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ABSTRACT 

 

Polycyclic Aromatic Hydrocarbons (PAHs) are known to be major contributors to indoor, 

outdoor and occupational microenvironments. The objective of this study was to estimate 

lifetime cancer risk caused by the 16 possible carcinogenic PAHs, based on an inhalation risk 

assessment for three microenvironments, comparing them and assessing the health risk of 

exposure.  A literature-based study was conducted using previous studies that provided 

concentrations of PAHs in indoor, outdoor and occupational air (inhalation) exposures.  Five 

articles were used as source of data which was later analysed using both the old Risk Assessment 

Guidelines for Superfund (RAGs) and the new US EPA Inhalation Dosimetry Methodology 

(DOS) with the aim to estimate the extra cancer risk obtained in a population of a million people.  

Results of the intermittent exposure scenario showed an estimated 0.036 and 0.035 extra cancer 

cases per million people according to RAGs and DOS respectively among the park visitors, and 

0.36 and 0.37 estimated extra cancer cases per million people according to RAGs and DOS 

respectively among pilgrims visiting temple functions.  Occupational exposure scenarios had the 

carbon black industry workers divided into two, packing workers and pelletizing workers.  

Packing workers had the highest risk of about 49 and 32 estimated extra cancer cases per million 

people according to RAGs and DOS respectively, while pelletizing workers had an estimated 

extra cancer risk of about 22 and 15 cancer cases per million people according to RAGs and 

DOS respectively.  A residential exposure scenario showed a rural home in North India where 

people were cooking with a mixture of plant residues and dung.  This scenario showed the 

highest estimated cancer risk with 59 and 55 extra cancer cases per million, according to RAGs 

and DOS respectively.  This was equivalent to ambient traffic air exposure in Germany which 

led an estimated 59 and 55 extra cancer cases per million people, according to RAGs and DOS 

respectively.  The findings of this report support the conclusion that residential exposure in the 

three microenvironments poses a greater lifetime cancer risk to people in developing nations as 

compared to those in the developed world.  
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CHAPTER 1: INTRODUCTION 

1.1. Background 

Globally more than half of the world‘s households cook their food using unprocessed solid fuel 

which generates indoor noxious pollutants (Smith 1990). The indoor air pollution problem is 

further exacerbated by cooking in a common place lacking good ventilation, in which many 

people spend as much as 80-90% of their lives. Poverty condemns half of the human population 

to cook with solid fuels or inefficient stoves.  Smoke in the home from these cook stoves is the 

fourth greatest risk factor for death and disease in the world‘s poorest countries, after 

underweight and malnutrition, unsafe sex, water and sanitation.  It is linked to 1.6 million deaths 

per year. Yet the international community has largely neglected it (Bruce et al., 2000).  The 

majority of casualties are women and children who spend a considerable time around the 

cooking fire.  Reducing indoor air pollution across the developing world would contribute 

significantly to achieve the internationally agreed Millennium Development Goals, in particular 

the aim to reduce child mortality by two-thirds by 2015 (United Nation Millennium Declaration 

2000). Indoor air pollution is a major public health threat requiring greatly increased efforts in 

research and policy-making.  Research on its health effects should be increased. A more 

systematic approach to the development and evaluation of interventions is desirable, with clearer 

recognition of the interrelationships between various contributing factors like social-economic 

status, microenvironment, and duration of exposure (Bruce et al., 2000). 

1.2. Problem Statement 

Air pollution is a significant cause of morbidity and mortality.  The greatest health impact from 

air pollution worldwide occurs among the poorest and the most vulnerable populations.  The 

amount of exposure in terms of the number of people, exposure intensity and time spent exposed 

is far greater in the developing world (Smith 1993). Approximately 76% of all global particulate 

matter air pollution occurs in the developing world—mostly in indoor environments. 

Concentrations of particulate matter in indoor air can be extremely high when biomass fuels such 

as wood-crop residue and dung, or coal are used for cooking or heating.  Indoor concentrations 
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of up to 2,000-5,000 µg/m
3
 of total suspended particulate matter have been measured in some 

circumstances when cooking with biomass fuel in developing countries (WHO 2000). 

An enormous health burden results from indoor air pollution caused by the use of biomass fuels.  

There is now evidence linking an increased risk of respiratory tract infection, cardiovascular 

disease, stroke, eye disease, tuberculosis (TB), cancer and higher hospital admissions with air 

pollution levels (Fullerton et al., 2008).  

Concerning the influence of outdoor air on indoor air quality, studies reveal that the presence of 

potentially carcinogenic 4-6 ring polycyclic aromatic hydrocarbons (PAHs) in indoor air is 

strongly associated with infiltration of PAHs from outdoor air originating mainly from vehicle 

emissions.  Diffusion of pollutants from outdoor air is influenced by several factors such as 

geographic location, pollutant concentrations in outdoor air, type of residence and type of 

ventilation (Fischer et al., 2000; Sanderson and Farant, 2004). 

Epidemiological studies have shown an increased incidence of lung cancer in various industrial 

settings with high exposure to PAHs (IARC, 1984; Boffetta et al., 1997). Exposure from 

chimney sweeping and during coal processing (gasification, coke production and coal tar 

distillation) as well as during paving/roofing with coal tar pitch and during aluminum production 

were categorized as risky settings by the International Agency for Research on Cancer (IARC 

2009). 

1.3. Objective 

The main objective of this study was to conduct a literature-based research using previous 

studies that provided concentrations of polycyclic aromatic hydrocarbons (PAHs) in indoor, 

outdoor and occupational air (inhalation) exposures.  In a further step the cancer risks based on 

the inhalation exposure in the three above mentioned microenvironments were quantified, 

compared and the health risks assessed for exposure to these substances (16PAHs).  For cancer 

risk assessment two risk assessment methodologies were used and compared, based on the extra 

cancer risk obtained in a population of a million people.  Individual microenvironments were 

also compared across a broad range of geographical locations.  Last but not least, the health and 

environmental impact was assessed between both developed and developing countries. 
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1.4. Thesis Layout 

In addition to the introduction, this dissertation consists of four chapters.  Chapter two is a 

literature review that includes a brief description (with names and structure) of the 16 PAHs, 

their sources in the various micro-environments and their toxicological aspects and human health 

effects.  Chapter three first describes the selected studies, and how/why they were selected.  The 

methodology of this chapter focuses on the two EPA procedures used for calculating inhalation 

exposures and on the procedure for determining Lifetime Cancer Risk.  Chapter four presents the 

results obtained during the risk assessment calculation for the three microenvironments and the 

discussions.  The last chapter presents the conclusions of the study and the recommendations on 

how to deal with the identified problems. 
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CHAPTER 2: LITERATURE REVIEW 

2.1. Polycyclic Aromatic Hydrocarbons 

The term polycyclic aromatic hydrocarbons (PAHs) is the common term used for a broad class 

of compounds known as polycyclic organic matter (POM), having all organic structures 

containing two or more fused aromatic rings.  These structures can contain the elements carbon, 

hydrogen, oxygen, nitrogen and sulfur (WHO 2010).  PAHs have been categorized as hazardous 

(carcinogenic) contaminants of the present ambient air environment. Figure 2.1. gives the 

structures and names of the 16 PAHs identified as priority pollutants by the United States 

Environmental Protection Agency (US EPA 1997).  They include acenaphthene (Ace), 

acenaphthylene (Acy), anthracene (Ant), benzo(b)fluoranthene (B[b]Flant), benzo (ghi) perylene 

(B[g,h,i]Per), benzo(k)fluoranthene (B[k]Flant), chrysene (Chry), dibenzo(a,h)anthracene 

(D[a,h]Ant), fluoranthene(Flant), fluorene (Fluor), indeno (1,2,3-cd)pyrene (Ind[1,2,3-cd]pyr), 

naphthalene (Naph), phenanthrene (Phen), pyrene (Pyr), Benzo(a)anthracene (B[a]Ant) and 

benzo(a)pyrene (B[a]P).  

2.2. Distribution of PAHs in Particulate and Gaseous Phases 

PAHs belong to the class of semi-volatile organic contaminants and occur in both gaseous and 

particulate phase in the atmosphere.  The vapor-particle partition exhibits a strong dependence on 

the molecular weight. Whereas low molecular weight PAHs tend to have a higher concentration 

in the vapor phase, higher molecular weight compounds are often associated with the particulates 

(Bi et al., 2003). 

The ambient air PAHs distribution between particulate and vapor phases is predominantly 

dependent on the physical characteristics of the compounds themselves and on the environmental 

situation such as temperature and humidity (Masih et al., 2010) 

Particle matter (PM) is a mixture of various sized ambient particles that have toxic chemicals 

associated with them (Ohura et al., 2004).  These particles are distributed bimodally into two 

fractions, being fine particles with an aerodynamic diameter of 0.5µm and coarse particles with a 

diameter of 20µm (Wilson and Suh 1997).  Fine and coarse particles differ in many aspects, 
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other than size, such as for instance source of origin, composition, and half-life (Weeman and 

Cass, 1998).  Fine particulates are produced mainly during combustion processes, for instance 

soot. Diesel engine exhaust particles are secondary reaction products of sulfur oxide, nitrogen 

oxide and hydrocarbons (Pun and Seigneur, 2001). 

The half-life of fine particles is ―days‖ or ―weeks‖.  Coarse particles are generated primarily 

from re-suspended dust (soil and street dust).  Particles with a diameters <2.5µm (PM 2.5) are of 

greatest health concern because when inhaled, they can be deposited more deeply in the lung 

than course particles.  A combination of toxic chemicals with fine particles can have a special 

deleterious effect on human health (Wilson and Shu 1997; Pope et al., 1995a; Ohura et al., 

2004). 
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Figure 2.1. Structures of the 16 PAHs identified as priority pollutants by the U.S. Environmental 

Protection Agency. 

