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CHARACTERIZATION OF INDOOR DUST-DERIVED TRACE 

ELEMENTS AND ORGANIC CONTAMINANTS' IMPACT ON HUMAN LUNG 

CELLS 

 

By 

Ayat Ali, Ph.D. 

Texas Southern University, 2021 

Professor Shishir Shishodia, Advisor 

These days, people spend most of their time indoors. Therefore, indoor dust can be 

one of the main pathways of exposure to toxic contaminants. Indoor dust is a complex 

mixture of particles with organic and inorganic pollutants, such as heavy metals, smoke 

residues, flame retardants, pesticides, polycyclic aromatic hydrocarbons, and plasticizers. 

Depending on the size and the composition, indoor dust has been associated with different 

toxicological effects because of its ability to modify several biological activities, activate 

different cellular pathways, and induce DNA adducts. These alterations can lead to 

respiratory diseases like asthma, chronic obstructive pulmonary disease, lung fibrosis and 

cancer.  

This study aimed to determine the effect of the indoor dust (Trace Elements Indoor 

Dust and Organic Contaminants House Dust) on cell viability, cytotoxicity, cellular death 

mechanism, cellular oxidative stress, inflammasome activation, and Mitogen-Activated 

Protein Kinase pathway activation in normal human bronchial epithelial cells (BEAS-2B) 

after exposure to different dust concentrations (10, 25, 50, 75, 100, 250, and 500 µg/ml). 
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The research covers the proliferation of normal human bronchial epithelial cells 

using 3-(4,5 dimethyl-2-thiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay. 

Viability and apoptosis were measured in BEAS-2B cells by the Triplex assay. 

Cytotoxicity was measured using LDH-Glo cytotoxicity assay. Reactive oxygen species 

(ROS) were measured by the dichlorofluorescein (DCFH) oxidation assay and the ROS-

Glo-H2O2 assay. For detection of inflammation, Inflammasome-Glo Caspase-1 assay was 

used. MAPK protein levels (JNK, ERK1/2, and p38) and antioxidant enzymes’ levels 

(Superoxide Dismutase-1, Superoxide Dismutase-2, Catalase, and Glutathione Peroxidase) 

were determined using western blotting. 

Our findings indicate that indoor dust exposure results in cell growth suppression, 

cell cytotoxicity, ROS overproduction, antioxidant enzymes activation, activation of the 

inflammatory response, and MAPK pathway activation in normal lung cells, which 

together cause apoptotic, necrotic, and pyroptotic cell death, and that may pose a risk for 

respiratory disorders and airway injury. 
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CHAPTER 1 

INTRODUCTION 

 

 Much attention has been paid to investigating, analyzing, and controlling outdoor 

air pollution. As a consequence, air pollution is usually thought to be only an outdoor 

phenomenon. However, indoor air can be more polluted (USEPA, 1987). The United States 

Environmental Protection Agency has classified indoor pollution as a very import risk to 

human health (Health Canada, 1989). In the previous few years, indoor air pollution has 

caused growing concern (McCormack et al., 2008) because it considered the main pathway 

for human exposure to toxic contaminants in re-suspended and settled dust (Mohmand et 

al., 2015; Morawska, 2004; Schripp et al., 2008), such as polycyclic aromatic hydrocarbons 

(PAHs), organophosphorus flame retardants, polybrominated diphenyl ethers (PBDEs), 

plasticizers, parabens, pesticides, bisphenols, and other chemicals that impacting human 

health (Butte & Heinzow, 2002; Laborie et al., 2016; Larsson et al., 2017; Liao et al., 2012; 

Loganathan & Kannan, 2011; Tran et al., 2016; Wang et al., 2012). These compounds 

persisted and accumulated in house dust, as they are not exposed to the same outdoor 

factors, such as sunlight, microbial degradation, high temperature, moisture fluctuation, 

and overall weathering impacts (Paustenbach et al., 1997).  

Indoor dust is a heterogeneous combination of particles with a variety of inorganic 

and organic contaminants. The percentage of inorganic and organic matter in house dust 

may differ extensively (Butte & Heinzow, 2002; USEPA, 1997; VDI, 2001). It can trap, 
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accumulate, and preserve contaminants (Cizdziel & Hodge, 2000), so it can be used as an 

archive for indoor pollution (Butte & Walker, 1994).  

The composition of indoor dust can vary significantly between rooms in a specified 

house and between houses and locations (Lioy et al., 2002). Several seasonal and 

environmental factors greatly affect the composition of indoor dust, these factors including 

the surroundings, air exchange and ventilation, house age, conditions of building materials, 

cleaning habits, type of furniture and carpets, in addition to the activities of the occupants 

(Butte & Walker, 1994). 

In addition to the differences in dust chemical composition, the particle shape, size, 

and density also vary greatly (Lewis et al., 1999; Que Hee et al., 1985). The size of the dust 

particles ranges from below 1 micron to at least 100 microns. They will slowly settle under 

the influence of gravity and may become airborne due to their origin, physical 

characteristics, and environmental conditions (IUPAC, 1990). 

             Individuals are continuously exposed to dust particles through different pathways, 

which are inhalation, skin contact, and ingestion (Blanchard et al., 2014; Mercier et al., 

2011; Weschlera & Nazaroff, 2008). Indoor activities, such as cleaning, vacuuming, 

walking, or playing, can cause dust suspension or re-suspension, leading to dust inhalation 

(Thatcher & Layton, 1995). Whether the particles are deposited in the head or the lung, 

they may cause local or systemic harm to the body. Particles that last for a long time have 

increased ability to cause diseases. Soluble particles deposited in any area can dissolve and 

release substances that may be harmful to the human body and can be absorbed from any 

part of the respiratory tract, so it is of little importance for the deposition site and 

aerodynamic diameter of soluble particles. However, the deposition site of insoluble 
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particles in the respiratory system is critical, this implies that the particle's aerodynamic 

properties, shape, dimensions of the airways, and breathing patterns are relevant. (Hinds, 

1982; Parkes, 1994; Vincent, 1995).  

             Several studies revealed that heavy metals and organic pollutants in indoor dust 

were certainly associated with human diseases (Betts, 2015; He et al., 2015; Kolarik et al., 

2008; Meeker & Stapleton, 2010) due to their persistence in the environment and their 

adverse impacts (Yu et al., 2014). These impacts include immunological, respiratory, 

cardiovascular, reproductive, and central nervous system problems, allergies, skin and 

mucous membrane irritation, and cancer (Ezzati & Kammen, 2001; Gereda et al., 2002; 

Maroni et al., 1995).  

The first physical barrier against inhaled particles and environmental factors is the 

respiratory epithelium, which cover the surface of the airways and alveoli. It is work as an 

essential factor of the inflammatory defense mechanism as it develops various pro-

inflammatory molecules after exposure to damaging compounds (Cunningham & Mahone, 

2002; Takizawa et al., 1999). Hence, lung epithelial cell cultures are commonly used in in 

vitro studies to study the possible detrimental effects of particulate matter and other 

inhaling contaminants (Ahktar et al., 2010; Becker et al., 2005; Ortgiesen et al., 2000; 

Salonen et al., 2004; Veronesi et al., 2002; Zarcone et al., 2016). Most of these studies used 

immortalized respiratory cell lines. Besides that, studying primary cell cultures is also 

important as they more closely resemble in vivo conditions. 

Previous studies demonstrated that exposure to the particulate matter could lead to 

increased oxidative damage, DNA breaks, DNA adducts (Bai et al., 2001; Lepers et al., 

2013; Sevastyanova et al., 2007), and cell death (Bai et al., 2001; Billet et al., 2007; 
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Danielsen et al., 2008), as well as an increased frequency of mutations and genetic 

rearrangements (Claxton et al., 2004; Du Four et al., 2005; Motta et al., 2004; Saint-

Georges et al., 2009). Two distinct death pathways can occur in cells exposed to PM (de 

Kok et al., 2006; Schwarze et al., 2006), which are necrosis and apoptosis (programmed 

cell death). In addition to the PM's chemical properties, the exposure dose is also important 

in triggering the specific death mechanism. (Nel et al., 2001). The same chemical induces 

an apoptotic pathway at low doses can result in a necrotic pathway activation at higher 

doses (Elmore, 2007).  

Reactive oxygen species are chemically reactive molecules commonly found 

within the cells during normal cellular activation and serve multiple purposes, including 

cell differentiation, controlling gene expression, and cytokine responsiveness. It has been 

identified as a main mechanism of cytotoxicity triggered by particulate matter (Akhtar et 

al., 2010; Deng et al., 2013). Adverse biological effects can occur due to the imbalance 

between the production of ROS and the antioxidant defenses (Limon-Pacheco & 

Gonsebatt, 2008). Several studies have shown that the pariculate matter chemical 

contaminants could induce DNA damage, inflammation, oxidative stress, fibrosis, and cell 

cytotoxicity (Deng et al., 2013; Li et al., 2008; Schwarze et al., 2006; Tao et al., 2003; Yi 

et al., 2014; Zorov et al., 2014). It was found that ROS production is directly linked to the 

effect of transition metals (DiStefano et al., 2009), while organic compounds indirectly 

affect ROS generation (Michael et al., 2013). 

 

In toxicological and environmental analyses, standard reference materials (SRMs) 

are frequently utilized as scale or control samples. The SRMs offered by the National 



5 
 

 

 

Institute of Standards and Technology (NIST) are related to the most trustworthy materials 

used in toxicological research (Jacobsen et al., 2008; Masi, 2008; May et al., 1992). The 

use of standard reference materials over raw samples has various advantages, including 

well-documented sample composition and the ability to compare results from different 

studies. 

Aims and Objectives 

 This study aims to: 

1. Determine the effect of indoor dust on cell viability, cytotoxicity, and cellular 

death mechanism (caspases 3/7 activation) in normal human bronchial 

epithelial cells (BEAS-2B). 

2. Determine the effect of indoor dust on induction of oxidative stress by 

measuring the generation of reactive oxygen species (ROS) and the protein 

expression of antioxidant enzymes (superoxide dismutase, catalase, and 

glutathione peroxidase) in normal human bronchial epithelial cells (BEAS-

2B). 

3. Determine if the indoor dust exposure activates Inflammasome-Caspase 1 in 

normal human bronchial epithelial cells (BEAS-2B). 

4. Determine if the indoor dust exposure activates the Mitogen-Activated 

Protein Kinases signaling pathway (JNK, ERK1/2, and p38) in normal human 

bronchial epithelial cells (BEAS-2B). 
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CHAPTER 2 

LITERARY REVIEW 

 

Origin and Exposure Routes of Indoor Dust 

Indoor dust is a diverse mix of materials from many sources, such as soil particles, 

clothing, particulate matters, hair, skin particles, fibers, pollen, arthropods, ash, soot, 

animal fur and hair, allergens, cooking residues, building materials, molds, bacteria, and 

viruses (Paustenbach et al., 1997). 

Inhalation, ingestion, and dermal adsorption are the routes of exposure to suspended 

indoor dust and related contaminants. These contaminants are subjected to variabilities, 

such as space and time variabilities, responsible for resulting heterogenicity in dust 

composition (Figure-1). 
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Figure 1: Indoor dust variabilities and exposure routes. 

 

Inhalation 

Indoor activities, like playing, cleaning, vacuuming, or even walking in a room, can 

cause the suspension and resuspension of the dust particles and lead to dust inhalation 

(Thatcher & Layton, 1995). The estimation of adults’ dust inhalation is 0.81 mg/day, while 

children can inhale about 0.15 - 0.34 mg of dust daily (Hawley, 1985). Generally, the upper 

respiratory tract can trap any dust particles larger than ten micrometers. In comparison, 

finer particles (< 2.5 μm) can deeply enter the respiratory system and are less likely to be 

eliminated (Morawska & Salthammer, 2003). These particles contain high concentrations 

of polycyclic aromatic hydrocarbons, and they can cause high toxicity risk to the exposed 

persons (Lewis et al., 1999).  
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Non-Dietary Ingestion 

Children who put playing objects like toys, and even their hands into their mouth, 

are generally thought to accidentally ingest dust particles on the objects or their skin (Lewis 

et al., 1999). Via this route of exposure, adults can ingest 0.56 mg of dust daily, while 

children ingest 50 to 100 mg/day (Hawley, 1985). Some children might ingest about 10 g 

of dust and soil daily because of eating non-food items (pica behavior) (Calabrese & 

Stanek, 1992). 

Dermal Contact 

Contact with dust accumulated on furniture, floors, and other items may cause 

dermal adsorption of dust. The skin mostly retains dust particles less than 100-200 μm in 

diameter (Lewis et al., 1999). About 28 mg and 51 mg of indoor dust can be adsorbed daily 

to children's and adults’ hands, respectively (Hawley, 1985). Such exposure route is 

thought to be less critical in a non-occupational environment than inhalation and ingestion 

(Chuang et al., 1999). 

Characteristics of Dust Particles 

The aerodynamic diameter of particles becomes the determinant for the time a 

particle remains airborne, if it is to be inhaled, and where the dust will be deposited in the 

respiratory system. In addition, the quantity of dust in the air will determine the quantity 

of deposited dust in the critical site. Wherever they are deposited (in the upper respiratory 

tracts or in the lung), dust particles can cause a different degree of harm locally or 

elsewhere in the body, depending on the position where they have been deposited. While 

some particles may have lower chances of causing harmful effects, particles that remain 

for longer times have increased chances of causing diseases. So, the evaluation and control 
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of inhaled dust particles are very important.  Several factors can determine the fate of 

insoluble dust particles deposition, such as their aerodynamic diameter, their shapes, the 

dimensions of the airways, and the breathing patterns. The soluble and very soluble dust 

particles can be dissolved and readily absorbed from any part of the respiratory tract and 

release potentially toxic materials that are harmful to the body (Hinds, 1982; Parkes, 1994; 

Vincent, 1995). Therefore, the deposition site and the aerodynamic diameter of very 

soluble particles are less important (Figure-2).  

 

 

Figure 2: Characteristics of dust particles 
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Indoor Dust Contaminants 

There are many contaminants in indoor dust that are come from different sources. 

They are able to metabolize and react with each other and with the human body causing 

serious effects. They are classified into two major groups (chemical and biological 

contaminants), as shown in Figure-3. 

 

Figure 3: Indoor dust contaminants 
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Chemical Contaminants in Indoor Dust 

1- Inorganic Contaminants  

Copper, Zinc, Manganese, and Cobalt at trace levels can act as micronutrients for 

human and animals’ growth, while cadmium, chromium, and arsenic act as carcinogens. 

Anions at low concentrations are beneficial to the human body; they help renew and 

promote better functioning of cells and body parts, thus improving body health 

(Trichopoulos et al., 1997). 

 The non-biodegradable and harmful nature of trace metals in the environment is a 

significant area of concern, particularly if their accumulation levels in the body are higher 

than those needed (Kong et al., 2011). Trace metals accumulation in human organs and 

body tissues can act as promoters, stimulants, and cofactors, affecting the central nervous 

system and can lead to trace metal diseases (Mass et al., 2010).  

Inorganic pollutants in indoor dust have a human toxicity risk, especially young 

children, as revealed by the researchers’ reports (Akhter & Madany, 1993; Chattopadhyay 

et al., 2003; Jaradat et al., 2004; Rashed, 2008; Latif et al., 2009; Rasmussen et al., 2001; 

Yaghi & Abdul-Wahab, 2004). Several studies have been made to determine the existence 

of these pollutants in different environmental media such as road dust, food, and water 

(Asante et al., 2012; Charlesworth et al., 2003; Duong & Lee, 2009; Duzgoren-Aydin et 

al., 2006; Gunawardana et al., 2012; Khan et al., 2008; Leung et al., 2008; Okonkwo et al., 

2006; Polat & Erdogan, 2007; Radwan & Salama, 2005; Rashed, 2008; Sekabira et al., 

2010; Sutherland 2003; Zheng et al., 2010). 

The International Agency for Research on Cancer (IARC) classified zinc, 

aluminium, nickel, cobalt, iron, and copper as carcinogenic elements, while lead, arsenic, 
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cadmium, and chromium have been classified as carcinogenic and non-carcinogenic. 

Smaller volumes of trace metals like Zinc and Copper are harmless, while some like 

cadmium and lead, even at lower volumes, are extremely toxic and can interfere with gene 

expression, DNA replication, and DNA repair by competing with nuclear uptake, 

homeostasis, and the function of essential metal ions (Chattopadhyay et al., 2003; Gomaa 

et al., 2002; Gulson et al., 2003; Menzie et al., 2009; Myers & Davidson, 2000; Whicker 

et al., 1997). They are able to accumulate in the body's fatty tissues, and they might be 

concentrated in the circulatory system causing damage to the central nervous system and 

affecting the normal functions of internal organs (Bocca et al., 2004; Waisberg et al., 2003). 

In addition, they can promote several diseases such as respiratory diseases, cardiovascular 

diseases, cancer (Dockery & Pope, 1996; Sanborn et al., 2002; Tchounwou et al., 2003; 

Willers et al., 2005), and slow development (Faiz et al., 2009; Turner & Hefzi, 2010). 

The sources of metal-laden indoor dust are vehicle pollution, polluted soil, the fine 

particulate matter created by paint, and road surface degradation (Hunt et al., 1992). The 

daily burning of fuel for cooking is a major source of heavy metals in households (Hassan, 

2000).  

Wall paints are considered a very important source of heavy metals in the dust. 

Green paint is associated with high concentrations of copper, purple paint is associated 

with high zinc and lead concentrations, while yellow paint is related to high concentrations 

of cadmium, copper, lead, and zinc (Chattopadhyay et al., 2003; Tong & Lam, 2000).  

The proportion of fungi, molds, and other organic materials that have the potential to 

absorb metals, is also likely to affect total concentrations of metals in indoor dust 

(Rasmussen et al., 2001). 
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2- Organic Contaminants  

Polycyclic Aromatic Hydrocarbons (PAHs) 

Due to incomplete combustion, PAHs are produced, which are a group of carbon-based 

compounds made up of fused aromatic rings organized in a linear, angular, or clustered 

pattern. They are present as complex mixtures rather than single compounds. Indoor and 

outdoor sources, such as cigarette smoke, appliances, fireplaces, grilled or smoked foods, 

and vehicle exhaust considered the main sources of PAHs exposure (Agency for Toxic 

Substances and Disease Registry, 1995).  

PAHs has been found in many places in the surrounding environments, including 

indoor dust, blood, air, and urine (Beyea et al., 2006; Burstyn et al., 2000; Chuang et al., 

1995, 1999; Dai et al., 2004; Gevao et al., 2007; Jacob & Seidel, 2002; Kriek et al., 1998; 

Lewis et al., 1999; Maertens et al., 2004, 2008; Murkerjee et al., 1997; Onyemauwa et al., 

2009; Sobus et al., 2009; Pleil et al., 2004; Rudel et al., 2003; Tjoe Ny et al., 1993; Wilson 

et al., 2003). PAH concentrations in indoor dust can give a long-term prediction of 

exposure to indoor PAH since PAHs are able to accumulate in carpets over the years 

(Roberts et al., 2009).  

Indoor dust in urban homes was found to have higher concentrations of PAHs than 

in rural homes (Chuang et al., 1999). Also, Smoking homes have higher PAHs 

concentrations than non-smoking homes (Maertens et al., 2004). Other factors as well can 

affect PAHs concentrations in indoor dust, such as seasonal variations (Murkerjee et al., 

1997) and cleaning frequency (Maertens et al., 2008).  

Benzo(a)pyrene is identified as a human carcinogen, and several other polycyclic 

aromatic hydrocarbons are identified as class B2 probable carcinogens (IARC, 2004). 
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Polycyclic aromatic hydrocarbons are major toxic components that have been found in 

higher levels in indoor dust (Chuang et al., 1995; Chuang et al., 1999; Fromme et al., 2004; 

Maertens et al., 2004; Maertens et al., 2008; Mahler et al., 2010; Mannino & Orecchio, 

2008; Mukerjee et al., 1997).  

Harmful health effects may result due to unintentional exposure to PAHs, depending 

on their nature, level, and exposure periods (IARC, 2010), such as respiratory diseases 

(Whitehead et al., 2011a, b), nervous system tumors, and leukemia (Rengarajan et al., 

2015; Sánchez-Guerra & Quintanilla-Vegal, 2013), lung, bladder and skin cancers 

(Boffetta et al., 1997; Perera et al., 2002). Furthermore, IQ deficiencies, cognitive 

developmental delays, and reduced gestational size have all been linked to in utero 

exposure to PAHs (Choi et al., 2008; Jedrychowski et al., 2005; Miller et al., 2004; Perera 

et al., 2006, Perera et al., 2009). 

Polychlorinated Biphenyls (PCBs) 

 They are 209 lipophilic heat-resistant compounds mainly manufactured and used 

between the 1930s and 1970s. PCBs are considered to be persistent and bioaccumulative 

contaminants. They have a global distribution in the environment due to their extensive 

application, mobility, and chemical stability. Several health effects have been associated 

with human exposure to PCBs, such as childhood leukemia (Ward et al., 2009), neuro-

behaving changes (Faroon et al., 2000), and decreased insulin synthesis (Jensen et al., 

2014). While in transformers and condensers, PCBs were mainly used as coolants and 

insulants; about 10% of US PCBs applications included materials like plasticizers in 

sealants for buildings construction (Davies & Delistraty, 2016). These materials are 

important sources of PCBs found in indoor dust and soils (Herrick et al., 2007; Knobeloch 
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et al., 2012; Kohler et al., 2005; Orloff et al., 2003; Priha et al., 2005; Wang et al., 2013). 

For example, wood floor finishes are important sources for high-level PCBs in indoor dust 

(Rudel et al., 2008).  

 Because children have comparatively high rates of soil and dust ingestion, the 

existence of PCBs in these sources is of concern (USEPA., 2008). Several studies have 

revealed that following soil and dust ingestion, significant amounts of sorbed PCBs become 

desorbed and free for uptake into the circulation (bioaccessible) and for delivery from the 

circulatory system to the target organs (bioavailable) (Ertl & Butte, 2012; Feidt et al., 2013; 

Fournier et al., 2012; Fries et al., 1989; Hack & Selenka, 1996; Oomen et al., 2000; Van 

Eijkeren et al., 2006). 

Flame Retardants (FRs) 

 They are additives utilized in consumer products and building materials. Over time, 

they can leach into the environment and accumulate in dust and on other surfaces because 

they are not chemically bound to these materials. Many of them are abundant in indoor 

dust because of their high octanol-air partitioning coefficients (Dodson et al., 2012; Harrad 

et al., 2009; Johnson-Restrepo & Kannan, 2009; Schecter et al., 2005; Stapleton et al., 

2012). Ingestion of indoor dust is one of the most common ways for children and toddlers 

to be exposed to flame retardants, as revealed by several studies (Johnson et al., 2010; 

Stapleton et al., 2012).  

o Polybrominated Diphenyl Ethers Flame Retardant (PBDE) 

Flame retardants utilized commercially in household products, like foam furniture 

padding, electronics, and plastics, are called polybrominated diphenyl ethers (Frederiksen 
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et al., 2009; Johnson-Restrepo & Kannan, 2009). Human exposures to PBDE increased 

around two folds from the mid-1970s to the mid-2000s (Schecter et al., 2005; Sjodin et al., 

2004). Following manufacturing restrictions because of concern about extensive exposure, 

toxicities, and persistence, some studies had initially stated subsequent decreases 

concentrations of PBDEs in human serum in the US and other nations (Guo et al., 2016; 

Kim et al., 2018). While other studies revealed that human serum concentrations of some 

congeners have stabilized or increased from 2011–2015 (Hurley et al., 2017; Parry et al., 

2018), suggesting persistent exposure.  

 Furthermore, due to their stability and lipophilicity, these compounds continue to 

be abundant in many consumer products, the human body, the atmosphere, and the food 

supply (Hammel et al., 2017; Watkins et al., 2011; Xu et al., 2016). Exposures can also 

remain elevated in some developed countries where development and use regulations are 

less strict (Jinhui et al., 2017). Flame retardants of a similar structure (polybrominated 

biphenyls (PBBs)) were applied to plastics in many everyday home products in the United 

States before 1976 (ATSDR, 2004). PBBs exposure is still widespread in the US decades 

later (Sjödin et al., 2008). 

o Organophosphate Flame Retardants (PFRs)  

The environmentally persistent flame retardants organophosphates have been used 

since the 1970s in consumer products (Zhang et al., 2016) when countries like the US, 

Europe, among other countries, restricted using polybrominated diphenyl ethers by 

manufacturers and decided to use organophosphate flame retardants as a replacement, such 

as organophosphate tri-esters [tris(2-chloroethyl) phosphate (TCEP), tris(chloropropyl) 
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phosphate (TCIPP), triphenyl phosphate (TPHP), and tris(1,3-dichloro-2-propyl) 

phosphate (TDCIPP) (Stapleton et al., 2011; van der Veen & de Boer, 2012). 

 These chemicals are added to polyurethane foams (mostly found in furniture and 

car seats and other items) to meet federal and state flammability standards (Stapleton et al., 

2012). Firemaster® 550 comprising of [bis(2-ethylhexyl) tetra-bromo-phthalate (BEH-

TEBP and 2-ethylhexyl) 2,3,4,5-tetrabromobenzoate (EH-TBB)] is used to replace 

polybrominated diphenyl ethers along with triphenyl phosphate as well as isopropyl-phenyl 

diphenyl phosphate (ip-PDPP), indicating that these chemicals are abundant in the indoor 

environment in most homes (Ali et al., 2012a; Ali et al., 2012b; Bergh et al., 2011; Cequier 

et al., 2015; Dodson et al., 2012; Schreder et al., 2016). They were detected in > 95% of 

dust samples in US homes (Stapleton et al., 2009), in many children’s products (Bergh et 

al., 2011; Bradman et al., 2014; Fromme et al., 2014) and also in adults and children urine 

samples (Hoffman et al., 2014; Hoffman et al., 2015a; Stapleton et al., 2011).  

 The health risks of exposure to PFRs are causing increasing concern. TPHP 

exposure has been associated with reproductive and developmental effects, neurotoxicity, 

genotoxicity, as well as affecting the metabolic and the endocrine system (Du et al., 2016; 

Krivoshiev et al., 2016; Mendelsohn et al., 2016; Zhang et al., 2014; Zhang et al., 2016). 

Furthermore, the State of California has classified TCEP and TDCIPP (which are among 

the most commonly utilized PFRs) as carcinogens (OEHHA, 2011; State of California, 

2016).  

Phthalates (PAEs) 

Phthalates, or phthalic acid esters (PAEs), are plasticizers applied to many of consumer 

products and building materials (Ma et al., 2014). Consequently, high concentrations of 
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phthalates can be found in the dust and also in the air in both residential and occupational 

locations (Abb et al., 2009; Albar et al., 2017; Al Qasmi et al., 2019; Guo & Kannan, 2011; 

Kang et al., 2012; Kubwabo et al., 2013; Kweon et al., 2018; Langer et al., 2010; Ma et al., 

2014; Subedi et al., 2017; Zhang et al., 2013; Zhu et al., 2019). Results published in 

different studies reveal that PAEs levels in indoor dust are three to five folds higher than 

PAHs levels (Langer et al., 2010). PAEs are able to disturb human sexual development, as 

well as the human hormonal and reproduction system (Kay et al., 2013; Kay et al., 2014). 

Furthermore, they are supposed to cause asthma and skin diseases (Wormuth et al., 2006). 

In 2005, the European Union listed bis benzyl butyl-phthalate (BBP), dibutyl phthalate 

(DBP), and bis(2-ethylhexyl) phthalate (DEHP) as harmful substances, and issued a 

directive prohibiting their use in products, especially cosmetics and toys (Directive 

2005/84/EC).     

Pesticides 

Pesticides have been identified in the indoor environment such as indoor dust (Butte & 

Heinzow, 2002; Bradman et al., 2006; Colt et al., 2004; Harnly et al., 2009; McCauley et 

al., 2001; Roberts et al., 2009; Rudel et al., 2003; Simcox et al., 1995). In urban areas, poor 

housing conditions (like housing disrepair and overcrowding) are linked to infestations of 

pests and increasing pesticide home usage (Bradman et al., 2005; Whyatt et al., 2002), 

therefore raising pesticide residues indoors. Moreover, in agricultural areas, the existence 

of farmworkers in the house, as well as the presence of houses close to the fields have been 

related to high concentrations of indoor pesticides (Harnly et al., 2009; Lu et al., 2000).  
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 Studies revealed that the persistence of pesticide compounds in indoor dust is owed 

to the absence of factors that enable their degradation, such as rain, sunlight, microbial 

action, and high temperature (Roberts et al., 2009).  

Pesticides that are semi-volatile or non-volatile have chemical characteristics that 

enhance particle binding affinity and the capacity to adsorb onto surfaces, dust, and carpet, 

resulting in expanding their indoor persistence (Butte & Heinzow, 2002). Pyrethroid 

pesticides, for example, have low vapor pressures and high octanol/water (Kow) and 

water/organic carbon (Koc) partition coefficients, allowing for easier partition into organic 

matters and lipids, as well as easier binding to dust particles (Egeghy et al., 2007). As a 

result, some studies demonstrate that indoor dust is an effective route for pesticides’ 

exposure (Butte & Heinzow, 2002; Curl et al., 2002; Roberts et al., 2009; Simcox et al., 

1995). Because of their regular hand-to-mouth movement and continuous touch with 

surfaces, children are mostly vulnerable to pesticide exposure via contaminated dust 

ingestion (Roberts et al., 2009). 

 Pesticides can also exist in indoor dust due to direct applications by applicators and 

homeowners, as well as the transport of wind, humans, and animals from outside 

environments (Gunier et al., 2016; Richards et al., 2016). Organochlorine pesticides 

(OCPs), such as DDT and its degradation products, have extreme developmental and 

carcinogenic effects (Colborn et al., 1993; Rogan & Ragan, 2007). Even though OCPs are 

now prohibited, their substitutes, like organophosphorus pesticides, are very neurotoxic 

and persistent in utero. Postnatal exposures have been linked to altered fetal growth, 

neurodevelopment, and shorter gestational length in children (Engel et al., 2007; Rauh et 

al., 2006). 
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Alkylphenols 

Alkylphenols and their ethoxylates (APEs) are commonly used in detergents and 

cleaning products as surfactants. They are also used in personal, industrial, and agricultural 

products, paints, pesticides, and oilfields. They are among the most highly concentrated 

chemicals present in US indoor dust (Mitro et al., 2016) and can be found in food, drinking 

water, and air (Benotti et al., 2009; Rudel et al., 2010). Consequently, they can be detected 

in human blood, urine, and breast milk (Calafat et al., 2008). 

 In wastewater effluent and sediment, APEs have been found in high concentrations 

(Meador et al., 2016). They degrade into persistent chemicals like nonylphenol and 

octylphenol, which have up to 60 years of half-life in marine sediments. These chemicals 

have been found in sediment and surface water samples, and they accumulate in wildlife. 

Huge quantities are released into the atmosphere simply due to their use in industrial 

laundry detergents. Over two million pounds are reported to have been released to 

wastewater treatment plants in California alone. The harmful effects of APEs on fish and 

wildlife are a significant source of concern regarding their release into the environment 

(DTSC, 2018). APEs' impacts on human health (including nervous, reproductive, and 

immune system effects) are also sources of concern (Acir & Guenther, 2018). 

 

3- Biological Contaminants I Indoor Dust 

A. Microbiota 

 Indoor dust microbiota is the primary source for domestic microbial taxa that 

contains soil and plant particles, in addition to human and animal skin and excretions that 

accumulate on surfaces. The microbiome in indoor dust can affect human health (according 
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to its amount and diversity) as dust microbes and their products are suspended or 

resuspended in the air and make a substantial exposure route via inhalation (Hospodsky et 

al., 2012, 2015; Macher, 2001). 

 The sources of fungi in indoor dust may include whole fungal conidia (such as 

Helminthosporium and Alternaria), fungal spores (such as Penicillium and Aspergillus), 

and different sizes of spore fragments (Rintala et al., 2012). Different kinds of volatile and 

non-volatile compounds can be found in these fungi and spores, such as (1-3)-β-D-glucan, 

ergosterol, and mycotoxins. These components have the ability to affect human health 

(Korpi et al., 1997).  

Dead and living bacteria, spores, endospores, and smaller fragments of degraded cells 

are the most common bacterial components found in the dust (Rintala et al., 2012). 

especially the dust placed on the high shelves for a long time. These bacterial components 

include Bacillus adhaerens, Bacillus mesentericus, Bacillus panis, Bacillus prausnitzii, 

and Bacillus ruminates (Laubach, 1916). 

B. House Dust Mites 

 House Dust Mites are arachnids that range in length from 300 to 400μm and are 

related to spiders and ticks. The life cycle of house dust lasts about a month, but it depends 

on the ideal temperature and humidity (25°C and 75% relative humidity). Under optimum 

conditions, house dust mites will live for one to three months. House dust mites' weight 

consists of 75% water, so they need to absorb water from the air vapor to maintain optimum 

humidity to survive. They feed on organic wastes like animal dander, pollen, skin flakes, 

bacteria, and molds. The stable environment provided inside homes, such as humidity, 

carpet, plush toys, and bedding, provided the best conditions to house dust mites to survive 
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and reproduce. There are thirteen species of House dust mites, but the two most widespread 

and key sources of allergen are Dermatophogoides farinae and Dermatophadoides 

pteronyssinus, both from the Pyroglyphidae family (Fox, 2017). These mites produce about 

19 different allergens classified according to their molecular weight and biochemical 

characteristics into four groups (Figure-4). Group 1 and 2 allergens responsible for more 

than 80% of dust mites' allergic reactions in susceptible persons (Thomas et al., 2004).  

