifying
Mechanism. Biomolecules. 1:1575.

Yang, H.; Zhang, F.; Wy,
and safety analysigs.

cycle of parabens: Synthesis, degradation, characterization
ent Organic Chemistry, 2018, 22, 769—-779.

Yang, J., Sun, F,, S&%‘Tao Y., & Chang, H. Multiple Risk Assessment of Heavy Metals in

Surface d Sedzment in Taihu Lake, China. International Journal of
Envir lResearch and Public Health, 19(20), 2022, 13120.
Yang, L., Z s H., Zhang, X., Xing, W., Wang, Y., Bai, P., Zhang L., Hayakawa K., Toriba A.

&@ g, N. Exposure to atmospheric particulate matter-bound polycyclic aromatic
%drocarbons and their health effects: a review. International journal of
environmental research and public health, 18(4), 2021, 2177.

Yogendra Nagar, Ravindra Singh Thakur, Tuba Parveen, Devendra Kumar Patel, Kristipati Ravi
Ram, Aruna Satish, Toxicity assessment of parabens in Caenorhabditis elegans,
Chemosphere, Volume 246, 2020, 125730.

252



Yu, H, Xie, Y., Yang, X., Cheng, Y., Zhang, Y., & Kong, L. Migration and deposition
characteristics of micro-dust in the human upper airway in dust-polluted tunnel
environments. Journal of Hazardous Materials, 488, 2025,137371.

Yuan, Y.; Zhao, F. Theoretical Risk Assessment of Metal Elements from Stainless-Steel Products
for Food Contact in China. Chinese Journal of Food Hygiene, 2023, 35, 712-716.

Yue, K., Ni, X., Fornara, D. A., Peng, Y., Liao, S., Tan, S., Wang D., Wu F. & Yang, Y.
Dynamics of calcium, magnesium, and manganese during litter decomposition in alpine
forest aquatic and terrestrial ecosystems. Ecosystems, 24(3), 2021, 516-529.

Yunusa MA, Igwe EC, Mofoluke AO. 2023. Heavy metals contamination of and fish-a
review. FUDMA Journal Of Sciences. 7(1), 110-118. (

Zhang J., Gu H., Chen S., Ai W, Dang Y., Ai S. and Li, Z. Assessment Qﬁﬂeavy metal pollution
and preschool children health risk in urban street dusts from a @ functional areas in
a typical industrial and mining city, NW China. Enviropniernital Geochemistry and
Health, 45 (10), 2023, 7199-7214.

Zhang X., Wang X., Cao X., Xiao G., Miao H. Heavy ele ;tem‘s of vegetables and health-
risk assessment in China, Science of The T0§ vironment, Volume 828, 2022,

154552. fb

Zhang X., Wei H., Guan Q., Yang X., Yu Q,, ., Xia Y. Maternal Exposure to Trace
Elements, Toxic Metals, and Long)’\ Changes in Infancy Anthropometry and
Growth Trajectories: A Prospective™ Cohort Study. Environmental Science &
Technology, Volume 57 (32), .

Zhang Y, Zhang M, Yu W, LiJ, K%‘% 2022. Ecotoxicological risk ranking of 19 metals in the
lower Yangtze River of based on their threats to aquatic wildlife. Science of the

Total Environmg 2370.
Zhang, B.; He, Y.; Huang,*Y.; Hong, D.; Yao, Y.; Wang, L.; Sun, W.; Yang, B.; Huang, X.;
Song, S. No d legacy poly-and perfluoroalkyl substances (PFASs) in indoor dust

from urbgn, Sndustrial, and e-waste dismantling areas: The emergence of PFAS
altern@es n China. Environmental Pollution. 2020, 263, 114461.

Zhang, H , A.; Wang, X.; Wang, L.; Wang, Q.; Wu, X.; Ma, Y. Risk Assessment and Source
gquortionmem‘ of Heavy Metals in Soils from Handan City. Applied Sciences, 11, 2021,
9615.

Zhang, R.; Chen, T.; Zhang, Y.; Hou, Y.; Chang, Q. Health Risk Assessment of Heavy Metals in
Agricultural Soils and Identification of Main Influencing Factors in a Typical Industrial
Park in Northwest China. Chemosphere, 252, 2020, 126591.

253



Zhao, F., Wang, X., Sun, R, & Li, Y. (2023). Paraben concentrations in indoor dust:
Implications for human health and exposure routes. Environmental Pollution, 325,
121745.

Zhao, P., Liu, X., Yin, L. et al. Levels, distribution characteristics, and sources of heavy metals
in indoor dust in Shijiazhuang, China. Environmental Monitoring and Assessment,
Springer Nature, 194, 2022, 857.

Zheng F., Zhu H., Luo T., Wang H.J., Hou H.B. Pure water leaching soluble Mn from
electrolytic Mn residue: Leaching kinetics model analysis and characterizat%Journal
of Environmental Chemical Engineering, 2020; 8:7.

Zhiguo Cao, Mengmeng Wang, Qiaoying Chen, Chunyou Zhu, Janye Jie, ){L Li, Xiayan
Dong, Zheng Miao, Mohai Shen, Qingwei Bu, Spatial, seasgna
dependent variations of PAH contamination in indoor dust an &responding human
health risk, Science of the Total Environment, Volume 019, Pages 423-430,
ISSN 0048-9697.

d particle size

Zhou L, Liu G, Shen M, Hu R, Liu Y, Source identificati avy metals and stable carbon
isotope in indoor dust from different functzonal aréas/ in Hefei. China Science of the
Total Environment 710, 2019a, 135599

Zhou, J., Cui, H., Zhu, Z., Liu, M., Xia, R & Ding C. & Zhou, J. Long-term and
multipoint observatlons of atmosph avy metal (Cu and Cd) deposition and
accumulation in soil-crop syste man health risk evaluation around a large
smelter. Exposure and Health,, 6&82024 475-487.

Organic Pollutants in Wa d Soil Using DGT: A Review. Applied Sciences, 13 (17),

Zhu Q., Ji J., Tang X., Wang C., H Bioavailability Assessment of Heavy Metals and
2023, 9760. '\&

Zhu Q.Q, Wang M, JL@S Hu Y, Wang X, Liao C.Y, Jiang G.B (2020) Occurrence,
distribution, and\human exposure of several endocrine- disrupting chemicals in indoor
dust: a na(?)/\ tudy. Environmental Science & Technology, 54:11333-119343.

Zhu, C., Sun,§ Zhao, Y., Hou, J., Zhang, Q., & Wang, P. Associations between Children's
ast nd allergic symptoms and phthalates in dust in metropolitan Tianjin, China.

& osphere, 302, 2022, 134786.

Zhu, Q., Wang, M., Jia, J., Hu, Y., Wang, X., Liao, C. and Jiang, G.. Occurrence, distribution,
and human exposure of several endocrine- disruptingchemicals in indoor dust: a

nationwide study. Environmental Science & Technology, 54(18), 2020, pp.11333-
11343.

Zhu, R. G, Pan, C. G., Peng, F. J., Zhou, C. Y., Hu, J. J., & Yu, K. Parabens and their
metabolite in a marine benthic-dominated food web from the Beibu gulf, South China Sea:

254



occurrence, trophic transfer and health risk assessment. Water Research, 248, 2024,
120841.

255



Appendix I

256



Appendix II

Picture of Solid Phase Extraction p ’SQS carried out in the Laboratory

Source: Author’s AnalysisQZ@\A
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Appendix III

High-Performance Liquid Chromatogr Ultra Violet Detection HPLC-UV Used for this

Research \(_)

Source: Author’s Analysis, 202@
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