2.3. Sources and Pathways of Exposure 

The mixture of PAHs varies from place to place and from time to time.  Sources of airborne 

PAHs include various mobile-source combustions, as well as industrial and domestic processes.  

In populated areas, the principal emission source in ambient air is exhaust or smoke from 

combustion of gasoline, diesel fuel and home heating oil.  In addition, there are industrial and 

municipal sources that can have a significant effect on human exposure, although most PAHs 

have no commercial uses (HEI 2007).  PAHs mainly resulting from incomplete combustion and 

occur primarily as airborne particles. Emission sources include vehicle-fuel combustion, 

cigarette smoking, road paving and roof tarring, as well as meat grilling and wood burning.  



11 

 

Residential wood burning is believed to be the largest source in urban areas (Bostrom et al., 

2002). 

2.4. The Various Microenvironments and Principal Sources of PAHs  

2.4.1. Indoor Air Pollution  

There are numerous sources that contribute to indoor air pollution such as mosquito repellants, 

incense burning, tobacco smoke and biomass used as fuels. These are of particular interest in 

relation to indoor air pollution. 

(i) Mosquito Repellants  

Mosquito coils are made of biomass base materials impregnated with insecticides.  Through slow 

and steady combustion (smoldering), a mosquito coil evaporates insecticides that prevent 

mosquitoes from entering indoor environments.  The use of mosquito repellants helps to reduce 

or prevent mosquito bites that may lead to not only discomfort but also mosquito-borne diseases 

such as malaria and West Nile virus illness.  Mosquito coils have been and are still the most 

commonly used mosquito repellant worldwide.  According to information from the 

manufacturers, it is estimated that 45-50 billion mosquito coils are used annually by 

approximately two billion people worldwide.  To be effective mosquito coils are typically used 

indoor primarily at night during sleeping hours, with limited ventilation.    Although mosquito 

coils are most likely impregnated with pyrethrins which are not particularly harmful to humans, 

the smoldering combustion condition is ideal for generating products of incomplete combustion 

(PICs) (Abubakar and Hassan, 2007; Zhanget et al., 1991; Morello et al., 2006; Lukwa and 

Chandiwana, 1998). 

These PICs are not different from those emitted from other types of biomass combustion (e.g 

wood burning and tobacco smoking) and include fine particles, carbon monoxide and numerous 

volatile organic compounds (VOCs). Some of the PICs emitted can be classified as carcinogenic  

(e.g. carcinogenic polycyclic aromatic hydrocarbons, formaldehyde, benzene) and some are eyes 

and respiratory tract irritants (e.g. aldehydes)(Chen et al., 2008). 
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(ii) Incense Burning 

 Incense burning is associated with many cultures and religions of the world.  Not until the 

1960s, however, did researchers suspected that incense smoke might be a contributing factor to 

the high incidence of certain cancers ( Lowengart et al., 1987).   

Schoental and Gibbard 1967 first identified several carcinogenic polycyclic aromatic 

hydrocarbons (PAHs) in incense smoke condensates (e.g., benzo[a]pyerene).  Sato et al., 1980, 

found that incense smoke condensates showed mutagenic activity in Salmonella typhimurium 

strains TA98 and TA100.  Rasmussen (1987) reported mutagenic activity in Salmonella 

typhimurium TA100 and TA104 for both particulate and vapor phase extracts from incense 

smoke. 

 (iii) Biomass Fuel 

Studies from developing countries report average particulate concentrations that are 10 or more 

times higher than the U.S Environmental Protection Agency Standards (Albalak et al., 1999; 

Smith et al., 1983). 

The World Health Organization (WHO 2000) has estimated that as many as 2 million people in 

developing countries die prematurely every year from exposure to the combustion products of 

household solid fuels.  Even where cleaner more sophisticated fuels are available, households in 

developing countries continue to rely on biomass fuel for cooking and heating mainly due to the 

cost and the lack of suitable appliances.  The transition to cleaner fuels is further hindered by a 

number of socio-cultural factors and practical considerations.  The flavor of the food cooked 

with biomass is sometimes preferred to that cooked with commercial fuels.  Biomass fuel cook 

stoves are also often used for space heating and drying food (Smith 1987).  Significantly, 50-

75% of particulate matter containing the PAHs generated during combustion of various cooking 

fuels, occur in the repirable size (fine particle) range (Raiyani et al., 1993). 

In developing countries, women spending long periods in poorly ventilated cooking areas with 

open fire stoves, are at the greatest risk.  The most common traditional fuels are wood, coal, 

kerosene, agricultural residue and animal wastes.  Around 2 billion people rely on these fuels to 

meet most of their energy needs, amounting to around 25% of the total energy consumption in 
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these countries. Table 2.1. provides indoor particulate levels from biomass combustion as 

determined in recent studies in developing countries. 
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Table 2.1. Indoor particle air pollution from biomass combustion in developing countries: 

partial list of studies measuring area concentrations (Smith 1996) 

 

Source: WHO (2006) Air Quality Guidelines updated 2005, World Health Organization, 

Copenhagen  
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2.4.2. Outdoor Air Pollution with Respect to Indoor Air Pollution with PAHs. 

Vehicular emissions are often cited as an important source of PAHs in air. People living in urban 

areas characterized by high levels of petro-chemical pollution are apparently at a greater risk of 

developing lung cancer than those in areas with less pollution (Yang 1999). 

A special report by the EERC (Environmental Economic Research Committee) mentioned that 

ambient air pollution due to PAHs, both in rural and urban areas, is an environmental health 

hazard and is largely due to car exhaust fumes and emissions from biomass fuel combustion. 

Gasoline/diesel exhaust emissions constitute the most important source of PAH pollution in 

urban India.  Busy traffic channels are the most polluted sites.  A considerable number of 

subjects such as road-side venders, traffic constables and controllers, cycle riksha or trolley 

pullers and daily commuters in these areas get exposed to PAHs every day. 

2.4.3. Occupational Microenvironment 

As already indicated above, polycyclic aromatic hydrocarbons (PAHs) are produced by 

automobile engines and during waste incineration, industrial processes, cigarette smoking, food 

broiling and agricultural waste burning.  Therefore, humans are easily exposed to these 

ubiquitous compounds in their work place or living environments.  Due to very high 

concentrations of PAHs in certain work places (e.g., where carbon and coal products are 

processed) exposure doses and cancer risk to those workers have been well studied (Kuo et al., 

2008). 

2.5. Toxicology 

The biological properties of the majority of PAHs are not yet fully understood.  Benzo(a)pyrene 

and 7,12 dimethylbenzo(a)anthracene are the most studied PAHs.  The majority of the available 

toxicological information on PAHs is related to these compounds (HEI 2007). 

2.5.1. Biochemistry and Metabolism 

The biotransformation of PAHs is predominantly catalyzed by cytochrome P450-dependent 

monooxygenenases.  The 1A1 and 1B1  of cytochrome P450 in animals and humans have been 

identified as being the most involved in biotrasforming various carcinogenic PAHs to DNA-

reactive diol-expoxides.  These two major P450 forms are enzymes that are expressed in many 
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mammalian tissues, either upon aryl hydrocarbon receptor-mediated induction (P450 1A1) or 

both constitutively and upon receptor-mediated induction (P450, 1B1) (WHO 1998).  

Benzo(a)pyrene is the most studied PAH.  The compound is activated through the initial 

formation of (+) benzo(a)pyrene-7,8-epoxide and its subsequent dihydrodiol (via epoxide 

hydrolase), which is subsequently activated to the ultimate reactive intermediate, (+) anti-

benzo(a)pyrene-7,8-dihydrodiol-9,10-epoxide. The latter compound can covalently interact with 

cellular DNA (WHO 1998; HEI 2007).  A second pathway involves the induction of oxidative 

stress due to redox cycling PAH-quinones, which can lead to 8-OH-dG (8-hydroxy-2‘-

deoxyguanosine) a major form of oxidative DNA damage (Burczynski et al., 1999). 

2.5.2. Carcinogenicity 

Studies have shown tracheal papillomas and carcinomas in hamsters from inhalation exposure to 

benzo(a)pyrene, and squamous-cell tumors of the lung in rats from inhalation exposure to PAH 

mixtures.  Leukemia and tumors in the liver, mammary glands, respiratory tract, and 

gastrointestinal tract were found in animals after oral exposure to benzo(a)pyrene, 

benz(a)anthracene, and dibenz(a,h)anthracene.  The ability of inhaled benzo(a)pyrene to cause 

lung cancer can be enhanced by co-exposure to other substances, such as cigarette smoke, 

asbestos, and (probably) other airborne particles.  The result of skin studies indicate that 

benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluranthene, benzo(j)fluoranthene, 

benzo(k)fluoranthene, chrysene, dibenz(a,h)anthracene, and indeno(1,2,3-cd)pyrene are 

tumorigenic in rats and mice.  Although many of these studies would be considered inadequate 

by current standards, the results nevertheless indicate that these PAHs can induce tumors by 

acting as both tumor initiators and promoters (HEI 2007). 

2.6. Human Health Effects 

2.6.1. Biomarker for Evaluation of Exposure 

According to the WHO, report on selected compounds, internal exposure to PAHs has been 

assessed mostly by measuring 1-hydroxypyrene in urine or aromatic bulky DNA adducts in 

peripheral lymphocytes in humans. It is further noted that 1-hydroxypyrene, a biotransformation 

product of the non-carcinogenic pyrene which is detectable in urine, may be used as a general 
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biomarker of exposure to PAHs indicating total exposure (e.g., food, ambient air and all 

exposure routes) to pyrene-containing PAH mixtures.  A good correlation between the PAH 

concentration in the air and urine 1-hydroxypyrene has been observed in several occupational 

environments.  Individual studies have shown a significant correlation in residential exposures 

with indoor PAH sources, such as ETS (Environmental Tobacco Smoke), cooking practices and 

burning of coal for heating (WHO, 2010). 