 

Figure 4: House dust mites’ allergens. 

House dust mites cause allergies in around 1-2% of the world's population. The 

hypersensitive immune system reaction to the mite feces results in the house dust mite 

allergy. Fecal pellets can be easily inhaled when they are air suspended. Sneezing, 

coughing, wheezing, eye pain, headaches, dizziness, and nausea are all symptoms of an 
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allergic reaction. In susceptible people, this is a great reason for acute asthma (Colloff, 

2009).  

House dust mite allergens have proteolytic activities (Holgate, 2008; Page et al., 

2010).  It has been reported that the serine peptidase activity of these allergens has the 

ability to cleave junctional proteins, such as E-cadherin (Robinson et al., 1997), and 

activate the protease-activated receptor (PAR)-2, which participate in the disruption of cell-

cell contacts (Winter et al., 2006), and also promote allergic inflammation by facilitating 

the access of allergens to submucosal cells (Wan et al., 1999; Wan et al., 2001). Moreover, 

PAR-2 activation by these proteases may induce intracellular signaling pathways activities 

(such as NF-κB) and promote the secretion of the pro-inflammatory cytokines (such as 

interleukins) in airway epithelium (Asokananthan et al., 2002; Kauffman et al., 2006).  

Several other components of house dust mites may contribute to allergic reactions, 

such as lipopolysaccharide, chitin/chitinases, and ß-glucan (Elias et al., 2005; Hammad et 

al., 2009; Nathan et al., 2009). 

The Health Risks of Contaminants in Indoor Dust 

Outdoor air tends to be the most crucial area of concern to the government in 

making laws regulating the effects of air pollution on human beings' health conditions. It 

has also become the target of public concern. However, for the last twenty years, indoor 

air pollution has emanated in the elevating concern because of the detrimental effects on 

human health (Tham, 2016). 

In the past fifty years, indoor chemicals that are supposed to adversely affect human 

health have increased due to the establishment of new building materials and consumer 
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products (Weschler, 2009). These chemicals can leach from products and distribute into 

indoor air and dust (Ma et al., 2014; Mitro et al., 2016; Rudel et al., 2003). 

Significant effects on the respiratory system are attributed to indoor dust exposure, 

including extreme and chronic pulmonary function changes and sensitization of the 

respiratory systems to indoor allergens (Pongpiachan, 2016). Lung cancer has been 

recognized as a crucial disease linked to constant contact with indoor air pollutants.  

Several factors influence the nature and probability of indoor dust health impacts; include: 

• the size of the particulate matter (smaller particles are considered more harmful),  

• the chemical composition of the particulate matter,  

• concentration levels of dust,  

• duration of exposure,  

• other factors, such as age, medical conditions, health status, and genetics. 

Many indoor dust chemicals can cause the same health impact, such as reproductive 

and developmental toxicity or cancer, and can act together. Even small amounts of 

combined chemicals may lead to increased health risks, particularly for infants or young 

children. These particles can cause symptomatic effects, such as mucus production, 

wheeze, and cough (Aditama, 2000; Jinot & Bayard, 1996). At the same time, 

physiological effects of exposure to these particles can cause acute pulmonary function 

decrement and bronchial hypersensitivity elevation (Chen et al., 2001; Menon et al., 1992; 

Morgan et al., 1997; Rudell et al., 1999; Sheppard et al., 1986; Sherman et al., 1989; Wade 

& Newman 1993). Exposure to dust particles can also cause peripheral blood changes, 

including increased fibrinogen, blood viscosity, and white blood cell counts (Ghio et al., 

2000; Pekkanen et al., 2000; Peters et al., 1997; Pope et al., 1999; Seaton et al., 1999). 
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Besides, exposure to these particles have been linked to cardiovascular diseases (Dominici 

et al., 2005; Edling & Axelson, 1984; Krewski et al., 2005; Melius, 1995; Zhu et al., 1993). 

Indoor dust contaminants, such as flame retardants and semi-volatile compounds, 

may turn on peroxisome proliferator-activated nuclear receptor gamma (PPAR-gamma) 

that involved in obesity by triggering fat cells to grow (Fang et al., 2015). 

Bacteria and fungi in household dust can produce their own chemicals that act as 

allergens and have been linked to skin conditions such as eczema and dermatitis (Nankervis 

et al., 2015). Figure-5 illustrates most of the health risks associated with exposure to indoor 

dust. 
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Figure 5: Health risks associated with indoor dust exposure 

Cell Death Induced by Particulate Matter 

A complex balance between regeneration and cell death is needed for organismal 

homeostasis. Exposure to particulate matter will interrupt this equilibrium by triggering the 

key mechanism of cell death. The common agreement is that PM causes the death of cells 

through inflammatory-associated oxidative stress and DNA damage (Danielsen et al., 
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2011; Gasparotto et al., 2013; Jarvela et al., 2013; Longhin et al., 2016; Møller et al., 2014; 

Sanchez-Perez et al., 2009; Shang et al., 2014; Shrotriya et al., 2015; Thomson et al., 2015). 

Reports show that PM10 and PM2.5 exposure didn’t trigger apparent cell death of the 

lungs' epithelium (Pavagadhi et al., 2013; Reyes-Zarate et al., 2016; Sanchez-Perez et al., 

2014). Alternatively, apoptosis and cell proliferation occurred concurrently (Abbas et al., 

2010; Andrysík et al., 2011). PM-triggered pathologic changes, and tumorigenesis were 

caused by the simultaneous imbalance and activation of the two antagonistic phenomena. 

Nonetheless, other in vitro and in vivo research have already shown a rise in apoptotic 

mechanisms of cell death after exposure to PM2.5 (Che et al., 2014; Soberanes et al., 2009; 

Y Liu et al., 2015), cigarette smoke (Shetty et al., 2012), and cement dust (Ogunbileje et 

al., 2014). This variation apparently may be owed to the culture variations conditions, the 

cell lines used, the particle features, and the exposure doses (Turner et al., 2015). Toxicity 

consequences of particles can induce apoptosis by activating both the extrinsic (caspase-8, 

-3 activation and tumor necrosis-alpha secretion) and intrinsic (caspase-9, cytochrome-c 

release, and caspase-3 activation) pathways (Dagher et al., 2006; Deng et al., 2014; Visalli 

et al., 2015). Particulate matter and their adsorbed chemical species are known for 

disrupting the formation of DNA and cause DNA breaks and adducts, which can cause cell 

death (Dagher et al., 2006; Danielsen et al., 2011; Møller et al., 2014, 2008; Nemmar et 

al., 2013; Perrone et al., 2013; Salcido-Neyoy et al., 2015; Sanchez-Perez et al., 2009; 

Soberanes et al., 2006).  

Usually, necrosis is slightly happened as a result of exposure to particles and 

particle-associated toxicants (Deng et al., 2014; Oya et al., 2011). Nevertheless, evidence 

shows that reactive oxygen species (by inhibiting the caspase cascade and activating poly 
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(ADP-ribose), can cause modification in cell death mode (Wickenden et al., 2003). For 

example, when high doses are used, the proliferations of human aortic smooth muscle 

cells are reduced by the wood smoke resulting in necrosis rather than apoptosis (Pan et al., 

2013). Furthermore, upregulation of cytokines and exacerbation of reactive oxygen species 

activity has been involved in a necrotic death of a cell in cases of severe, caspase-

independent, and uncontrolled inflammatory response (Bourgeois & Owens, 2014). 

Despite the fact that the cell death forms are commonly viewed independently, they are all 

triggered in the same way (Deng et al., 2014). The actual response will be determined by 

the toxic components in the particles, the period of exposure, and the cellular features.  

In fact, the cell death pathway selection is strongly linked with the strength of 

oxidative stress. As soon as the level of ROS is still tolerable, and the cells still sustain 

their normal metabolism, they select the apoptotic death pathway to avoid inflammation 

and damaged-cell proliferation (Guo et al., 2012). However, the increase in ROS can lead 

to autophagosome formation by oxidized proteins to protect other cells by preventing 

further oxidative stress (Shrotriya et al., 2015). Furthermore, the intense increase in ROS 

generation may cause apoptotic protein inhibition and cell autophagy as an alternate 

pathway (Csordas et al., 2011). Exposure to high concentrations of particulate matter for a 

short time might lead to so much cellular damage and mitochondrial dysfunction resulting 

in cell fate shift to necrotic death (Pan et al., 2013). 

Reactive Oxygen Species (ROS) and Oxidative Stress 

The imbalance between the formation of free radicals and their elimination by 

defensive mechanisms (such as antioxidants) is defined as oxidative stress (Stefanson & 
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Bakovic, 2014). This imbalance can affect the entire organism as a result of damage to 

cells and critical essential cellular biomolecules (Durackova, 2010). 

Reactive oxygen species are products of normal cellular metabolism that perform 

an important role in stimulating signaling pathways in animal and plant cells as a results of 

variations in environmental conditions (Jabs, 1999). The mitochondrial respiratory chain 

in cells generates the vast majority of ROS (Poyton et al., 2009). As natural byproducts of 

biological molecular oxygen reduction, aerobic cells generate free radicals like superoxide 

anion, hydroxyl radical, hydrogen peroxide, and organic peroxides during endogenous 

metabolic reactions (Fridovich, 1978). They can oxidize cellular membranes, nucleic acids, 

proteins, and lipids via uncontrolled reactions if their levels rise above buffering ability. 

The oxidation and modification of proteins and lipids can increase the chance of 

mutagenesis (Reuter et al., 2010; Dreger et al., 2009). 

Metals found in particulate matter can cause oxidative tissue damage by causing 

free radicals’ formation (Li et al., 2008). Reactive oxygen species may operate as an 

intracellular or intercellular messenger, activating gene expression and cell signaling 

cascades (Forman & Torres, 2002; Hancock et al., 2001).  

Antioxidant Defense Mechanism 

The degree to which primary antioxidant defenses eliminate excessive free radicals 

can determine the level of oxidative damage control (Kelly, 2003; Weichenthal et al., 

2013). Some studies found that exposure to particulate matter can up-regulate the 

expression and activity of antioxidant enzyme, and trigger the consistent signaling 

pathways that control intracellular defense mechanisms (Deng et al., 2013; Guerra et al., 

2013; Messier et al., 2013; Pardo et al., 2015), while others found that PM exposure down-
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regulated antioxidative defense mechanisms (Davel et al., 2012; Delfino et al., 2008; Deng 

et al., 2013; Guerra et al., 2013; Liu & Meng, 2008; Wang et al., 2015). The variation in 

these results can be assigned to the variations in several factors, such as PM composition 

and concentration, the study design, and the host’s active defense capacity (Xuemei et al., 

2019). 

First Line Defense Antioxidants 

The antioxidants that counteract or inhibit the production of intracellular reactive 

species are called the first-line defense antioxidants. They neutralize any molecule with the 

potential to become a free radical, as well as any free radical with the potential to induce 

the production of more radicals in a very short amount of time. The top three enzymes are 

superoxide dismutase (SOD), catalase (CAT), and glutathione peroxidase (GPx). 

Correspondingly, they can dismutate superoxide radicals, breakdown hydrogen peroxides 

and hydroperoxides into less harmful molecules (water/alcohol and oxygen). Metal ion 

binding proteins (such as transferrin and caeruloplasmin) are also included in this class of 

defense mechanism, which are able to prevent the production of free radical by chelating 

or sequestering copper and iron (Figure 6) (Ighodaro & Akinloye, 2018). 

 Superoxide Dismutase (SOD). This enzyme is the first and most powerful 

endogenous enzyme that acts as the first line of protection against ROS. It has the ability 

to convert two molecules of superoxide anion into molecular oxygen and hydrogen 

peroxide, turning the dangerous superoxide anion less harmful (Dringen et al., 2005; 

Fridovich, 1995). 

 Catalase (CAT). It is an antioxidant enzyme that can be abundantly found in nearly 

all living tissues that use oxygen. It is located mainly in the peroxisomes of mammalian 

https://www.sciencedirect.com/topics/medicine-and-dentistry/mammalian-cell
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cells but not present in mitochondria. This enzyme is able to catalyze the oxidation or 

reduction of hydrogen peroxide to molecular oxygen and water (using cofactors, such as 

iron or manganese) to complete the detoxification step imitated by the SOD enzyme. It is 

highly effective in breaking down million’s molecules of hydrogen peroxide in a single 

second. (Chelikani & Fita, 2004; Marklund, 1984). 

 Glutathione Peroxidases (GPx). It is an essential intracellular enzyme that 

catalyzes the hydrogen peroxides breakdown to water; and lipid peroxides to their resultant 

alcohols, mostly in the mitochondria and occasionally in the cytosol (Góth et al., 2004). 

Generally, this enzyme depends on a micronutrient cofactor called selenium to be active. 

Because of that, glutathione peroxidase is also known as selenocysteine peroxidase. It has 

a significant role in cell protection from oxidative stress by preventing lipid peroxidation 

(Gill & Tuteja, 2010). 

https://www.sciencedirect.com/topics/medicine-and-dentistry/mammalian-cell
https://www.sciencedirect.com/topics/medicine-and-dentistry/cell-enzyme
https://www.sciencedirect.com/topics/medicine-and-dentistry/lipid-peroxide
https://www.sciencedirect.com/topics/medicine-and-dentistry/selenium
https://www.sciencedirect.com/topics/medicine-and-dentistry/selenocysteine
https://www.sciencedirect.com/topics/medicine-and-dentistry/oxidative-stress
https://www.sciencedirect.com/topics/medicine-and-dentistry/lipid-peroxidation
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Figure 6: First-line defense antioxidant enzymes. (Ighodaro & Akinloye, 2018). 
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Inflammation 

It is a crucial mechanism for the production of particle-associated health impacts 

(Donaldson et al., 2001; Kelly & Fussell, 2011; Salvi & Holgate, 1999). There is a clear 

indication that PM exposure causes the induction or aggravation of airway inflammatory 

responses, in addition to the induction or aggravation of respiratory diseases (Donaldson 

& Tran, 2002; Kelly & Fussell, 2011; Kim et al., 2015; Nel et al., 2001; Li et al., 2015, 

Salvi & Holgate, 1999). Inflammatory reactions are also thought to play a role in producing 

cancer and fibrosis caused by particles and fibers like asbestos and quartz (Donaldson & 

Tran, 2002; Manning et al., 2002; Schins, 2002). Pulmonary inflammation is also 

considered to be an important cause of cardiovascular diseases after exposure to particles 

because it can trigger the release of cytokines and other pro-inflammatory or pro-

thrombotic compounds into the bloodstream, causing arterial remodeling (Donaldson et al., 

2001; Grunig et al., 2014; Schulz et al., 2005; Terzano et al., 2010). As a result, one of the 

most critical aspects of particle toxicology is finding out how the particles cause an 

inflammatory response in the airway.  

Lung inflammation is caused by a more than one type of cells, including epithelial 

cells lining the airways and alveoli, and immune cells in the bloodstream. Airway epithelial 

cells play a significant role in the defense mechanism by functioning as a physical barrier, 

and by catching the inhaled particles via their mucus secretions (Adler & Li, 2001). They 

can also secrete antimicrobial proteases that counteract the hazard (Aarbiou et al., 2002; 

Kota et al., 2008; McCray & Bentley, 1997), inflammatory mediators, such as cytokines 

and chemokines (Hellermann et al., 2002; Herfs et al., 2012; Mills et al., 1999; Takizawa 

et al., 2000), and growth factors that promote tissue repair (Takizawa et al., 2001). Some 
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research has revealed that the alveolar epithelial cells and mesothelial cells in body cavities 

can activate the inflammatory response in the absence of immune cells through the NLRP3 

inflammasome after exposure to pathogenic particles (Sayan & Mossman, 2016). 

 

NLRP3 Inflammasome  

NLRP3 is a group of cytosolic protein complexes that control inflammation, 

releasing certain proinflammatory cytokines, which stimulate the host’s immune response. 

When environmental particles or nanoparticles stimulate cells, the inflammasome is 

required to maitain an equilibrium between pro-inflammatory and anti-inflammatory 

signals in order to produce an effective immune response without damaging the host (Abais 

et al., 2015) by recruiting the apoptosis-associated speck protein (ASC) (Baroja-Mazo et 

al., 2014). The inflammasome can activate pro-caspase-1 (a cysteine protease that 

introduces or executes cellular programs, leading to inflammation or cell death). Active 

caspase-1 cleaves a key proinflammatory cytokine (pro-IL-1) into its active form to 

regulate the severity of inflammation in a variety of diseases (Martinon et al., 2002). 

Studies indicated that inhaled pathogenic fibers and particles could prime and 

activate inflammasomes in both acute and chronic inflammation. Acute inflammation after 

exposure to low doses of particles can be protective against inhaled toxins by triggering 

repair responses, while chronic inflammation is seen at high doses of particles and fibers 

(Sayan & Mossman, 2016). 

Caspase-1 and Cell Death 

The activation of caspase-1 commonly leads to inflammation, while excessive 

activity leads to pyroptosis. Pyroptosis is a non-apoptotic cell-programmed death marked 

by a rupture in plasma membranes, and the release of pro-inflammatory mediators 
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(Cookson & Brennan, 2001; Fink & Cookson, 2006). Active caspase-1 can stimulate 

caspase-7 and an unspecified nuclease, which cause DNA cleavage and nuclear 

condensation without affecting the integrity of the nucleus (Bergsbaken & Cookson, 2007; 

Molofsky et al., 2006). Because caspases-1 activation is necessary for cell death in the 

immune system, the central nervous system, and the cardiovascular system, Pyrolysis is 

thought to have a valuable role in human health (Frantz et al., 2003; Kolodgie et al., 2000; 

Liu et al., 1999; Shi et al., 1996; Yang et al., 1999; Zhang et al., 2003). 

 

Mitogen-Activated Protein Kinases (MAPK) 

Mitogen-activated protein kinases are the major signaling pathways that control a 

broad diversity of cellular activities, such as stress responses, proliferation, differentiation, 

and programmed cell death in both pathological and normal states (Guo et al., 2020).  

MAPKs are ubiquitous serine-threonine kinases that are evolutionarily conserved 

and are part of a central pathway that includes MAPK-kinase-kinase (MAPKKK), MAPK-

Kinase (MAPKK), and MAPK (Figure 7). MAPKKK can be activated by different stimuli, 

such as mitogens and growth factors, to phosphorylate MAPKK. The activated MAPKK 

then phosphorylates MAPK (Munshi & Ramesh, 2013). C-Jun N-terminal kinase/stress-

activated protein kinase (JNK/SAPK), extracellular signal-regulated kinase (ERK), and 

p38 kinase are the three MAPK families that have been identified in mammalian cells 

(Zhang & Liu, 2020). 
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Figure 7: Schematic description of MAPK cascade (Jagodzik et al., 2018).  

 

 

 



37 

 

 
 

The JNK Kinase Family  

It consists of three types, which are JNK1, JNK2, and JNK3. All tissues contain the 

JNK1 and JNK2, while JNK3 is found only in the testes, the brain, and the heart. Many 

factors can activate JNK, such as pathogens, cytokines, stress, growth factors, among 

others. Abnormalities in JNK activity are linked to neurodegenerative disorders, cancer, 

inflammatory disorders, and diabetes. (Bubici et al., 2014; Fey et al., 2012; Zhang et al., 

2002). 

The ERK Kinase Family 

The ERK kinase family includes ERK1 and ERK2. A variety of mitogens and 

growth factors participate in the activation of this family. MEK phosphorylation is the first 

step in ERK activation, followed by the threonine and tyrosine residues phosphorylation. 

Activated ERK can phosphorylate other proteins (responsible for cell division, growth, 

regulation, and differentiation) after moving to the cytoplasm and nucleus. (Fey et al., 

2012; Seger et al., 1995; Zhang et al., 2002). 

The p38 Kinase 

Many extracellular stimuli can activate p38 kinase, such as growth factors, 

inflammatory cytokines, lipopolysaccharides, UV radiation, and osmotic shock. Several 

kinases are also involved in p38 activation, including MKK3, MKK6, MKK4. The 

activation of p38 is associated with several disease conditions, such as autoimmunity, 

asthma, and inflammation (Johnson et al., 2002). 
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CHAPTER 3 

                                           DESIGN OF THE STUDY 

Reagents  

Keratinocyte-serum free medium (K-SFM), Phosphate-Buffered saline (PBS), and 

Antibiotic-Antimycotic (Anti-Anti) were purchased from Gibco by Life Technologies. 

Dimethyl Sulfoxide (DMSO) was purchased from Thermo Fisher Scientific (USA). Tris 

Buffered Saline (TBS), Tris/Glysin/SDS (TGS), and Tween-20 were purchased from Bio-

Rad Laboratories (USA). 

Indoor Dust Samples 

Two types of indoor dust were used in this experiment, which were supplied by the 

National Institute of Standards and Technology (NIST, Gaithersburg, MD, USA): 

Standard Reference Material 2584: Trace Elements in Indoor Dust (1% Lead):  

The toxic trace elements As, Cd, Cr, Pb, and Hg have been certified in this SRM 

Table 1: Certified and reference mass fractions for trace metals in SRM 2584 

 

Certified Trace Metals Mass Fraction (µg/kg) 

Arsenic (As)                                                                 

Cadmium (Cd)  

Chromium (Cr)  

Lead (Pb)  

Mercury (Hg) 

17.4  4.2 

10.0  1.1 

135.0  9.1 

9761  67 

5.20  0.24 
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Reference Trace Metals  

Aluminum (Al)  

Calcium (Ca)  

Iron (Fe) 

Potassium (K)  

Lanthanum (La)  

Magnesium (Mg)  

Sodium (Na)  

Phosphorus (P) 

Titanium (Ti)  

Zinc (Zn) 

23 200  600 

63 300  3 000 

16 400  1 200 

9 500  1 400 

19  2 

                  15 900 + 300 

 

27 700  1 200 

2 000  120 

4 200  300 

2 580  150 

 

Standard Reference Material 2585: Organic Contaminants in House Dust:  

This complex reference material contains trace amounts of PAHs, PCB congeners, 

chlorinated pesticides, and PBDE congeners.  

Table 2: Certified mass fractions for selected PAHs, PCB Congeners, Chlorinated 

Pesticides, and PBDE Congeners in SRM 2585 

 

PAHs  

Mass Fraction   

(µg/kg) 

1-Methylphenanthrene 197 ± 29 

2-Methylphenathrene 352 ± 40 

3-Methylphenanthrene 293 ± 36 

4H-cyclopenta[def]phenanthrene 117 ± 10 
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9-Methylphenanthrene 205 ± 16 

Anthracene 96.0 ± 5.2 

Benz[a]anthracene 1160 ± 54 

Benzo[a]fluoranthene 74.5 ± 8.1 

Benzo[a]pyrene 1140 ± 10 

Benzo[b]chrysene 182 ± 6 

Benzo[b]fluoranthene 2700 ± 90 

Benzo[c]phenanthrene 288 ± 10 

Benzo[e]pyrene 2160 ± 80 

Benzo[ghi]fluoranthene 3290 ± 30 

Benzo[ghi]perylene 2280 ± 40 

Benzo[j]fluoranthene 1320 ± 110 

Benzo[k]fluoranthene 1330 ± 70 

Chrysene 2260 ± 60 

Coronene 603 ± 38 

Dibenz[a,c]anthracene 183 ± 25 

Dibenz[a,h]anthracene 301 ± 50 

Dibenz[a,j]anthracene 267 ± 9 

Dibenzo[a,e]pyrene 477 ± 67 

Dibenzo[b,k]fluoranthene 596 ± 22 

Dibenzothiophene 109 ± 8 

Fluoranthene 4380 ± 100 

Indeno[1,2,3-cd]pyrene 2080 ± 100 

Naphthalene 266 ± 8 

Perylene 387 ± 23 

Phenanthrene 1920 ± 20 

Picene 413 ± 15 

Pyrene 3290 ± 30 
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Triphenylene 589 ± 17 

PCB Congeners 
 

PCB 18 (2,2',5-Trichlorobiphenyl) 12.8 ± 1.0 

PCB 28 (2,4,4'-Trichlorobiphenyl) 13.4 ± 0.5 

PCB 31 (2,4',5-Trichlorobiphenyl) 14.0 ± 0.5 

PCB 44 (2,2'3,5'-Tetrachlorobiphenyl) 18.1 ± 1.9 

PCB 52 (2,2',5,5'-Tetrachlorobiphenyl) 21.8 ± 1.9 

PCB 56 (2,3,3',4-Tetrachlorobiphenyl) 4.42 ± 0.28 

PCB 70 (2,3',4',5-Tetrachlorobiphenyl) 13.1 ± 1.2 

PCB 74 (2,4,4',5-Tetrachlorobiphenyl) 5.22 ± 0.51 

PCB 87 (2,2',3,4,5'-Pentachlorobiphenyl) 16.6 ± 0.8 

PCB 92 (2,2',3,5,5'-Pentachlorobiphenyl) 5.48 ± 0.72 

PCB 95 (2,2',3,5',6-Pentachlorobiphenyl) 22.7 ± 2.6 

PCB 99 (2,2',4,4',5-Pentachlorobiphenyl) 11.6 ± 0.4 

PCB 101 (2,2',4,5,5'-Pentachlorobiphenyl) 29.8 ± 2.3 

PCB 105 (2,3,3',4,4'-Pentachlorobiphenyl) 13.2 ± 1.4 

PCB 107 (2,3,3',4,5'-Pentachlorobiphenyl) 4.14 ± 0.47 

PCB 110 (2,3,3',4',6-Pentachlorobiphenyl) 28.1 ± 3.7 

PCB 118 (2,3',4,4',5-Pentachlorobiphenyl) 26.3 ± 1.7 

PCB 132 (2,2',3,3',4,6'-Hexachlorobiphenyl) 40.2 ± 1.8 

PCB 138 (2,2',3,4,4',5'-Hexachlorobiphenyl) 27.6 ± 2.1 

PCB 146 (2,2',3,4',5,5'-Hexachlorobiphenyl) 4.89 ± 0.38 

PCB 149 (2,2',3,4',5',6-Hexachlorobiphenyl) 24.4 ± 1.9 

PCB 151 (2,2',3,5,5',6-Hexachlorobiphenyl) 6.92 ± 0.64 

PCB 153 (2,2',4,4',5,5'-Hexachlorobiphenyl) 40.2 ± 1.8 

PCB 158 (2,3,3',4,4',6-Hexachlorobiphenyl) 4.50 ± 0.43 

PCB 163 (2,3,3',4',5,6-Hexachlorobiphenyl) 7.2 ± 1.2 

PCB 170 (2,2',3,3',4,4',5-Heptachlorobiphenyl) 8.8 ± 1.0 
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PCB 174 (2,2',3,3',4,5,6'-Heptachlorobiphenyl) 8.83 ± 0.47 

PCB 180 (2,2',3,4,4',5,5'-Heptachlorobiphenyl) 18.4 ± 3.2 

PCB 183 (2,2',3,4,4',5',6-Heptachlorobiphenyl) 5.27 ± 0.39 

PCB 187 (2,2',3,4',5,5',6-Heptachlorobiphenyl) 11.3 ± 1.4 

PCB 206 (2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl) 3.81 ± 0.13 

  

Chlorinated Pesticides 
 

4,4'-DDE 261 ± 2 

4,4'-DDD 27.3 ± 0.8 

2,4'-DDT 44.5 ± 3.9 

4,4'-DDT 111 ± 23 

PBDE Congeners 
 

PBDE 17 (2,2',4-Tribromodiphenyl Ether) 11.5 ± 1.2 

PBDE 28 (2,4,4'-Tribromodiphenyl Ether) 46.9 ± 4.4 

PBDE 33 (2',3,4-Tribromodiphenyl Ether) 46.9 ± 4.4 

PBDE 47 (2,2',4,4'-Tetrabromodiphenyl Ether) 497 ± 46 

PBDE 49 (2,2',4,5'-Tetrabromodiphenyl Ether) 53.5 ± 4.2 

PBDE 85 (2,2',3,4,4'-Pentabromodiphenyl Ether) 43.8 ± 1.6 

PBDE 99 (2,2',4,4',5-Pentabromodiphenyl Ether) 892 ± 53 

PBDE 100 (2,2',4,4',6-Pentabromodiphenyl Ether) 145 ± 11 

PBDE 138 (2,2',3,4,4',5'-Hexabromodiphenyl Ether) 15.2 ± 2.0 

PBDE 153 (2,2',4,4',5,5'-Hexabromodiphenyl Ether) 119 ± 1 

PBDE 154 (2,2',4,4',5,6'-Hexabromodiphenyl Ether) 83.5 ± 2.0 

PBDE 155 (2,2',4,4',6,6'-Hexabromodiphenyl Ether) 3.94 ± 0.34 

PBDE 183 (2,2',3,4,4',5',6-Heptabromodiphenyl Ether) 43.0 ± 3.5 

PBDE 203 (2,2',3,4,4',5,6',6-Octabromodiphenyl Ether) 36.7 ± 6.4 

PBDE 206 (2,2',3,3',4,4',5,5',6-Nonabromodiphenyl Ether) 271 ± 42 

PBDE 209 (Decabromodiphenyl Ether) 2510 ± 190 
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Preparation of Dust Samples 

Stock solutions of 50 mg/ml for both indoor dust types were prepared in phosphate-

buffered saline, vigorously vortexed, stored at -80°C, then diluted with complete media to 

the final concentrations required on the day of use. 

Cell culture 

BEAS-2B cells (ATCC® CRL-9609™) are transformed variants of primary 

cultures of normal human bronchial epithelial cells. These cells were cultured in defined 

keratinocyte-serum free media (Invitrogen, Carlsbad, CA) supplemented with 5% Bovine 

Pituitary Extract (BPE), 0.5% EGF, and 1% antibiotic-antimycotic (Invitrogen) and 

maintained in a humid incubator with 5% CO2 at 37°C. 

Observation of Cell Morphology 

After treatment with different indoor dust concentrations (10, 25, 50, 75, 100, 250, 

and 500 µg/ml) for 24 hours, BEAS-2B cells morphology was observed using an inverted 

light microscope and compared with the untreated cells. For each treatment, a well of living 

cells was imaged, and the process was repeated two times using two separate plates.  

Cell Viability Assays 

The effects of indoor dust on BEAS-2B cells' viability were evaluated using two 

methods: the MTT assay and the Protease Viability Assay (GF-AFC viability assay). 

MTT Assay: This assay was used to evaluate the effect of indoor dust on cell 

viability depending on the reduction of MTT (3-(4,5-dimethylthiazole-2-yl)-2,5-diphenyl 

tetrazolium bromide (Sigma-Aldrich) to formazan. BEAS-2B cells (5000 cell/well) were 

plated in 96-well culture plates and allowed to attach overnight in defined keratinocyte-

serum free media (200 μl), after which the media was removed the cells treated with 



44 

 

 
 

different concentrations of indoor dust (10, 25, 50, 75, 100, 250, and 500 μg /ml) for 24 

hours. The same concentrations of dust were used without cells in each plate as sample 

controls. Cells exposed to complete media were used as negative controls. 5mg/ml filter-

sterilized MTT stock solution was added to each well (20 µl/200 µl media). After 4 hours 

incubation at 37℃, the supernatant was discarded, and the formed formazan crystals were 

dissolved at room temperature in 200µl DMSO in each well for 15 minutes. The absorbance 

measurement was done using a microplate reader at 570 nm. The assay was carried out 

with three replicates for each culture using three different passages. Cell viability was 

calculated as the percentage of untreated cells (100%) by normalizing the absorbance to 

the corresponding control.  

Protease Viability Assays (GF-AFC Assay): As a compliment to the results of 

MTT, the cell protease activity was performed using fluorogenic, cell-permeant peptide 

substrate (Glycylphenylalanyl-Aminofluorocoumarina (GF-AFC)), which is a part of the 

triplex assay (ApoTox-Glo Triplex Assay, Promega). This substrate enters only intact cells 

and cleaved to produce a fluorescent signal equivalent to the living cells number. Five 

thousand cells/well were seeded in a white 96-well plate overnight, after which the media 

was removed and the cells treated with solutions of media containing increasing 

concentrations of dust (10, 25, 50, 75, 100, 250, and 500 μg/ml) for 24 hours. The same 

concentrations of dust were used without cells in each plate as sample controls. Cells 

exposed to complete media were used as a negative control. The GF-AFC reagent was 

added to each well in the plate. After shaking, the plate was incubated for 1 hour at 37°C. 

Fluorescent signals were measured using a microplate reader at 400Ex/505Em to estimate 

the viable cell number. The experiment was run in triplicate. 
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Cell Cytotoxicity Assay (Lactate Dehydrogenase Release)  

To quantify the lactate dehydrogenase release into the culture medium after plasma 

membrane damage, LDH-Glo™ Cytotoxicity Assay kit (Promega) was used. This assay is 

a sensitive bioluminescent assay allowing precise detection of LDH from a small number 

of cells in cell cultures. Five thousand cells/well were seeded in each well in a white 96-

well plate overnight, then the media was replaced with solutions of media containing 

increasing concentrations of dust (10, 25, 50, 75, 100, 250, and 500 μg /ml). The same 

concentrations of dust were used without cells in each plate as sample controls. Cells 

exposed to complete media were used as a negative control. After incubation with dust 

samples for 24 hours, 2µl of cell-free supernatants were collected in LDH storage buffer 

(1:25 dilution), then 50µl of the diluted samples combined with 50µl LDH Detection 

Reagent. After 60 minutes incubation at room temperature, luminescence was recorded by 

a microplate reader. The experiment was run in triplicate. 