2.6.2. Carcinogenic Effects of Exposure to PAHs 

A study by an IARC working group evaluated a number of occupational exposures to PAH-

containing complex mixtures for their potential to induce cancer in humans.  Occupational 

exposure during chimney sweeping, aluminum production and coal-tar pitch paving and roofing 

has been classified as carcinogenic to humans (group 1).  Occupational exposure to PAH-

containing complex mixtures has been strongly associated with bladder and urinary tract tumors 

(Straif et al., 2006).  Table 2.2 lists agents and certain occupational exposures according to the 

IACR weight-of-evidence classification for carcinogenicity. Group 1 means ‗carcinogenic to 

humans‘ as a result of B[a]P, smoking, diesel exhaust or certain occupational exposures. Groups 

2A are compounds or occupational exposures which are ‗probably carcinogenic to humans‘ 

Group 2B are compounds which are ‗possibly carcinogenic to humans‘. 
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Table 2.2. IARC Classification of agents and occupations 

Group:1 Group 2A Group 2B 

Carcinogenic to humans Probably carcinogenic to 

Humans 

Possibly carcinogenic to  

Humans 

Occupational exposure during 

coal gasification 

Occupational exposure during 

carbon electrode manufacture 

Benz(j)aceanthrylene 

Occupational exposure during 

coke production 

Creosote Benz(a)anthracene 

Occupational exposure during 

coal-tar distillation 

Cyclopenta(cd)pyrene Benzo(b)fluoranthene 

Occupational exposure during 

chimney sweeping 

Dibenz(a,h)anthracene Benzo(j)fluoranthene 

Occupational exposure during 

paving and roofing with coal-

tar pitch 

Dibenzo(a,l)pyrene Benzo(k)fluranthene 

Occupational exposure during 

aluminium production 

 Benzo(c)phenanthrene 

B[a]P  Chrysen 

Diesel exhaust  Dibenzo(a,i)pyrene 

ETS  Dibenzo(a,h)pyrene; 

Indeno(1,2,3-c,d)pyrene; 

5-methylchrysene 

Source: WHO (2010) 
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Table 2.3. Mechanisms by which some key pollutants in smoke from domestic sources may 

increase the risk of respiratory and other health problem. 

(Bulletin of the World Health Organization, 2000). 

The evidence for effects of exposure to PAHs on human health comes from epidemiological 

studies. There are a number of possible mechanisms by which key pollutants in smoke from 

biomass and coal may cause respiratory and other health problems. Table 2.3. highlights some of 

these mechanisms.  In general, studies have established a relationship between exposure to 

complex mixtures of PAHs, gaseous and particulate pollutants and certain health problems. 

However, as illustrated above, the health effects may not be ascribed solely to the exposure to 

PAHs or to specific PAH species, but also to the role of confounding factors that contribute to 

the health effect conclusions. (Kyrtopoulos et al., 2001). 

Since the early 20
th

 Century soot, coal tar and pitch, all of which contain PAHs, have been 

known to cause cancer in workers.  This was already determined by a study in the 1960s (Dall et 

al., 1972 as cited in HEI, 2007). More recent studies in occupational settings, where PAH 
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concentrations can be one to two orders of magnitude higher than in ambient air, provided 

convincing evidence that PAHs are genotoxic and carcinogenic in humans (Mori 2002). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



21 

 

CHAPTER 3: METHODOLOGY AND LITERATURE DATA ON WHICH THE STUDY 

IS BASED 

This study is a literature-based study, and all of the data were from studies that generally 

expressed concentrations of polycyclic aromatic hydrocarbons in ng/m
3
 or mg/m

3 
in different 

microenvironments.  The literature was sampled on the basis of the number and type of PAHs, 

studied.  Studies with the 16 carcinogenic PAHs, as stipulated by the EPA, were preferred to 

studies in which fewer or more of these compounds were considered. Studies with emphasis on 

PAHs in the particulate-phase were preferred to those emphasizing PAHs in the gas-phase.  

Literature, in which the mean concentrations were expressed as mass per volume (ng/m
3
 or 

mg/m
3
) instead of  rates per given time period (mg/h or g/h), were given priority to conform with 

the concentrations in the microenvironments studied (indoor, outdoor, and occupational 

exposures), and to ensure uniformity when calculating the risk.  The studies selected used 

different standard operation procedures (SOPs). In relation to inhalation, for example individual 

sampling (personal sampling) or at least sampling done at some height well above the ground 

level (1.5-2.0 meters) was performed in order to simulate the height of common inhalation.  High 

Pressure Liquid Chromatography (HPLC) with fluorometric or UV detection, and Gas 

Chromatography Mass-spectrometry (GCM) were the common methods used for the 

determination of PAHs as reported in the various studies. 



22 

 

3.1. Data Sources 

Table 3.1. Referenced literature, with the corresponding study site, method of sampling 

and analysis. 

Reference Study site Sampling  PAHs Analysis 

Ansari et al., 2010 Rural home in village Bhithauli – North 

India. Biomass fuel based on plant 

material, mainly wood, fallen leaves 

twigs, crop residues, and cakes of cattle 

dung 

Mini Vol. Portable Air Samplers 

were used. Air samplers were kept 

1.5m above floor ―breathing zone‖ 

level and 1m from stoves. Indoor 

air monitoring was conducted 

sequentially (one home per day) 

during the non-cooking period first 

followed by the cooking period. 

Sampling happened during the 

entire cooking period until the fire 

was put out (cooking duration 3-4 

hours). 

Characterization and quanti-

fication of PAHs in each sample 

were done using a fully 

automated HPLC, equipped with 

a pump (model no 515), a UV 

detector and millennium 

software. 

Bari et al., 2009 

 

Residential town surrounded by a forest 

Dettenhausen near Stuttgart (Germany). 

Winter period of November 2005/March 

2006 

 

Samples were collected on pre-

baked glass fiber filters, extracted 

using toluene with ultrasonic bath. 

Analysis was done by gas 

chromatography-mass 

spectrometry for polycyclic 

aromatic hydrocarbons (PAHs) 

and other wood smoke tracer 

compound (e.g., levoglucasan, 

methoxyphenols). 

Cavallo et al., 2006 The study was carried out on airport 

personnel. Airport apron area, terminal 

building, airport building 

The PAHs exposure assessment 

was carried out in three working 

areas (airport apron, airport 

building, and terminal/office area) 

of Leonardo Da Vinci airport of 

Rome, using an air sampler ECHO 

PUF (TCRTEC ORA, Corsico, 

Italy) at 35l/min for 23h and 40 

min. on each day. 

Analysis was done using a GC-

MS (Trace GC-Polaris Q-

Thermo Electron corporation, 

Austin, USA) 

Gustafson et al., 2008 The study was carried out during the 

winter months of February-March 2003, 

among a residential area in a small town 

of Hogfors (Sweden). Weather was 

typical for the season, with full snow 

cover and mean daily temperatures (-2 

and -10°C). Houses by closest major 

road (3000 vehicles/d). Wood-burning 

appliances (boilers or fire places). 

Indoor measurements of PAHs 

were performed once in each 

home for 24hrs, together with 

simultaneous measurements in a 

reference home with electrical 

heating. Sampling equipment was 

placed in the living room, with a 

sampler 1.5m above the floor and 

at least 0.5m away from lamp, 

wall and windows. The 

particulate and gaseous phases of 

Sample extracts were analyzed 

using gas chromatography- 

mass spectrometry (GC-MS) 

(Agilent Technologies, Palo 

AHO, CA) for identification 

and quantification of the PAH 

components. 
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the PAHs were collected by 

means of an active sampling 

using a cylindrical sampler. 

Halek et al., 2008 The study was done to investigate the 

amount and characteristic of PAHs  

containing inhaled dust and its 

carcinogenic potential, in a one year 

period in Tehran 

Five sampling stations were 

selected in the Tehran‘s area.  

These stations were located in the 

North (Arjanteen), the South 

(Bahman), the East (Half Houz), 

the West (Azadi), and the Centre 

of the metropolitan area 

(Enghelab).  Sampling was done 

for 8-10 hrs (8 am-5 pm). 

Concentrations of PM10 

(<10µm) and PM2.5 (<2.5µm) 

were measured using an 

impactor dust sampler. PAHs 

were extracted from a quartz 

filter and analyzed by HPLC 

with fluorometric and UV 

detectors.  The fluorescence 

detector was unable to detect all 

of the 16 species of PAHs; 

therefore UV and fluorimetiric 

detectors were used 

simultaneously. 

Tsai et al., 2001 Pelletizing and Packing process areas 

in a carbon black manufacturing 

industry located in Taiwan, employing 

8 wet pelletizing workers and 22 

packaging workers 

Personal sampling was used in 

this study and consisted of q filter 

cassettes (IOM personal inhalable 

aerosol sampler, SKC Inc, 

Catalog No.225-70). 

The extracts were then 

concentrated, cleaned-up and 

re-concentrated to exactly 1.0 

or 0.5ml. PAHs contents were 

determined by using a gas 

chromatograph (Hewlett-

Packed 5890A GC) equipped 

with a mass selective detector 

(Hewlett-Packard 5972 MSD). 