Apoptosis Assay (Caspase-Glo 3/7 Activation) 

To detect alveolar cell death in the presence of indoor dust, caspase-3 and 7 

(apoptotic markers) activity was measured in BEAS-2B cells using Caspase-Glo® 3/7 

assay according to the manufacturer’s instructions (ApoTox-Glo Triplex Assay, Promega). 

The assay does this by lysing the cell and causes the cleavage of the luminogenic caspase 

3/7 substrate by caspases to generate a luminescent signal corresponding to the degree of 

present caspase activity. Five thousand cell/well were seeded in a white 96-well plate 

overnight, after which the media was removed and the cells treated with solutions of media 

containing increasing concentrations of dust (10, 25, 50, 75, 100, 250, and 500 μg /ml) for 

24 hours. The same concentrations of dust were used without cells in each plate as sample 
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controls. Cells exposed to complete media were used as a negative control. Then, Caspase-

Glo reagent was added to each well with vigorous shaking to lyse cells. After 1 hour 

incubation at room temperature, luminescence was measured using a microplate reader to 

detect apoptosis. The experiment was run in triplicate. 

Reactive Oxygen Species Detection 

To detect the level of ROS in BEAS-2B cells after indoor dust exposure, 

intracellular and extracellular detection methods were used: 

Intracellular Reactive Oxygen Species Detection (H2DCFDA Assay): After dust 

exposure, 2′,7′-dichlorofluorescein diacetate (H2DCFDA) from Invitrogen (Carlsbad, CA, 

USA) was used to estimate changes in intracellular ROS level. This probe is penetrated 

into the cytoplasm and hydrolyzed into non-fluorescent DCFH that in the presence of ROS 

is transformed to a high fluorescent molecule (dichlorofluorescein). 

 Briefly, BEAS-2B cells were cultured in a 24-well plate and allowed to attach 

overnight. Then, the media was removed and replaced with 50 and 100 μg/ml of indoor 

dust. Cells exposed to complete media were used as a negative control. After incubation 

for 24 hours at 37°C, the cell culture medium was removed and cells washed by PBS. 

H2DCFDA was added to each well for 30 min in the dark. Afterward, the cells were 

visualized by the inverted fluorescent microscope. 

Extracellular Reactive Oxygen Species Detection (ROS-Glo™ H2O2 Assay): 

The ROS-Glo H2O2 assay is a bioluminescent test that measures the level of hydrogen 

peroxide (H2O2) in a cell culture medium in a fast and sensitive way. It allows the 

identification of compounds that modify ROS levels. 
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BEAS-2B cells (5000 cells/well) were plated in 96-well plates and allowed to 

attach overnight at 37°C. Then, the media was replaced with 50 and 100 μg /ml of indoor 

dust samples in a total volume of 80 µl/well. The same concentrations of dust were used 

without cells in each plate as sample controls. Cells exposed to complete media were used 

as a negative control. After 22 hours of incubation, 20 µl of the H2O2 substrate solution 

was added to each well, and the time was completed to 24 hours in the incubator. Then, 

50 µl from each well was mixed with 50 µl of the ROS-Glo detection solution in a white 

96-well plate. After incubation for 20 min at room temperature, luminescence 

measurement (which reflects H2O2 level) was done using a microplate reader. Experiments 

were carried out in triplicate. 

Caspase 1-Inflammasome Activity Assay 

Bioluminescent Caspase-Glo 1 inflammasome assay (Promega) was used to 

determine the inflammasome formation in BEAS-2B cells subjected to indoor dust. BEAS-

2B cells were seeded at 5000 cell/well in 96-well white-walled plates overnight, after 

which the media was removed and the cells treated with solutions of media containing 

increasing concentrations of dust (10, 25, 50, 75, 100, 250, and 500 μg/ml) for 24 hours. 

The same concentrations of dust were used without cells in each plate as sample controls. 

Cells exposed to complete media were used as a negative control. Caspase-Glo 1 reagent 

in an amount of 100μl (with MG132 inhibitor 60 μmol/l final concentration), or Caspase-

Glo 1 YVAD-CHO reagent (with Ac-YVAD-CHO inhibitor 1 μmol/l final concentration) 

were added to each well containing 100 μl of blank, untreated cells, dust-treated cells, and 

sample controls in the 96-well plate. Using a plate shaker, the plate contents were mixed 

at a speed of 300 rpm for 30 seconds and then incubated at room temperature for 1 hour. 
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The luminescence was recorded using a microplate reader. Experiments were carried out 

in triplicate. 

Protein Extraction 

Whole-Cell lysates were prepared from BEAS-2B cells exposed to 100 μg/ml for 

6, 12, 24, and 48 hours. After exposure, the cells were dissolved in 

radioimmunoprecipitation assay (RIPA) lysis buffer (25 mM Tris, 150 mM Sodium 

Chloride, 1% NP-40, 1% Sodium Deoxycholate, 0.1% SDS, pH 7.6) containing 10% 

protease inhibitor cocktail and 10% phosphatase inhibitor cocktail (Thermo Fisher 

Scientific, USA) for 30 mins on ice before being centrifuged at 14000xg for 15 minutes. 

The supernatants were collected and stored at -80˚C., and protein concentration was 

measured using Pierce™ BCA Protein Assay Kit (Thermo Fisher Scientific, USA). 

Antibodies 

In western blot analysis, the primary antibodies used were rabbit anti-JNK, rabbit 

anti–phospho-JNK, rabbit anti-ERK, rabbit anti–phospho-ERK, rabbit anti–p38, rabbit 

anti–phospho–p38, rabbit anti-SOD1, rabbit anti-SOD2, rabbit anti-CAT, rabbit anti-

GPx, rabbit anti-β-actin antibodies (Cell Signaling Technology, Boston, MA). The 

secondary goat anti-mouse or goat anti-rabbit antibodies used were IRDye 680rd or 

800cw labeled (LiCor, Lincoln, NE).  

Western Blotting 

To measure protein expression, 30g of protein was loaded in a 10% SDS-PAGE 

(sodium dodecyl sulfate-polyacrylamide gel electrophoresis) gel and electrically 

transferred using transfer buffer (25mM Tris, 192mM glycine, 20% methanol, pH8.3) 

onto a nitrocellulose membrane in the Bio-Rad trans-blot turbo transfer system. 

Membranes were blocked at room temperature for 1 hour in 5% non-fat dry milk in Tris-
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buffered saline solution (TBS). After blocking, primary antibodies of interest were diluted 

1:1000 in the blocking buffer and added to membranes overnight at 4°C. After subsequent 

washing of membranes (three times, 5 min each) by TBS buffer with 0.1% Tween-20, 

goat anti-mouse or goat anti-rabbit IRDye 680rd or 800cw labeled secondary antibodies 

diluted 1:10,000 in TBST buffer were added to the membranes and incubated for 1 hour 

at room temperature. Following secondary labeling, membranes were washed with TBST 

three times for 5 min each, followed by washing with TBS buffer for 5 min., then imaged 

to detect bands by LiCor Odyssey imaging system (LiCor, Lincoln, NE).  

Statistical Analysis 

All data were collected from three independent experiments. For multiple 

comparisons, a two-way analysis of variance was used. Data were statistically analyzed 

using GraphPad PRISM software version 8.4. and expressed as mean ± S.D. of triplicates. 

Differences were considered significant with a probability value of <0.05 (*, p < 0.05; 

**, p < 0.01; ***, p < 0.001; ****, p < 0.0001). 
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CHAPTER 4 

                                         RESULTS AND DISCUSSION  

Observation of Cell Morphology 

As an important indicator of cytotoxicity, a phase-contrast inverted microscope was 

used to study the cell morphology after dust exposure (Figure 8). BEAS-2B cell line was 

treated with different concentrations of both types of indoor dust (10, 25, 50, 75, 100, 250, 

and 500 µg/ml). After 24 hours, the treated cells were checked and compared with control 

cells. Most of the cells appear separated from one another neatly with a spindle-like shape, 

while treated cells appear with clearly atypical shapes with rounding and detaching. Cell 

density was decreased with increasing dust concentration. 

Trace Element Indoor Dust 

 

 

 

75 µg/ml 100 µg/ml 250 µg/ml 500 µg/ml

0 µg/ml 10 µg/ml 25 µg/ml 50 µg/ml
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Organic Contaminants House Dust

 

Figure 8: Cellular morphology changes of BEAS-2B cells following 24 hour exposure 

to different concentrations of Trace Element Indoor Dust and Organic Contaminants in 

House Dust. 

 

Indoor Dust Exposure Reduces Cell Viability (Metabolic Activity)  

Cell viability is a significant predictor of cellular responses to contaminants (Adan 

et al., 2016). Normal human lung epithelial cells were treated with two indoor dust types 

classified according to their chemical compositions. Twenty-four hours after exposure to 

dust at concentrations of 10, 25, 50, 75, 100, 250, and 500 μg/ml, cell viability was assessed 

by MTT assay and GF-AFC analysis. 

As shown in Figure 9 (A and B), both dust samples (Trace Elements dust and 

Organic contaminants dust) significantly affect the cell viability in a concentration-

dependent manner (p<0.5). At a higher concentration (500 μg/ml), the cell viability was 

reduced by up to 85.5% and 91.5% for the Trace Elements dust and Organic contaminants 

dust, respectively.  

0 µg/ml 10 µg/ml 25 µg/ml 50 µg/ml

75 µg/ml 100 µg/ml 250 µg/ml 500 µg/ml
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Figure 9 (A): Cell viability (metabolic activity) of normal human lung epithelial cells after 

exposure to Trace Element Indoor Dust and Organic Contaminants in House Dust (0, 10, 

25, 50, 75, 100, 250, and 500 μg/ml) for 24h. The data are expressed as cell viability 

percentage of the mean + SD of three experiments. 
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Figure 9 (B): Cell viability (GF-AFC) of normal human lung epithelial cells after exposure 

to Trace Element Indoor Dust and Organic Contaminants in House Dust (0, 10, 25, 50, 75, 

100, 250, and 500 μg/ml) for 24h. The data are expressed as mean + SD fold change of 

control of three experiments.  
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Studying cell viability considered a substantial indicator of cellular responses to 

pollutants (Adan et al., 2016). It was evaluated by two analysis methods, MTT assay and 

Protease analysis (GF-AFC), after exposure of BEAS-2B cells to different concentrations 

of indoor dust for 24 hours. Our results show that both types of indoor dust caused a 

concentration-dependent decrease in lung cell viability. 

Indoor Dust Exposure Induces Cell Cytotoxicity (LDH Release)  

LDH released from BEAS-2B cells was measured after exposure to dust for 24 

hours. Figure 10 shows that low concentrations of both types of indoor dust did not cause 

cell membrane damage.  
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Figure 10: Concentration-dependent cytotoxicity (LDH release) in BEAS-2B cells after 

exposure to Trace Element Indoor Dust and Organic Contaminants in House Dust (0, 10, 

25, 50, 75, 100, 250, and 500 μg/ml) for 24h. The data are expressed as mean + SD fold 

change of control of three experiments. 

 

On the other hand, at 100 μg/ml, the LDH release was slightly but not significantly 

increased. Higher dust concentrations (250 and 500 μg/ml) mainly affected cell membrane 



54 

 

 
 

damage. Compared with the untreated control, treatment with 250 and 500 μg/ml dust 

significantly increased the LDH release level by up to four times. 

The impact of fetal bovine albumin (FBS) on experimental outcomes must be 

carefully considered. Serum-free media was used in this study to investigate the 

cytotoxicity of the dust because some components in the serum (such as albumin) can act 

as metal chelators, which leads to reduce the impact of dust on the cells (Sánchez-Pérez et 

al., 2009). 

Indoor Dust Exposure Activates Apoptosis (Caspase-3/7)  

To study the mechanism of BEAS-2B cell death, we compared the activation of 

caspase-3 and -7 after 24 hours of indoor dust treatment. By comparison, dust treatment 

resulted in increased caspase activity beginning at 75 μg/ml, followed by a concentration-

dependent rise (Figure 11). A significant spike in caspase activity was noticed when 100 

μg/ml concentration was used, followed by a decreased activity until it returned to the 

measured background level at 500 μg/ml concentration point.  

These results suggest that for moderate concentrations of indoor dust, apoptosis is 

the main pathway of cell death, while exposure to high concentrations can promote other 

cell death mechanisms (necrosis). 
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Figure 11: Caspase-3/7 activation in human lung epithelial cells after exposure to Trace 

Element Indoor Dust and Organic Contaminants in House Dust (0, 10, 25, 50, 75, 100, 250, 

and 500 μg/ml) for 24h. The data are expressed as mean + SD fold change of control of 

three experiments. 

 

During regulated extrinsic or intrinsic apoptosis, caspase-3 and -7 can control  

several biochemical and morphological changes, including formation of apoptotic bodies 

and DNA fragmentation (Galluzzi et al., 2018). Apoptosis has a substantial role in the 

pathophysiology of respiratory diseases and lung inflammation (El Kebir et al., 2012; 

Pierce et al., 2007). Investigating if indoor dust cause apoptosis in lung cells could further 

recognize or understand respiratory diseases induced by dust exposure. 

The increase of caspase-3/7 signal after treatment with the indoor dust suggests that 

the mechanism of toxicity is due to apoptosis induction. However, a decrease in caspase-

3/7 signal is observed at higher dust concentration treatments with an increase in 

cytotoxicity marker (LDH) indicates an increasing number of dead cells and suggests cell 

death by the necrotic pathway. This response confirms that the dust exposure dose 

determines the type of cellular death mechanism in addition to the chemical composition 
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(Nel et al., 2001). These data support the earlier hypothesis that the same chemical can 

induce apoptosis at low concentrations and necrosis at higher concentrations (Elmore, 

2007). For example, low-dose diesel exhaust particles can induce cell apoptosis (Yun et al., 

2009), whereas high-dose has been reported to induce necrosis (Nel et al., 2001).  

We used 50 and 100 µg/ml of both types of dust as the optimal concentrations in 

further experiments. 

Indoor Dust Exposure Induces Intracellular Reactive Oxygen Species Generation 

(H2DCFDA levels)  

The most common reagent used for measuring intracellular ROS levels is 2',7'-

dichlorodihydrofluorescein diacetate probe (H2DCFDA), which undergoes oxidation by 

ROS to form a highly fluorescent green color. 

Reactive fluorescent dye H2DCFDA was used to detect ROS expression in human 

lung epithelial cells After exposure to 50 and 100 μg/ml of indoor dust for 24 hours. ROS 

generation was increased after exposure to both dust samples compared to the control 

(Figure 12).  
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Figure 12: Indoor dust-induced oxidative stress in BEAS-2B cells after 24 hours exposure 

to 50 and 100 μg/ml of Trace Elements Indoor Dust (A), and Organic Contaminants in 

House Dust (B) and staining with H2DCFDA probe. Compared with untreated cells, the 

ROS (fluorescence intensity) increases with increasing dust concentration. Green 

fluorescent dots indicated ROS-positive cells. 

 

Reactive oxygen species are chemically reactive molecules generated as a waste 

product of regular cell metabolism. Excessive generation of ROS can cause cellular 

oxidative stress, which is the toxicological mechanism that triggers the harmful impacts 

linked with exposure to air pollution and particulate matter (Chow et al., 2006a; Chow, 

2006). A fluorescent dye (H2DCFDA) was used to detect any increase in ROS generation 

in BEAS-2B cells after exposure to indoor dust for 24 hours. An increase in ROS 

generation was noticed after exposure to both dust samples compared to the control. These 
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findings indicate that cell exposure to indoor dust induced ROS production that possibly 

will cause oxidative stress and cell damage. 

Indoor Dust Exposure Induces Extracellular Reactive Oxygen Species Generation 

(H2O2 levels)  

H2O2 is a reactive oxygen species that can be measured as a cell marker for 

oxidative stress. After 24 hours of exposure to dust, H2O2 release is significantly increased 

compared with the control group (7.08 and 11.25-fold for Trace Element dust, and 6.01 

and 8.91-fold for Organic Contaminants dust) after exposure to 50 and 100 μg/ml dust, 

respectively (Figure 13). 
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Figure 13: H2O2 release as a marker of oxidative stress in BEAS-2B cells after 24 hours 

exposure to 50 and 100 μg/ml of Trace Element Indoor Dust and Organic Contaminants in 

House Dust. The data are expressed as mean + SD fold change of control of three 

experiments. 

** ** 

*** *** 
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Hydrogen peroxides (H2O2) were used as another cell markers of oxidative stress 

in BEAS-2B cells. H2O2 can be generated either by dismutation of superoxide anion or by 

spontaneous formation from molecular oxygen in peroxisomes. Regardless of its lower 

reactivity compared to other reactive oxygen species, hydrogen peroxide has an essential 

role in carcinogenesis because it can diffuse across mitochondria and cell membranes, 

resulting in a diverse functioning outcome and causing a variety of cellular damages, such 

as inflammasome formation, NFκB activation, and proinflammatory cytokines stimulation 

(Mates & Sanchez-Jimenez, 2000; Mittal et al., 2014; Ray & Husain, 2002). 

Indoor dust caused a significant increase in H2O2 release after 24 hours of exposure 

to 50 and 100 μg/ml dust compared with the untreated cells. The H2O2 release potential for 

the trace metal dust was more than that of organic dust. However, the cell cytotoxicity was 

higher in cells subjected to organic dust in comparison to cells subjected to trace metal dust 

using the same concentrations. 

Oxidative stress has a variety of effects on cells, such as the formation of pro-

inflammatory molecules and structural cell damage. Screening compounds for their ability 

to modify hydrogen peroxide levels in cultured cells is beneficial since different ROS in 

the cell are interconverted to hydrogen peroxides, and because hydrogen peroxide is the 

longest-lived reactive oxygen species, an increase in hydrogen peroxide may suggest a 

general increase in reactive oxygen species (Vidugiris et al., 2015). 

Indoor Dust Exposure Activates First Line Antioxidant Enzymes 

To determine whether increased ROS generation was gone together with the 

deregulation of antioxidative enzymes’ expression, western blot analysis 
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of SOD1, SOD2, CAT, and GPx was made after exposure to 100µg of Trace Metal Indoor 

Dust and Organic Contaminants House Dust (Figure 14).  
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Figure 14: Time kinetics of antioxidant enzymes (SOD1, SOD2, CAT, GPx) activation in 

BEAS-2B cells exposed to 100µg/ml of Trace Elements Indoor Dust and Organic 

Contaminants in House Dust. 

 

SOD1 was upregulated after exposure to both indoor dust types in a time-dependent 

manner (Figure 15), especially after 24- and 48-hour exposure (2.18 and 2.41-fold for 

Trace Metal Dust; 4.37 and 5.93-fold for Organic Dust).  
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Figure 15: Graphical representation of the relative band quantification of superoxide 

dismutase-1 activation in BEAS-2B cells exposed to 100µg/ml of Trace Elements Indoor 

Dust and Organic Contaminants in House Dust. 

 

SOD2 protein expression was downregulated after 6- and 12-hour exposure to the 

dust, whereas upregulated after 24-hour and 48-hour exposure (Figure 16), especially after 
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48-hour, showing more than a threefold increase for Trace Metal Dust, and more than 

fivefold increase for Organic Dust. 
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Figure 16: Graphical representation of the relative band quantification of superoxide 

dismutase-2 activation in BEAS-2B cells exposed to 100µg/ml of Trace Elements Indoor 

Dust and Organic Contaminants in House Dust. 

 

Catalase enzyme protein expression was upregulated only after 6- and 24-hour 

exposure to Trace Metal Dust (Figure 17). Exposure to Organic Dust resulted in 

downregulation after 6- and 12-hour, followed by upregulation after 24- and 48-hour (2.1- 

and 2.51-fold change). 
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Figure 17: Graphical representation of the relative band quantification of catalase 

activation in BEAS-2B cells exposed to 100µg/ml of Trace Metals Indoor Dust and 

Organic Contaminants House Dust. 

Glutathione peroxidase enzyme expression was intensely upregulated after 

exposure to both types of indoor dust, starting from 12-hour and continued thereafter 

(Figure-18). 
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Figure 18: Graphical representation of the relative band quantification of glutathione 

peroxidase activation in BEAS-2B cells exposed to 100µg/ml of Trace Metals Indoor Dust 

and Organic Contaminants House Dust. 

 

Western blot analysis of SOD1, SOD2, CAT, and GPx was used to determine 

whether increased ROS generation occurred together with the misregulation of the 

expression of these enzymes after exposure to 100µg of Trace Metal Indoor Dust and 
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Organic Contaminants House Dust. Our results show that indoor dust treatment can 

activate these antioxidant enzymes in a time-dependent manner. 

Several experiments on primary antioxidant enzymes have revealed unpredictable 

performance. Some studies found that particle exposure can influence intracellular defense 

mechanisms by increasing antioxidant enzyme expression and activating the corresponding 

signaling pathways (Deng et al., 2013; Guerra et al., 2013; Messier et al., 2013; Pardo et 

al., 2015), while other studies found that particle exposure can downregulate antioxidant 

enzyme expression and activity (Davel et al., 2012; Delfino et al., 2008; Liu & Meng, 2008; 

Wang et al., 2015). The differences in these studies' findings can be correlated to 

differences in samples concentration and composition, in addition to the host's defensive 

capacity. 

Indoor Dust Exposure Activates Inflammasome Caspase-1  

 Caspase-1 Glo Inflammasome assay was used to detect the activity of caspase-1 in 

BEAS-2B cells subjected to indoor dust for 24 hours. The results show that the Caspase-1 

activation increases in a concentration-dependent manner when the cells are subjected to 

50 and 100 μg/ml of the dust (Figure 19).  
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Figure 19:  Caspase-1 Glo Assay revealed the caspase-1 activity stress in BEAS-2B cells 

after 24 hours exposure to 50 and 100 μg/ml of Trace Element Indoor Dust and Organic 

Contaminants in House Dust. The data are expressed as mean + SD fold change of control 

of three experiments. 

 

Caspase-1 is an important part of the polyprotein inflammasome complex (Broz & 

Dixit, 2016). When it is active, it can further activate the pro-inflammatory cytokines IL1β 

and IL18 and lead to pyroptosis (a type of cell death that depends on inflammation) (Broz 

& Dixit, 2016; He et al., 2016; Mittal et al., 2014). Caspase-1 Glo Inflammasome assay 

was used to detect caspase-1 activity in BEAS-2B cells after exposure to indoor dust for 

24 hours. The activity of caspase-1 was significantly increased in lung cells after exposure 

to indoor dust (50 and 100 μg/ml), indicating that pyroptosis is probably involved in the 

observed cell death. 

** 

** 
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            According to reports, the particle’s organic components seem to have a significant 

role in inflammation and oxidative stress after exposure to particles. (Baulig et al., 2004; 

Bonvallot et al., 2001). At the same time, metals adsorbed to particulate matter can also 

cause inflammation and oxidative stress (Kennedy et al., 1998, Zhang et al., 2008). This 

study found that inflammasome activation in cells exposed to trace metal dust was higher 

than in cells exposed to organic dust. Other studies have also shown that air particles with 

higher metal content and lower organic content can cause significant release of 

inflammatory mediators, complemented by more pronounced oxidative stress (Ghio, 2004; 

Hetland et al., 2005). 

The regulation of inflammatory responses has been connected to oxidative stress, 

and recent evidence supports this progressively (Choi et al., 2010; Mittal et al., 2014). 

Superoxide dismutase-2 activation may be one potential correlation between ROS 

overproduction and inflammation. SOD2 can react with mitochondrial O2• to create the 

less toxic byproduct (H2O2). Hydrogen peroxide can cross the mitochondrial outer 

membrane to reach cytosolic targets, resulting in NFκB activation, inflammasome 

development, and proinflammatory cytokine stimulation, among other functional outcomes 

(Mittal et al., 2014). 

Indoor Dust Exposure Activates MAPK Signaling Pathway  

To realize whether indoor dust activates the MAPK signaling pathway, BEAS-2B 

cells were treated with 100 μg of trace metals dust and organic dust, and the levels of 

phosphorylated JNK, ERK, and p38 were measured using western blot analysis (Figure 

20). The results indicated that indoor dust activated both ERK and p38 kinase pathways in 

the treated cells.  
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Figure 20: Time kinetics of MAPK (JNK, ERK, p38) phosphorylation in BEAS-2B cells 

exposed to 100µg/ml of Trace Metals Indoor Dust and Organic Contaminants House Dust. 

 

Increases in phosphorylated ERK levels were noted at all times after exposure to 

both types of indoor dust (Figure 21), with the highest phosphorylation occurring at 12 

hours (more than 11-fold change). After 24- and 48-hour dust exposure, the phosphorylated 

ERK levels were reduced compared to the levels expressed at 12 hours, but these levels 

still higher in comparison with control.  
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Figure 21: Graphical representation of the relative band quantification of ERK 

phosphorylation in BEAS-2B cells exposed to 100µg/ml of Trace Metals Indoor Dust and 

Organic Contaminants House Dust. 

 

 

Increases in levels of phosphorylated p38 were seen at all times after exposure to 

trace metal dust, except after 12-hour exposure time, in which the phosphorylated level 

was decreased (Figure 22). After exposure to organic dust, p38 phosphorylation levels were 
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strongly increased over time, except after 24-hour exposure time, wherein there was an 

intense decrease in p38 activation.  
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Figure 22: Graphical representation of the relative band quantification of p38 

phosphorylation in BEAS-2B cells exposed to 100µg/ml of Trace Metals Indoor Dust and 

Organic Contaminants House Dust. 
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MAPKs are serine/threonine protein kinases. There are three MAPK pathways 

(JNK, ERK, and p38), which are associated with cellular growth, cellular stress, and 

inflammation (Fang & Richardson, 2005; Peng et al., 2018; Sun & Nan, 2016).  

Environmental stresses and inflammatory cytokines strongly activate p38 MAPKs. 

Because of that, p38 MAPKs are referred to as Stress-Activated Protein Kinases (Cohen, 

1997; Kyriakis & Avruch, 2001).  The extent of p38 signal transduction play a crucial role 

in determining its biological effects. In response to the majority of stimuli, p38 activation 

occurs in minutes and it is transitory. This fact indicates that p38 acts as a bio-switch and 

must be down-regulated under basic or adaptive conditions (Takekawa et al., 1998; 

Takekawa et al., 2000).  

The MAPK phosphorylation results indicate that indoor dust activates ERK and 

p38 kinase in BEAS-2B cells, but not JNK kinase. Comparable results were obtained 

through a study using urban dust, which showed the activation of ERK and p38 pathways 

in lung endothelial cells after exposure (Li et al., 2005). 

P38 is generally connected with cell death (apoptosis) and inflammation, whereas 

ERK is involved in survival and proliferation (Kyriakis & Avruch, 2001; Roux & Blenis, 

2004). Despite the fact that the P38 and ERK pathways appear to have opposing functions, 

several investigations have revealed extensive cross-talk between them (Shimo T, et al., 

2007; Wang et al., 2006). The balance of ERK and P38 activation allows cells to decide 

whether to divide or stop the cell cycle, whether to promote or inhibit inflammation, and 

whether to live or die. The combined actions of P38 and ERK signaling result in diverse 

cellular outcomes, including cytokine secretion, cell proliferation, and cell death (Krishna 

& Narang, 2008; Kyriakis & Avruch, 2001; Roux & Blenis, 2004). 
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When the generation of ROS overdoes the potential of antioxidant proteins, they 

can induce the oxidative modification of certain MAPK proteins, leading to the activation 

of MAPK. ROS can activate the MAPK pathway by inactivating or degrading MAPK 

phosphatase (Guyton et al., 1996; Tournier et al., 1997). The influence of ROS on MAPK 

pathway activation depends on several factors, such as the antioxidant capacity of cells, 

and the concentration and production site of ROS (Son et al., 2011). 
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CHAPTER 5 

SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS 

 

Indoor dust consists of a complex mixture of natural and man-made particulates 

that have a major role in human exposure to harmful contaminants. Its toxicity has been 

one of the most sensitive issues since it has caused millions of deaths worldwide. It is easier 

to get exposed to indoor dust particles because they are almost everywhere, originate from 

internal and external sources, and can last for a long time in the air or surfaces. It acts as a 

sink for various chemicals used indoors every day, and exposure to these chemicals can be 

through inhalation, ingestion, and dermal absorption. 

Indoor dust can adversely affect human health, causing many diseases and 

disorders, such as respiratory diseases, cardiovascular diseases, neurological diseases, 

dermatological diseases, developmental disorders, immunological disorders, allergic 

reactions, endocrine disruption, obesity, and cancer. 

Understanding the mechanisms of toxicity of indoor dust is a challenge because it 

is a complex mix of particles with different physicochemical properties and constituents. 

In an attempt to evaluate in vitro toxicity of indoor dust particles, we used two types of 

Indoor dust (Trace metals in indoor dust and Organic contaminants in house dust). We used 

BEAS-2B cells to examine dust exposure-related effects. This study focuses on integrating 

multiple viability and cytotoxicity assays in addition to reactive oxygen species and 

inflammatory response detection. Protein expression analysis of some signaling pathways 

was also considered to understand the toxicity mechanisms of indoor dust in lung cells. 
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The results show the dose-dependent toxic effects of indoor dust on BEAS-2B cells 

24 hours of exposure. The quantitation of MTT reduction and live-cell protease activity 

(GF-AFC Substrate) were used to estimate the number of viable cells. Both assays showed 

a similar trend of significantly decreased cell viability after cell exposure to indoor dust. 

Lactate dehydrogenase (LDH) release as a marker for cells with a compromised membrane 

was shown to increase at higher concentrations of dust (100, 250, and 500 µg/ml). The 

activation of caspase-3/7 as an indicator of apoptosis, was shown to increase after exposure 

to 75 and 100µg/ml of dust (indicates that the mechanism of toxicity is due to apoptosis 

induction). However, a decrease in caspase-3/7 signal is observed at higher dust 

concentrations treatment with an increase in cytotoxicity marker (LDH) indicates an 

increasing number of dead cells and suggests cell death by the necrotic pathway.  

Results from analyses using ROS generation detection markers showed that 

exposure to indoor dust causes a remarkable increase in ROS generation. The antioxidant 

enzyme levels (SOD1, SOD2, CAT, and GPx) show that Indoor dust exposure (100µg/ml) 

can upregulate or downregulate these enzymes in a time-depending manner. 

Indoor dust exposure can also trigger the activation of inflammasome in lung cells, 

suggesting that pyroptotic cell death may has a role in indoor dust toxicity. 

Western blotting results revealed phosphorylation of both ERK and p38 proteins, 

depending on the duration of exposure. 

It's impossible to say which components of the studied dust samples are more 

responsible for the cellular adverse effects. Contaminants in indoor dust may interact with 

one another, leading to modification in the extent of the toxicity. Exposure to these 

contaminants together might result in stronger or weaker combined effects (additive, 
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synergistic, or antagonistic effects) that cannot be predicted or expected by analyzing the 

individual exposures separately.  

This in vitro study focusing on the estimation of toxicity and potency of the indoor 

dust, and help to indicate any possible cellular health impacts. This might result in a plan 

to reduce the harmful health-impacting components in the indoor environment. 

 

 

 

 



 

76 
 

 

 

 

 

 

 

 

 

                                         REFERENCES 

 

 



 

77 
 

 

REFERENCES 

 

Aarbiou, J., Rabe, K. F., & Hiemstra, P. S. (2002). Role of defensins in 

inflammatory lung disease. Annals of Medicine, 34(2), 96–101. 

https://doi.org/10.1080/07853890252953482 

 Abais, J. M., Xia, M., Zhang, Y., Boini, K. M., & Li, P. L. (2015). Redox regulation of 

NLRP3 inflammasomes: ROS as trigger or effector?. Antioxidants & Redox 

Signaling, 22(13), 1111–1129. https://doi.org/10.1089/ars.2014.5994 

Abb, M., Heinrich, T., Sorkau, E., & Lorenz, W. (2009). Phthalates in 

house dust. Environment International, 35(6), 965–970. 

https://doi.org/10.1016/j.envint.2009.04.007  

Abbas, I., Garçon, G., Saint-Georges, F., Billet, S., Verdin, A., Gosset, P., Mulliez, P., & 

Shirali, P. (2010). Occurrence of molecular abnormalities of cell cycle in L132 cells 

after in vitro short-term exposure to air pollution PM2.5. Chemico-Biological 

Interactions, 188(3), 558-565. 

Acir, I. H., & Guenther, K. (2018). Endocrine-disrupting metabolites of alkylphenol 

ethoxylates - A critical review of analytical methods, environmental occurrences, 

toxicity, and regulation. Science of the Total Environment, 635, 1530–1546. 

https://doi.org/10.1016/j.scitotenv.2018.04.079 

Aditama T. Y. (2000). Impact of haze from forest fire to respiratory 

health: Indonesian experience. Respirology (Carlton, Vic.), 5(2), 

169–174. https://doi.org/10.1046/j.1440-1843.2000.00246.x 



78 

 

 
 

Adler, K. B., & Li, Y. (2001). Airway epithelium and mucus: 

intracellular signaling pathways for gene expression and 

secretion. American Journal of Respiratory Cell and Molecular 

Biology, 25(4), 397–400.  

https://doi.org/10.1165/ajrcmb.25.4.f214 

Agency for Toxic Substances and Disease Registry (ATSDR). (1995). Toxicological 

Profile for Polycyclic Aromatic Hydrocarbons (PAHs) Atlanta, GA: US 

Department of Health and Human Services, Public Health Service. 

Agency for Toxic Substances and Disease Registry (ATSDR). (2004). Toxicological 

profile for Polybrominated Biphenyls and Polybrominated Diphenyl Ethers. 

Atlanta, GA: U.S. Department of Health and Human S Boffetta ervices, Public 

Health Service; 2004.  

Akhtar, U. S., McWhinney, R. D., Rastogi, N., Abbatt, J. P., Evans, G. J., & Scott, J. A. 

(2010). Cytotoxic and proinflammatory effects of ambient and source-related 

particulate matter (PM) in relation to the production of reactive oxygen species 

(ROS) and cytokine adsorption by particles. Inhalation Toxicology, 22 Suppl 2, 37–

47. https://doi.org/10.3109/08958378.2010.518377  

Akhter, M.S., & Madany, I. (1993). Heavy metals in street and house dust in 

Bahrain. Water, Air, and Soil Pollution, 66, 111-119.  

Al Qasmi, N. N., Al-Thaiban, H., & Helaleh, M. (2019). Indoor phthalates from household 

dust in Qatar: implications for non-dietary human exposure. Environmental Science 

and Pollution Research International, 26(1), 421–430. 

https://doi.org/10.1007/s11356-018-3604-8  

https://doi.org/10.3109/08958378.2010.518377


79 

 

 
 

Alam, J., Stewart, D., Touchard, C., Boinapally, S., Choi, A. M., & Cook, J. L. (1999). 

Nrf2, a Cap'n'Collar transcription factor, regulates induction of the heme 

oxygenase-1 gene. The Journal of Biological Chemistry, 274(37), 26071–26078. 

https://doi.org/10.1074/jbc.274.37.26071  

Albar, H.M., Ali, N., Shahzad, K., Ismail, I., Rashid, M., Wang, W., Ali, L., & Eqani, S. 

(2017). Phthalate esters in settled dust of different indoor microenvironments; 

source of non-dietary human exposure. Microchemical Journal, 132, 227-232.  

Ali, N., Dirtu, A. C., Van den Eede, N., Goosey, E., Harrad, S., Neels, 

H., 't Mannetje, A., Coakley, J., Douwes, J., & Covaci, A. (2012). 

Occurrence of alternative flame retardants in indoor dust from 

New Zealand: indoor sources and human exposure assessment. 

Chemosphere, 88(11), 1276–1282. 

https://doi.org/10.1016/j.chemosphere.2012.03.100  

Ali, N., Van den Eede, N., Dirtu, A. C., Neels, H., & Covaci, A. (2012). Assessment of 

human exposure to indoor organic contaminants via dust ingestion in Pakistan. 

Indoor Air, 22(3), 200–211. https://doi.org/10.1111/j.1600-0668.2011.00757.x  

Andrews, N. C., Erdjument-Bromage, H., Davidson, M. B., Tempst, P., & Orkin, S. H. 

(1993). Erythroid transcription factor NF-E2 is a haematopoietic-specific basic-

leucine zipper protein. Nature, 362(6422), 722–728. 

https://doi.org/10.1038/362722a0  

Andrysík, Z., Vondráček, J., Marvanová, S., Ciganek, M., Neča, J., Pěnčíková, K., 

Mahadevan, B., Topinka, J., Baird, W. M., Kozubík, A., & Machala, M. (2011). 

Activation of the aryl hydrocarbon receptor is the major toxic mode of action of an 



80 

 

 
 

organic extract of a reference urban dust particulate matter mixture: the role of 

polycyclic aromatic hydrocarbons. Mutation Research, 714(1-2), 53–62. 

https://doi.org/10.1016/j.mrfmmm.2011.06.011  

Argyraki A. (2014). Garden soil and house dust as exposure media for lead uptake in the 

mining village of Stratoni, Greece. Environmental Geochemistry and Health, 36(4), 

677–692. https://doi.org/10.1007/s10653-013-9589-9  

Asante, K. A., Agusa, T., Biney, C. A., Agyekum, W. A., Bello, M., 

Otsuka, M., Itai, T., Takahashi, S., & Tanabe, S. (2012). Multi-

trace element levels and arsenic speciation in urine of e-waste 

recycling workers from Agbogbloshie, Accra in Ghana. Science 

of the Total Environment, 424, 63–73. 

https://doi.org/10.1016/j.scitotenv.2012.02.072  

Asokananthan, N., Graham, P. T., Stewart, D. J., Bakker, A. J., Eidne, K. A., Thompson, 

P. J., & Stewart, G. A. (2002). House dust mite allergens induce proinflammatory 

cytokines from respiratory epithelial cells: the cysteine protease allergen, Der p 1, 

activates protease-activated receptor (PAR)-2 and inactivates PAR-1. Journal of 

Immunology (Baltimore, M : 1950), 169(8), 4572–4578. 

https://doi.org/10.4049/jimmunol.169.8.4572 

Bai, Y., Suzuki, A. K., & Sagai, M. (2001). The cytotoxic effects of diesel exhaust particles 

on human pulmonary artery endothelial cells in vitro: Role of active oxygen 

species. Free Radical Biology & Medicine, 30(5), 555–562. 

https://doi.org/10.1016/s0891-5849(00)00499-8  



81 

 

 
 

Balakrishna, S., Lomnicki, S., McAvey, K. M., Cole, R. B., Dellinger, B., & Cormier, S. 

A. (2009). Environmentally persistent free radicals amplify ultrafine particle 

mediated cellular oxidative stress and cytotoxicity. Particle and Fibre Toxicology, 

6, 11. https://doi.org/10.1186/1743-8977-6-11  

Bari, M. A., Kindzierski, W. B., Wallace, L. A., Wheeler, A. J., MacNeill, M., & Héroux, 

M. È. (2015). Indoor and Outdoor Levels and Sources of Submicron Particles 

(PM1) at Homes in Edmonton, Canada. Environmental Science & Technology, 

49(11), 6419–6429. https://doi.org/10.1021/acs.est.5b01173  

Baroja-Mazo, A., Martín-Sánchez, F., Gómez, A., Martínez, C., Amores-Iniesta, J., 

Compan, V., Barberà-Cremades, M., Yagüe, J., Ruíz-Ortiz, E., Antón, J., Buján, 

S., Couillin, I., Brough, D., Aróstegui, J., & Pelegrín, P. (2014). The NLRP3 

inflammasome is released as a particulate danger signal that amplifies the 

inflammatory response. Nature Immunology, 15, 738-748.  

Baulig, A., Poirault, J. J., Ausset, P., Schins, R., Shi, T., Baralle, D., Dorlhene, P., Meyer, 

M., Lefevre, R., Baeza-Squiban, A., & Marano, F. (2004). Physicochemical 

characteristics and biological activities of seasonal atmospheric particulate matter 

sampling in two locations of Paris. Environmental Science & Technology, 38(22), 

5985–5992. https://doi.org/10.1021/es049476z  

Becker, S., Dailey, L. A., Soukup, J. M., Grambow, S. C., Devlin, R. B., & Huang, Y. C. 

(2005). Seasonal variations in air pollution particle-induced inflammatory mediator 

release and oxidative stress. Environmental Health Perspectives, 113(8), 1032–

1038. https://doi.org/10.1289/ehp.7996 



82 

 

 
 

Benotti, M. J., Trenholm, R. A., Vanderford, B. J., Holady, J. C., Stanford, B. D., & Snyder, 

S. A. (2009). Pharmaceuticals and endocrine disrupting compounds in U.S. 

drinking water. Environmental Science & Technology, 43(3), 597–603. 

https://doi.org/10.1021/es801845a  

Bergh, C., Torgrip, R., Emenius, G., & Ostman, C. (2011). Organophosphate and phthalate 

esters in air and settled dust - a multi-location indoor study. Indoor Air, 21(1), 67–

76. https://doi.org/10.1111/j.1600-0668.2010.00684.x  

Bergsbaken, T., & Cookson, B. T. (2007). Macrophage activation redirects yersinia-

infected host cell death from apoptosis to caspase-1-dependent pyroptosis. PLoS 

Pathogens, 3(11), e161. https://doi.org/10.1371/journal.ppat.0030161  

Betts, K. S. (2015). Tracking alternative flame retardants: hand-to-mouth 

exposures in adults. Environmental Health Perspectives, 123(2), 

A44. https://doi.org/10.1289/ehp.123-A44  

Beyea, J., Hatch, M., Stellman, S. D., Santella, R. M., Teitelbaum, S. L., Prokopczyk, B., 

Camann, D., & Gammon, M. D. (2006). Validation and calibration of a model used 

to reconstruct historical exposure to polycyclic aromatic hydrocarbons for use in 

epidemiologic studies. Environmental Health Perspectives, 114(7), 1053–1058. 

https://doi.org/10.1289/ehp.8659.  

Billet, S., Abbas, I., Goff, J.L., Verdin, A., André, V., Lafargue, P., Hachimi, A., Cazier, 

F., Sichel, F., Shirali, P., & Garçon, G. (2008). Genotoxic potential of Polycyclic 

Aromatic Hydrocarbons-coated onto airborne Particulate Matter (PM 2.5) in human 

lung epithelial A549 cells. Cancer Letters, 270(1), 144-55. 

 https://doi.org/10.1016/j.canlet.2008.04.044 



83 

 

 
 

Billet, S., Garçon, G., Dagher, Z., Verdin, A., Ledoux, F., Cazier, F., Courcot, D., 

Aboukais, A., & Shirali, P. (2007). Ambient particulate matter (PM2.5): 

physicochemical characterization and metabolic activation of the organic fraction 

in human lung epithelial cells (A549). Environmental Research, 105(2), 212–223. 

https://doi.org/10.1016/j.envres.2007.03.001 

Blanchard, O., Glorennec, P., Mercier, F., Bonvallot, N., Chevrier, C., Ramalho, O., 

Mandin, C., & Bot, B. L. (2014). Semivolatile organic compounds in indoor air and 

settled dust in 30 French dwellings. Environmental Science & Technology, 48(7), 

3959–3969. https://doi.org/10.1021/es405269q  

Bloom, D., Dhakshinamoorthy, S., Wang, W., Celli, C.M,. & Jaiswal, A.K. (2001). Role 

of NF-E2 related factors in oxidative stress. In: K.B. Storey, J.M. Storey, 

Cell and Molecular Response to Stress, editors. Cell and Molecular responses to stress vol 

2 Protein adaptation and signal transduction. Amsterdam; Elsevier. pp. 229–238.  

Bocca, B., Alimonti, A., Petrucci, F., Violante, N., Sancesario, G., & Forte, G. (2004). 

Quantification of trace elements by sector field inductively coupled plasma 

spectrometry in urine, serum, blood and cerebrospinal fluid of patients with 

Parkinson’s disease. Spectrochimica Acta Part B: Atomic Spectroscopy, 59(4), 559-

566. https://doi.org/10.1016/j.sab.2004.02.007 

Boffetta, P., Jourenkova, N., & Gustavsson, P. (1997). Cancer risk from occupational and 

environmental exposure to polycyclic aromatic hydrocarbons. Cancer Causes & 

Control : CCC, 8(3), 444–472. https://doi.org/10.1023/a:1018465507029  

Bonvallot, V., Baeza-Squiban, A., Baulig, A., Brulant, S., Boland, S., Muzeau, F., Barouki, 

R., & Marano, F. (2001). Organic compounds from diesel exhaust particles elicit a 



84 

 

 
 

proinflammatory response in human airway epithelial cells and induce cytochrome 

p450 1A1 expression. American Journal of Respiratory Cell and Molecular 

Biology, 25(4), 515–521. https://doi.org/10.1165/ajrcmb.25.4.4515  

Bornehag, C. G., Lundgren, B., Weschler, C. J., Sigsgaard, T., Hagerhed-Engman, L., & 

Sundell, J. (2005). Phthalates in indoor dust and their association with building 

characteristics. Environmental Health Perspectives, 113(10), 1399–1404. 

https://doi.org/10.1289/ehp.7809 

Bose, S., Segovia, J. A., Somarajan, S. R., Chang, T. H., Kannan, T. R., & Baseman, J. B. 

(2014). ADP-ribosylation of NLRP3 by Mycoplasma pneumoniae CARDS toxin 

regulates inflammasome activity. mBio, 5(6), e02186-14. 

https://doi.org/10.1128/mBio.02186-14  

Bourgeois, B., & Owens, J. W. (2014). The influence of Hurricanes Katrina and Rita on 

the inflammatory cytokine response and protein expression in A549 cells exposed 

to PM2.5 collected in the Baton Rouge-Port Allen industrial corridor of 

Southeastern Louisiana in 2005. Toxicology Mechanisms and Methods, 24(3), 220–

242. https://doi.org/10.3109/15376516.2014.881945 

Bradman, A., Castorina, R., Gaspar, F., Nishioka, M., Colón, M., Weathers, W., Egeghy, 

P. P., Maddalena, R., Williams, J., Jenkins, P. L., & McKone, T. E. (2014). Flame 

retardant exposures in California early childhood education environments. 

Chemosphere, 116, 61–66. https://doi.org/10.1016/j.chemosphere.2014.02.072 

Bradman, A., Chevrier, J., Tager, I., Lipsett, M., Sedgwick, J., Macher, J., Vargas, A. B., 

Cabrera, E. B., Camacho, J. M., Weldon, R., Kogut, K., Jewell, N. P., & Eskenazi, 

B. (2005). Association of housing disrepair indicators with cockroach and rodent 



85 

 

 
 

infestations in a cohort of pregnant Latina women and their children. 

Environmental Health Perspectives, 113(12), 1795–1801. 

https://doi.org/10.1289/ehp.7588  

Bradman, A., Whitaker, D., Quirós, L., Castorina, R., Claus Henn, B., Nishioka, M., 

Morgan, J., Barr, D. B., Harnly, M., Brisbin, J. A., Sheldon, L. S., McKone, T. E., 

& Eskenazi, B. (2007). Pesticides and their metabolites in the homes and urine of 

farmworker children living in the Salinas Valley, CA. Journal of Exposure Science 

& Environmental Epidemiology, 17(4), 331–349. 

https://doi.org/10.1038/sj.jes.7500507 

Broz, P., & Dixit, V. M. (2016). Inflammasomes: mechanism of assembly, regulation and 

signalling. Nature Reviews. Immunology, 16(7), 407–420. 

https://doi.org/10.1038/nri.2016.58  

Bruce, N., Perez-Padilla, R., & Albalak, R. (2000). Indoor air pollution in developing 

countries: a major environmental and public health challenge. Bulletin of the World 

Health Organization, 78(9), 1078–1092.  

Bubici, C., & Papa, S. (2014). JNK signalling in cancer: in need of new, 

smarter therapeutic targets. British Journal of Pharmacology, 

171(1), 24–37. https://doi.org/10.1111/bph.12432 

Buist, A. S., Vollmer, W. M., Johnson, L. R., Bernstein, R. S., & McCamant, L. E. (1986). 

A four-year prospective study of the respiratory effects of volcanic ash from Mt. 

St. Helens. The American Review of Respiratory Disease, 133(4), 526–534. 

https://doi.org/10.1164/arrd.1986.133.4.526  



86 

 

 
 

Burstyn, I., Kromhout, H., Kauppinen, T., Heikkilä, P., & Boffetta, P. (2000). Statistical 

modelling of the determinants of historical exposure to bitumen and polycyclic 

aromatic hydrocarbons among paving workers. The Annals of Occupational 

Hygiene, 44(1), 43–56.  

Butte, W., & Heinzow, B. (2002). Pollutants in house dust as indicators of indoor 

contamination. Reviews of Environmental Contamination and Toxicology, 175, 1–

46.  

Butte, W., Walker, G. (1994) Sinn und Unsinn von Hausstaubuntersuchungen – das Für 

und Wider, Hausstaub als Me parameter zum Erkennen einer Innenraumbelastung 

mit Permethrin, Pentachlorphenol und Lindan (Sense and Nonsense of Analyzing 

House Dust – Pro and Contra – House Dust as an Indicator for an Indoor Pollution 

with Permethrin, Pentachlorophenol and Lindane). VDI-Berichte 1122, 535– 546. 

Cachon, B. F., Firmin, S., Verdin, A., Ayi-Fanou, L., Billet, S., Cazier, F., Martin, P. J., 

Aissi, F., Courcot, D., Sanni, A., & Shirali, P. (2014). Proinflammatory effects and 

oxidative stress within human bronchial epithelial cells exposed to atmospheric 

particulate matter (PM(2.5) and PM(>2.5)) collected from Cotonou, Benin. 

Environmental Pollution (Barking, Essex : 1987), 185, 340–351. 

https://doi.org/10.1016/j.envpol.2013.10.026. 

Calafat, A. M., Ye, X., Wong, L. Y., Reidy, J. A., & Needham, L. L. (2008). Exposure of 

the U.S. population to bisphenol A and 4-tertiary-octylphenol: 2003-2004. 

Environmental Health Perspectives, 116(1), 39–44. 

https://doi.org/10.1289/ehp.10753 



87 

 

 
 

California Department of Toxic Substances Control. (2018). Product-chemical profile for 

nonylphenol ethoxylates in laundry detergents.  

Cargnello, M., & Roux, P. P. (2011). Activation and function of the MAPKs and their 

substrates, the MAPK-activated protein kinases. Microbiology and Molecular 

Biology Reviews : MMBR, 75(1), 50–83. https://doi.org/10.1128/MMBR.00031-10  

Carpenter, D. O., Arcaro, K., & Spink, D. C. (2002). Understanding the human health 

effects of chemical mixtures. Environmental Health Perspectives, 110 Suppl 

1(Suppl 1), 25–42. https://doi.org/10.1289/ehp.02110s125 

Carrion-Matta, A., Kang, C.M., Gaffin, J.M., Hauptman, M., Phipatanakul, W., Koutrakis, 

P., & Gold, D.R. (2019). Classroom indoor PM2.5 sources and exposures in inner-

city schools. Environment International, 131, 104968. 

 DOI:10.1016/j.envint.2019.104968 

Cequier, E., Sakhi, A. K., Marcé, R. M., Becher, G., & Thomsen, C. (2015). Human 

exposure pathways to organophosphate triesters - a biomonitoring study of mother-

child pairs. Environment International, 75, 159–165. 

https://doi.org/10.1016/j.envint.2014.11.009  

Chan, J. K., Charrier, J. G., Kodani, S. D., Vogel, C. F., Kado, S. Y., Anderson, D. S., 

Anastasio, C., & Van Winkle, L. S. (2013). Combustion-derived flame generated 

ultrafine soot generates reactive oxygen species and activates Nrf2 antioxidants 

differently in neonatal and adult rat lungs. Particle and Fibre Toxicology, 10, 34. 

https://doi.org/10.1186/1743-8977-10-34  

Chan, J. Y., Han, X. L., & Kan, Y. W. (1993). Isolation of cDNA encoding the human 

NF-E2 protein. Proceedings of the National Academy of Sciences of the United 



88 

 

 
 

States of America, 90(23), 11366–11370. 

https://doi.org/10.1073/pnas.90.23.11366  

Chan-Yeung, M., & Dimich-Ward, H. (2003). Respiratory health effects of exposure to 

environmental tobacco smoke. Respirology (Carlton, Vic.), 8(2), 131–139. 

https://doi.org/10.1046/j.1440-1843.2003.00453.x 

Charlesworth, S., Everett, M., McCarthy, R., Ordóñez, A., & de Miguel, E. (2003). A 

comparative study of heavy metal concentration and distribution in deposited street 

dusts in a large and a small urban area: Birmingham and Coventry, West Midlands, 

UK. Environment International, 29(5), 563–573. https://doi.org/10.1016/S0160-

4120(03)00015-1  

Chattopadhyay, G., Lin, K.C.P., & Feitz, A.J. (2003). Household dust metal levels in the 

Sydney metropolitan area. Environmental Research, 93(3),301–307. 

Che, Z., Liu, Y., Chen, Y., Cao, J., Liang, C., Wang, L., & Ding, R. (2014). The apoptotic 

pathways effect of fine particulate from cooking oil fumes in primary fetal alveolar 

type II epithelial cells. Mutation Research. Genetic Toxicology and Environmental 

Mutagenesis, 761, 35–43. https://doi.org/10.1016/j.mrgentox.2014.01.004. 

Chelikani, P., Fita, I., & Loewen, P. C. (2004). Diversity of structures and properties among 

catalases. Cellular and Molecular Life Sciences: CMLS, 61(2), 192–208. 

https://doi.org/10.1007/s00018-003-3206-5  

Chen, R., Tunstall-Pedoe, H., & Tavendale, R. (2001). Environmental tobacco smoke and 

lung function in employees who never smoked: the Scottish MONICA study. 

Occupational and Environmental Medicine, 58(9), 563–568. 

https://doi.org/10.1136/oem.58.9.563  



89 

 

 
 

Chirenje, T., Ma, L.Q., & Lu, L. (2006). Retention of Cd, Cu, Pb and Zn by Wood Ash, 

Lime and Fume Dust. Water Air Soil Pollution, 171(1), 301–314. 

https://doi.org/10.1007/s11270-005-9051-4  

Cho, A. K., Sioutas, C., Miguel, A. H., Kumagai, Y., Schmitz, D. A., Singh, M., Eiguren-

Fernandez, A., & Froines, J. R. (2005). Redox activity of airborne particulate matter 

at different sites in the Los Angeles Basin. Environmental Research, 99(1), 40–47. 

https://doi.org/10.1016/j.envres.2005.01.003  

Cho, H. Y., Reddy, S. P., & Kleeberger, S. R. (2006). Nrf2 defends the lung from oxidative 

stress. Antioxidants & Redox Signaling, 8(1-2), 76–87. 

https://doi.org/10.1089/ars.2006.8.76  

Choi, H., Rauh, V., Garfinkel, R., Tu, Y., & Perera, F. P. (2008). Prenatal exposure to 

airborne polycyclic aromatic hydrocarbons and risk of intrauterine growth 

restriction. Environmental Health Perspectives, 116(5), 658–665. 

https://doi.org/10.1289/ehp.10958  

Choi, J., Zheng, Q., Katz, H. E., & Guilarte, T. R. (2010). Silica-based nanoparticle uptake 

and cellular response by primary microglia. Environmental Health Perspectives, 

118(5), 589–595. https://doi.org/10.1289/ehp.0901534. 

Chow, J. C., Watson, J. G., Mauderly, J. L., Costa, D. L., Wyzga, R. E., Vedal, S., Hidy, 

G. M., Altshuler, S. L., Marrack, D., Heuss, J. M., Wolff, G. T., Pope, C. A., 3rd, 

& Dockery, D. W. (2006). Health effects of fine particulate air pollution: lines that 

connect. Journal of the Air & Waste Management Association (1995), 56(10), 

1368–1380. https://doi.org/10.1080/10473289.2006.10464545  



90 

 

 
 

Chuang, J. C., Callahan, P. J., Lyu, C. W., & Wilson, N. K. (1999). Polycyclic aromatic 

hydrocarbon exposures of children in low-income families. Journal of Exposure 

Analysis and Environmental Epidemiology, 9(2), 85–98. 

https://doi.org/10.1038/sj.jea.7500003  

Chuang, J. C., Callahan, P. J., Menton, R. G., Gordon, S. M., Lewis, R. G., & Wilson, N. 

K. (1995). Monitoring Methods for Polycyclic Aromatic Hydrocarbons and Their 

Distribution in House Dust and Track-in Soil. Environmental Science & 

Technology, 29(2), 494–500. https://doi.org/10.1021/es00002a027  

Cizdziel, J., & Hodge, V. (2000). Attics as archives for house infiltrating pollutants: trace 

elements and pesticides in attic dust and soil from southern Nevada and Utah. 

Microchemical Journal, 64, 85-92.  

Claxton, L. D., Matthews, P. P., & Warren, S. H. (2004). The genotoxicity of ambient 

outdoor air, a review: Salmonella mutagenicity. Mutation Research, 567(2-3), 347–

399. https://doi.org/10.1016/j.mrrev.2004.08.002  

Cohen, P. (1997). The search for physiological substrates of MAP and SAP kinases in 

mammalian cells. Trends in Cell Biology, 7(9), 353-361. 

Colborn, T., vom Saal, F. S., & Soto, A. M. (1993). Developmental effects of endocrine-

disrupting chemicals in wildlife and humans. Environmental Health Perspectives, 

101(5), 378–384. https://doi.org/10.1289/ehp.93101378  

Colloff, M. J. (2009). Conclusions and reflections. In Dust Mites (pp. 403-408). Springer, 

Dordrecht. 

Colt, J., Lubin, J., Camann, D., Davis, S., Cerhan, J., Severson, R., Cozen, W., & Hartge, 

P. (2004). Comparison of pesticide levels in carpet dust and self-reported pest 



91 

 

 
 

treatment practices in four US sites. Journal of Exposure Analysis and 

Environmental Epidemiology, 14, 74-83.  

Cookson, B. T., & Brennan, M. A. (2001). Pro-inflammatory programmed cell death. 

Trends in Microbiology, 9(3), 113–114. https://doi.org/10.1016/s0966-

842x(00)01936-3  

Copple, I. M., Goldring, C. E., Kitteringham, N. R., & Park, B. K. (2008). The Nrf2-Keap1 

defence pathway: Role in protection against drug-induced toxicity. Toxicology, 

246(1), 24–33. https://doi.org/10.1016/j.tox.2007.10.029  

Costera, A., Feidt, C., Dziurla, M. A., Monteau, F., Le Bizec, B., & Rychen, G. (2009). 

Bioavailability of polycyclic aromatic hydrocarbons (PAHs) from soil and hay 

matrices in lactating goats. Journal of Agricultural and Food Chemistry, 57(12), 

5352–5357. https://doi.org/10.1021/jf9003797  

Csordás, A., Kreutmayer, S., Ploner, C., Braun, P.R., Karlas, A., Backović, A., Wick, G., 

& Bernhard, D. (2011). Cigarette smoke extract induces prolonged endoplasmic 

reticulum stress and autophagic cell death in human umbilical vein endothelial 

cells. Cardiovascular Research, 92(1), 141-8 . 

Cunningham, R., & Mahone, B. (2002). The immunological role of respiratory tract 

epithelium. Mod. Asp. Immunobiology, 1, 568–583. 

Curl, C. L., Fenske, R. A., Kissel, J. C., Shirai, J. H., Moate, T. F., Griffith, W., Coronado, 

G., & Thompson, B. (2002). Evaluation of take-home organophosphorus pesticide 

exposure among agricultural workers and their children. Environmental Health 

Perspectives, 110(12), A787–A792. https://doi.org/10.1289/ehp.021100787  



92 

 

 
 

Dagher, Z., Garçon, G., Billet, S., Gosset, P., Ledoux, F., Courcot, D., Aboukais, A., & 

Shirali, P. (2006). Activation of different pathways of apoptosis by air pollution 

particulate matter (PM2.5) in human epithelial lung cells (L132) in culture. 

Toxicology, 225(1), 12–24. https://doi.org/10.1016/j.tox.2006.04.038  

Dai, Y. F., Leng, S. G., Pan, Z. F., Rappaport, S. M., & Zheng, Y. X. (2004). Zhonghua yu 

fang yi xue za zhi. Chinese Journal of Preventive Medicine, 38(6), 392–395.  

Danielsen, P., Loft, S., & Møller, P. (2007). DNA damage and cytotoxicity in type II lung 

epithelial (A549) cell cultures after exposure to diesel exhaust and urban street 

particles. Particle and Fibre Toxicology, 5, 6 - 6.  

Danielsen, P. H., Møller, P., Jensen, K. A., Sharma, A. K., Wallin, H., Bossi, R., Autrup, 

H., Mølhave, L., Ravanat, J. L., Briedé, J. J., de Kok, T. M., & Loft, S. (2011). 

Oxidative stress, DNA damage, and inflammation induced by ambient air and wood 

smoke particulate matter in human A549 and THP-1 cell lines. Chemical Research 

in Toxicology, 24(2), 168–184. https://doi.org/10.1021/tx100407m  

Davel, A. P., Lemos, M., Pastro, L. M., Pedro, S. C., de André, P. A., Hebeda, C., Farsky, 

S. H., Saldiva, P. H., & Rossoni, L. V. (2012). Endothelial dysfunction in the 

pulmonary artery induced by concentrated fine particulate matter exposure is 

associated with local but not systemic inflammation. Toxicology, 295(1-3), 39–46. 

https://doi.org/10.1016/j.tox.2012.02.004  

Davies, H.G., & Delistraty, D. (2015). Evaluation of PCB sources and releases for 

identifying priorities to reduce PCBs in Washington State (USA). Environmental 

Science and Pollution Research, 23, 2033-2041. 



93 

 

 
 

De Kok, T.M., Driece, H.A.L., Hogervorst, J.G.F., & Briedé, J.J. (2006). Toxicological 

assessment of ambient and traffic-related particulate matter: A review of recent 

studies. Mutation. Research, 613, 103-122. 

Delfino, R. J., Staimer, N., Tjoa, T., Polidori, A., Arhami, M., Gillen, D. L., Kleinman, M. 

T., Vaziri, N. D., Longhurst, J., Zaldivar, F., & Sioutas, C. (2008). Circulating 

biomarkers of inflammation, antioxidant activity, and platelet activation are 

associated with primary combustion aerosols in subjects with coronary artery 

disease. Environmental Health Perspectives, 116(7), 898–906. 

https://doi.org/10.1289/ehp.11189  

Deng, X., Rui, W., Zhang, F., & Ding, W. (2013). PM2.5 induces Nrf2-mediated defense 

mechanisms against oxidative stress by activating PIK3/AKT signaling pathway in 

human lung alveolar epithelial A549 cells. Cell Biology and Toxicology, 29, 143-

157. 

Deng, X., Zhang, F., Rui, W., Long, F., Wang, L., Feng, Z., Chen, D., & Ding, W. (2013). 

PM2.5 -induced oxidative stress triggers autophagy in human lung epithelial A549 

cells. Toxicology Vitro, 27, 1762–1770.  

Deng, X., Zhang, F., Wang, L., Rui, W., Long, F., Zhao, Y., Chen, D., & Ding, W. (2014). 

Airborne fine particulate matter induces multiple cell death pathways in human 

lung epithelial cells. Apoptosis: An International Journal on Programmed Cell 

Seath, 19(7), 1099–1112. https://doi.org/10.1007/s10495-014-0980-5  

Deng, X., Rui, W., Zhang, F., & Ding, W. (2013). PM2.5 induces Nrf2-mediated defense 

mechanisms against oxidative stress by activating PIK3/AKT signaling pathway in 



94 

 

 
 

human lung alveolar epithelial A549 cells. Cell Biology and Toxicology, 29(3), 

143–157. https://doi.org/10.1007/s10565-013-9242-5 

Dergham, M., Lepers, C., Verdin, A., Cazier, F., Billet, S., Courcot, D., Shirali, P., & 

Garçon, G. (2015). Temporal-spatial variations of the physicochemical 

characteristics of air pollution Particulate Matter (PM2.5-0.3) and toxicological 

effects in human bronchial epithelial cells (BEAS-2B). Environmental Research, 

137, 256–267. https://doi.org/10.1016/j.envres.2014.12.015 

Dhakshinamoorthy, S., Long, D.J., & Jaiswal, A. (2000). Antioxidant regulation of genes 

encoding enzymes that detoxify xenobiotics and carcinogens. Current Topics in 

Cellular Regulation, 36, 201-16 .  

Directive 2005/84/EC of the European Parliament and of the Council of 14 December 2005 

amending for the 22nd time Council Directive 76/769/EEC on the approximation 

of the laws, regulations and administrative provisions of the Member States relating 

to restrictions on the marketing and use of certain dangerous substances and 

preparations (phthalates in toys and childcare articles).  

DiStefano, E., Eiguren-Fernandez, A., Delfino, R. J., Sioutas, C., Froines, J. R., & Cho, A. 

K. (2009). Determination of metal-based hydroxyl radical generating capacity of 

ambient and diesel exhaust particles. Inhalation Toxicology, 21(9), 731–738. 

https://doi.org/10.1080/08958370802491433  

Dockery, D., & Pope, A. (1996). Epidemiology of acute health effects: summary of time 

series studies. In: Wilson, R., Spengler, J.D. (Eds.), Particles in Our Air. 

Concentration and Health Effects. Cambridge, MA: Harvard University Press, pp. 

123e147. 



95 

 

 
 

Dodson, R.E., Perovich, L., Covaci, A., Eede, N.V., Ionas, A.C., Dirtu, A., Brody, J., & 

Rudel, R. (2012). After the PBDE Phase-Out: A broad suite of flame retardants in 

repeat house dust samples from California. Environmental Science & Technology, 

46, 13056 - 13066.  

Dominici, F., McDermott, A., Daniels, M., Zeger, S. L., & Samet, J. M. (2005). Revised 

analyses of the National Morbidity, Mortality, and Air Pollution Study: mortality 

among residents of 90 cities. Journal of Toxicology and Environmental Health. 

Part A, 68(13-14), 1071–1092. https://doi.org/10.1080/15287390590935932  

Donaldson, K., Stone, V., Seaton, A., & MacNee, W. (2001). Ambient particle inhalation 

and the cardiovascular system: potential mechanisms. Environmental Health 

Perspectives, 109, 523 - 527.  

Donaldson, K., & Tran, C. L. (2002). Inflammation caused by particles and fibers. 