3.2. Calculation Methodology. 

Most information in this chapter was taken from the EPA report on ―Risk Assessment Guidance 

for Superfund Volume I: Human Health Evaluation Manual (Part F, Supplemental Guidance for 

Inhalation Risk Assessment)‖.  EPA recommends two methodologies to estimate the inhalation 

risk.  Risk Assessment Guidance for Superfund, Part A, Exhibition 6 – 16 (1989), and a more 

recent and modified, Inhalation Dosimetry Methodology (US EPA 1994).  In this study, the 

cancer risk is estimated using both methodologies in comparison in order to predict the number 

of cancer cases that will occur in a population (the first methodology is currently not 

recommended).  

3.3. Risk Assessment Methodology Superfund for 1989 

According to the US Environmental Protection Agency Regional/ORD Workshop on IRA 

(Inhalation Risk Assessment) 2003, The EPA‘s Risk Assessment Guidance for superfund 
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(RAGS), Part A (1989), outlined an approach for calculating cancer and non-cancer risks from 

chemicals that are inhaled.  This approach is based on the assumption that cancer risk can be 

determined from the chronic daily intake of the chemical from air multiplied by the cancer slope 

factor for inhalation and that the Hazard Quotient (HQ) can be determined from the intake 

quantity of the chemical divided by the reference dose for inhalation.  The intake of the chemical 

is calculated as a function of the concentration of the chemical in air, the inhalation rate, the 

body weight, and the exposure scenario (Equation 1).  Often an age-adjusted factor is used to 

accommodate changes in breathing rate and body weight with age.  

Equation 1 

Intake = CA x (IR/BW) x (ET x EF x ED)/AT                                      

Risk = CSFi x Intake 

HQ = Intake / RfDi  

Where: 

CSFi = Cancer Slope Factor for Inhalation (mg/Kg-day) 
-1

; 

RfDi = Reference Dose for inhalation (mg/kg-day); 

CA = Contaminant Concentration in Air (mg/m
3
); 

IR = Inhalation Rate (m
3
/ hr); 

BW = Body Weight (kg); 

ET = Exposure Time (hours/day); 

EF = Exposure Frequency (days/year); 

ED = Exposure Duration (years); and 

AT = Averaging Time (period over which exposure is averaged in days). 
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This approach was developed before the EPA adopted the inhalation dosimetry methodology and 

before there were any Inhalation Unit Risk (IUR) factors, Reference Concentrations (RfCs), or 

cancer slope factors for inhalation on EPA‘s Integrated Risk Information System (IRIS). 

This equation is no longer recommended, because the intake equation (RAGS, Part A, Exhibition 

6-16) does not comply with the principle of EPA‘s Inhalation Dosimetry Methodology as the 

internal dose of a chemical from the inhalation pathway is not a simple function of the inhalation 

rate and body weight. 

The inhalation dosimetry methodology is used to determine the human equivalent concentration 

(HEC) for calculating a reference concentration (RfC) or Inhalation Unit Risk (IUR) (USEPA; 

Regional Workshop in Inhalation Risk Assessment: A Superfund Focus, 2003). 

Body Weight and Surface Area Dose Scaling 

Both body weight scaling and surface area scaling have been proposed for the purpose of 

computing human equivalent doses from animal doses when extrapolating human cancer unit 

risks from animal bioassay data (Air Toxic Hot Spots program 2005 as cited in the EPA Risk 

Assessment Guidance for Superfund Volume I, 2009). 

Crouch and Wilson (1979) (as cited in EPA Risk Assessment Guidance for Superfund Vol. I, 

2009) compared cancer potencies for several chemical carcinogens between rats and/or mice and 

humans and concluded that body weight scaling was appropriate.  Surface area scaling assumes 

that: (1) body weight scaling alone does not completely account for interspecies toxicity 

sensitivity differences (because it does not account for toxicokinetics differences), and (2) 

metabolic processes that are key factors in toxicity sensitivity are related to surface area (since 

heat loss from a warm-blooded animal is roughly proportional to surface area). 

Shortfalls and Limitation of RAGS, Part A, Exhibit 6-16 

The superfund program has updated its inhalation risk paradigm to be compatible with the 

Inhalation Dosimetry Methodology, which represents the Agency‘s current methodology for 

inhalation dosimetry and derivation of inhalation toxicity values.  This document recommends 

that the concentration of the chemical in air as the exposure metric (e.g., mg/m
3
), rather than 
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inhalation intake of a contaminant in air based on IR (m
3
/hr) and BW (mg/kg-day), should be 

used by risk assessors when estimating risk via inhalation. 

Instead, the interaction of the inhaled contaminant with the respiratory tract is affected by: a) 

species-specific relationships of exposure concentrations (ECs) to deposited/delivery doses, b) 

physiochemical characteristics of the inhaled contaminant and c) the target site where the toxic 

effect occurs (e.g., the respiratory tract or a location in the body remote from the portal-of-entry) 

when applying dosimetric adjustments to experimental concentrations. 

It‘s on this basis that this RAGS, Part A equation is not recommended for estimating exposures 

to inhaled contaminants. 

3.4. Inhalation Dosimetry Methodology. 

The Inhalation Dosimetry Methodology describes the EPA‘s refined recommended approach for 

interpreting inhalation toxicity studies in laboratory animals or studies of occupational exposures 

of humans to air borne chemicals.  Under the Inhalation Dosimetry Methodology, the 

experimental exposures are typically extrapolated to a Human Equivalent Concentration (HEC).  

A reference concentration (RfC) is typically calculated by dividing the HEC by Uncertainty 

Factor (UFs). 

As described in the Agency‘s Guidelines for Cancer Risk Assessment, the HEC developed in 

accordance with the Inhalation Dosimetry Methodology typically is also used in developing an  

Inhalation Unit Risk (IUR) for cancer risk assessment (which may also be called an inhalation 

cancer slope factor) (Risk Assessment Guidance for Superfund Vol. I Human Health Evaluation 

Manual, 2009). 

The superfund program has updated its inhalation risk paradigm to be compatible with the 

Inhalation Dosimetry Methodology which represents the Agency‘s current methodology for 

inhalation dosimetry and derivation of inhalation toxicity values (Report on Superfund workshop 

on inhalation risk assessment, 2003).  This document recommends that when estimating risk via 

inhalation, risk assessors should use the concentration of the chemical in air as the exposure 

metric (e.g., mg/m
3
) rather than inhalation intake of a contaminant in air based on IR and BW 

(e.g., mg/kg-day).  This is because the intake equation described above, is not consistent with the 
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principles of EPA‘s Inhalation Dosimetry Methodology, because the amount of the chemical that 

reaches the target site (lungs) is not a simple function of IR and BW.  Instead the interaction of 

the inhaled contaminant with the respiratory tract is affected by factors such as a species-specific 

relationship of exposure concentrations (ECs) to deposited/delivered doses and the 

physiochemical characteristics of the inhaled contaminant.  The Inhalation Dosimetry 

Methodology also considers the target site where the toxic effect occurs (e.g. the respiratory tract 

or a location in the body remote from the portal-of-entry) when applying dosimetry adjustments 

to experimental concentrations.  Therefore this RAGS, Part A equation (equation 1) is not 

recommended for estimating exposures to inhaled contaminants but rather equation 2 as 

described below is recommended. 

3.5. Characterizing Exposure 

3.5.1. Estimating Exposure Concentrations for Calculating Hazard Quotients 

The EC estimation when assessing cancer risk characterized by an IUR (Inhalation Unit Risk) 

involves the CA measured at an exposure point at a site as well as scenario-specific parameters, 

such as the exposure duration and frequency of exposure. ECs are typically based on either 

estimated (i.e. modeled) or measured contaminant concentrations in air (Equation 2).   

Equation 2 

EC = (CA X ET X EF x ED) /AT                                                                                               

Where: 

EC (µg/m
3
) = exposure concentration; 

CA (µg/m
3
) = contaminant concentration in air; 

ET (hours/day) = exposure time; 

EF (day/ year) = exposure frequency; 

ED (Years) = exposure duration;  

AT (lifetime in years x 365 days/year x 24 hours/day) = averaging time. 
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3.5.2. Steps to Follow to Estimate an Exposure Concentration 

As show in Fig. 2., the recommended process for estimating ECs to be used in calculating an HQ 

involves the following three steps: 1) assess the duration of the exposure scenario; 2) assess the 

exposure pattern of the exposure scenario; and 3) estimate the scenario-specific EC. 

 

Figure 2.1 Recommended procedure for deriving exposure concentrations and Hazard quotients for 

inhalation exposure scenarios 
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Step 1: Assess Duration 

The first step in the recommended process of estimating an EC for use in calculating an HQ 

involves assessing the duration of the exposure scenario at a site.  The risk assessor should 

decide whether the duration of the exposure scenario is generally acute, sub-chronic, or chronic.  

Toxicologists have long been aware that effects from a single or short-term exposure can differ 

markedly from effects resulting from repeated exposures.  The response by the exposed person 

depends upon factors such as whether the chemical accumulates in the body, whether it 

overwhelms the body‘s mechanisms of detoxification or elimination, or whether it produces 

irreversible effects (Eaton and Klaasen, 2001 as cited in the EPA Risk Assessment Guidance for 

Superfund Volume I, 2009).  However, frequencies or duration of human exposures often are not 

as clearly defined as those in animal studies with controlled exposures, particularly for 

intermittent exposures.  For example, the emission of some volatile chemicals into the ambient 

air may vary with temperature, and season, providing fluctuating exposure for humans living 

near the source.  Therefore, risk assessors should use best professional judgment to determine if 

the ED in a given scenario is reasonably similar to the duration associated with the toxicity 

value.  Risk assessors should describe the uncertainties associated with their choice of toxicity 

value in the risk characterization section of the risk assessment. 