Inhalation Toxicology, 14(1), 5–27. https://doi.org/10.1080/089583701753338613  

Dreger, H., Westphal, K., Wilck, N., Baumann, G., Stangl, V., Stangl, K., & Meiners, S. 

(2010). Protection of vascular cells from oxidative stress by proteasome inhibition 

depends on Nrf2. Cardiovascular Research, 85(2), 395–403. 

https://doi.org/10.1093/cvr/cvp279 

Dringen, R., Pawlowski, P. G., & Hirrlinger, J. (2005). Peroxide detoxification by brain 

cells. Journal of Neuroscience Research, 79(1-2), 157–165. 

https://doi.org/10.1002/jnr.20280  

Du Four, V. A., Van Larebeke, N., & Janssen, C. R. (2004). Genotoxic and mutagenic 

activity of environmental air samples in Flanders, Belgium. Mutation Research, 

558(1-2), 155–167. https://doi.org/10.1016/j.mrgentox.2003.12.002  



96 

 

 
 

Du, Z., Zhang, Y., Wang, G., Peng, J., Wang, Z., & Gao, S. (2016). TPhP exposure disturbs 

carbohydrate metabolism, lipid metabolism, and the DNA damage repair system in 

zebrafish liver. Scientific Reports, 6(1). 21827. 

 DOI:10.1038/srep21827 

Duong, T.T.T., & Lee, B.K. (2009). Partitioning and mobility behaviour of metals in road 

dusts from national-scale industrial areas in Korea. Atmospheric Environment, 

43(22-23), 3502–3509. 

Ďuračková Z. (2010). Some current insights into oxidative stress. Physiological Research, 

59(4), 459–469. https://doi.org/10.33549/physiolres.931844  

Duzgoren-Aydin, N. S., Wong, C. S., Aydin, A., Song, Z., You, M., & Li, X. D. (2006). 

Heavy metal contamination and distribution in the urban environment of 

Guangzhou, SE China. Environmental Geochemistry and Health, 28(4), 375–391. 

https://doi.org/10.1007/s10653-005-9036-7  

Edling, C., & Axelson, O. (1984). Risk factors of coronary heart disease among personnel 

in a bus company. International Archives of Occupational and Environmental 

Health, 54(2), 181–183. https://doi.org/10.1007/BF00378521 

Egeghy, P., Sheldon, L.S., Fortmann, R.C., Stout, D.M., Tulve, N.S., Cohel-Hubal, E., 

Melnyk, L.J., Morgan, M.M., Jones, P.A., & Whitaker, D.A. (2007). Important 

exposure factors for children: An analysis of laboratory and observations on data 

characterizing cumulative exposure to pesticides. Triangle Park, NC: National 

Exposure Research Laboratory Office of Research and Development Research.  



97 

 

 
 

Kebir, D.E., Gjorstrup, P., & Filep, J. (2012). Resolvin E1 promotes phagocytosis-induced 

neutrophil apoptosis and accelerates resolution of pulmonary inflammation. 

Proceedings of the National Academy of Sciences, 109, 14983 - 14988.  

Elias, J. A., Homer, R. J., Hamid, Q., & Lee, C. G. (2005). Chitinases and chitinase-like 

proteins in T(H)2 inflammation and asthma. The Journal of Allergy and Clinical 

Immunology, 116(3), 497–500. https://doi.org/10.1016/j.jaci.2005.06.028 

Elmore S. (2007). Apoptosis: a review of programmed cell death. Toxicologic Pathology, 

35(4), 495–516. https://doi.org/10.1080/01926230701320337  

Engel, S. M., Berkowitz, G. S., Barr, D. B., Teitelbaum, S. L., Siskind, J., Meisel, S. J., 

Wetmur, J. G., & Wolff, M. S. (2007). Prenatal organophosphate metabolite and 

organochlorine levels and performance on the Brazelton Neonatal Behavioral 

Assessment Scale in a multiethnic pregnancy cohort. American Journal of 

Epidemiology, 165(12), 1397–1404. https://doi.org/10.1093/aje/kwm029  

Ertl, H., & Butte, W. (2012). Bioaccessibility of pesticides and polychlorinated biphenyls 

from house dust: in-vitro methods and human exposure assessment. Journal of 

Exposure Science & Environmental Epidemiology, 22(6), 574–583. 

https://doi.org/10.1038/jes.2012.50  

Ezzati, M., & Kammen, D. M. (2001). Quantifying the effects of exposure to indoor air 

pollution from biomass combustion on acute respiratory infections in developing 

countries. Environmental Health Perspectives, 109(5), 481–488. 

https://doi.org/10.1289/ehp.01109481  



98 

 

 
 

Faiz, Y., Tufail, M., Javed, M.T., Chaudhry, M.M., & Naila-Siddique (2009). Road dust 

pollution of Cd, Cu, Ni, Pb and Zn along Islamabad Expressway, Pakistan. 

Microchemical Journal, 92, 186-192.  

Fang, J. Y., & Richardson, B. C. (2005). The MAPK signalling pathways and colorectal 

cancer. The Lancet. Oncology, 6(5), 322–327. https://doi.org/10.1016/S1470-

2045(05)70168-6  

Faroon, O., Jones, D., & de Rosa, C. (2000). Effects of polychlorinated biphenyls on the 

nervous system. Toxicology and Industrial Health, 16(7-8), 305–333. 

https://doi.org/10.1177/074823370001600708 

Feidt, C., Ounnas, F., Julien-David, D., Jurjanz, S., Toussaint, H., Jondreville, C., & 

Rychen, G. (2013). Relative bioavailability of soil-bound polychlorinated 

biphenyls in lactating goats. Journal of Dairy Science, 96(6), 3916–3923. 

https://doi.org/10.3168/jds.2012-6319  

Fey, D., Croucher, D. R., Kolch, W., & Kholodenko, B. N. (2012). Crosstalk and signaling 

switches in mitogen-activated protein kinase cascades. Frontiers in Physiology, 3, 

355. https://doi.org/10.3389/fphys.2012.00355  

Fink, S. L., & Cookson, B. T. (2006). Caspase-1-dependent pore formation during 

pyroptosis leads to osmotic lysis of infected host macrophages. Cellular 

Microbiology, 8(11), 1812–1825. https://doi.org/10.1111/j.1462-

5822.2006.00751.x  

Forman, H. J., & Torres, M. (2002). Reactive oxygen species and cell signaling: respiratory 

burst in macrophage signaling. American Journal of Respiratory and Critical Care 

Medicine, 166(12 Pt 2), S4–S8.  



99 

 

 
 

https://doi.org/10.1164/rccm.2206007  

Fournier, A., Feidt, C., Travel, A., Bizec, B. L., Venisseau, A., Marchand, P., & 

Jondreville, C. (2012). Relative bioavailability to laying hens of indicator 

polychlorobiphenyls present in soil. Chemosphere, 88(3), 300–306. 

https://doi.org/10.1016/j.chemosphere.2012.02.041 

Fox, M. (2017). The biology of house dust mites and dust mite allergies. 

https://www.airmidhealthgroup.com/resources-at-airmidhealthgroup/articles/250-

the-biology-of-house-dust-mites-and-dust-mite-allergies.html. 

Frampton, M. W., Ghio, A. J., Samet, J. M., Carson, J. L., Carter, J. D., & Devlin, R. B. 

(1999). Effects of aqueous extracts of PM(10) filters from the Utah valley on human 

airway epithelial cells. The American Journal of Physiology, 277(5), L960–L967. 

https://doi.org/10.1152/ajplung.1999.277.5.L960 

Frantz, S., Ducharme, A., Sawyer, D., Rohde, L. E., Kobzik, L., Fukazawa, R., Tracey, D., 

Allen, H., Lee, R. T., & Kelly, R. A. (2003). Targeted deletion of caspase-1 reduces 

early mortality and left ventricular dilatation following myocardial infarction. 

Journal of Molecular and Cellular Cardiology, 35(6), 685–694. 

https://doi.org/10.1016/s0022-2828(03)00113-5  

Frederiksen, M., Vorkamp, K., Thomsen, M., & Knudsen, L. E. (2009). Human internal 

and external exposure to PBDEs--a review of levels and sources. International 

Journal of Hygiene and Environmental Health, 212(2), 109–134. 

https://doi.org/10.1016/j.ijheh.2008.04.005  

Fridovich I. (1978). The biology of oxygen radicals. Science (New York, N.Y.), 201(4359), 

875–880. https://doi.org/10.1126/science.210504  



100 

 

 
 

Fridovich I. (1995). Superoxide radical and superoxide dismutases. Annual Review of 

Biochemistry, 64, 97–112. https://doi.org/10.1146/annurev.bi.64.070195.000525  

Fries, G. F., Marrow, G. S., & Somich, C. J. (1989). Oral bioavailability of aged 

polychlorinated biphenyl residues contained in soil. Bulletin of Environmental 

Contamination and Toxicology, 43(5), 683–690. 

https://doi.org/10.1007/BF01701988  

Fromme, H., Lahrz, T., Kraft, M., Fembacher, L., Mach, C., Dietrich, S., Burkardt, R., 

Völkel, W., & Göen, T. (2014). Organophosphate flame retardants and plasticizers 

in the air and dust in German daycare centers and human biomonitoring in visiting 

children (LUPE 3). Environment International, 71, 158–163. 

https://doi.org/10.1016/j.envint.2014.06.016 

Fromme, H., Lahrz, T., Piloty, M., Gebhardt, H., Oddoy, A., & Rüden, H. (2004). 

Polycyclic aromatic hydrocarbons inside and outside of apartments in an urban 

area. Science of the Total Environment, 326(1-3), 143-9 .  

Gasparotto, J., Somensi, N., Caregnato, F. F., Rabelo, T. K., DaBoit, K., Oliveira, M. L., 

Moreira, J. C., & Gelain, D. P. (2013). Coal and tire burning mixtures containing 

ultrafine and nanoparticulate materials induce oxidative stress and inflammatory 

activation in macrophages. Science of The Total Environment, 463-464, 743–753. 

https://doi.org/10.1016/j.scitotenv.2013.06.086  

Gereda, J. E., Leung, D. Y., Thatayatikom, A., Streib, J. E., Price, M. R., Klinnert, M. D., 

& Liu, A. H. (2000). Relation between house-dust endotoxin exposure, type 1 T-

cell development, and allergen sensitisation in infants at high risk of asthma. Lancet 



101 

 

 
 

(London, England), 355(9216), 1680–1683. https://doi.org/10.1016/s0140-

6736(00)02239-x  

Gevao, B., Al-Bahloul, M., Zafar, J., Al-Matrouk, K., & Helaleh, M. (2007). Polycyclic 

aromatic hydrocarbons in indoor air and dust in Kuwait: implications for sources 

and nondietary human exposure. Archives of Environmental Contamination and 

Toxicology, 53(4), 503–512. https://doi.org/10.1007/s00244-006-0261-6 

Ghio A. J. (2004). Biological effects of Utah Valley ambient air particles in humans: a 

review. Journal of aerosol medicine : the official journal of the International Society 

for Aerosols in Medicine, 17(2), 157–164.  

https://doi.org/10.1089/0894268041457200  

Ghio, A. J., Richards, J. H., Carter, J. D., & Madden, M. C. (2000). Accumulation of iron 

in the rat lung after tracheal instillation of diesel particles. Toxicologic Pathology, 

28(4), 619–627. https://doi.org/10.1177/019262330002800416  

Gill, S. S., & Tuteja, N. (2010). Reactive oxygen species and antioxidant machinery in 

abiotic stress tolerance in crop plants. Plant Physiology and Biochemistry, 48(12), 

909–930. https://doi.org/10.1016/j.plaphy.2010.08.016 

Gomaa, A., Hu, H., Bellinger, D., Schwartz, J., Tsaih, S. W., Gonzalez-Cossio, T., 

Schnaas, L., Peterson, K., Aro, A., & Hernandez-Avila, M. (2002). Maternal bone 

lead as an independent risk factor for fetal neurotoxicity: A prospective study. 

Pediatrics, 110(1 Pt 1), 110–118. https://doi.org/10.1542/peds.110.1.110  

Góth, L., Rass, P., & Páy, A. (2004). Catalase enzyme mutations and their association with 

diseases. Molecular Diagnosis: A journal devoted to the understanding of human 



102 

 

 
 

disease through the clinical application of molecular biology, 8(3), 141–149. 

https://doi.org/10.1007/BF03260057  

Grunig, G., Marsh, L. M., Esmaeil, N., Jackson, K., Gordon, T., Reibman, J., 

Kwapiszewska, G., & Park, S. H. (2014). Perspective: ambient air pollution: 

inflammatory response and effects on the lung's vasculature. Pulmonary 

Circulation, 4(1), 25–35. https://doi.org/10.1086/674902 

Gualtieri, M., Mantecca, P., Corvaja, V., Longhin, E., Perrone, M. G., Bolzacchini, E., & 

Camatini, M. (2009). Winter fine particulate matter from Milan induces 

morphological and functional alterations in human pulmonary epithelial cells 

(A549). Toxicology Letters, 188(1), 52–62.  

https://doi.org/10.1016/j.toxlet.2009.03.003 

Gualtieri, M., Øvrevik, J., Holme, J. A., Perrone, M. G., Bolzacchini, E., Schwarze, P. E., 

& Camatini, M. (2010). Differences in cytotoxicity versus pro-inflammatory 

potency of different PM fractions in human epithelial lung cells. Toxicology in 

Vitro: An international journal published in association with BIBRA, 24(1), 29–39. 

https://doi.org/10.1016/j.tiv.2009.09.013 

Guégan, C., Vila, M., Teismann, P., Chen, C., Onténiente, B., Li, M., Friedlander, R. M., 

& Przedborski, S. (2002). Instrumental activation of bid by caspase-1 in a 

transgenic mouse model of ALS. Molecular and Cellular Neurosciences, 20(4), 

553–562. https://doi.org/10.1006/mcne.2002.1136  

Guerra, R., Vera-Aguilar, E., Uribe-Ramirez, M., Gookin, G., Camacho, J., Osornio-

Vargas, A. R., Mugica-Alvarez, V., Angulo-Olais, R., Campbell, A., Froines, J., 

Kleinman, T. M., & De Vizcaya-Ruiz, A. (2013). Exposure to inhaled particulate 



103 

 

 
 

matter activates early markers of oxidative stress, inflammation and unfolded 

protein response in rat striatum. Toxicology Letters, 222(2), 146–154. 

https://doi.org/10.1016/j.toxlet.2013.07.012  

Gulson, B. L., Mizon, K. J., Korsch, M. J., Palmer, J. M., & Donnelly, J. B. (2003). 

Mobilization of lead from human bone tissue during pregnancy and lactation--a 

summary of long-term research. Science of the Total Environment, 303(1-2), 79–

104. https://doi.org/10.1016/s0048-9697(02)00355-8  

Gunawardana, C., Goonetilleke, A., Egodawatta, P., Dawes, L., & Kokot, S. (2012). Source 

characterisation of road dust based on chemical and mineralogical composition. 

Chemosphere, 87(2), 163–170.  

https://doi.org/10.1016/j.chemosphere.2011.12.012 

Gunier, R. B., Nuckols, J. R., Whitehead, T. P., Colt, J. S., Deziel, N. C., Metayer, C., 

Reynolds, P., & Ward, M. H. (2016). Temporal Trends of Insecticide 

Concentrations in Carpet Dust in California from 2001 to 2006. Environmental 

Science & Technology, 50(14), 7761–7769.  

https://doi.org/10.1021/acs.est.6b00252 

Guo, C., Yang, M., Jing, L., Wang, J., Yu, Y., Li, Y., Duan, J., Zhou, X., Li, Y., & Sun, Z. 

(2016). Amorphous silica nanoparticles trigger vascular endothelial cell injury 

through apoptosis and autophagy via reactive oxygen species-mediated 

MAPK/Bcl-2 and PI3K/Akt/mTOR signaling. International Journal of 

Nanomedicine, 11, 5257–5276. https://doi.org/10.2147/IJN.S112030  



104 

 

 
 

Guo, W., Holden, A., Smith, S. C., Gephart, R., Petreas, M., & Park, J. S. (2016). PBDE 

levels in breast milk are decreasing in California. Chemosphere, 150, 505–513. 

https://doi.org/10.1016/j.chemosphere.2015.11.032  

Guo, L., Zhu, N., Guo, Z., Li, G. K., Chen, C., Sang, N., & Yao, Q. C. (2012). Particulate 

matter (PM10) exposure induces endothelial dysfunction and inflammation in rat 

brain. Journal of Hazardous Materials, 213-214, 28–37. 

https://doi.org/10.1016/j.jhazmat.2012.01.034 

Guo, Y., & Kannan, K. (2011). Comparative assessment of human exposure to phthalate 

esters from house dust in China and the United States. Environmental Science & 

Technology, 45(8), 3788–3794. https://doi.org/10.1021/es2002106  

Guo, Y. J., Pan, W. W., Liu, S. B., Shen, Z. F., Xu, Y., & Hu, L. L. (2020). ERK/MAPK 

signalling pathway and tumorigenesis. Experimental and Therapeutic Medicine, 

19(3), 1997–2007. https://doi.org/10.3892/etm.2020.8454  

Gupta, P., Satsangi, M., Satsangi, G. P., Jangid, A., Liu, Y., Pani, S. K., & Kumar, R. 

(2020). Exposure to respirable and fine dust particle over North-Central India: 

chemical characterization, source interpretation, and health risk analysis. 

Environmental Geochemistry and Health, 42(7), 2081–2099. 

https://doi.org/10.1007/s10653-019-00461-w  

Guyton, K. Z., Liu, Y., Gorospe, M., Xu, Q., & Holbrook, N. J. (1996). Activation of 

mitogen-activated protein kinase by H2O2. Role in cell survival following oxidant 

injury. The Journal of Biological Chemistry, 271(8),4138–4142.  

 https://doi.org/10.1074/jbc.271.8.4138 



105 

 

 
 

Hack, A., & Selenka, F. (1996). Mobilization of PAH and PCB from contaminated soil 

using a digestive tract model. Toxicology Letters, 88(1-3), 199–210. 

https://doi.org/10.1016/0378-4274(96)03738-1 

Hammad, H., Chieppa, M., Perros, F., Willart, M. A., Germain, R. N., & Lambrecht, B. N. 

(2009). House dust mite allergen induces asthma via Toll-like receptor 4 triggering 

of airway structural cells. Nature Medicine, 15(4), 410–416. 

https://doi.org/10.1038/nm.1946 

Hammel, S. C., Hoffman, K., Lorenzo, A. M., Chen, A., Phillips, A. L., Butt, C. M., Sosa, 

J. A., Webster, T. F., & Stapleton, H. M. (2017). Associations between flame 

retardant applications in furniture foam, house dust levels, and residents' serum 

levels. Environment International, 107, 181–189.  

https://doi.org/10.1016/j.envint.2017.07.015  

Hancock, J. T., Desikan, R., & Neill, S. J. (2001). Role of reactive oxygen species in cell 

signalling pathways. Biochemical Society Transactions, 29(Pt 2), 345–350. 

https://doi.org/10.1042/0300-5127:0290345  

Harnly, M. E., Bradman, A., Nishioka, M., McKone, T. E., Smith, D., McLaughlin, R., 

Kavanagh-Baird, G., Castorina, R., & Eskenazi, B. (2009). Pesticides in dust from 

homes in an agricultural area. Environmental Science & Technology, 43(23), 8767–

8774. https://doi.org/10.1021/es9020958  

Harrad, S., Ibarra, C., Robson, M., Melymuk, L., Zhang, X., Diamond, M., & Douwes, J. 

(2009). Polychlorinated biphenyls in domestic dust from Canada, New Zealand, 

United Kingdom and United States: implications for human exposure. 

Chemosphere, 76(2), 232–238.  



106 

 

 
 

https://doi.org/10.1016/j.chemosphere.2009.03.020  

Hassan, S.K.M. (2000). A Study on indoor air quality in Greater Cairo. M.Sc. Thesis, 

Faculty of Science, Cairo University. 

Hawley J. K. (1985). Assessment of health risk from exposure to contaminated soil. Risk 

analysis: An official publication of the Society for Risk Analysis, 5(4), 289–302. 

https://doi.org/10.1111/j.1539-6924.1985.tb00185.x  

He, R., Li, Y., Xiang, P., Li, C., Zhou, C., Zhang, S., Cui, X., & Ma, L.Q. (2016). 

Organophosphorus flame 391 retardants and phthalate esters in indoor dust from 

different microenvironments: 392 Bioaccessibility and risk assessment. 

Chemosphere, 150, 528-35. 

He, R., Li, Y., Xiang, P., Li, C., Zhou, C., Zhang, S., Cui, X., & Ma, L. Q. (2016). 

Organophosphorus flame retardants and phthalate esters in indoor dust from 

different microenvironments: Bioaccessibility and risk assessment. Chemosphere, 

150, 528–535. https://doi.org/10.1016/j.chemosphere.2015.10.087  

Health Canada. (1989). Exposure Guidelines for Residential Indoor Air Quality: A Report 

of the Federal-Provincial Advisory Committee on Environmental and Occupational 

Health.  

Hejami, A. A., Davis, M., Prete, D., Lu, J., & Wang, S. (2020). Heavy metals in indoor 

settled dusts in Toronto, Canada. Science of the Total Environment, 703, 134895. 

https://doi.org/10.1016/j.scitotenv.2019.134895 

Hellermann, G., Nagy, S., Kong, X., Lockey, R., & Mohapatra, S. (2002). Mechanism of 

cigarette smoke condensate-induced acute inflammatory response in human 

bronchial epithelial cells. Respiratory Research, 3, 22 - 22.  



107 

 

 
 

Herfs, M., Hubert, P., Poirrier, A. L., Vandevenne, P., Renoux, V., Habraken, Y., Cataldo, 

D., Boniver, J., & Delvenne, P. (2012). Proinflammatory cytokines induce 

bronchial hyperplasia and squamous metaplasia in smokers: implications for 

chronic obstructive pulmonary disease therapy. American Journal of Respiratory 

Cell and Molecular Biology, 47(1), 67–79. https://doi.org/10.1165/rcmb.2011-

0353OC  

Herrick, R. F., Lefkowitz, D. J., & Weymouth, G. A. (2007). Soil contamination from PCB-

containing buildings. Environmental Health Perspectives, 115(2), 173–175. 

https://doi.org/10.1289/ehp.9646  

Hetland, R. B., Cassee, F. R., Låg, M., Refsnes, M., Dybing, E., & Schwarze, P. E. (2005). 

Cytokine release from alveolar macrophages exposed to ambient particulate matter: 

heterogeneity in relation to size, city and season. Particle and Fibre Toxicology, 2, 

4. https://doi.org/10.1186/1743-8977-2-4  

Hinds, W.C. (1982). Aerosol technology. New York: John Wiley and Sons. 

Hoenderdos, K., & Condliffe, A. (2013). The neutrophil in chronic obstructive pulmonary 

disease. American Journal of Respiratory Cell and Molecular Biology, 48(5), 531–

539. https://doi.org/10.1165/rcmb.2012-0492TR  

Hoffman, K., Butt, C. M., Chen, A., Limkakeng, A. T., Jr, & Stapleton, H. M. (2015). High 

Exposure to Organophosphate Flame Retardants in Infants: Associations with Baby 

Products. Environmental science & technology, 49(24), 14554–14559. 

https://doi.org/10.1021/acs.est.5b03577 



108 

 

 
 

Hoffman, K., Daniels, J. L., & Stapleton, H. M. (2014). Urinary metabolites of 

organophosphate flame retardants and their variability in pregnant women. 

Environment international, 63, 169–172.  

https://doi.org/10.1016/j.envint.2013.11.013  

Holgate S. T. (2008). The airway epithelium is central to the pathogenesis of asthma. 

Allergology international: Official journal of the Japanese Society of Allergology, 

57(1), 1–10. https://doi.org/10.2332/allergolint.R-07-154  

Hospodsky, D., Qian, J., Nazaroff, W. W., Yamamoto, N., Bibby, K., Rismani-Yazdi, H., 

& Peccia, J. (2012). Human occupancy as a source of indoor airborne bacteria. PloS 

one, 7(4), e34867. https://doi.org/10.1371/journal.pone.0034867  

Hospodsky, D., Yamamoto, N., Nazaroff, W. W., Miller, D., Gorthala, S., & Peccia, J. 

(2015). Characterizing airborne fungal and bacterial concentrations and emission 

rates in six occupied children's classrooms. Indoor air, 25(6), 641–652. 

https://doi.org/10.1111/ina.12172  

Huang, Y. C., Li, Z., Harder, S. D., & Soukup, J. M. (2004). Apoptotic and inflammatory 

effects induced by different particles in human alveolar macrophages. Inhalation 

toxicology, 16(14), 863–878. https://doi.org/10.1080/08958370490519480  

Huang, M., Wang, W., Chan, C. Y., Cheung, K. C., Man, Y. B., Wang, X., & Wong, M. 

H. (2014). Contamination and risk assessment (based on bioaccessibility via 

ingestion and inhalation) of metal(loid)s in outdoor and indoor particles from urban 

centers of Guangzhou, China. Science of the total environment, 479-480, 117–124. 

https://doi.org/10.1016/j.scitotenv.2014.01.115  



109 

 

 
 

Hunt, A., Johnson, D.L., Watt, J.M., & Thornton, I. (1992). Characterizing the sources of 

particulate lead in house dust by automated scanning electron microscopy. 

Environmental Science Technology, 26, 1513e1523. 

Hurley, S., Goldberg, D., Nelson, D. O., Guo, W., Wang, Y., Baek, H. G., Park, J. S., 

Petreas, M., Bernstein, L., Anton-Culver, H., & Reynolds, P. (2017). Temporal 

Evaluation of Polybrominated Diphenyl Ether (PBDE) Serum Levels in Middle-

Aged and Older California Women, 2011-2015. Environmental science & 

technology, 51(8), 4697–4704. https://doi.org/10.1021/acs.est.7b00565 

Huwe, J. K., Hakk, H., Smith, D. J., Diliberto, J. J., Richardson, V., Stapleton, H. M., & 

Birnbaum, L. S. (2008). Comparative absorption and bioaccumulation of 

polybrominated diphenyl ethers following ingestion via dust and oil in male rats. 

Environmental science & technology, 42(7), 2694–2700.  

https://doi.org/10.1021/es702644k 

IARC monographs on the evaluation of carcinogenic risks to humans: Some non-

heterocyclic polycyclic aromatic hydrocarbons and some related exposures. IARC 

Monographs on the Evaluation of Carcinogenic Risks to Humans. 2010;92:1–868.  

IARC Working Group on the Evaluation of Carcinogenic Risks to Humans (2010). Some 

non-heterocyclic polycyclic aromatic hydrocarbons and some related exposures. 

IARC monographs on the evaluation of carcinogenic risks to humans, 92, 1–853.  

Ighodaro, O.M., & Akinloye, O.A. (2018). First line defence antioxidants-superoxide 

dismutase (SOD), catalase (CAT) and glutathione peroxidase (GPX): Their 

fundamental role in the entire antioxidant defence grid. Alexandria Journal of 

Medicine, 54(4), 2018, 287-293. 



110 

 

 
 

Itoh, K., Chiba, T., Takahashi, S., Ishii, T., Igarashi, K., Katoh, Y., Oyake, T., Hayashi, N., 

Satoh, K., Hatayama, I., Yamamoto, M., & Nabeshima, Y. (1997). An Nrf2/small 

Maf heterodimer mediates the induction of phase II detoxifying enzyme genes 

through antioxidant response elements. Biochemical and biophysical research 

communications, 236(2), 313–322. https://doi.org/10.1006/bbrc.1997.6943  

IUPAC. (1990). Glossary of atmospheric chemistry terms. International Union of Pure and 

Applied Chemistry, Applied Chemistry Division, Commission on Atmospheric 

Chemistry. Pure and Applied Chemistry, 62(11), 2167-2219. 

Jabs T. (1999). Reactive oxygen intermediates as mediators of programmed cell death in 

plants and animals. Biochemical pharmacology, 57(3), 231–245. 

https://doi.org/10.1016/s0006-2952(98)00227-5  

Jacob, J., & Seidel, A. (2002). Biomonitoring of polycyclic aromatic hydrocarbons in 

human urine. Journal of chromatography. B, Analytical technologies in the 

biomedical and life sciences, 778(1-2), 31–47. https://doi.org/10.1016/s0378-

4347(01)00467-4  

Jacobsen, N. R., Møller, P., Cohn, C. A., Loft, S., Vogel, U., & Wallin, H. (2008). Diesel 

exhaust particles are mutagenic in FE1-MutaMouse lung epithelial cells. Mutation 

research, 641(1-2), 54–57. https://doi.org/10.1016/j.mrfmmm.2008.03.001  

Jagodzik, P., Tajdel-Zielinska, M., Ciesla, A., Marczak, M., & Ludwikow, A. (2018). 

Mitogen-Activated Protein Kinase Cascades in Plant Hormone Signaling. Frontiers 

in plant science, 9, 1387. https://doi.org/10.3389/fpls.2018.01387  



111 

 

 
 

Jaiswal A. K. (2004). Nrf2 signaling in coordinated activation of antioxidant gene 

expression. Free radical biology & medicine, 36(10), 1199–1207. 

https://doi.org/10.1016/j.freeradbiomed.2004.02.074  

Jaiswal A. K. (2000). Regulation of genes encoding NAD(P)H:quinone oxidoreductases. 

Free radical biology & medicine, 29(3-4), 254–262.  

https://doi.org/10.1016/s0891-5849(00)00306-3  

Jaradat, Q. M., Momani, K. A., Jbarah, A. A., & Massadeh, A. (2004). Inorganic analysis 

of dust fall and office dust in an industrial area of Jordan. Environmental research, 

96(2), 139–144. https://doi.org/10.1016/j.envres.2003.12.005 

Järvelä, M., Kauppi, P., Tuomi, T., Luukkonen, R., Lindholm, H., Nieminen, R., Moilanen, 

E., & Hannu, T. (2013). Inflammatory response to acute exposure to welding fumes 

during the working day. International journal of occupational medicine and 

environmental health, 26(2), 220–229. https://doi.org/10.2478/s13382-013-0097-z 

Jedrychowski, W., Galas, A., Pac, A., Flak, E., Camman, D., Rauh, V., & Perera, F. (2005). 

Prenatal ambient air exposure to polycyclic aromatic hydrocarbons and the 

occurrence of respiratory symptoms over the first year of life. European journal of 

epidemiology, 20(9), 775–782. https://doi.org/10.1007/s10654-005-1048-1  

Jensen, T. K., Timmermann, A. G., Rossing, L. I., Ried-Larsen, M., Grøntved, A., 

Andersen, L. B., Dalgaard, C., Hansen, O. H., Scheike, T., Nielsen, F., & 

Grandjean, P. (2014). Polychlorinated biphenyl exposure and glucose metabolism 

in 9-year-old Danish children. The Journal of clinical endocrinology and 

metabolism, 99(12), E2643–E2651. https://doi.org/10.1210/jc.2014-1683  



112 

 

 
 

Jinhui, L., Yuan, C., & Wenjing, X. (2017). Polybrominated diphenyl ethers in articles: a 

review of its applications and legislation. Environmental science and pollution 

research international, 24(5), 4312–4321. https://doi.org/10.1007/s11356-015-

4515-6  

Johnson, P. I., Stapleton, H. M., Sjodin, A., & Meeker, J. D. (2010). Relationships between 

polybrominated diphenyl ether concentrations in house dust and serum. 

Environmental science & technology, 44(14), 5627–5632. 

https://doi.org/10.1021/es100697q  

Johnson, G. L., & Lapadat, R. (2002). Mitogen-activated protein kinase pathways mediated 

by ERK, JNK, and p38 protein kinases. Science (New York, N.Y.), 298(5600), 

1911–1912. https://doi.org/10.1126/science.1072682  

Johnson-Restrepo, B., & Kannan, K. (2009). An assessment of sources and pathways of 

human exposure to polybrominated diphenyl ethers in the United States. 

Chemosphere, 76(4), 542–548.  

https://doi.org/10.1016/j.chemosphere.2009.02.068  

Jorquera, H.,Barraza, F., Heyer, J., Valdivia, G., Schiappacasse, L.N., & Montoya, L.D. 

(2018). Indoor PM2.5 in an urban zone with heavy wood smoke pollution: The case 

of Temuco, Chile. Environmental Pollution, 236, 477–487.  

Kang, Y., Man, Y. B., Cheung, K. C., & Wong, M. H. (2012). Risk assessment of human 

exposure to bioaccessible phthalate esters via indoor dust around the Pearl River 

Delta. Environmental science & technology, 46(15), 8422–8430. 

https://doi.org/10.1021/es300379v  



113 

 

 
 

Kashyap, D., & Agarwal, T. (2018). Concentration and factors affecting the distribution of 

phthalates in the air and dust: A global scenario. Science of the Total Environment, 

635, 817–827.  

Kauffman, H. F., Tamm, M., Timmerman, J. A., & Borger, P. (2006). House dust mite 

major allergens Der p 1 and Der p 5 activate human airway-derived epithelial cells 

by protease-dependent and protease-independent mechanisms. Clinical and 

molecular allergy: CMA, 4, 5. https://doi.org/10.1186/1476-7961-4-5  

Kay, V. R., Bloom, M. S., & Foster, W. G. (2014). Reproductive and developmental effects 

of phthalate diesters in males. Critical reviews in toxicology, 44(6), 467–498. 

https://doi.org/10.3109/10408444.2013.875983  

Kay, V. R., Chambers, C., & Foster, W. G. (2013). Reproductive and developmental effects 

of phthalate diesters in females. Critical reviews in toxicology, 43(3), 200–219. 

https://doi.org/10.3109/10408444.2013.766149 

Kelly F. J. (2003). Oxidative stress: its role in air pollution and adverse health effects. 

Occupational and environmental medicine, 60(8), 612–616. 

https://doi.org/10.1136/oem.60.8.612  

Kelly, F. J., & Fussell, J. C. (2011). Air pollution and airway disease. Clinical and 

experimental allergy:  Journal of the British Society for Allergy and Clinical 

Immunology, 41(8), 1059–1071. https://doi.org/10.1111/j.1365-

2222.2011.03776.x  

Kennedy, T., Ghio, A. J., Reed, W., Samet, J., Zagorski, J., Quay, J., Carter, J., Dailey, L., 

Hoidal, J. R., & Devlin, R. B. (1998). Copper-dependent inflammation and nuclear 

factor-kappaB activation by particulate air pollution. American journal of 



114 

 

 
 

respiratory cell and molecular biology, 19(3), 366–378. 

https://doi.org/10.1165/ajrcmb.19.3.3042 

Khan, S., Cao, Q., Zheng, Y. M., Huang, Y. Z., & Zhu, Y. G. (2008). Health risks of heavy 

metals in contaminated soils and food crops irrigated with wastewater in Beijing, 

China. Environmental pollution (Barking, Essex : 1987), 152(3), 686–692. 

https://doi.org/10.1016/j.envpol.2007.06.056  

Khoder, M., Hassan, S., & El-Abssawy, A. (2010). An evaluation of loading rate of dust, 

Pb, Cd, and Ni and metals mass concentration in the settled surface dust in domestic 

houses and factors affecting them. Indoor and Built Environment, 19, 391 - 399.  

Kim, H. S., Lee, J. H., Park, H. S., Lee, G. S., Kim, H. W., Ha, K. T., & Kim, B. J. (2015). 

Schizandra chinensis extracts induce apoptosis in human gastric cancer cells via 

JNK/p38 MAPK activation and the ROS-mediated/mitochondria-dependent 

pathway. Pharmaceutical biology, 53(2), 212–219. 

https://doi.org/10.3109/13880209.2014.913297  

Kim, J., Kang, J. H., Choi, S. D., Zhu, J., & Chang, Y. S. (2018). Levels of polybrominated 

diphenyl ethers in the Korean metropolitan population are declining: A trend from 

2001 to 2013. Environmental toxicology and chemistry, 37(9), 2323–2330. 

https://doi.org/10.1002/etc.4222 

Knobeloch, L., Turyk, M., Imm, P., & Anderson, H. (2012). Polychlorinated biphenyls in 

vacuum dust and blood of residents in 20 Wisconsin households. Chemosphere, 

86(7), 735–740. https://doi.org/10.1016/j.chemosphere.2011.10.048  

Kohler, M., Tremp, J., Zennegg, M., Seiler, C., Minder-Kohler, S., Beck, M., Lienemann, 

P., Wegmann, L., & Schmid, P. (2005). Joint sealants: an overlooked diffuse source 



115 

 

 
 

of polychlorinated biphenyls in buildings. Environmental science & technology, 

39(7), 1967–1973. https://doi.org/10.1021/es048632z 

Kolarik, B., Naydenov, K., Larsson, M., Bornehag, C. G., & Sundell, J. (2008). The 

association between phthalates in dust and allergic diseases among Bulgarian 

children. Environmental health perspectives, 116(1), 98–103. 

https://doi.org/10.1289/ehp.10498  

Kolodgie, F. D., Narula, J., Burke, A. P., Haider, N., Farb, A., Hui-Liang, Y., Smialek, J., 

& Virmani, R. (2000). Localization of apoptotic macrophages at the site of plaque 

rupture in sudden coronary death. The American journal of pathology, 157(4), 

1259–1268. https://doi.org/10.1016/S0002-9440(10)64641-X  

Kong, A. Y., Scow, K. M., Córdova-Kreylos, A. L., Holmes, W. E., & Six, J. (2011). 

Microbial community composition and carbon cycling within soil 

microenvironments of conventional, low-input, and organic cropping systems. Soil 

biology & biochemistry, 43(1), 20–30.  

https://doi.org/10.1016/j.soilbio.2010.09.005  

Korpi, A., Pasanen, A., Pasanen, P., & Kalliokoski, P. (1997). Microbial growth and 

metabolism in house dust. International Biodeterioration & Biodegradation, 40, 

19-27.  

Kota, S., Sabbah, A., Chang, T. H., Harnack, R., Xiang, Y., Meng, X., & Bose, S. (2008). 

Role of human beta-defensin-2 during tumor necrosis factor-alpha/NF-kappaB-

mediated innate antiviral response against human respiratory syncytial virus. 

Journal of biological chemistry, 283(33), 22417–22429.  

https://doi.org/10.1074/jbc.M710415200  



116 

 

 
 

Krewski, D., Burnett, R., Jerrett, M., Pope, C. A., Rainham, D., Calle, E., Thurston, G., & 

Thun, M. (2005). Mortality and long-term exposure to ambient air pollution: 

ongoing analyses based on the American Cancer Society cohort. Journal of 

toxicology and environmental health. Part A, 68(13-14), 1093–1109. 

https://doi.org/10.1080/15287390590935941  

Kriek E, Rojas M, Alexandrov K, Bartsch H. Polycyclic aromatic hydrocarbon-DNA 

adducts in humans: Relevance as biomarkers for exposure and cancer risk. 

Mutation Research/Fundamental and Molecular Mechanisms of Mutagenesis,  

 400(1–2), 215–231.  

Krivoshiev, B.V., Dardenne, F., Covaci, A., Blust, R., & Husson, S.J. (2016). Assessing 

in-vitro estrogenic effects of currently-used flame retardants. Toxicology in vitro: 

An international journal published in association with BIBRA, 33,153–162.  

Kubwabo, C., Rasmussen, P. E., Fan, X., Kosarac, I., Wu, F., Zidek, A., & Kuchta, S. L. 

(2013). Analysis of selected phthalates in Canadian indoor dust collected using 

household vacuum and standardized sampling techniques. Indoor air, 23(6), 506–

514. https://doi.org/10.1111/ina.12048  

Kurt-Karakus P. B. (2012). Determination of heavy metals in indoor dust from Istanbul, 

Turkey: estimation of the health risk. Environment international, 50, 47–55. 

https://doi.org/10.1016/j.envint.2012.09.011  

Kwak, M. K., Cho, J. M., Huang, B., Shin, S., & Kensler, T. W. (2007). Role of increased 

expression of the proteasome in the protective effects of sulforaphane against 

hydrogen peroxide-mediated cytotoxicity in murine neuroblastoma cells. Free 



117 

 

 
 

radical biology & medicine, 43(5), 809–817. 

https://doi.org/10.1016/j.freeradbiomed.2007.05.029 

Kweon, D.-J., Kim, M.-K., & Zoh, K.-D. (2018). Distribution of brominated flame 

retardants and phthalate esters in house dust in Korea. Environmental Engineering 

Research, 23(4), 354–363. https://doi.org/10.4491/eer.2018.005  

Kyriakis, J. M., & Avruch, J. (2001). Mammalian mitogen-activated protein kinase signal 

transduction pathways activated by stress and inflammation. Physiological 

reviews, 81(2), 807-869. 

LaA Guardia, M. J., Hale, R. C., & Harvey, E. (2006). Detailed polybrominated diphenyl 

ether (PBDE) congener composition of the widely used penta-, octa-, and deca-

PBDE technical flame-retardant mixtures. Environmental science & technology, 

40(20), 6247–6254. https://doi.org/10.1021/es060630m  

Laborie, S., Moreau-Guigon, E., Alliot, F., Desportes, A., Oziol, L., & Chevreuil, M. 

(2016). A new analytical protocol for the determination of 62 endocrine-disrupting 

compounds in indoor air. Talanta, 147, 132–141. 

https://doi.org/10.1016/j.talanta.2015.09.028 

Laden, F., Neas, L. M., Dockery, D. W., & Schwartz, J. (2000). Association of fine 

particulate matter from different sources with daily mortality in six U.S. cities. 

Environmental health perspectives, 108(10), 941–947. 

https://doi.org/10.1289/ehp.00108941  

Langer, S., Weschler, C., Fischer, A., Bekö, G., Toftum, J., & Clausen, G. (2010). Phthalate 

and PAH concentrations in dust collected from Danish homes and daycare centers. 

Atmospheric Environment, 44, 2294-2301.  



118 

 

 
 

Larsson, K., Lindh, C. H., Jönsson, B. A., Giovanoulis, G., Bibi, M., Bottai, M., Bergström, 

A., & Berglund, M. (2017). Phthalates, non-phthalate plasticizers and bisphenols 

in Swedish preschool dust in relation to children's exposure. Environment 

international, 102, 114–124. 

https://doi.org/10.1016/j.envint.2017.02.006  

Latif, M.T., Othman, M., Kim, C.L., Murayadi, S.A., & Sahaimi, K.N. (2009). 

Composition of Household Dust in Semi-urban Areas in Malaysia. Indoor and Built 

Environment, 18, 155-161. 

Laubach C. A. (1916). Spore-Bearing Bacteria in Dust. Journal of bacteriology, 1(5), 493–

505. https://doi.org/10.1128/jb.1.5.493-533.1916  

Lee, S., Li, W., & Ao, C. (2002). Investigation of indoor air quality at residential homes in 

Hong Kong - Case study. Atmospheric Environment, 36, 225-237.  

Lei, L., Suidan, M. T., Khodadoust, A. P., & Tabak, H. H. (2004). Assessing the 

bioavailability of PAHs in field-contaminated sediment using XAD-2 assisted 

desorption. Environmental science & technology, 38(6), 1786–1793. 

https://doi.org/10.1021/es030643p  

Lepers, C., André, V., Dergham, M., Billet, S., Verdin, A., Garçon, G., Dewaele, D., 

Cazier, F., Sichel, F., & Shirali, P. (2014). Xenobiotic metabolism induction and 

bulky DNA adducts generated by particulate matter pollution in BEAS-2B cell line: 

geographical and seasonal influence. Journal of applied toxicology: JAT, 34(6), 

703–713. https://doi.org/10.1002/jat.2931 

Lepers, C., Dergham, M., Armand, L., Billet, S., Verdin, A., Andre, V., Pottier, D., 

Courcot, D., Shirali, P., & Sichel, F. (2014). Mutagenicity and clastogenicity of 



119 

 

 
 

native airborne particulate matter samples collected under industrial, urban or rural 

influence. Toxicology in vitro: An international journal published in association 

with BIBRA, 28(5), 866–874. https://doi.org/10.1016/j.tiv.2014.03.011 

Leung, A. O., Duzgoren-Aydin, N. S., Cheung, K. C., & Wong, M. H. (2008). Heavy 

metals concentrations of surface dust from e-waste recycling and its human health 

implications in southeast China. Environmental science & technology, 42(7), 2674–

2680. https://doi.org/10.1021/es071873x 

Levin, E. D., Addy, N., Baruah, A., Elias, A., Christopher, N. C., Seidler, F. J., & Slotkin, 

T. A. (2002). Prenatal chlorpyrifos exposure in rats causes persistent behavioral 

alterations. Neurotoxicology and teratology, 24(6), 733–741. 

https://doi.org/10.1016/s0892-0362(02)00272-6 

Lewis, R. G., Fortune, C. R., Willis, R. D., Camann, D. E., & Antley, J. T. (1999). 

Distribution of pesticides and polycyclic aromatic hydrocarbons in house dust as a 

function of particle size. Environmental health perspectives, 107(9), 721–726. 

https://doi.org/10.1289/ehp.99107721  

Li, N., Sioutas, C., Cho, A., Schmitz, D., Misra, C., Sempf, J., Wang, M., Oberley, T., 

Froines, J., & Nel, A. (2003). Ultrafine particulate pollutants induce oxidative stress 

and mitochondrial damage. Environmental health perspectives, 111(4), 455–460. 

https://doi.org/10.1289/ehp.6000  

Li, N., Xia, T., & Nel, A. E. (2008). The role of oxidative stress in ambient particulate 

matter-induced lung diseases and its implications in the toxicity of engineered 

nanoparticles. Free radical biology & medicine, 44(9), 1689–1699. 

https://doi.org/10.1016/j.freeradbiomed.2008.01.028  



120 

 

 
 

Li, N., Hao, M., Phalen, R. F., Hinds, W. C., & Nel, A. E. (2003). Particulate air pollutants 

and asthma. A paradigm for the role of oxidative stress in PM-induced adverse 

health effects. Clinical immunology (Orlando, Fla.), 109(3), 250–265. 

https://doi.org/10.1016/j.clim.2003.08.006  

Li, N., Venkatesan, M. I., Miguel, A., Kaplan, R., Gujuluva, C., Alam, J., & Nel, A. (2000). 

Induction of heme oxygenase-1 expression in macrophages by diesel exhaust 

particle chemicals and quinones via the antioxidant-responsive element. Journal of 

immunology (Baltimore, Md. : 1950), 165(6), 3393–3401. 

https://doi.org/10.4049/jimmunol.165.6.3393  

Li, Z., Carter, J. D., Dailey, L. A., & Huang, Y. C. (2005). Pollutant particles produce 

vasoconstriction and enhance MAPK signaling via angiotensin type I receptor. 

Environmental health perspectives, 113(8), 1009–1014.  

https://doi.org/10.1289/ehp.7736  

Li, P., Allen, H., Banerjee, S., Franklin, S., Herzog, L., Johnston, C., McDowell, J., 

Paskind, M., Rodman, L., & Salfeld, J. (1995). Mice deficient in IL-1 beta-

converting enzyme are defective in production of mature IL-1 beta and resistant to 

endotoxic shock. Cell, 80(3), 401–411. https://doi.org/10.1016/0092-

8674(95)90490-5 

Li, N., Xia, T., & Nel, A. E. (2008). The role of oxidative stress in ambient particulate 

matter-induced lung diseases and its implications in the toxicity of engineered 

nanoparticles. Free radical biology & medicine, 44(9), 1689–1699. 

https://doi.org/10.1016/j.freeradbiomed.2008.01.028  



121 

 

 
 

Liao, C., Liu, F., Guo, Y., Moon, H. B., Nakata, H., Wu, Q., & Kannan, K. (2012). 

Occurrence of eight bisphenol analogues in indoor dust from the United States and 

several Asian countries: implications for human exposure. Environmental science 

& technology, 46(16), 9138–9145. https://doi.org/10.1021/es302004w  

Limón-Pacheco, J., & Gonsebatt, M. E. (2009). The role of antioxidants and antioxidant-

related enzymes in protective responses to environmentally induced oxidative 

stress. Mutation research, 674(1-2), 137–147.  

https://doi.org/10.1016/j.mrgentox.2008.09.015 

Lioy, P. J., Freeman, N. C., & Millette, J. R. (2002). Dust: a metric for use in residential 

and building exposure assessment and source characterization. Environmental 

health perspectives, 110(10), 969–983. https://doi.org/10.1289/ehp.02110969  

Liu, X. H., Kwon, D., Schielke, G. P., Yang, G. Y., Silverstein, F. S., & Barks, J. D. (1999). 

Mice deficient in interleukin-1 converting enzyme are resistant to neonatal 

hypoxic-ischemic brain damage. Journal of cerebral blood flow and metabolism, 

19(10), 1099–1108. https://doi.org/10.1097/00004647-199910000-00006  

Liu, X., & Meng, Z. (2005). Effects of airborne fine particulate matter on antioxidant 

capacity and lipid peroxidation in multiple organs of rats. Inhalation toxicology, 

17(9), 467–473. https://doi.org/10.1080/08958370590964467  

Liu, X., Wang, J., Fan, Y., Xu, Y., Xie, M., Yuan, Y., Li, H., & Qian, X. (2019). Particulate 

Matter Exposure History Affects Antioxidant Defense Response of Mouse Lung to 

Haze Episodes. Environmental Science & Technology, 53(16), 9789–9799. 

https://doi.org/10.1021/acs.est.9b01068 



122 

 

 
 

Liu, Y., Chen, Y. Y., Cao, J. Y., Tao, F. B., Zhu, X. X., Yao, C. J., Chen, D. J., Che, Z., 

Zhao, Q. H., & Wen, L. P. (2015). Oxidative stress, apoptosis, and cell cycle arrest 

are induced in primary fetal alveolar type II epithelial cells exposed to fine 

particulate matter from cooking oil fumes. Environmental science and pollution 

research international, 22(13), 9728–9741. https://doi.org/10.1007/s11356-015-

4140-4  

Loganathan, S. N., & Kannan, K. (2011). Occurrence of bisphenol A in indoor dust from 

two locations in the eastern United States and implications for human exposures. 

Archives of environmental contamination and toxicology, 61(1), 68–73. 

https://doi.org/10.1007/s00244-010-9634-y  

Longhin, E., Capasso, L., Battaglia, C., Proverbio, M. C., Cosentino, C., Cifola, I., 

Mangano, E., Camatini, M., & Gualtieri, M. (2016). Integrative transcriptomic and 

protein analysis of human bronchial BEAS-2B exposed to seasonal urban 

particulate matter. Environmental pollution (Barking, Essex : 1987), 209, 87–98. 

https://doi.org/10.1016/j.envpol.2015.11.013 

Longhin, E., Holme, J. A., Gutzkow, K. B., Arlt, V. M., Kucab, J. E., Camatini, M., & 

Gualtieri, M. (2013). Cell cycle alterations induced by urban PM2.5 in bronchial 

epithelial cells: characterization of the process and possible mechanisms involved. 

Particle and fibre toxicology, 10, 63. https://doi.org/10.1186/1743-8977-10-63  

Lu, C., Fenske, R. A., Simcox, N. J., & Kalman, D. (2000). Pesticide exposure of children 

in an agricultural community: evidence of household proximity to farmland and 

take home exposure pathways. Environmental research, 84(3), 290–302. 

https://doi.org/10.1006/enrs.2000.4076  



123 

 

 
 

Ma, W.L., Subedi, B., & Kannan, K.(2014). The occurrence of bisphenol A, phthalates, 

parabens and other environmental phenolic compounds in house dust. Current 

Organic Chemistry, 18(17), 2182–2199.  

https://doi.org/10.2174/1385272819666140804230205),  

Macher, J.M. (2001). Review of methods to collect settled dust and isolate culturable 

microorganisms. Indoor Air, 11, 99–110 

Madureira, J., Paciência, I., Rufo, J., Ramos, E., Barros, H., Teixeira, J.P., & de Oliveira 

Fernandes, E. (2015).  ndoor air quality in schools and its relationship with 

children's respiratory symptoms. Atmospheric Environment, 118, 145–156.  

 DOI:10.1016/j.atmosenv.2015.07.028 

Maertens, R. M., Bailey, J., & White, P. A. (2004). The mutagenic hazards of settled house 

dust: A review. Mutation research, 567(2-3), 401–425. 

https://doi.org/10.1016/j.mrrev.2004.08.004  

Maertens, R. M., Yang, X., Zhu, J., Gagne, R. W., Douglas, G. R., & White, P. A. (2008). 

Mutagenic and carcinogenic hazards of settled house dust. I: Polycyclic aromatic 

hydrocarbon content and excess lifetime cancer risk from preschool exposure. 

Environmental science & technology, 42(5), 1747–1753. 

https://doi.org/10.1021/es702449c. 

Mahler, B. J., Metre, P. C., Wilson, J. T., Musgrove, M., Burbank, T. L., Ennis, T. E., & 

Bashara, T. J. (2010). Coal-tar-based parking lot sealcoat: an unrecognized source 

of PAH to settled house dust. Environmental science & technology, 44(3), 894–

900. https://doi.org/10.1021/es902533r  



124 

 

 
 

Mahler, B. J., Van Metre, P. C., Wilson, J. T., & Musgrove, M. (2010). Coal-tar-based 

parking lot sealcoat: An unrecognized source of PAH to settled souse dust. 

Environmental Science & Technology, 44 (3), 894-900 

 DOI: 10.1021/es902533r  

Manning, C. B., Vallyathan, V., & Mossman, B. T. (2002). Diseases caused by asbestos: 

mechanisms of injury and disease development. International 

immunopharmacology, 2(2-3), 191–200. https://doi.org/10.1016/s1567-

5769(01)00172-2  

Mannino, M. R., & Orecchio, S. (2008). Polycyclic aromatic hydrocarbons (PAHs) in 

indoor dust matter of Palermo (Italy) area: Extraction, GCMS analysis, distribution 

and sources. Atmospheric Environment, 42(8), 1801-1817. 

 https://doi.org/10.1016/j.atmosenv.2007.11.031 

Marinho Reis, A. P., , Cave, M., , Sousa, A. J., , Wragg, J., , Rangel, M. J., , Oliveira, A. 

R., , Patinha, C., , Rocha, F., , Orsiere, T., , & Noack, Y., (2018). Lead and zinc 

concentrations in household dust and toenails of the residents (Estarreja, Portugal): 

a source-pathway-fate model. Environmental science. Processes & impacts, 20(9), 

1210–1224. https://doi.org/10.1039/c8em00211h  

Marklund S. L. (1984). Extracellular superoxide dismutase and other superoxide dismutase 

isoenzymes in tissues from nine mammalian species. The Biochemical journal, 

222(3), 649–655. https://doi.org/10.1042/bj2220649  

Maroni, M., Seifert, B., & Lindvall, T., (Eds.). (1995). Indoor Air Quality: A 

Comprehensive Reference Book,. Amsterdam: Elsevier 



125 

 

 
 

Martinon, F., Burns, K., & Tschopp, J. (2002). The inflammasome: a molecular platform 

triggering activation of inflammatory caspases and processing of proIL-beta. 

Molecular cell, 10(2), 417–426. https://doi.org/10.1016/s1097-2765(02)00599-3  

Masi, C.G. (2008). NIST.it’s not just for calibration. Control Engineering -Highlands 

Ranch- Cahners then Reed Business Information- 55(5),76-76.  

Maas, S., Scheifler, R., Benslama, M., Crini, N., Lucot, E., Brahmia, Z., Benyacoub, S., & 

Giraudoux, P. (2010). Spatial distribution of heavy metal concentrations in urban, 

suburban and agricultural soils in a Mediterranean city of Algeria. Environmental 

pollution (Barking, Essex : 1987), 158(6), 2294–2301. 

https://doi.org/10.1016/j.envpol.2010.02.001  

Matawle, J. L., Pervez, S., Deb, M. K., Shrivastava, A., & Tiwari, S. (2018). PM2.5 

pollution from household solid fuel burning practices in Central India: 2. 

Application of receptor models for source apportionment. Environmental 

geochemistry and health, 40(1), 145–161. https://doi.org/10.1007/s10653-016-

9889-y  

Matés, J. M., & Sánchez-Jiménez, F. M. (2000). Role of reactive oxygen species in 

apoptosis: implications for cancer therapy. The international journal of 

biochemistry & cell biology, 32(2), 157–170. https://doi.org/10.1016/s1357-

2725(99)00088-6  

May, W. E., Benner, B. A., Jr, Wise, S. A., Schuetzle, D., & Lewtas, J. (1992). Standard 

reference materials for chemical and biological studies of complex environmental 

samples. Mutation research, 276(1-2), 11–22. https://doi.org/10.1016/0165-

1110(92)90052-b  



126 

 

 
 

McCauley, L. A., Lasarev, M. R., Higgins, G., Rothlein, J., Muniz, J., Ebbert, C., & 

Phillips, J. (2001). Work characteristics and pesticide exposures among migrant 

agricultural families: a community-based research approach. Environmental health 

perspectives, 109(5), 533–538. https://doi.org/10.1289/ehp.01109533  

McCormack, M. C., Breysse, P. N., Hansel, N. N., Matsui, E. C., Tonorezos, E. S., Curtin-

Brosnan, J., Williams, D. L., Buckley, T. J., Eggleston, P. A., & Diette, G. B. 

(2008). Common household activities are associated with elevated particulate 

matter concentrations in bedrooms of inner-city Baltimore pre-school children. 

Environmental research, 106(2), 148–155.  

https://doi.org/10.1016/j.envres.2007.08.012  

McCray, P. B., Jr, & Bentley, L. (1997). Human airway epithelia express a beta-defensin. 

American journal of respiratory cell and molecular biology, 16(3), 343–349. 

https://doi.org/10.1165/ajrcmb.16.3.9070620  

McMahon, M., Itoh, K., Yamamoto, M., Chanas, S. A., Henderson, C. J., McLellan, L. I., 

Wolf, C. R., Cavin, C., & Hayes, J. D. (2001). The Cap'n'Collar basic leucine zipper 

transcription factor Nrf2 (NF-E2 p45-related factor 2) controls both constitutive 

and inducible expression of intestinal detoxification and glutathione biosynthetic 

enzymes. Cancer research, 61(8), 3299–3307. 

Meador, J. P., Yeh, A., Young, G., & Gallagher, E. P. (2016). Contaminants of emerging 

concern in a large temperate estuary. Environmental pollution (Barking, Essex : 

1987), 213, 254–267. https://doi.org/10.1016/j.envpol.2016.01.088 

Meeker, J. D., Cooper, E. M., Stapleton, H. M., & Hauser, R. (2013). Urinary metabolites 

of organophosphate flame retardants: temporal variability and correlations with 



127 

 

 
 

house dust concentrations. Environmental health perspectives, 121(5), 580–585. 

https://doi.org/10.1289/ehp.1205907  

Meeker, J. D., & Stapleton, H. M. (2010). House dust concentrations of organophosphate 

flame retardants in relation to hormone levels and semen quality parameters. 

Environmental health perspectives, 118(3), 318–323. 

https://doi.org/10.1289/ehp.0901332  

Meijer, M., Rijkers, G. T., & van Overveld, F. J. (2013). Neutrophils and emerging targets 

for treatment in chronic obstructive pulmonary disease. Expert review of clinical 

immunology, 9(11), 1055–1068.  

https://doi.org/10.1586/1744666X.2013.851347  

Melius J. M. (1995). Cardiovascular disease among firefighters. Occupational medicine 

(Philadelphia, Pa.), 10(4), 821–827.  

Mendelsohn, E., Hagopian, A., Hoffman, K., Butt, C. M., Lorenzo, A., Congleton, J., 

Webster, T. F., & Stapleton, H. M. (2016). Nail polish as a source of exposure to 

triphenyl phosphate. Environment international, 86, 45–51. 

https://doi.org/10.1016/j.envint.2015.10.005  

Menon, P., Rando, R. J., Stankus, R. P., Salvaggio, J. E., & Lehrer, S. B. (1992). Passive 

cigarette smoke-challenge studies: increase in bronchial hyperreactivity. Journal of 

allergy and clinical immunology, 89(2), 560–566. https://doi.org/10.1016/0091-

6749(92)90323-t  

Menzie, C. A., Ziccardi, L. M., Lowney, Y. W., Fairbrother, A., Shock, S. S., Tsuji, J. S., 

Hamai, D., Proctor, D., Henry, E., Su, S. H., Kierski, M. W., McArdle, M. E., & 

Yost, L. J. (2009). Importance of considering the framework principles in risk 



128 

 

 
 

assessment for metals. Environmental science & technology, 43(22), 8478–8482. 

https://doi.org/10.1021/es9006405  

Mercier, F., Glorennec, P., Thomas, O., & Le Bot, B. (2011). Organic contamination of 

settled house dust, a review for exposure assessment purposes. Environmental 

science & technology, 45(16), 6716–6727. https://doi.org/10.1021/es200925h  

Messier, E. M., Day, B. J., Bahmed, K., Kleeberger, S. R., Tuder, R. M., Bowler, R. P., 

Chu, H. W., Mason, R. J., & Kosmider, B. (2013). N-acetylcysteine protects murine 

alveolar type II cells from cigarette smoke injury in a nuclear erythroid 2-related 

factor-2-independent manner. American journal of respiratory cell and molecular 

biology, 48(5), 559–567. https://doi.org/10.1165/rcmb.2012-0295OC  

Michael, S., Montag, M., & Dott, W. (2013). Pro-inflammatory effects and oxidative stress 

in lung macrophages and epithelial cells induced by ambient particulate matter. 

Environmental pollution (Barking, Essex : 1987), 183, 19–29. 

https://doi.org/10.1016/j.envpol.2013.01.026  

Mielke, H. W., Gonzales, C. R., Smith, M. K., & Mielke, P. W. (1999). The urban 

environment and children's health: soils as an integrator of lead, zinc, and cadmium 

in New Orleans, louisiana, U.S.A. Environmental research, 81(2), 117–129. 

https://doi.org/10.1006/enrs.1999.3966  

Miller, R. L., Garfinkel, R., Horton, M., Camann, D., Perera, F. P., Whyatt, R. M., & 

Kinney, P. L. (2004). Polycyclic aromatic hydrocarbons, environmental tobacco 

smoke, and respiratory symptoms in an inner-city birth cohort. Chest, 126(4), 

1071–1078. https://doi.org/10.1378/chest.126.4.1071  



129 

 

 
 

Mills, P. R., Davies, R. J., & Devalia, J. L. (1999). Airway epithelial cells, cytokines, and 

pollutants. American journal of respiratory and critical care medicine, 160(5 Pt 2), 

S38–S43. https://doi.org/10.1164/ajrccm.160.supplement_1.11  

Mitro, S. D., Dodson, R. E., Singla, V., Adamkiewicz, G., Elmi, A. F., Tilly, M. K., & 

Zota, A. R. (2016). Consumer Product Chemicals in Indoor Dust: A Quantitative 

Meta-analysis of U.S. Studies. Environmental science & technology, 50(19), 

10661–10672. https://doi.org/10.1021/acs.est.6b02023  

Mittal, M., Siddiqui, M. R., Tran, K., Reddy, S. P., & Malik, A. B. (2014). Reactive oxygen 

species in inflammation and tissue injury. Antioxidants & redox signaling, 20(7), 

1126–1167. https://doi.org/10.1089/ars.2012.5149  

Mohler, J., Mahaffey, J. W., Deutsch, E., & Vani, K. (1995). Control of Drosophila head 

segment identity by the bZIP homeotic gene cnc. Development (Cambridge, 

England), 121(1), 237–247.  

Mohmand, J., Eqani, S. A., Fasola, M., Alamdar, A., Mustafa, I., Ali, N., Liu, L., Peng, S., 

& Shen, H. (2015). Human exposure to toxic metals via contaminated dust: Bio-

accumulation trends and their potential risk estimation. Chemosphere, 132, 142–

151. https://doi.org/10.1016/j.chemosphere.2015.03.004  

Moi, P., Chan, K., Asunis, I., Cao, A., & Kan, Y. W. (1994). Isolation of NF-E2-related 

factor 2 (Nrf2), a NF-E2-like basic leucine zipper transcriptional activator that 

binds to the tandem NF-E2/AP1 repeat of the beta-globin locus control region. 

Proceedings of the National Academy of Sciences of the United States of America, 

91(21), 9926–9930. https://doi.org/10.1073/pnas.91.21.9926  



130 

 

 
 

Møller, P., Jacobsen, N. R., Folkmann, J. K., Danielsen, P. H., Mikkelsen, L., 

Hemmingsen, J. G., Vesterdal, L. K., Forchhammer, L., Wallin, H., & Loft, S. 

(2010). Role of oxidative damage in toxicity of particulates. Free radical research, 

44(1), 1–46. https://doi.org/10.3109/10715760903300691  

Møller, P., Danielsen, P. H., Karottki, D. G., Jantzen, K., Roursgaard, M., Klingberg, H., 

Jensen, D. M., Christophersen, D. V., Hemmingsen, J. G., Cao, Y., & Loft, S. 

(2014). Oxidative stress and inflammation generated DNA damage by exposure to 

air pollution particles. Mutation research. Reviews in mutation research, 762, 133–

166. https://doi.org/10.1016/j.mrrev.2014.09.001  

Møller, P., Folkmann, J. K., Forchhammer, L., Bräuner, E. V., Danielsen, P. H., Risom, L., 

& Loft, S. (2008). Air pollution, oxidative damage to DNA, and carcinogenesis. 

Cancer letters, 266(1), 84–97.  

https://doi.org/10.1016/j.canlet.2008.02.030  

Molofsky, A. B., Byrne, B. G., Whitfield, N. N., Madigan, C. A., Fuse, E. T., Tateda, K., 

& Swanson, M. S. (2006). Cytosolic recognition of flagellin by mouse 

macrophages restricts Legionella pneumophila infection. Journal of experimental 

medicine, 203(4), 1093–1104. https://doi.org/10.1084/jem.20051659  

Morawska, L., & He, C. (2014). Indoor Particles, Combustion Products and Fibres. In: 

Pluschke P., Schleibinger H. (eds) Indoor Air Pollution. The Handbook of 

Environmental Chemistry, vol 64. Springer, Berlin, Heidelberg. 

https://doi.org/10.1007/698_2014_262 

Morawska, L., & Salthammer, T. (2003). Fundamentals of indoor particles and settled 

dust. Indoor environment: airborne particles and settled dust. In Morawska, L & 



131 

 

 
 

Salthammer, T (Eds.) Indoor Environment. Wiley-VCH Springer, Germany, 

Wertheim, pp. 3-46. 

Morgan, W. K., Reger, R. B., & Tucker, D. M. (1997). Health effects of diesel emissions. 