Step 2: Assess Exposure Pattern 

Assessing the exposure pattern entails comparing the exposure time and frequency at a site to 

that of a typical sub-chronic or chronic toxicity test.  For exposure scenarios with a sub-chronic 

duration, risk assessors should follow the central path on the flow chart of Fig. 2.  Step 2 in this 

path asks whether these are one or more periods of exposure, each of which is generally as 

frequent as a sub-chronic toxicity test (e.g. 6-8 hours per day, 5 days per week). If the exposure 

scenario matches this description, risk assessors should proceed to step 3 and estimate a sub-

chronic EC for each sub-chronic exposure period.  However, if the exposure pattern contains 

periods that are significantly shorter and/or involve significantly less frequent exposures than 

indicated in the flow chart, risk assessors should derive acute ECs for each of these exposure 

periods.  If the exposure scenario has a chronic duration, with the exposure frequency (EF) 

generally as frequent as a chronic animal toxicity test or a human occupational study (e.g., 6-8 
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hours per day, 5days per week, for 50 weeks per year), risk assessors should proceed to step 3 

and estimate a single chronic EC. 

Step 3: Estimate Exposure Concentration. 

Step 3 of the recommended process involves estimating the EC for the specific exposure scenario 

based on the decisions made in step 1 and step 2.  For acute exposures the EC is equal to the CA. 

Risk assessors can estimate an acute EC for each acute exposure period at site using equation 3. 

For longer–term exposures, risk assessors should take into consideration the exposure time, 

frequency, and duration for each receptor being evaluated as well as the period over which the 

exposure is averaged (i.e. the averaging time (AT)) to arrive at a time-weighted EC.  If there are 

one or more exposure periods that are generally as frequent as a sub-chronic toxicity test, risk 

assessors should use equation 2 to estimate a sub-chronic EC for each of these exposure periods. 

Equation 3 

Acute Exposure 

EC = CA           

Where:  

EC (µg/m
3
) = exposure concentration; 

CA (µg/m
3
) = contaminant concentration in air. 

3.5.3. Estimating Exposure Concentrations in Multiple Microenvironments 

EPA defines a microenvironment in Air Quality Criteria for Particulate Matter: Volume II as a 

defined space that can be treated as a well-characterized, relatively homogeneous location with 

respect to pollutant concentration for a specified time period (e.g. rooms in homes, restaurants, 

schools, offices, inside vehicles, or outdoors) (USEPA 2004b as cited in the EPA Risk 

Assessment Guidance for Superfund Volume I, 2009).  When detailed information on the 

activity patterns of a receptor at a site is available, risk assessors can use these data to estimate 

the EC for either non-carcinogenic or carcinogenic effects.  The activity pattern data describe 
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how much time a receptor spends, on average, in different microenvironments (MEs), each of 

which may have a different contaminant concentration level.  By combining data on the 

contaminant concentration level in each ME and the activity pattern data, the risk assessor can 

calculate a time-weighted average EC for a receptor.  Because activity patterns (and hence, MEs) 

can vary over a receptor‘s lifetime, EPA recommends that risk assessors pursuing the ME 

approach first calculate a time-weighted average EC for each exposure period characterized by a 

specific activity pattern.  These exposure period-specific ECs can then be combined into a longer 

term lifetime average EC by weighting the EC by the duration of each exposure period. 

3.5.4. Using Microenvironments to Estimate an Average Exposure Concentration for a 

Specific Exposure Period 

The ME approach can be used to estimate an average EC for a particular exposure period during 

which a receptor has a specified activity pattern.  As a simplified example, a residential receptor 

may be exposed to a higher concentration of a contaminant in air in the bathroom for 30 minutes 

per day while showering, and exposed to a lower concentration in the rest of the house for the 

remaining 23.5 hours per day.  In this case, risk assessors can use the CA value experienced in 

each ME weighted by the amount of time spent in each ME to estimate an average EC for the 

period of residency in that house using equation 4. This approach may also be used to address 

exposures to contaminants in outdoor and indoor environments at sites where both indoor and 

outdoor samples have been collected or where the vapor intrusion pathway has been 

characterized. 

Equation 4 

                                               

Where:  

ECj (µg/m
3
) = average exposure concentration for exposure period j;  

  (µg/m
3
) = contaminant concentration in air in MEi ; 
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ET i  (hours/day) = exposure time spent in ME I; 

EF  I (Days/year) = exposure frequency  for ME I; 

ED j  (years) = exposure duration for exposure period j ;  

AT j  (hours) = averaging time = ED j x 24 hours/day x 365 days/year. 

3.5.5. Estimating an Average Exposure Concentration Across Multiple Exposure Periods 

To derive an average EC for a receptor over multiple exposure periods, the average EC from 

each period (as calculated above in Equation 4) can be weighted by the fraction of the total 

exposure time that each period represents, using Equation 5.  For example, when estimating 

cancer risks, the risk assessor may calculate a lifetime average EC where the weights of the 

individual exposure periods are the duration of the period, ED j, divided by the total lifetime of 

the receptor.  Alternatively, when estimating an HQ, risk assessors can use equation 5 to 

calculate less-than-lifetime average ECs across multiple exposure periods.  In that case, the AT 

will equal the sum of the individual EDs for all of the exposure periods. 

Equation 5 

                                                                                                 

Where:   

EC LT (µg/m
3
) = long-term average exposure concentration; 

EC j (µg/m
3
) = average exposure concentration of a contaminant in air for exposure period j;  

EDj (years) = duration of exposure period j;   

AT (Years)
1
 = average time.  

1
When evaluating cancer risk, the AT is equal to lifetime in years.  When evaluating non-cancer 

hazard, the AT is equal to the sum of the EDs for each exposure period. 
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3.6. Estimating Risks 

3.6.1. Cancer Risks Characterized by an Inhalation Unit Risk 

The excess cancer risk for a receptor exposed via the inhalation pathway can be estimated with 

equation 6. 

Equation 6 

Risk = IUR x EC                                                                                                                            

Where:  

IUR (µg/m
3
)
-1

 = Inhalation Unit Risk;  

EC (µg/m
3
) = exposure concentration. 

It should be noted that chemical—specific IRIS (Integrated Risk Information System) files 

indicate that the risk level corresponding to the concentration level above which the IUR should 

not be used often falls at or near 10
-2

.  However, this risk level varies by chemical and, therefore, 

risks assessors should refer to the toxicity value‘s technical support document for information on 

the concentration range for which the IUR was intended to be used.  Chemicals that have been 

determined to cause cancer by a mutagenic mode of action (MOA) are thought to pose a higher 

risk during early life.  An EPA- recommended procedure exists for assessing risk from these 

chemicals (USEPA, 2005b and USEPA 2005c as cited in the EPA Risk Assessment Guidance 

for Superfund Volume I, 2009). 

3.7. Example Exposure Scenarios 

3.7.1. Residential Receptor 

An example of a residential scenario could consist of inhalation exposure for up to 24 hours per 

day, up to 350 days per year for 6 to 30 years.  When estimating cancer risk for this type of 

scenario, equation 2 is recommended to calculate an EC and equation 6 is recommended to 

estimate risk.  The duration of this scenario ranges from 6-30 years, which can be considered 

chronic (approximately 10 percent of a receptor‘s lifespan).  The frequency of this scenario is 



34 

 

generally as frequent as a chronic toxicity test and therefore equation 2 is recommended to derive 

a chronic EC. 

3.7.2.  Commercial – Industrial/ Occupational Receptor 

An example of a commercial–industrial or occupational inhalation exposure scenario could be 

characterized by full-time workers (e.g.  8 hours per day, 5 days per week) in an indoor setting , 

such as an office building, exposed via vapor intrusion of subsurface contamination on a daily 

basis for 5 to 25 years.  When estimating cancer risk for this type of scenario equation 2 is 

recommended to calculate an EC and Equation 6 is recommended to estimate risk.  Following 

the flowchart in Fig. 2 the duration and exposure pattern of this scenario would typically be 

considered chronic.  Therefore, equation 2 is recommended to derive a chronic EC. Exposure 

parameters should be adjusted to consider the exposure time, frequency and duration for this 

scenario, which may differ from a residential scenario.  Risk assessors should also use 

appropriate exposure parameters for outdoor workers who, similar to children, may spend more 

time near a source of contamination than indoor workers. 

3.7.3. Construction Worker 

One example of a construction worker scenario could involve a long-term project (1-2years) with 

workers exposed regularly to contaminant vapors and fugitive dust (8 hours per day, 5 days per 

week).  When estimating cancer risk for this type of scenario, equations 2 and 6 are 

recommended to calculate an EC and the risk estimate, respectively.  Following the flow chart in 

Fig. 2, the duration of this exposure scenario would typically be considered sub-chronic.  

Therefore, equation 2 is recommended to derive a sub-chronic EC.  

3.7.4. Trespasser/ Recreational Receptor 

An example trespasser/recreational scenario could consist of an exposure of 1-2 hours per day, 

for 100 days per year or less.  When estimating cancer risk for this type of scenario, equations 2 

and 6 are recommended to calculate an EC and the risk estimate, respectively.  Following the 

steps in Fig. 2 for cancer or non-cancer effects characterized by an RfC, each exposure period 

should be assessed separately because this exposure lasts only one to two hours each day for an 
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average of two days per week.  Therefore, equation 3 is recommended to derive acute ECs for 

each exposure period. 

3.8. Uncertainties in Inhalation Risk Assessment 

This guidance recommends including an assessment of the key uncertainties that may 

significantly impact risk estimates for inhaled chemicals.  This should ensure transparency, 

clarity, reasonableness and consistency in risk assessments, as recommended by EPA‘s Policy 

for Risk characterization (USEPA, 2005a, as cited in the EPA Risk Assessment Guidance for 

Superfund Volume I, 2009).  Important uncertainties related to inhalation risk assessment include 

the development of ECS (Exposure Concentration Scenario), choice of toxicity value, lack of 

quantitative toxicity information via inhalation, and the approach to estimating and aggregating 

risks.  According to EPA‘s Guidance for Risk Characterization, the discussion of uncertainty 

―should reflect the type and complexity of the risk assessment, with the level of effort for 

analysis and discussion of uncertainty corresponding to the level of effort for the assessment‖ 

(USEPA, 1995b as cited in the EPA Risk Assessment Guidance for Superfund Volume I, 2009). 

3.8.1. Development of Exposure Concentrations 

As described in section 3 of this guidance, with the exception of acute exposures, time-weighted 

averages are typically used to represent intermittent or variable inhalation exposures to receptors 

at a site.  Situations in which the overall exposure is long-term, but with short-term higher 

exposure periods, should also be assessed using appropriate short-term toxicity values.  This 

ensures that periods of much higher exposure can be appropriately assessed and not ―diluted out‖ 

in the assessment of longer-term exposure. 

The recommended method for determining the CA at a site can potentially introduce uncertainty 

into the EC calculations.  For instance, risk assessors should consider uncertainties related to 

how well the set of air samples available at a site represents the duration and time period being 

assessed as well as measurement uncertainty related to the methods and equipment used.  In 

addition, risk assessors should describe any potential confounding of indoor air samples by other 

sources of contaminants (e.g., household products). 
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3.9. Toxic Equivalency Factors (TEFs) 

According to Collins et al. (1998), an order of preference for the use of available data in 

assessing relative potency was developed (Table 3.2), due to the absence of chronic inhalation 

studies on PAHs and the variety and uneven quality of data available on the carcinogenicity and 

mutagenicity of PAHs. If a thorough health effects evaluation and quantitative risk assessment 

had been conducted on a specific PAH, then the cancer potency value from such an analysis 

would be used.  

Benzo[a]Pyrene was chosen as the primary representative of the class because of the large 

amount of toxicological data available on B[a]P (versus the relative incomplete data for other 

PAHs), the availability of monitoring techniques for B[a]P, and the significant exposure 

expected (and found). Nisbet and LoGoy (1992) as cited by Collins et al. (1998) present a list of 

Toxic Equivalency Factors (TEFs) (Table 3.2)  
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Table 3.2. Toxic Equivalency Factors (TEFs) by Nisbet and Logoy (1992) 

Compound TEF 

Diebenzo(a,h)anthracene 5a 

Benzo(a)pyrene 1 

Benzo(a)anthracene 0.1 

Benzo(b)fluoranthene 0.1 

Benzo(k)fluoranthene 0.1 

Indeno(1,2,3-c,d)pyrene 0.1 

Anthracene 0.01 

Benzo(g,h,i)perylene 0.01 

Chrysene 0.01 

Acenaphthene 0.001 

Acenaphthylene 0.001 

Fluoranthene 0.001 

Fluorene 0.001 

2-Methylnaphthalene 0.001 

Naphthalene 0.001 

Phenanthrene 0.001 

pyrene 0.000 

a For low level environmental exposures  

 

Health assessment has shown that benzo(a)pyrene does have a Unit Risk Factor 1.1 x 10 
-3

 

(µg/m
3
)
-1

 with an inhalation slope factor 3.9 (mg/kg-day)
-1

.  Assuming that PAHs are as 

carcinogenic as they are genotoxic, their hazard relative to B[a]P would be dependent on their 

concentration in the environment.  In light of the limited information available on other PAHs, 

B[a]P remains an important representative or surrogate for this important group of chemically 



38 

 

diverse air pollutants.  Benzo(a)pyrene (B[a]P) was the index compound for relative potency and 

for Potency Equivalency Factors (PEF) for PAHs and derivatives.  It has a cancer potency of 

11.1 (mg/kg-day)
-1

 and an Inhalation Unit Risk of 1.1 x10 
-3

 (µg/m
3
)
-1

. For the potency 

equivalency scheme it was assigned a PEF of 1 (Air Toxic Hot Spot Program, 2005).  The values 

used is this study were the latest values recommended by the USEPA what means a slope factor 

of 3.9 (mg/kg-day)
-1

, an Inhalation Unit Risk of 1.1x10
-3 

(µg/m
3
)
-1

, an average adult body weight 

of 70kg, and a daily inhalation volume of 20m
3
 in 24hours for non-working people, with a daily 

inhalation volume of 10m
3
 for 8 hours for working people (USEPA, 2011). 
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CHAPTER 4: RESULTS AND DISCUSSIONS 

 

4.1. Results of Exposure Scenarios 

The cancer risk characterization in the different exposure scenarios was performed according to 

the methodology recommended by the USEPA (Risk Assessment Guidance for Superfund 

Volume I: Human Health Evaluation Manual, Part F, Supplemental Guidance for Inhalation Risk 

Assessment, 2009).  However, individual scenarios were adjusted accordingly, where necessary 

to suit the objective of this study.  The results are presented below. 

4.1.1. Intermittent Exposure Scenario 

This kind of exposure scenario was defined as short-term (acute) exposures as mentioned above.  

The exposure duration was taken to have occurred in a matter of hours to days, approximately 

100 days per year or less, with a daily inhalation volume in non-workers of 10 m
3
 in 24hrs.  The 

intermittent exposure scenario was used in determining the EC of an individual, for instance, in a 

public recreational park (Teheran), and a tourist on a pilgrimage who visits a temple in Taiwan 

or Bangkok.  The EC was further used to estimate the possible number of cancer cases per 

million people.  In this study the possible number of cancer cases per million people was 

determined using both the old Risk Assessment Guidelines for Superfund Methodology, referred 

to as RAGs, and the updated dosimetry methodology referred to as DOS.  The output from both 

methodologies is presented side by side, as can be observed in Fig. 4.1.  
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Figure 4.1. Graph indicating the possible number of cancer cases per million people, within 

an intermittent exposure scenario. 

The number of cancer cases per million people in the temple microenvironment was high as 

compared to that calculated in a public park (park visitor).  The estimated numbers of cancer 

cases in the temple exposure were 0.36 and 0.35 cancer cases per million people, according to 

RAGs and DOS respectively, whereas an estimated 0.036 and 0.035 cancer cases are expected in 

visitors to a public park (park visitors) according to RAGS and DOS respectively.  The 

difference in the number of cancer cases for the two micro-environments is the result of the 

higher ECs in the temple as compared to those in the ambient outdoor air of a public park.   This 

finding does correspond to previous studies that showed indoor PAH levels, as being statistically 

significantly higher than the corresponding outdoor ones (Wilson et al., 1989; Mumford et al., 

1989; Chuang et al., 1991) as cited by Li and Ro (2000). 

Higher exposure concentrations in the temple microenvironment could be further explained 

based on the large number and brand of the incense sticks used during worship. The number of 

censers and their sizes, which vary from temple to temple depending on the number of gods 

worshipped, and the design of the building are also important (Lung and Kao, 2003).  The 
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pilgrims gather in the main temple hall which holds the largest censer, with the largest number of 

incense offerings.  The cancer risk observed in this study does agree with a previous observation 

of increased concentrations within the temple microenvironment as compared to the outdoor 

microenvironment. Kuo et al. (2008), indicated that burning incense is a necessary ceremonial 

practice in Taoist and Buddhist temples, and this is the reason why the concentrations of PAHs 

inside the temple in Taiwan are about 27 times higher than those outdoors. 

The uncertainties in this study could be the frequency of exposure and the time (season) of the 

year. Individuals visiting the park could just as well visit the park longer than the estimated 

averaged time of 2 hours for 100 days a year.  Changes in the meteorological conditions during 

the year would also influence the kind of PAHs and their concentrations.  The ECs were 

calculated based on the estimated scenario which may be overestimated.  However, it gives an 

indication of how the situation would have been in an ideal situation. 

4.1.2. Occupational Exposure Scenario 

This exposure was characterized by full-time workers, working 8 hours a day, 5days a week on a 

daily basis for 5-25 years, with a daily (worker) inhalation volume of 10m
3
 in 24hrs.  It was 

categorized as a long term (chronic exposure).  In this study the occupational exposure scenario 

was illustrated by four different occupational situations.  These included personnel working in 

the airport area (airport apron, airport building, and terminal departure) (Cavallo et al., 2006) and 

in a carbon black industry (an industry that manufactures carbon black, a pigment used in 

printing ink, paint and as a reinforcing filler for the rubber industry, particularly tires 

manufacture (Tsai et al., 2001)).  In addition temple attendants, who are dealing with the affairs 

of pilgrims/visitors not necessarily making incense offerings, or who are workers that normally 

sit at the temple‘s main censer in the temple hall were also considered (Navasumirit et al., 2008).  

These workers are known to be exposed to high concentrations of PAHs inside of the temple hall 

(Kuo et al., 2008).  Using the available formula, we try to estimate the exposure risk in the three 

mentioned micro-environmental set-ups.  The exposure scenario output in Fig. 4.2 shows 

individual microenvironments against cancer cases per million people, as calculated according to 

both risk assessment guidelines being Superfund (RAGs) and the updated dosimetry 

methodology (DOS).   
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Figure 4.2. Graph indicating possible numbers of cancer cases per million people, within 

various occupational exposures. 

Carbon black personnel at the packing section showed the highest number of cancer cases, 

among the occupational scenario with 49 and 32 estimated cancer cases per one million  people 

according to RAGs and DOS respectively. Pelletizing workers at the same carbon black facility 

showed 22 and 15 estimated cancer cases per one million of people according to RAGs and DOS 

respectively.  Among the temple workers, there were 6 and 4 estimated cancer cases per million 

of people according to RAGs and DOS respectively on a day of pilgrimage, as compared to 4 

and 3 estimated cancer cases per million people, according to RAGs and DOS respectively, on a 

normal day. Among the temple workers there were 0.63 and 0.41 estimated cancer cases per 

million people, according to RAGS and DOS respectively, while among the temple control 

workers there were 0.04 and 0.03 estimated cancer cases per million people, according to RAGS 

and DOS respectively. The airport personnel were among the least exposed.  The airport building 

was the most risky place with 1.29 and 0.86 estimated cancer cases per one million of people, 

followed by the airport apron with 0.82 and 0.54 cancer cases per one million people, according 
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to RAGs and DOS respectively.  At the terminal departure section there where 0.58 and 0.38 

cancer cases per one million people, according to RAGs and DOS respectively. 