The Annals of Occupational Hygiene, 41(6), 643–658. 

https://doi.org/10.1093/annhyg/41.6.643 

Motta, S., Federico, C., Saccone, S., Librando, V., & Mosesso, P. (2004). Cytogenetic 

evaluation of extractable agents from airborne particulate matter generated in the 

city of Catania (Italy). Mutation research, 561(1-2), 45–52. 

https://doi.org/10.1016/j.mrgentox.2004.03.008 

Ellenson, W., Mukerjee, S., Stevens, R., Willis, R., Shadwick, D., Somerville, M., & 

Lewis, R.G. (1997). An environmental scoping study in the Lower Rio Grande 

Valley of Texas — II. Assessment of transboundary pollution transport and other 

activities by air quality monitoring. Environment International, 23, 643-655.  

Munshi, A., & Ramesh, R. (2013). Mitogen-activated protein kinases and their role in 

radiation response. Genes & cancer, 4(9-10), 401–408.  

https://doi.org/10.1177/1947601913485414  

Mukerjee, S., Ellenson, W., Lewis, R.G., Stevens, R., Somerville, M., & Shadwick, D. 

(1997). An environmental scoping study in the Lower Rio Grande Valley of Texas 

— I. Comparative assessment of air sampling methods. Environment International, 

23, 611-628.  

Myers, G. J., & Davidson, P. W. (2000). Does methylmercury have a role in causing 

developmental disabilities in children?. Environmental health perspectives, 108 

Suppl 3(Suppl 3), 413–420. https://doi.org/10.1289/ehp.00108s3413 



132 

 

 
 

Nankervis, H., Pynn, E. V., Boyle, R. J., Rushton, L., Williams, H. C., Hewson, D. M., & 

Platts-Mills, T. (2015). House dust mite reduction and avoidance measures for 

treating eczema. The Cochrane database of systematic reviews, 1, CD008426. 

https://doi.org/10.1002/14651858.CD008426.pub2  

Nathan, A. T., Peterson, E. A., Chakir, J., & Wills-Karp, M. (2009). Innate immune 

responses of airway epithelium to house dust mite are mediated through beta-

glucan-dependent pathways. Journal of allergy and clinical immunology, 123(3), 

612–618. https://doi.org/10.1016/j.jaci.2008.12.006  

Nel, A. E., Diaz-Sanchez, D., & Li, N. (2001). The role of particulate pollutants in 

pulmonary inflammation and asthma: evidence for the involvement of organic 

chemicals and oxidative stress. Current opinion in pulmonary medicine, 7(1), 20–

26. https://doi.org/10.1097/00063198-200101000-00004  

Nemmar, A., Holme, J. A., Rosas, I., Schwarze, P. E., & Alfaro-Moreno, E. (2013). Recent 

advances in particulate matter and nanoparticle toxicology: A review of the in vivo 

and in vitro studies. BioMed research international, 2013, 279371. 

https://doi.org/10.1155/2013/279371  

Nguyen, T., Huang, H. C., & Pickett, C. B. (2000). Transcriptional regulation of the 

antioxidant response element. Activation by Nrf2 and repression by MafK. The 

Journal of biological chemistry, 275(20), 15466–15473. 

https://doi.org/10.1074/jbc.M000361200  

Ntziachristos, L., Froines, J. R., Cho, A. K., & Sioutas, C. (2007). Relationship between 

redox activity and chemical speciation of size-fractionated particulate matter. 

Particle and fibre toxicology, 4, 5. https://doi.org/10.1186/1743-8977-4-5  



133 

 

 
 

OEHHA. Office of Environmental Health Hazard Assessment (OEHHA) 

[Accessed October 10, 2016]; Evidence on the Carcinogenicity of 

Tris(1,3-Dichloro-2-Propyl)Phosphate. 2011 

Jul; http://oehha.ca.gov/prop65/hazard_ident/pdf_zip/TDCPP070811.pdf 

Ogunbileje, J. O., Nawgiri, R. S., Anetor, J. I., Akinosun, O. M., Farombi, E. O., & 

Okorodudu, A. O. (2014). Particles internalization, oxidative stress, apoptosis and 

pro-inflammatory cytokines in alveolar macrophages exposed to cement dust. 

Environmental toxicology and pharmacology, 37(3), 1060–1070. 

https://doi.org/10.1016/j.etap.2014.03.021  

Okonkwo, J. O., Awofolu, O. R., Moja, S. J., Forbes, P. C., & Senwo, Z. N. (2006). Total 

petroleum hydrocarbons and trace metals in street dusts from Tshwane 

Metropolitan area, South Africa. Journal of environmental science and health. Part 

A, Toxic/hazardous substances & environmental engineering, 41(12), 2789–2798. 

https://doi.org/10.1080/10934520600966920  

Onyemauwa, F., Rappaport, S. M., Sobus, J. R., Gajdosová, D., Wu, R., & Waidyanatha, 

S. (2009). Using liquid chromatography-tandem mass spectrometry to quantify 

monohydroxylated metabolites of polycyclic aromatic hydrocarbons in urine. 

Journal of chromatography. B, Analytical technologies in the biomedical and life 

sciences, 877(11-12), 1117–1125. https://doi.org/10.1016/j.jchromb.2009.02.067  

Oomen, A., Sips, A., Groten, J., Sijm, D., & Tolls, J. (2000). Mobilization of PCBs and 

lindane from soil during in vitro digestion and their distribution among bile salt 

micelles and proteins of human digestive fluid and the soil. Environmental Science 

& Technology, 34, 297-303. 

http://oehha.ca.gov/prop65/hazard_ident/pdf_zip/TDCPP070811.pdf


134 

 

 
 

Orecchio, S., Indelicato, R., & Barreca, S. (2013). The distribution of phthalate esters in 

indoor dust of Palermo (Italy). Environmental geochemistry and health, 35(5), 

613–624. https://doi.org/10.1007/s10653-013-9544-9 

Orloff, K. G., Dearwent, S., Metcalf, S., Kathman, S., & Turner, W. (2003). Human 

exposure to polychlorinated biphenyls in a residential community. Archives of 

environmental contamination and toxicology, 44(1), 125–131. 

https://doi.org/10.1007/s00244-002-1301-5  

Oortgiesen, M., Veronesi, B., Eichenbaum, G., Kiser, P. F., & Simon, S. A. (2000). 

Residual oil fly ash and charged polymers activate epithelial cells and nociceptive 

sensory neurons. American journal of physiology. Lung cellular and molecular 

physiology, 278(4), L683–L695. https://doi.org/10.1152/ajplung.2000.278.4.L683  

Øvrevik, J., Refsnes, M., Låg, M., Holme, J. A., & Schwarze, P. E. (2015). Activation of 

Proinflammatory Responses in Cells of the Airway Mucosa by Particulate Matter: 

Oxidant- and Non-Oxidant-Mediated Triggering Mechanisms. Biomolecules, 5(3), 

1399–1440.  

Oya, E., Ovrevik, J., Arlt, V. M., Nagy, E., Phillips, D. H., & Holme, J. A. (2011). DNA 

damage and DNA damage response in human bronchial epithelial BEAS-2B cells 

following exposure to 2-nitrobenzanthrone and 3-nitrobenzanthrone: Role in 

apoptosis. Mutagenesis, 26(6), 697–708. https://doi.org/10.1093/mutage/ger035 

Page, K., Ledford, J. R., Zhou, P., Dienger, K., & Wills-Karp, M. (2010). Mucosal 

sensitization to German cockroach involves protease-activated receptor-2. 

Respiratory research, 11(1), 62. https://doi.org/10.1186/1465-9921-11-62 



135 

 

 
 

Pan, Y. L., Li, B., & Ran, P. X. (2013). Zhonghua jie he he hu xi za zhi = Zhonghua jiehe 

he huxi zazhi = Chinese journal of tuberculosis and respiratory diseases, 36(8), 

581–586.  

Pardo, M., Shafer, M. M., Rudich, A., Schauer, J. J., & Rudich, Y. (2015). Single Exposure 

to near Roadway Particulate Matter Leads to Confined Inflammatory and Defense 

Responses: Possible Role of Metals. Environmental science & technology, 49(14), 

8777–8785. https://doi.org/10.1021/acs.est.5b01449  

Parkes, W.R. (1994). Occupational Lung Disorders, 3rd. edition. Butterworth-Heinemann, 

UK. 

Parry, E., Zota, A. R., Park, J. S., & Woodruff, T. J. (2018). Polybrominated diphenyl 

ethers (PBDEs) and hydroxylated PBDE metabolites (OH-PBDEs): A six-year 

temporal trend in Northern California pregnant women. Chemosphere, 195, 777–

783. https://doi.org/10.1016/j.chemosphere.2017.12.065  

Paustenbach, D.J., Finley, B.L., & Long, T.F. (1997) The Critical Role of House Dust in 

Understanding the Hazards Posed by Contaminated Soils. International Journal of 

Toxicology 16, 339–362. 

Pavagadhi, S., Betha, R., Venkatesan, S., Balasubramanian, R., & Hande, M. P. (2013). 

Physicochemical and toxicological characteristics of urban aerosols during a recent 

Indonesian biomass burning episode. Environmental science and pollution 

research international, 20(4), 2569–2578. https://doi.org/10.1007/s11356-012-

1157-9  

Pekkanen, J., Brunner, E. J., Anderson, H. R., Tiittanen, P., & Atkinson, R. W. (2000). 

Daily concentrations of air pollution and plasma fibrinogen in London. 



136 

 

 
 

Occupational and environmental medicine, 57(12), 818–822. 

https://doi.org/10.1136/oem.57.12.818  

Peng, Q., Deng, Z., Pan, H., Gu, L., Liu, O., & Tang, Z. (2018). Mitogen-activated protein 

kinase signaling pathway in oral cancer. Oncology letters, 15(2), 1379–1388. 

https://doi.org/10.3892/ol.2017.7491  

Perera, F. P., Li, Z., Whyatt, R., Hoepner, L., Wang, S., Camann, D., & Rauh, V. (2009). 

Prenatal airborne polycyclic aromatic hydrocarbon exposure and child IQ at age 5 

years. Pediatrics, 124(2), e195–e202. https://doi.org/10.1542/peds.2008-3506  

Perera, F. P., Mooney, L. A., Stampfer, M., Phillips, D. H., Bell, D. A., Rundle, A., Cho, 

S., Tsai, W. Y., Ma, J., Blackwood, A., Tang, D., & Physicians' Health Cohort 

Study (2002). Associations between carcinogen-DNA damage, glutathione S-

transferase genotypes, and risk of lung cancer in the prospective Physicians' Health 

Cohort Study. Carcinogenesis, 23(10), 1641–1646. 

https://doi.org/10.1093/carcin/23.10.1641 

Perera, F. P., Rauh, V., Whyatt, R. M., Tsai, W. Y., Tang, D., Diaz, D., Hoepner, L., Barr, 

D., Tu, Y. H., Camann, D., & Kinney, P. (2006). Effect of prenatal exposure to 

airborne polycyclic aromatic hydrocarbons on neurodevelopment in the first 3 years 

of life among inner-city children. Environmental health perspectives, 114(8), 

1287–1292. https://doi.org/10.1289/ehp.9084  

Perrone, M. G., Gualtieri, M., Consonni, V., Ferrero, L., Sangiorgi, G., Longhin, E., 

Ballabio, D., Bolzacchini, E., & Camatini, M. (2013). Particle size, chemical 

composition, seasons of the year and urban, rural or remote site origins as 

determinants of biological effects of particulate matter on pulmonary cells. 



137 

 

 
 

Environmental pollution (Barking, Essex : 1987), 176, 215–227. 

https://doi.org/10.1016/j.envpol.2013.01.012  

Peters, A., Döring, A., Wichmann, H. E., & Koenig, W. (1997). Increased plasma viscosity 

during an air pollution episode: a link to mortality?. Lancet (London, England), 

349(9065), 1582–1587. https://doi.org/10.1016/S0140-6736(97)01211-7 

Pierce, J. D., Pierce, J., Stremming, S., Fakhari, M., & Clancy, R. L. (2007). The role of 

apoptosis in respiratory diseases. Clinical nurse specialist CNS, 21(1), 22–30. 

https://doi.org/10.1097/00002800-200701000-00006  

Pleil, J. D., Vette, A. F., & Rappaport, S. M. (2004). Assaying particle-bound polycyclic 

aromatic hydrocarbons from archived PM2.5 filters. Journal of chromatography. 

A, 1033(1), 9–17. https://doi.org/10.1016/j.chroma.2003.12.074  

Plumejeaud, S., Reis, A. P., Tassistro, V., Patinha, C., Noack, Y., & Orsière, T. (2018). 

Potentially harmful elements in house dust from Estarreja, Portugal: 

characterization and genotoxicity of the bioaccessible fraction. Environmental 

geochemistry and health, 40(1), 127–144. https://doi.org/10.1007/s10653-016-

9888-z  

Polat, H., & Erdogan, D. (2007). Heavy metal removal from waste waters by ion flotation. 

Journal of hazardous materials, 148(1-2), 267–273. 

https://doi.org/10.1016/j.jhazmat.2007.02.013  

Pongpiachan, S. (2016). Incremental Lifetime Cancer Risk of PM2.5 Bound Polycyclic 

Aromatic Hydrocarbons (PAHs) before and after the Wildland Fire Episode. 

Aerosol and Air Quality Research, 16(11), 2907-2919.  



138 

 

 
 

Pope, C. A., 3rd, Verrier, R. L., Lovett, E. G., Larson, A. C., Raizenne, M. E., Kanner, R. 

E., Schwartz, J., Villegas, G. M., Gold, D. R., & Dockery, D. W. (1999). Heart rate 

variability associated with particulate air pollution. American heart journal, 138(5 

Pt 1), 890–899. https://doi.org/10.1016/s0002-8703(99)70014-1  

Poyton, R. O., Ball, K. A., & Castello, P. R. (2009). Mitochondrial generation of free 

radicals and hypoxic signaling. Trends in endocrinology and metabolism: TEM, 

20(7), 332–340. https://doi.org/10.1016/j.tem.2009.04.001  

Priha, E., Hellman, S., & Sorvari, J. (2005). PCB contamination from polysulphide sealants 

in residential areas-exposure and risk assessment. Chemosphere, 59(4), 537–543. 

https://doi.org/10.1016/j.chemosphere.2005.01.010  

Que Hee, S. S., Peace, B., Clark, C. S., Boyle, J. R., Bornschein, R. L., & Hammond, P. B. 

(1985). Evolution of efficient methods to sample lead sources, such as house dust 

and hand dust, in the homes of children. Environmental research, 38(1), 77–95. 

https://doi.org/10.1016/0013-9351(85)90074-x  

Radwan, M.A., & Salama, A.K. (2005). Market basket surveys for some trace metals in 

Egiyptian fruits and vegetables. Food and Chemical Toxicology, 44, 1273-1278. 

Rashed, M. (2008). Total and Extractable Heavy Metals in Indoor, Outdoor and 

Street Dust from Aswan City, Egypt. Clean-soil Air Water, 36, 850-857.  

Rasmussen, P. E., Subramanian, K. S., & Jessiman, B. J. (2001). A multi-element profile 

of housedust in relation to exterior dust and soils in the city of Ottawa, Canada. 

Science of the total environment, 267(1-3), 125–140. 

https://doi.org/10.1016/s0048-9697(00)00775-0  



139 

 

 
 

Rauh, V. A., Garfinkel, R., Perera, F. P., Andrews, H. F., Hoepner, L., Barr, D. B., 

Whitehead, R., Tang, D., & Whyatt, R. W. (2006). Impact of prenatal chlorpyrifos 

exposure on neurodevelopment in the first 3 years of life among inner-city children. 

Pediatrics, 118(6), e1845–e1859. https://doi.org/10.1542/peds.2006-0338. 

Ray, G., & Husain, S. A. (2002). Oxidants, antioxidants and carcinogenesis. Indian journal 

of experimental biology, 40(11), 1213–1232.  

Rengarajan, T., Rajendran, P., Nandakumar, N., Lokeshkumar, B., Rajendran, P., & 

Nishigaki, I. (2015). Exposure to polycyclic aromatic hydrocarbons with special 

focus on cancer. Asian Pacific Journal of Tropical Biomedicine, 5(3),182–189.  

Reuter, S., Gupta, S. C., Chaturvedi, M. M., & Aggarwal, B. B. (2010). Oxidative stress, 

inflammation, and cancer: how are they linked?. Free radical biology & medicine, 

49(11), 1603–1616. https://doi.org/10.1016/j.freeradbiomed.2010.09.006 

Reyes-Zárate, E., Sánchez-Pérez, Y., Gutiérrez-Ruiz, M. C., Chirino, Y. I., Osornio-

Vargas, Á. R., Morales-Bárcenas, R., Souza-Arroyo, V., & García-Cuellar, C. M. 

(2016). Atmospheric particulate matter (PM10) exposure-induced cell cycle arrest 

and apoptosis evasion through STAT3 activation via PKCζ and Src kinases in lung 

cells. Environmental pollution (Barking, Essex : 1987), 214, 646–656. 

https://doi.org/10.1016/j.envpol.2016.04.072 

Richards, J., Reif, R., Luo, Y., & Gan, J. (2016). Distribution of pesticides in dust particles 

in urban environments. Environmental pollution (Barking, Essex : 1987), 214, 290–

298. https://doi.org/10.1016/j.envpol.2016.04.025 



140 

 

 
 

Rintala, H., Pitkäranta, M., & Täubel, M. (2012). Microbial communities associated with 

house dust. Advances in applied microbiology, 78, 75–120. 

https://doi.org/10.1016/B978-0-12-394805-2.00004-X  

Rivas, I., Basagaña, X., Cirach, M., López-Vicente, M., Suades-González, E., Garcia-

Esteban, R., Álvarez-Pedrerol, M., Dadvand, P., & Sunyer, J. (2019). Association 

between Early Life Exposure to Air Pollution and Working Memory and Attention. 

Environmental health perspectives, 127(5), 57002. 

https://doi.org/10.1289/EHP3169  

Roberts, J. W., Wallace, L. A., Camann, D. E., Dickey, P., Gilbert, S. G., Lewis, R. G., & 

Takaro, T. K. (2009). Monitoring and reducing exposure of infants to pollutants in 

house dust. Reviews of environmental contamination and toxicology, 201, 1–39. 

https://doi.org/10.1007/978-1-4419-0032-6_1  

Robinson, C., Kalsheker, N. A., Srinivasan, N., King, C. M., Garrod, D. R., Thompson, P. 

J., & Stewart, G. A. (1997). On the potential significance of the enzymatic activity 

of mite allergens to immunogenicity. Clues to structure and function revealed by 

molecular characterization. Clinical and experimental allergy: Journal of the 

British Society for Allergy and Clinical Immunology, 27(1), 10–21.  

Rogan, W. J., & Ragan, N. B. (2007). Some evidence of effects of environmental chemicals 

on the endocrine system in children. International journal of hygiene and 

environmental health, 210(5), 659–667.  

https://doi.org/10.1016/j.ijheh.2007.07.005  



141 

 

 
 

Rubio, V., Valverde, M., & Rojas, E. (2010). Effects of atmospheric pollutants on the Nrf2 

survival pathway. Environmental science and pollution research international, 

17(2), 369–382. https://doi.org/10.1007/s11356-009-0140-6 

Rudel, R. A., Camann, D. E., Spengler, J. D., Korn, L. R., & Brody, J. G. (2003). 

Phthalates, alkylphenols, pesticides, polybrominated diphenyl ethers, and other 

endocrine-disrupting compounds in indoor air and dust. Environmental science & 

technology, 37(20), 4543–4553. https://doi.org/10.1021/es0264596  

Rudel, R. A., Seryak, L. M., & Brody, J. G. (2008). PCB-containing wood floor finish is a 

likely source of elevated PCBs in residents' blood, household air and dust: a case 

study of exposure. Environmental health : A global access science source, 7, 2. 

https://doi.org/10.1186/1476-069X-7-2  

Rudel, R. A., Dodson, R. E., Perovich, L. J., Morello-Frosch, R., Camann, D. E., Zuniga, 

M. M., Yau, A. Y., Just, A. C., & Brody, J. G. (2010). Semivolatile endocrine-

disrupting compounds in paired indoor and outdoor air in two northern California 

communities. Environmental science & technology, 44(17), 6583–6590. 

https://doi.org/10.1021/es100159c  

Rudell, B., Blomberg, A., Helleday, R., Ledin, M. C., Lundbäck, B., Stjernberg, N., 

Hörstedt, P., & Sandström, T. (1999). Bronchoalveolar inflammation after 

exposure to diesel exhaust: comparison between unfiltered and particle trap filtered 

exhaust. Occupational and environmental medicine, 56(8), 527–534. 

https://doi.org/10.1136/oem.56.8.527  



142 

 

 
 

Rushmore, T. H., & Pickett, C. B. (1993). Glutathione S-transferases, structure, regulation, 

and therapeutic implications. Journal of biological chemistry, 268(16), 11475–

11478.  

Saint-Georges, F., Garçon, G., Escande, F., Abbas, I., Verdin, A., Gosset, P., Mulliez, P., 

& Shirali, P. (2009). Role of air pollution Particulate Matter (PM(2.5)) in the 

occurrence of loss of heterozygosity in multiple critical regions of 3p chromosome 

in human epithelial lung cells (L132). Toxicology letters, 187(3), 172–179. 

https://doi.org/10.1016/j.toxlet.2009.02.016 

Salcido-Neyoy, M. E., Sánchez-Pérez, Y., Osornio-Vargas, A. R., Gonsebatt, M. E., 

Meléndez-Zajgla, J., Morales-Bárcenas, R., Petrosyan, P., Molina-Servin, E. D., 

Vega, E., Manzano-León, N., & García-Cuellar, C. M. (2015). Induction of c-Jun 

by air particulate matter (PM₁₀) of Mexico city: Participation of polycyclic 

aromatic hydrocarbons. Environmental pollution (Barking, Essex : 1987), 203, 

175–182. https://doi.org/10.1016/j.envpol.2015.03.051 

Salonen, R. O., Hälinen, A. I., Pennanen, A. S., Hirvonen, M. R., Sillanpää, M., Hillamo, 

R., Shi, T., Borm, P., Sandell, E., Koskentalo, T., & Aarnio, P. (2004). Chemical 

and in vitro toxicologic characterization of wintertime and springtime urban-air 

particles with an aerodynamic diameter below 10 microm in Helsinki. 

Scandinavian journal of work, environment & health, 30 Suppl 2, 80–90. 

Salvi, S., & Holgate, S. T. (1999). Mechanisms of particulate matter toxicity. Clinical and 

experimental allergy: journal of the British Society for Allergy and Clinical 

Immunology, 29(9), 1187–1194. https://doi.org/10.1046/j.1365-

2222.1999.00576.x 



143 

 

 
 

Sanborn, M. D., Abelsohn, A., Campbell, M., & Weir, E. (2002). Identifying and managing 

adverse environmental health effects: 3. Lead exposure. CMAJ: Canadian Medical 

Association journal, 166(10), 1287–1292. 

Sánchez-Guerra, M., & Quintanilla-Vegal, B. (2013). Children environmentally exposed 

to polycyclic aromatic hydrocarbons are at risk of genotoxic effects. n book: 

Handbook of Polycyclic Aromatic Hydrocarbons: Chemistry, Occurrence and 

Health.  NOVA Science Publishers, Inc. 

Sánchez-Pérez, Y., Chirino, Y. I., Osornio-Vargas, Á. R., Herrera, L. A., Morales-

Bárcenas, R., López-Saavedra, A., González-Ramírez, I., Miranda, J., & García-

Cuellar, C. M. (2014). Cytoplasmic p21(CIP1/WAF1), ERK1/2 activation, and 

cytoskeletal remodeling are associated with the senescence-like phenotype after 

airborne particulate matter (PM(10)) exposure in lung cells. Toxicology letters, 

225(1), 12–19. https://doi.org/10.1016/j.toxlet.2013.11.018  

Sánchez-Pérez, Y., Chirino, Y. I., Osornio-Vargas, Á. R., Morales-Bárcenas, R., Gutiérrez-

Ruíz, C., Vázquez-López, I., & García-Cuellar, C. M. (2009). DNA damage 

response of A549 cells treated with particulate matter (PM10) of urban air 

pollutants. Cancer letters, 278(2), 192–200.  

https://doi.org/10.1016/j.canlet.2009.01.010  

Sayan, M., & Mossman, B. T. (2016). The NLRP3 inflammasome in pathogenic particle 

and fibre-associated lung inflammation and diseases. Particle and fibre toxicology, 

13(1), 51. https://doi.org/10.1186/s12989-016-0162-4  

Schecter, A., Päpke, O., Tung, K. C., Joseph, J., Harris, T. R., & Dahlgren, J. (2005). 

Polybrominated diphenyl ether flame retardants in the U.S. population: current 



144 

 

 
 

levels, temporal trends, and comparison with dioxins, dibenzofurans, and 

polychlorinated biphenyls. Journal of occupational and environmental 

medicine, 47(3), 199–211. https://doi.org/10.1097/01.jom.0000158704.27536.d2  

Schilirò, T., Alessandria, L., Degan, R., Traversi, D., & Gilli, G. (2010). Chemical 

characterisation and cytotoxic effects in A549 cells of urban-air PM10 collected in 

Torino, Italy. Environmental toxicology and pharmacology, 29(2), 150–157. 

https://doi.org/10.1016/j.etap.2009.12.005  

Schins, R.P.F., & Hei, T.K. (2007). Genotoxic effects of particles. In: Donaldson K, Borm 

P (eds) Particle Toxicology, 1st edn. New York: CRC Press. 

Schins R. P. (2002). Mechanisms of genotoxicity of particles and fibers. Inhalation 

toxicology, 14(1), 57–78. https://doi.org/10.1080/089583701753338631.  

Schreder, E. D., Uding, N., & La Guardia, M. J. (2016). Inhalation a significant exposure 

route for chlorinated organophosphate flame retardants. Chemosphere, 150, 499–

504. https://doi.org/10.1016/j.chemosphere.2015.11.084 

Schripp, T., Wensing, M., Uhde, E., Salthammer, T., He, C., & Morawska, L. (2008). 

Evaluation of ultrafine particle emissions from laser printers using emission test 

chambers. Environmental science & technology, 42(12), 4338–4343. 

https://doi.org/10.1021/es702426m  

Schulz, H., Harder, V., Ibald-Mulli, A., Khandoga, A., Koenig, W., Krombach, F., 

Radykewicz, R., Stampfl, A., Thorand, B., & Peters, A. (2005). Cardiovascular 

effects of fine and ultrafine particles. Journal of aerosol medicine: The official 

journal of the International Society for Aerosols in Medicine, 18(1), 1–22. 

https://doi.org/10.1089/jam.2005.18.1  



145 

 

 
 

Schwarze, P. E., Ovrevik, J., Låg, M., Refsnes, M., Nafstad, P., Hetland, R. B., & Dybing, 

E. (2006). Particulate matter properties and health effects: consistency of 

epidemiological and toxicological studies. Human & experimental toxicology, 

25(10), 559–579. https://doi.org/10.1177/096032706072520  

Seaton, A., Soutar, A., Crawford, V., Elton, R., McNerlan, S., Cherrie, J., Watt, M., Agius, 

R., & Stout, R. (1999). Particulate air pollution and the blood. Thorax, 54(11), 

1027–1032. https://doi.org/10.1136/thx.54.11.1027  

Seger, R., & Krebs, E. G. (1995). The MAPK signaling cascade. FASEB journal: Official 

publication of the Federation of American Societies for Experimental Biology, 9(9), 

726–735.  

Seguel, J. M., Merrill, R., Seguel, D., & Campagna, A. C. (2016). Indoor Air Quality. 

American journal of lifestyle medicine, 11(4), 284 -295.  

Sekabira, K., Origa, H.O., Basamba, T., Mutumba, G., & Kakudidi, E. (2010). Heavy metal 

assessment and water quality values in urban stream and rain water. International 

Journal of Environmental Science & Technology, 7, 759-770.  

Sevastyanova, O., Binkova, B., Topinka, J., Sram, R. J., Kalina, I., Popov, T., Novakova, 

Z., & Farmer, P. B. (2007). In vitro genotoxicity of PAH mixtures and organic 

extract from urban air particles part II: human cell lines. Mutation research, 620(1-

2), 123–134. https://doi.org/10.1016/j.mrfmmm.2007.03.002 

Shang, Y., Zhang, L., Jiang, Y., Li, Y., & Lu, P. (2014). Airborne quinones induce 

cytotoxicity and DNA damage in human lung epithelial A549 cells: the role of 

reactive oxygen species. Chemosphere, 100, 42–49. 

https://doi.org/10.1016/j.chemosphere.2013.12.079  



146 

 

 
 

Sheppard, D., Distefano, S., Morse, L., & Becker, C. (1986). Acute effects of routine 

firefighting on lung function. American journal of industrial medicine, 9(4), 333–

340. https://doi.org/10.1002/ajim.4700090404  

Sherman, C. B., Barnhart, S., Miller, M. F., Segal, M. R., Aitken, M., Schoene, R., Daniell, 

W., & Rosenstock, L. (1989). Firefighting acutely increases airway responsiveness. 

American review of respiratory disease, 140(1), 185–190. 

https://doi.org/10.1164/ajrccm/140.1.185  

Shetty, S. K., Bhandary, Y. P., Marudamuthu, A. S., Abernathy, D., Velusamy, T., 

Starcher, B., & Shetty, S. (2012). Regulation of airway and alveolar epithelial cell 

apoptosis by p53-Induced plasminogen activator inhibitor-1 during cigarette smoke 

exposure injury. American journal of respiratory cell and molecular biology, 47(4), 

474–483. https://doi.org/10.1165/rcmb.2011-0390OC  

Shi, L., Chen, G., MacDonald, G., Bergeron, L., Li, H., Miura, M., Rotello, R. J., Miller, 

D. K., Li, P., Seshadri, T., Yuan, J., & Greenberg, A. H. (1996). Activation of an 

interleukin 1 converting enzyme-dependent apoptosis pathway by granzyme B. 

Proceedings of the National Academy of Sciences of the United States of America, 

93(20), 11002–11007. https://doi.org/10.1073/pnas.93.20.11002. 

Shrotriya, S., Deep, G., Lopert, P., Patel, M., Agarwal, R., & Agarwal, C. (2015). Grape 

seed extract targets mitochondrial electron transport chain complex III and induces 

oxidative and metabolic stress leading to cytoprotective autophagy and apoptotic 

death in human head and neck cancer cells. Molecular carcinogenesis, 54(12), 

1734–1747. https://doi.org/10.1002/mc.22246 



147 

 

 
 

Simcox, N. J., Fenske, R. A., Wolz, S. A., Lee, I. C., & Kalman, D. A. (1995). Pesticides 

in household dust and soil: exposure pathways for children of agricultural families. 

Environmental health perspectives, 103(12), 1126–1134. 

https://doi.org/10.1289/ehp.951031126  

Sjödin, A., Jones, R. S., Focant, J. F., Lapeza, C., Wang, R. Y., McGahee, E. E., 3rd, Zhang, 

Y., Turner, W. E., Slazyk, B., Needham, L. L., & Patterson, D. G., Jr (2004). 

Retrospective time-trend study of polybrominated diphenyl ether and 

polybrominated and polychlorinated biphenyl levels in human serum from the 

United States. Environmental health perspectives, 112(6), 654–658. 

https://doi.org/10.1289/ehp.112-1241957  

Sjödin, A., Wong, L. Y., Jones, R. S., Park, A., Zhang, Y., Hodge, C., Dipietro, E., 

McClure, C., Turner, W., Needham, L. L., & Patterson, D. G., Jr (2008). Serum 

concentrations of polybrominated diphenyl ethers (PBDEs) and polybrominated 

biphenyl (PBB) in the United States population: 2003-2004. Environmental science 

& technology, 42(4), 1377–1384. https://doi.org/10.1021/es702451p 

Slotkin, T. A., MacKillop, E. A., Ryde, I. T., Tate, C. A., & Seidler, F. J. (2007). Screening 

for developmental neurotoxicity using PC12 cells: comparisons of 

organophosphates with a carbamate, an organochlorine, and divalent nickel. 

Environmental health perspectives, 115(1), 93–101.  

https://doi.org/10.1289/ehp.9527  

Slotkin, T. A., & Seidler, F. J. (2007). Comparative developmental neurotoxicity of 

organophosphates in vivo: transcriptional responses of pathways for brain cell 



148 

 

 
 

development, cell signaling, cytotoxicity and neurotransmitter systems. Brain 

research bulletin, 72(4-6), 232–274.  

https://doi.org/10.1016/j.brainresbull.2007.01.005 

Slotkin, T. A., & Seidler, F. J. (2012). Developmental neurotoxicity of organophosphates 

targets cell cycle and apoptosis, revealed by transcriptional profiles in vivo and in 

vitro. Neurotoxicology and teratology, 34(2), 232–241.  

https://doi.org/10.1016/j.ntt.2011.12.001 

Soberanes, S., Panduri, V., Mutlu, G. M., Ghio, A., Bundinger, G. R., & Kamp, D. W. 

(2006). p53 mediates particulate matter-induced alveolar epithelial cell 

mitochondria-regulated apoptosis. American journal of respiratory and critical 

care medicine, 174(11), 1229–1238. https://doi.org/10.1164/rccm.200602-203OC  

Soberanes, S., Urich, D., Baker, C. M., Burgess, Z., Chiarella, S. E., Bell, E. L., Ghio, A. 