The greater risk among the carbon black personnel may well be linked to the PAHs they were 

exposed to.  Studies show that pelletizing workers are exposed to higher levels of gaseous PAHs 

as compared to particulate-bound PAHs. As a consequence, more gaseous PAHs (which 

generally show lower TEFs) result in lower B[a]P equivalent levels.  Packing workers on the 

other hand, were more exposed to particulate bound PAHs rather than to gaseous PAHs, since 

there was no thermal process involved. As less gaseous PAHs occurred in the packing process, 

particulate-bound PAHs with higher molecular weights were more dominant. This corresponds 

to higher B[a]P equivalent levels, resulting in a higher cancer risk (Tsai et al., 2001). 

About temple occupational microenvironment, previous studies have shown elevated ambient 

PAHs concentrations in churches and temples (Huynh et al., 1991; Chao et al., 1997).  There 

exists a large variability in the number of incense sticks burned and other environmental 

conditions such as ventilation and temperature (Navasumirit et al., 2008) as well as in the 

worker‘s distance from temple censers (Kuo et al., 2008).  Studies show that the mean exposure 

concentrations of PAHs on a normal day for temple workers were close to those of wet 

pelletizing workers in carbon black industry (Tsai et al., 2001) and were similar to those of booth 

attendants of a highway toll station (Tsai et al., 2004). Similar to this study Kuo et al. (2008) 

observed that the exposure concentrations of B[a]P equivalents for workers in the temple on a 

normal day were lower than those for wet pelletizing workers and packing workers in carbon 

black industry, although the PAH exposure concentrations on all these sites were almost the 

same.  This is confirmed by a fact suggesting that indeed temple workers have less cancer risk in 

comparison to wet pelletizing workers and packing workers who have the same exposure to total 

PAHs. 

The results for the airport area were different from the expected trend.  Workers at the apron 

(fitters, airport hands, marshallers, baggage handlers who do aircraft routine maintenance, airport 

parking/towing, and baggage charge/discharge) are operating in close proximity to in-service air 

craft on the apron, the site with presumably high levels of PAHs (Cavallo et al., 2006).  The 

results of this study showed a greater risk among airport personnel in the airport buildings (being 
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an area with presumable medium levels of PAHs exposures).  This might best be explained by 

the fact that in this study we did not look at the PAHs in there totality, because we had special 

interest in the 16 carcinogenic PAHs.  This is the reason why higher concentrations of PAHs in 

this study did not show a greater risk and vice versa.  For instance the most prevalent 

methylnaphthalene (associated with jet fuel combustion of the aircrafts) apron workers were 

much exposed to, is not among the 16 carcinogenic PAHs we are focusing on in this study, and 

this can explain the unexpected results.  Moreover, there was a five time difference of 

Benzo[a]pyrene in the apron area 0.0004 (µg/m
3
)
 
as compared to the airport building 0.002 

(µg/m
3
) and this could have contributed to the shift in trend as B[a]P is the most potent 

carcinogenic PAH (Navasumrit et al., 2008).  

4.1.3. Residential Exposure Scenario 

Residential exposure results were obtained as outlined in the methodology and they appear as 

shown below in Fig. 4.3. 

 

Figure 4.3. Graph showing estimates of the number of cancer cases per million people in a 

residential exposure with wood burning (Biomass) 
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There were three residential situations featured in this study: a residential home in Germany 

(Dettenhausen), a residential home in Sweden, and a home in the rural part of North India. 

4.1.3.1. Sources of PAHs and their Contribution 

Households in rural India had three sources of fuel with plant biomass contributing to between 

33 and 31 estimated cancer cases per one million people according to RAGs and DOS 

respectively.  Burning plant biomass with dung led to 59 and 55 estimated cancer cases per 

million people, according to RAGs and DOS respectively, while non-cooking periods 

(before/after the cooking activities and when the fire was put out) corresponded to 34 and 32 

estimated cancer cases per one million people according to RAGs and DOS respectively.  

Ambient traffic air, for comparison reasons, contributed to 59 and 58 estimated cancer cases per 

one million people, while light oil burning (central heating systems) led to 0.034 and 0.033 

estimated cancer cases per one million people according to RAGs and DOS respectively. Wood 

burning in a Swedish home contributed to an estimated 0.04 and 0.03 cancer cases, while the 

outside microenvironment of the Swedish home had almost an equal value of 0.0233 and 0.0230 

cancer cases per one million people, according to RAGs and DOS respectively. 

4.1.3.2. Exposure to Wood-Burning (biomass) Homes 

The quantitative determination of PAHs in the indoor air of traditional houses in developing 

countries has received relatively little attention, yet the observed concentrations can be quite 

substantial (Viau et al., 2000).  A home in North rural India was taken to represent the state of a 

traditional rural home in a developing country, where the major source of cooking and heating 

fuel is biomass.  Biomass fuels such as wood, fallen leaves, twigs, crop residues, and cattle dung 

cakes account for 9.3% of the energy consumed.  In India 70% of the population depends on 

such biomass fuels for domestic cooking and 78% of the population utilizes biomass fuels (IIPs 

1995).  This study compares the cancer risk between developed countries, where wood-burning 

in the homes occurs seasonally during winter, and developing countries, where wood burning is a 

day to day activity for both heating and cooking.  In Sweden and other countries with a cold 

winter climate, domestic wood burning is widely used for heating in residential wood boilers, 

stoves and fire places.  Worldwide about half of the world‘s population uses solid fuels (coal, 

and biomass such as wood, crop residues and dung) for cooking or heating (Gustafson et al., 
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2008 and Rehfuess et al., 2006).  A difference in the number of cancer cases per one million 

people of 24.5-38.8 according to DOS and RAGS, confirms previous findings that the use of 

polluting fuels presents a major burden to the health of poor families in developing countries 

(Smith, 2000b). 

Wood burning in Sweden, like in other developed countries, occurs during winter months. This 

short exposure duration, alongside the socio-economic factors which enable the wood burning to 

be in an air-tight fire place, exposes the households to minimal levels of PAHs, thus limiting the 

number of cancer cases.  Gustafson et al., (2008), observes that indeed wood heating increases 

the indoor concentrations of PAHs, but it was more pronounced when heating with an open fire 

as compared to an air-tight stove. 

The magnitude of the health loss, associated with exposure to indoor smoke and its high 

concentration among the less privileged social economical and demographic groups (women and 

children in poorer households and rural populations) have recently gained attention among 

international development and public health organizations (Ezzati and Kammen, 2002).  Studies 

in Guantelan community in rural India showed that, given the current social-economic 

circumstances of those in rural households, cleaner energy does not appear to offer a substantial 

pollution advantage over the traditional open fire due to the continued supplemental use of the 

fire.  However, working with the community on both stove technology and pattern of use could 

yield greater reduction to indoor air pollution.  Cleaner fuels like LPG (Liquid Petroleum Gas) 

can be a solution, but they lack sustainability in the developing economies.  On the other hand, 

improved stoves (Plancha, as known in India) seemed to offer a practical option for both routine 

longer-term use in rural areas and a discrete and effective means of reducing pollution.  It 

showed significant and substantial reduction in pollutant concentrations as compared to the open 

fires (Albalak et al., 2001). 

4.1.3.3. Outdoor PAH Exposure Levels Versus Indoor PAH Exposure Levels 

Outdoor and Indoor PAHs exposure levels were determined by measuring the contribution of 

light oil burning and ambient traffic air. The high number of cancer cases per one million people 

was comparable to the indoor exposure in a developing country. In a study by Li et al. (2003), 

similar observations were made, in such a way that emissions from cooking sources are much 
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less important than those from traffic sources, but that the carcinogenic potency of PAH 

emissions from cooking sources is much greater than that from traffic sources.  Indoor 

concentrations of some of the compounds like naphthalene, phenanthrene and benzo(a)pyrene 

were found to be a magnitude higher than the respective outdoor levels (Pandit et al., 2001). 

4.1.3.4. Exposure from Biomass Combustion and Other Sources. 

Biomass smoke emission appears to be a leading contributor to cancer cases as compared to light 

oil used for central heating in oil boilers in residential areas. Studies have shown that the 

concentrations of the carcinogenic benzo(a)pyrene in the cooking environment using kerosene as 

a much cleaner fuel, range between 0.2-17.6 (ng/m
3
).  They were lower than the 33-186 (ng/m

3
) 

benzo(a)pyrene concentrations found in case of other cooking fuels like coal, wood, and cattle 

dung (Raiyani et al., 1993). 

These low levels of PAHs from ―alternative‖ cleaner fuels do not necessarily suggest that they 

are cleaner or safer, but rather that they show lower proportions of PAHs emitted compared to 

biomass fuels.  The main PAHs found were: phenanthrene, benz(a)anthracene,  

benzo(k)fluoranthene, benzo(a)pyrene, fluoranthene, chrysene, naphthalene and anthracene. The 

total PAHs concentrations were low because of the very good combustion quality (Bari et al., 

2009). 