J., De Vizcaya-Ruiz, A., Liu, J., Ridge, K. M., Kamp, D. W., Chandel, N. S., 

Schumacker, P. T., Mutlu, G. M., & Budinger, G. R. (2009). Mitochondrial 

complex III-generated oxidants activate ASK1 and JNK to induce alveolar 

epithelial cell death following exposure to particulate matter air pollution. Journal 

of biological chemistry, 284(4), 2176–2186.  

https://doi.org/10.1074/jbc.M808844200 

Sobus, J. R., Waidyanatha, S., McClean, M. D., Herrick, R. F., Smith, T. J., Garshick, E., 

Laden, F., Hart, J. E., Zheng, Y., & Rappaport, S. M. (2009). Urinary naphthalene 

and phenanthrene as biomarkers of occupational exposure to polycyclic aromatic 

hydrocarbons. Occupational and environmental medicine, 66(2), 99–104. 

https://doi.org/10.1136/oem.2008.041418  



149 

 

 
 

Son, Y., Cheong, Y., Kim, N., Chung, H., Kang, D., & Pae, H. (2011). Mitogen-Activated 

Protein Kinases and Reactive Oxygen Species: How Can ROS Activate MAPK 

Pathways? Journal of Signal Transduction, 2011. 

Squadrito, G. L., Cueto, R., Dellinger, B., & Pryor, W. A. (2001). Quinoid redox cycling 

as a mechanism for sustained free radical generation by inhaled airborne particulate 

matter. Free radical biology & medicine, 31(9), 1132–1138. 

https://doi.org/10.1016/s0891-5849(01)00703-1  

Stapleton, H. M., Eagle, S., Sjödin, A., & Webster, T. F. (2012). Serum PBDEs in a North 

Carolina toddler cohort: associations with handwipes, house dust, and 

socioeconomic variables. Environmental health perspectives, 120(7), 1049–1054. 

https://doi.org/10.1289/ehp.1104802  

Stapleton, H. M., Klosterhaus, S., Keller, A., Ferguson, P. L., van Bergen, S., Cooper, E., 

Webster, T. F., & Blum, A. (2011). Identification of flame retardants in 

polyurethane foam collected from baby products. Environmental science & 

technology, 45(12), 5323–5331. https://doi.org/10.1021/es2007462  

Stapleton, H. M., Sharma, S., Getzinger, G., Ferguson, P. L., Gabriel, M., Webster, T. F., 

& Blum, A. (2012). Novel and high volume use flame retardants in US couches 

reflective of the 2005 PentaBDE phase out. Environmental science & technology, 

46(24), 13432–13439. https://doi.org/10.1021/es303471d 

Stapleton, H. M., Klosterhaus, S., Eagle, S., Fuh, J., Meeker, J. D., Blum, A., & Webster, 

T. F. (2009). Detection of organophosphate flame retardants in furniture foam and 

U.S. house dust. Environmental science & technology, 43(19), 7490–7495. 

https://doi.org/10.1021/es9014019 



150 

 

 
 

State of California. (2016). Chemicals Known to the State to Cause Cancer or Reproductive 

Toxicity. [Accessed 21 July 2016]; Title 27, California Code of Regulations, 

section 27001.  

State of California. Senate Bill No. 1019. (2014). Upholstered furniture: flame retardant 

chemicals. State of California Senate.  

Stefanson, A. L., & Bakovic, M. (2014). Dietary regulation of Keap1/Nrf2/ARE pathway: 

focus on plant-derived compounds and trace minerals. Nutrients, 6(9), 3777–3801. 

https://doi.org/10.3390/nu6093777  

Subedi, B., Sullivan, K. D., & Dhungana, B. (2017). Phthalate and non-phthalate 

plasticizers in indoor dust from childcare facilities, salons, and homes across the 

USA. Environmental pollution (Barking, Essex : 1987), 230, 701–708. 

https://doi.org/10.1016/j.envpol.2017.07.028  

Sun, J., & Nan, G. (2016). The Mitogen-Activated Protein Kinase (MAPK) Signaling 

Pathway as a Discovery Target in Stroke. Journal of molecular neuroscience: MN, 

59(1), 90–98. https://doi.org/10.1007/s12031-016-0717-8 

Sutherland R. A. (2003). Lead in grain size fractions of road-deposited sediment. 

Environmental pollution (Barking, Essex : 1987), 121(2), 229–237. 

https://doi.org/10.1016/s0269-7491(02)00219-1  

Sydbom, A., Blomberg, A., Parnia, S., Stenfors, N., Sandström, T., & Dahlén, S. E. (2001). 

Health effects of diesel exhaust emissions. The European Respiratory Journal, 

17(4), 733–746. https://doi.org/10.1183/09031936.01.17407330 



151 

 

 
 

Tahir, N. M., Chee, P. S., & Jaafar, M. (2007). Determination of heavy metals content in 

soils and indoor dusts from nurseries in Dungun, Terengganu. Journal of Analytical 

Sciences, 11(1), 280–286.  

Takekawa, M., Adachi, M., Nakahata, A., Nakayama, I., Itoh, F., Tsukuda, H., Taya, Y., 

& Imai, K. (2000). p53-inducible wip1 phosphatase mediates a negative feedback 

regulation of p38 MAPK-p53 signaling in response to UV radiation. The EMBO 

journal, 19(23), 6517–6526. https://doi.org/10.1093/emboj/19.23.6517  

Takekawa, M., Maeda, T., & Saito, H. (1998). Protein phosphatase 2Calpha inhibits the 

human stress-responsive p38 and JNK MAPK pathways. The EMBO journal, 

17(16), 4744–4752. https://doi.org/10.1093/emboj/17.16.4744  

Takizawa, H., Tanaka, M., Takami, K., Ohtoshi, T., Ito, K., Satoh, M., Okada, Y., 

Yamasawa, F., & Umeda, A. (2000). Increased expression of inflammatory 

mediators in small-airway epithelium from tobacco smokers. American journal of 

physiology. Lung cellular and molecular physiology, 278(5), L906–L913. 

https://doi.org/10.1152/ajplung.2000.278.5.L906  

Takizawa, H., Tanaka, M., Takami, K., Ohtoshi, T., Ito, K., Satoh, M., Okada, Y., 

Yamasawa, F., Nakahara, K., & Umeda, A. (2001). Increased expression of 

transforming growth factor-beta1 in small airway epithelium from tobacco smokers 

and patients with chronic obstructive pulmonary disease (COPD). American 

journal of respiratory and critical care medicine, 163(6), 1476–1483. 

https://doi.org/10.1164/ajrccm.163.6.9908135 

Takizawa, H., Ohtoshi, T., Kawasaki, S., Kohyama, T., Desaki, M., Kasama, T., 

Kobayashi, K., Nakahara, K., Yamamoto, K., Matsushima, K., & Kudoh, S. (1999). 



152 

 

 
 

Diesel exhaust particles induce NF-kappa B activation in human bronchial 

epithelial cells in vitro: importance in cytokine transcription. Journal of 

immunology (Baltimore, Md. : 1950), 162(8), 4705–4711.  

Tan, S. Y., Praveena, S. M., Abidin, E. Z., & Cheema, M. S. (2016). A review of heavy 

metals in indoor dust and its human health-risk implications. Reviews on 

environmental health, 31(4), 447–456. https://doi.org/10.1515/reveh-2016-0026  

Tao, F., Gonzalez-Flecha, B., & Kobzik, L. (2003). Reactive oxygen species in pulmonary 

inflammation by ambient particulates. Free radical biology & medicine, 35(4), 

327–340. https://doi.org/10.1016/s0891-5849(03)00280-6 

Tchounwou, P. B., Patlolla, A. K., & Centeno, J. A. (2003). Carcinogenic and systemic 

health effects associated with arsenic exposure--a critical review. Toxicologic 

pathology, 31(6), 575–588. https://doi.org/10.1080/01926230390242007  

Terzano, C., Di Stefano, F., Conti, V., Graziani, E., & Petroianni, A. (2010). Air pollution 

ultrafine particles: toxicity beyond the lung. European review for medical and 

pharmacological sciences, 14(10), 809–821.  

Tham, K. (2016). Indoor air quality and its effects on humans—A review of challenges and 

developments in the last 30 years. Energy and Buildings, 130, 637-650.  

Thatcher, T.L., Layton, D.W. (1995). Deposition, resuspension, and penetration of 

particles within a residence. Atmospheric Environment, 29(13), 1487-1497. 

Thomas, W. R., Smith, W. A., & Hales, B. J. (2004). The allergenic specificities of the 

house dust mite. Chang Gung medical journal, 27(8), 563–569.  

Thomson, E. M., Breznan, D., Karthikeyan, S., MacKinnon-Roy, C., Charland, J. P., 

Dabek-Zlotorzynska, E., Celo, V., Kumarathasan, P., Brook, J. R., & Vincent, R. 



153 

 

 
 

(2015). Cytotoxic and inflammatory potential of size-fractionated particulate 

matter collected repeatedly within a small urban area. Particle and fibre toxicology, 

12, 24. https://doi.org/10.1186/s12989-015-0099-z  

Tjoe Ny, E., Heederik, D., Kromhout, H., & Jongeneelen, F. (1993). The relationship 

between polycyclic aromatic hydrocarbons in air and in urine of workers in a 

Söderberg potroom. American Industrial Hygiene Association journal, 54(6), 277–

284. https://doi.org/10.1080/1529866939135468.  

Tong, S. T., & Lam, K. C. (2000). Home sweet home? A case study of household dust 

contamination in Hong Kong.  Science of the total environment, 256(2-3), 115–123. 

https://doi.org/10.1016/s0048-9697(00)00471-x  

Torricelli, A. A., Matsuda, M., Novaes, P., Braga, A. L., Saldiva, P. H., Alves, M. R., & 

Monteiro, M. L. (2014). Effects of ambient levels of traffic-derived air pollution on 

the ocular surface: analysis of symptoms, conjunctival goblet cell count and mucin 

5AC gene expression. Environmental research, 131, 59–63. 

https://doi.org/10.1016/j.envres.2014.02.014  

Tournier, C., Thomas, G., Pierre, J., Jacquemin, C., Pierre, M., & Saunier, B. (1997). 

Mediation by arachidonic acid metabolites of the H2O2-induced stimulation of 

mitogen-activated protein kinases (extracellular-signal-regulated kinase and c-Jun 

NH2-terminal kinase). European Journal of Biochemistry, 244(2), 587–595.  

 https://doi.org/10.1111/j.1432-1033.1997.00587.x 

Tran, T. M., Minh, T. B., Kumosani, T. A., & Kannan, K. (2016). Occurrence of phthalate 

diesters (phthalates), p-hydroxybenzoic acid esters (parabens), bisphenol A 

diglycidyl ether (BADGE) and their derivatives in indoor dust from Vietnam: 



154 

 

 
 

Implications for exposure. Chemosphere, 144, 1553–1559. 

https://doi.org/10.1016/j.chemosphere.2015.10.028 

Trichopoulos, D., Lipworth, L., Petridou, E., Adami, H. O. (1997). Epidemology of cancer. 

In: DeVita VT, Hellman S, Resenberg SA (eds) Cancer, principles and practices 

of oncology. Philadelphia: Lippincott, pp 231–258. 

Tunno, B. J., Dalton, R., Cambal, L., Holguin, F., Lioy, P., Clougherty, J. E. (2016). Indoor 

source apportionment in urban communities near industrial sites. Atmospheric 

Environment, 139, 30–36.  

Turner, A., & Hefzi, B. (2010). Levels and Bioaccessibilities of metals in dusts from an 

arid environment. Water, Air, & Soil Pollution, 210, 483-491. 

Turner A. (2011). Oral bioaccessibility of trace metals in household dust: A review. 

Environmental Geochemistry and Health, 33(4), 331 -341.  

Turner, J., Hernandez, M., Snawder, J. E., Handorean, A., & McCabe, K. M. (2015). A 

toxicology suite adapted for comparing parallel toxicity responses of model human 

lung cells to diesel exhaust particles and their extracts. Aerosol science and 

technology: Journal of the American Association for Aerosol Research, 49(8), 599–

610. https://doi.org/10.1080/02786826.2015.1053559  

U.S. Environmental Protection Agency. [Accessed in 2013]; Polybrominated Diphenyl 

Ethers (PBDEs) Action Plan Summary. Updated 2012.  

U.S. Environmental Protection Agency. Polybrominated Diphenyl Ethers 

(PBDEs) Washington, D.C: [Accessed in 2010]. Updated 2010.  

US Environmental Protection Agency. (2007). Polycyclic organic matter (POM). US EPA 

Home Page. 



155 

 

 
 

USEPA. (2008). Child-specific Exposure Factors Handbook. National Center for 

Environmental Assessment, Office of Research and Development, Washington DC. 

USEPA. (1987). EPA Indoor Air Quality Implementation Plan, EPA/600/8-87/031 

USEPA. (2008). Child-Specific Exposure Factors Handbook. EPA/600/R-06/096F, 

(September), p. 687.  

USEPA. (1997). Exposure Factors Handbook. EPA/600/P-95/002Fa-c. U.S. EPA National 

Center for Environmental Assessment, Office of Research and Development: 

Washington, DC. 

van der Veen, I., & de Boer, J. (2012). Phosphorus flame retardants: properties, production, 

environmental occurrence, toxicity and analysis. Chemosphere, 88(10), 1119–

1153. https://doi.org/10.1016/j.chemosphere.2012.03.067  

Van Eijkeren, J. C., Zeilmaker, M. J., Kan, C. A., Traag, W. A., & Hoogenboom, L. A. 

(2006). A toxicokinetic model for the carry-over of dioxins and PCBs from feed 

and soil to eggs. Food additives and contaminants, 23(5), 509–517. 

https://doi.org/10.1080/02652030500512045  

VDI (Verein deutscher Ingenieure – German Association of Engineers) (2001) Messen von 

Innenraumluftverunreinigungen. Probenahme von Hausstaub (Measurement of 

Indoor Air Pollution. Sampling of House Dust). Guideline No. 4300, Part 8. 

Venugopal, R., & Jaiswal, A. K. (1996). Nrf1 and Nrf2 positively and c-Fos and Fra1 

negatively regulate the human antioxidant response element-mediated expression 

of NAD(P)H:quinone oxidoreductase1 gene. Proceedings of the National Academy 

of Sciences of the United States of America, 93(25), 14960–14965. 

https://doi.org/10.1073/pnas.93.25.14960  



156 

 

 
 

Venugopal, R., & Jaiswal, A. K. (1998). Nrf2 and Nrf1 in association with Jun proteins 

regulate antioxidant response element-mediated expression and coordinated 

induction of genes encoding detoxifying enzymes. Oncogene, 17(24), 3145–3156. 

https://doi.org/10.1038/sj.onc.1202237  

Veronesi, B., de Haar, C., Roy, J., & Oortgiesen, M. (2002). Particulate matter 

inflammation and receptor sensitivity are target cell specific. Inhalation toxicology, 

14(2), 159–183. https://doi.org/10.1080/089583701753403971  

Vidugiris, G., Duellman, S., Shultz, J., Vidugiriene, J., Wang, H., Osterman, J., Zhou, W., 

Meisenheimer, P., & Cali, J. (2015). Madison, WI: Promega Corporation. 

Vincent, J.H. (1995). Aerosol science for industrial hygienists. Oxford: 

Pergamon/Elsevier,.  

Visalli, G., Baluce, B., Bertuccio, M., Picerno, I., & Di Pietro, A. (2015). Mitochondrial-

mediated apoptosis pathway in alveolar epithelial cells exposed to the metals in 

combustion-generated particulate matter. Journal of toxicology and environmental 

health. Part A, 78(11), 697–709. https://doi.org/10.1080/15287394.2015.1024081 

Wade, J. F., 3rd, & Newman, L. S. (1993). Diesel asthma. Reactive airways disease 

following overexposure to locomotive exhaust. Journal of occupational medicine. 

: official publication of the Industrial Medical Association, 35(2), 149–154.  

Waisberg, M., Joseph, P., Hale, B., & Beyersmann, D. (2003). Molecular and cellular 

mechanisms of cadmium carcinogenesis. Toxicology, 192(2-3), 95–117. 

https://doi.org/10.1016/s0300-483x(03)00305-6  

Wan, H., Winton, H. L., Soeller, C., Tovey, E. R., Gruenert, D. C., Thompson, P. J., 

Stewart, G. A., Taylor, G. W., Garrod, D. R., Cannell, M. B., & Robinson, C. 



157 

 

 
 

(1999). Der p 1 facilitates transepithelial allergen delivery by disruption of tight 

junctions. The Journal of clinical investigation, 104(1), 123–133. 

https://doi.org/10.1172/JCI5844  

Wan, H., Winton, H. L., Soeller, C., Taylor, G. W., Gruenert, D. C., Thompson, P. J., 

Cannell, M. B., Stewart, G. A., Garrod, D. R., & Robinson, C. (2001). The 

transmembrane protein occludin of epithelial tight junctions is a functional target 

for serine peptidases from faecal pellets of Dermatophagoides pteronyssinus. 

Clinical and experimental allergy: Journal of the British Society for Allergy and 

Clinical Immunology, 31(2), 279–294. https://doi.org/10.1046/j.1365-

2222.2001.00970.x 

Wang, J., Xing, Y., Xie, Y., Meng, Y., Xia, J., & Feng, X. (2019). The use of calcium 

carbonate-enriched clay minerals and diammonium phosphate as novel 

immobilization agents for mercury remediation: Spectral investigations and field 

applications. Science of the total environment, 646, 1615–1623. 

https://doi.org/10.1016/j.scitotenv.2018.07.225  

Wang, L., Liao, C., Liu, F., Wu, Q., Guo, Y., Moon, H. B., Nakata, H., & Kannan, K. 

(2012). Occurrence and human exposure of p-hydroxybenzoic acid esters 

(parabens), bisphenol A diglycidyl ether (BADGE), and their hydrolysis products 

in indoor dust from the United States and three East Asian countries. Environmental 

science & technology, 46(21), 11584–11593. https://doi.org/10.1021/es303516u 

Wang, W., Huang, M. J., Zheng, J. S., Cheung, K. C., & Wong, M. H. (2013). Exposure 

assessment and distribution of polychlorinated biphenyls (PCBs) contained in 



158 

 

 
 

indoor and outdoor dusts and the impacts of particle size and bioaccessibility. 

Science of the total environment, 463-464, 1201–1209.  

https://doi.org/10.1016/j.scitotenv.2013.04.059 

Wang, Y., Xia, C., Lun, Z., Lv, Y., Chen, W., & Li, T. (2018). Crosstalk between p38 

MAPK and caspase-9 regulates mitochondria-mediated apoptosis induced by tetra-

α-(4-carboxyphenoxy) phthalocyanine zinc photodynamic therapy in LoVo cells. 

Oncology reports, 39(1), 61–70. https://doi.org/10.3892/or.2017.6071  

Wang, G., Zhao, J., Jiang, R., & Song, W. (2015). Rat lung response to ozone and fine 

particulate matter (PM2.5) exposures. Environmental toxicology, 30(3), 343–356. 

https://doi.org/10.1002/tox.21912  

Ward, M. H., Colt, J. S., Metayer, C., Gunier, R. B., Lubin, J., Crouse, V., Nishioka, M. 

G., Reynolds, P., & Buffler, P. A. (2009). Residential exposure to polychlorinated 

biphenyls and organochlorine pesticides and risk of childhood leukemia. 

Environmental health perspectives, 117(6), 1007–1013.  

https://doi.org/10.1289/ehp.0900583  

Watkins, D. J., McClean, M. D., Fraser, A. J., Weinberg, J., Stapleton, H. M., Sjödin, A., 

& Webster, T. F. (2011). Exposure to PBDEs in the office environment: evaluating 

the relationships between dust, handwipes, and serum. Environmental health 

perspectives, 119(9), 1247–1252. https://doi.org/10.1289/ehp.1003271  

Webster, T. F., Harrad, S., Millette, J. R., Holbrook, R. D., Davis, J. M., Stapleton, H. M., 

Allen, J. G., McClean, M. D., Ibarra, C., Abdallah, M. A., & Covaci, A. (2009). 

Identifying transfer mechanisms and sources of decabromodiphenyl ether (BDE 



159 

 

 
 

209) in indoor environments using environmental forensic microscopy. 

Environmental science & technology, 43(9), 3067–3072.  

https://doi.org/10.1021/es803139w  

Weichenthal, S. A., Godri-Pollitt, K., & Villeneuve, P. J. (2013). PM2.5, oxidant defence 

and cardiorespiratory health: a review. Environmental health: A global access 

science source, 12, 40. https://doi.org/10.1186/1476-069X-12-40  

Weschler, C. (2009). Changes in indoor pollutants since the 1950s. Atmospheric 

Environment, 43(1), 153-169.  

Weschlera, C. J., Nazaroff, W. W. (2008). Semivolatile organic compounds in indoor 

environments. Atmos. Environ. 42(40), 9018–9040. 

Wessels, A., Birmili, W., Albrecht, C., Hellack, B., Jermann, E., Wick, G., Harrison, R. 

M., & Schins, R. P. (2010). Oxidant generation and toxicity of size-fractionated 

ambient particles in human lung epithelial cells. Environmental science & 

technology, 44(9), 3539–3545. https://doi.org/10.1021/es9036226 

Whicker, C. L., Hayes, W. J., Khoo, C. S., Bhathal, R. S. (1997). Heavy metals in ceiling 

dust of some Sydney houses, New South Wales, Australia. Journal of Proc. Roy. 

Soc. NSW, 130(3e4), 65e78. 

Whitehead, T., Metayer, C., Buffler, P., & Rappaport, S. M. (2011). Estimating exposures 

to indoor contaminants using residential dust. Journal of Exposure Science and 

Environmental Epidemiology, 21(6),549–564.  

Whitehead, T., Metayer, C., Gunier, R. B., Ward, M. H., Nishioka, M. G., Buffler, P., & 

Rappaport, S. M. (2011). Determinants of polycyclic aromatic hydrocarbon levels 



160 

 

 
 

in house dust. Journal of exposure science & environmental epidemiology, 21(2), 

123–132. https://doi.org/10.1038/jes.2009.68  

Whyatt, R. M., Camann, D. E., Kinney, P. L., Reyes, A., Ramirez, J., Dietrich, J., Diaz, D., 

Holmes, D., & Perera, F. P. (2002). Residential pesticide use during pregnancy 

among a cohort of urban minority women. Environmental Health Perspectives, 

110(5), 507–514. https://doi.org/10.1289/ehp.02110507  

Wickenden, J. A., Clarke, M. C., Rossi, A. G., Rahman, I., Faux, S. P., Donaldson, K., & 

MacNee, W. (2003). Cigarette smoke prevents apoptosis through inhibition of 

caspase activation and induces necrosis. American journal of respiratory cell and 

molecular biology, 29(5), 562–570. https://doi.org/10.1165/rcmb.2002-0235OC 

Wild, A. C., Moinova, H. R., & Mulcahy, R. T. (1999). Regulation of gamma-

glutamylcysteine synthetase subunit gene expression by the transcription factor 

Nrf2. The Journal of biological chemistry, 274(47), 33627–33636. 

https://doi.org/10.1074/jbc.274.47.33627 

Wiles, F. J., Johnston, J. R., Le Roux, A. F., & Churchill, A. R. (1982). Acute exposure to 

gold mine dust--a bronchial challenge test?. The Annals of Occupational Hygiene, 

26(1-4), 663–675. 

Willers, S., Gerhardsson, L., & Lundh, T. (2005). Environmental tobacco smoke (ETS) 

exposure in children with asthma-relation between lead and cadmium, and cotinine 

concentrations in urine. Respiratory Medicine, 99(12), 1521–1527. 

https://doi.org/10.1016/j.rmed.2005.03.017  

Wilson, N. K., Chuang, J. C., Lyu, C., Menton, R., & Morgan, M. K. (2003). Aggregate 

exposures of nine preschool children to persistent organic pollutants at day care and 



161 

 

 
 

at home. Journal of Exposure Analysis and Environmental Epidemiology, 13(3), 

187–202. https://doi.org/10.1038/sj.jea.7500270  

Winter, M. C., Shasby, S. S., Ries, D. R., & Shasby, D. M. (2006). PAR2 activation 

interrupts E-cadherin adhesion and compromises the airway epithelial barrier: 

protective effect of beta-agonists. American Journal of Physiology. Lung Cellular 

and Molecular Physiology, 291(4), L628–L635. 

https://doi.org/10.1152/ajplung.00046.2006  

World Health Organization (WHO). Burden of Disease from Household Air Pollution for 

2016. Available online: 

https://www.who.int/airpollution/data/HAP_BoD_results_May2018_final.pdf 

(accessed on 30 March 2020). 

World Health Organization. [(accessed on 21 August 2019)]. Assessment of Combined 

Exposures to Multiple Chemicals: Report of a WHO/IPCS International Workshop 

on Aggregate/Cumulative Risk Assessment. 

Wormuth, M., Scheringer, M., Vollenweider, M., & Hungerbühler, K. (2006). What are 

the sources of exposure to eight frequently used phthalic acid esters in Europeans?. 

Risk analysis: An official Publication of the Society for Risk Analysis, 26(3), 803–

824. https://doi.org/10.1111/j.1539-6924.2006.00770.x 

Xia, T., Kovochich, M., Liong, M., Mädler, L., Gilbert, B., Shi, H., Yeh, J. I., Zink, J. I., 

& Nel, A. E. (2008). Comparison of the mechanism of toxicity of zinc oxide and 

cerium oxide nanoparticles based on dissolution and oxidative stress properties. 

ACS Nano, 2(10), 2121–2134. https://doi.org/10.1021/nn800511k  



162 

 

 
 

Xia, T., Kovochich, M., Liong, M., Zink, J. I., & Nel, A. E. (2008). Cationic polystyrene 

nanosphere toxicity depends on cell-specific endocytic and mitochondrial injury 

pathways. ACS Nano, 2(1), 85–96. https://doi.org/10.1021/nn700256c  

Xiang, P., He, R. W., Liu, R. Y., Li, K., Gao, P., Cui, X. Y., Li, H., Liu, Y., & Ma, L. Q. 

(2018). Cellular responses of normal (HL-7702) and cancerous (HepG2) hepatic 

cells to dust extract exposure. Chemosphere, 193, 1189–1197. 

https://doi.org/10.1016/j.chemosphere.2017.11.123  

Xing, Y., Wang, J., Xia, J., Liu, Z., Zhang, Y., Du, Y., & Wei, W. (2019). A pilot study on 

using biochars as sustainable amendments to inhibit rice uptake of Hg from a 

historically polluted soil in a Karst region of China. Ecotoxicology and 

Environmental Safety, 170, 18–24. https://doi.org/10.1016/j.ecoenv.2018.11.111.  

Xu, F., Giovanoulis, G., van Waes, S., Padilla-Sanchez, J. A., Papadopoulou, E., Magnér, 

J., Haug, L. S., Neels, H., & Covaci, A. (2016). Comprehensive Study of Human 

External Exposure to Organophosphate Flame Retardants via Air, Dust, and Hand 

Wipes: The Importance of Sampling and Assessment Strategy. Environmental 

Science & Technology, 50(14), 7752–7760.  

https://doi.org/10.1021/acs.est.6b00246 

Yaghi, B., & Abdul-Wahab, S. (2004). Levels of heavy metals in outdoor and indoor dusts 

in Muscat, Oman. International Journal of Environmental Studies, 61, 307 - 314.  

Yang, G. Y., Schielke, G. P., Gong, C., Mao, Y., Ge, H. L., Liu, X. H., & Betz, A. L. 

(1999). Expression of tumor necrosis factor-alpha and intercellular adhesion 

molecule-1 after focal cerebral ischemia in interleukin-1beta converting enzyme 

deficient mice. Journal of Cerebral Blood Flow and Metabolism: Official Journal 



163 

 

 
 

of the International Society of Cerebral Blood Flow and Metabolism, 19(10), 1109–

1117. https://doi.org/10.1097/00004647-199910000-00007. 

Yi, S., Zhang, F., Qu, F., & Ding, W. (2014). Water-insoluble fraction of airborne 

particulate matter (PM10 ) induces oxidative stress in human lung epithelial A549 

cells. Environmental Toxicology, 29(2), 226–233.  

https://doi.org/10.1002/tox.21750  

Yu, Y. X., Pang, Y. P., Li, C., Li, J. L., Zhang, X. Y., Yu, Z. Q., Feng, J. L., Wu, M. H., 

Sheng, G. Y., & Fu, J. M. (2012). Concentrations and seasonal variations of 

polybrominated diphenyl ethers (PBDEs) in in- and out-house dust and human 

daily intake via dust ingestion corrected with bioaccessibility of PBDEs. 

Environment International, 42, 124–131. 

 https://doi.org/10.1016/j.envint.2011.05.012  

Yu, B., Wang, Y., & Zhou, Q. (2014). Human health risk assessment based on toxicity 

characteristic leaching procedure and simple bioaccessibility extraction test of toxic 

metals in urban street dust of Tianjin, China. PloS One, 9(3), e92459. 

https://doi.org/10.1371/journal.pone.0092459 

Zarcone, M. C., Duistermaat, E., van Schadewijk, A., Jedynska, A., Hiemstra, P. S., & 

Kooter, I. M. (2016). Cellular response of mucociliary differentiated primary 

bronchial epithelial cells to diesel exhaust. American journal of physiology. Lung 

Cellular and Molecular Physiology, 311(1), L111–L123.  

https://doi.org/10.1152/ajplung.00064.2016  

Zhang, Q., Ji, C., Yin, X., Yan, L., Lu, M., & Zhao, M. (2016). Thyroid hormone-disrupting 

activity and ecological risk assessment of phosphorus-containing flame retardants 



164 

 

 
 

by in vitro, in vivo and in silico approaches. Environmental Pollution (Barking, 

Essex : 1987), 210, 27–33. https://doi.org/10.1016/j.envpol.2015.11.051 

Zhang, Q., Lu, M., Dong, X., Wang, C., Zhang, C., Liu, W., et al. (2014). Potential 

estrogenic effects of phosphorus-containing flame retardants. Environmental 

Science and Technology 48(12), 6995–7001. 

  DOI:10.1021/es5007862 

Zhang, X., Sühring, R., Serodio, D., Bonnell, M., Sundin, N., & Diamond, M. L. (2016). 

Novel flame retardants: Estimating the physical-chemical properties and 

environmental fate of 94 halogenated and organophosphate PBDE replacements. 

Chemosphere, 144, 2401–2407. 

https://doi.org/10.1016/j.chemosphere.2015.11.017 

Zhang, W. H., Wang, X., Narayanan, M., Zhang, Y., Huo, C., Reed, J. C., & Friedlander, 

R. M. (2003). Fundamental role of the Rip2/caspase-1 pathway in hypoxia and 

ischemia-induced neuronal cell death. Proceedings of the National Academy of 

Sciences of the United States of America, 100(26), 16012–16017. 

https://doi.org/10.1073/pnas.2534856100  

Zhang, Q., Lu, X. M., Zhang, X. L., Sun, Y. G., Zhu, D. M., Wang, B. L., & Zhang, Z. D. 

(2013). Levels of phthalate esters in settled house dust from urban dwellings with 

young children in Nanjing, China. Atmospheric Environment, 69, 258-264. 

Zhang, W., & Liu, H. T. (2002). MAPK signal pathways in the regulation of cell 

proliferation in mammalian cells. Cell Research, 12(1), 9–18. 

 https://doi.org/10.1038/sj.cr.7290105  



165 

 

 
 

Zhang, Y., Schauer, J. J., Shafer, M. M., Hannigan, M. P., & Dutton, S. J. (2008). Source 

apportionment of in vitro reactive oxygen species bioassay activity from 

atmospheric particulate matter. Environmental Science & Technology, 42(19), 

7502–7509. https://doi.org/10.1021/es800126y 

Zheng, N., Liu, J., Wang, Q., & Liang, Z. (2010). Health risk assessment of heavy metal 

exposure to street dust in the zinc smelting district, Northeast of China. Science of 

the Total Environment, 408(4), 726–733.  

https://doi.org/10.1016/j.scitotenv.2009.10.075  

Zhu, B. Q., Sun, Y. P., Sievers, R. E., Isenberg, W. M., Glantz, S. A., & Parmley, W. W. 

(1993). Passive smoking increases experimental atherosclerosis in cholesterol-fed 

rabbits. Journal of the American College of Cardiology, 21(1), 225–232. 

https://doi.org/10.1016/0735-1097(93)90741-i  

Zhu, Q., Jia, J., Zhang, K., Zhang, H., Liao, C., & Jiang, G. (2019). Phthalate esters in 

indoor dust from several regions, China and their implications for human exposure. 

Science of the Total Environment, 652, 1187–1194. 

https://doi.org/10.1016/j.scitotenv.2018.10.326 

Zorov, D. B., Juhaszova, M., & Sollott, S. J. (2014). Mitochondrial reactive oxygen species 

(ROS) and ROS-induced ROS release. Physiological Reviews, 94(3), 909–950. 

https://doi.org/10.1152/physrev.00026.2013  

Zota, A. R., Rudel, R. A., Morello-Frosch, R. A., & Brody, J. G. (2008). Elevated house 

dust and serum concentrations of PBDEs in California: unintended consequences 

of furniture flammability standards?. Environmental Science & Technology, 

42(21), 8158–8164. https://doi.org/10.1021/es801792z 


	Characterization of Indoor Dust-Derived Trace Elements and Organic Contaminants Impact on Human Lung Cells
	Recommended Citation

	tmp.1668027590.pdf.UNcb_