4.1.3.5. Carcinogenic Potency of Biomass Combustion Exposure in a Residential Scenario 

The indoor concentration levels suggest that exposure to individual PAHs during the cooking 

period is 2-10 times higher than the ambient exposure.  However, based on 6-hrs cooking and 

18-hrs non-cooking periods, the average daily exposures are known to be two times higher than 

the ambient exposures (Pandit et al., 2001). These previous findings do explain to some extent 

the reason for the higher number of cancer cases in households in North rural India, as compared 

to those in developed countries, even though wood burning did occur. 

4.2. General Comparison of Results from the Various Exposure Scenarios 

What the results of the three exposure scenarios/microenvironments are concerned, slight 

differences between the two US EPA recommended risk assessment methodologies (RAGS and 

DOS) are observed as a general trend.  This is because of the slight modelling differences 
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between the two methodologies.  This trend is uniform in all the scenarios, except what the 

occupational exposure scenario is concerned, where greater differences between the two 

methodologies are noticed.  This could be due to (1) the presence of particular PAHs which have 

a greater TEF and (2) the from (particulate or gaseous) in which these PAHs were dominant and 

thus causing the great difference. It is only in this exposure scenario, specifically the carbon 

black industry, that PAHs were analysed and specified as belonging to either the particulate or 

gaseous phase, hence this great change in the trend. 

The estimated numbers of cancer cases per million people were high in the residential exposure 

scenario (ranging between 59 and 55 cancer cases per million people) and the occupational 

exposure scenario (ranging between 49 and 32 cancer cases per million people). They were low 

in the intermittent (acute) exposure scenario (ranging between 0.36 and 0.35 cancer cases per 

million people), according to RAGs and DOS respectively.  This might be attributed to the 

differences in exposure duration what the different microenvironments are concerned, rather than 

to the exposure concentrations or the types of the PAHs found in those different 

microenvironments. 

There is no current estimation by world organizations on the acceptable level of excess lifetime 

cancer risk.  However, based on epidemiological data from studies in coke-oven workers, a Unit 

Risk for B[a]P as an indicator in air is estimated to be 8.7x10
-5 

(ng/m
3
)
-1

 which is the same as 

that established by the WHO in 1987.  The corresponding concentrations of B[a]P producing 

excess lifetime cancer risks of 1/10 000, 1/100 000 and 1/1000 000 are 1.2, 0.12 and 0.012 ng/m
3
 

respectively (WHO, 2000). 
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CHAPTER 5: GENERAL CONCLUSION AND RECOMMENDATIONS 

5.1. General Conclusion 

Using both the EPA‘s Risk Assessment Guidance for Superfund (RAGs) and the Inhalation 

Dosimestry Methodology (DOS), inhalation lifetime cancer risks have been estimated in this 

study for three microenvironments (indoor, outdoor and occupational exposure), with the aim to 

compare the results and to assess the possible health risks, due to exposure to 16 PAHs via 

inhalation. 

This study has several significant weaknesses.  No samples were collected for analysis or risk 

assessment. Rather this study relies on data collected in other researches in which concentrations 

of 16 PAHs in the microenvironments of interest had been determined.   Furthermore, these other 

studies might have had research limitations not known to us.  Because of uncertainties in the 

interpretation of the results of these other studies, assumptions needed to be made in this study.   

However, this study has shown that the airborne inhalation risk is much higher in homes in 

developing countries, burning biomass fuels for both cooking and heating purposes, than in 

homes in the developed world where cooking was done using ‗clean‘ fuels (i.e. gas and 

electricity, with limited ‗safe‘ biomass heating in the winter), and more or less equal to 

occupational or ambient traffic exposure in developed countries. Whereas residential 

microenvironments in developed countries showed significantly lower cancer risks, outdoor and 

occupational microenvironments still pose a potential risk factor. In addition, there was a 

similarity between the types/concentrations of PAHs in both indoor and outdoor 

microenvironments, an indication that the latter plays a significant role in influencing the former. 

5.2. Recommendation 

- Controlling and reducing exposure to biomass fuel smoke in homes in developing countries 

remains a complex and difficult area of development. Increased awareness, behavior 

modification, introduction of better/sustainable/affordable and more efficient stoves, and 

improved household ventilation, should be given priority. 

- There is a need for a larger study using a standard protocol that allows further identification of 

the determinants of exposure in homes in developing countries, with special attention focused 
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on Africa, where few if any studies have been conducted.  This would not only increase 

understanding of the hazardous effect of the biomass fuels, but it would also go a long way in 

helping international organizations such as the World Health Organization (WHO) in setting 

more up to date standards. 

 

- Whereas developing countries are determined to attain the Millennium Development Goals 

(MDGs) by 2030, this goal remain unattainable if exposure to toxic and carcinogenic 

compounds in whatever form and route of entry are not given substantial attention.  Hopefully 

the findings of this study will draw the attention of the ministries/governmental departments 

concerned, policy makers and development partners alike, to address this important but 

neglected health concern. 

 

- This study and its findings create room for further studies in risk assessment, with special 

attention given to sections 3.5.4. (Using microenvironment to estimate an average exposure 

concentration for a specific exposure period), and 3.5.5. (Estimating an average exposure 

concentration across multiple exposure periods) in which the equations 4 and 5 would have to 

be used.  
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APPENDIX 

 

Indoor exposure to respirable particulate matter and particulate-phase PAHs in rural home in North India Ansari et al., 2010       

  Mean PAHs in PM2.5 and PM10 conc. during cooking on different biomass fuels (µg/m
3
)         

    PAHs contents in PM2.5 PAHs Contents in PM10 

    plant material 

Plant 

material+Dung Non cooking plant material 

Plant 

material+Dung Non cooking 

Name with abbreviation PAH 

compounds PEF Mean BaPq Mean BaPq Mean BaPq Mean BaPq Mean BaPq 

Mea

n BaPq 

Benzo(a)anthracene(B[a]Ant) 0,1 0,13 0,013 0,31 0,031 0,17 0,017 0,12 0,012 0,37 0,037 0,21 0,021 

Benzo(a)pyrene 1 0,13 0,13 0,2 0,2 0,09 0,09 0,1 0,1 0,14 0,14 0,12 0,12 

Benzo(k)fluranthene (B[k]Flant) 0,1 0,14 0,014 0,23 0,023 0,32 0,032 0,08 0,008 0,3 0,03 0,46 0,046 

Benzo(b)fluranthene (B[b]Flant) 0,1 0,08 0,008 0,15 0,015 0,03 0,003 0,09 0,009 0,17 0,017 0,05 0,005 

Chrysene(Chry) 0,01 0,82 0,0082 0,22 0,0022 0,48 0,0048 0,75 0,0075 0,42 0,0042 0,51 0,0051 

Dibenzo (a,h)anthracene 

(D[a,h]Ant) 1 0,23 0,23 0,45 0,45 0,2 0,2 0,27 0,27 0,49 0,49 0,29 0,29 

Indeno(1,2,3-cd) Pyrene 

(Ind[1,2,3,-cd]Pyr) 0,1 0,11 0,011 0,24 0,024 0,11 0,011 0,13 0,013 0,21 0,021 0,17 0,017 

  

             
Total Conc. BaPq µg/m

3
 

  

0,4142 

 

0,7452 

 

0,3578 

 

0,4195 

 

0,7392 

 

0,5041 
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Sample calculation done using Risk Assessment Guideline for Superfund (RAGs) for Residential exposure scenario.  

 

PAHs contents in PM2.5 PAHs Contents in PM10 

Residential Exposure Plant Plant+Dung Non-cook Plant Plant+Dung Non-cook 

Intake(mg/kg-day)= [(CA*(IR/BW))*(ET*EF*ED)]/AT 

      
CA (mg/m

3
) TEQ B(a)P 0.0004142 0.0007452 0.0003578 0.00042 0.0007392 0.0005041 

ET (h/d) 4 4 4 4 4 4 

EF (d/y) 365 365 365 365 365 365 

ED ( y) 30 30 30 30 30 30 

AT (days) = [ 70yx365d/y] 25550 25550 25550 25550 25550 25550 

IR (m
3
/24hrs) 0.83 0.83 0.83 0.83 0.83 0.83 

BW(kg, Adult average) 70 70 70 70 70 70 

  

      
Intake (mg/Kg

- day
) 8.45306E-06 1.521E-05 7.302E-06 8.56E-06 1.5086E-05 1.029E-05 

Inhalation Potency factor B(a)P (mg/kg-day
-1

)
-1

 3.90E+00 3.90E+00 3.90E+00 3.90E+00 3.90E+00 3.90E+00 

Potential cancer risk =IntakexIPS 3.30E-05 5.93E-05 2.85E-05 3.34E-05 5.88E-05 4.01E-05 

Theoretical Cancer cases/million people 32.97 59.31 28.48 33.39 58.83 40.12 
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Sample calculation done using Inhalation Dosimetry Methodology (DOS) for a residential exposure scenario. 

 

PAHs contents in PM2.5 PAHs Contents in PM10 

Residential Exposure scenario  Plnt Plnt+Dung Non-cook Plnt Plnt+Dung Non-cook 

EC= [CAxETxEFxED]/AT 

      
CA (µg/m

3
) TEQ B(a)P 0,4142 0,7452 0,3578 0,4195 0,7392 0,5041 

ET (h/d) 4 4 4 4 4 4 

EF (d/y) 350 350 350 350 350 350 

ED ( y) 30 30 30 30 30 30 

AT (h) = [ 70yx24h/dx365d/y] 613200 613200 613200 613200 613200 613200 

  

      
EC (µg/m

3
) 0,028369863 0,0510411 0,0245068 0,028733 0,05063014 0,0345274 

Inhalation Unit Risk(μg/m
3
)

-1
 0,0011 0,0011 0,0011 0,0011 0,0011 0,0011 

Potential cancer risk =ECxIUR 3,12068E-05 5,615E-05 2,696E-05 3,16E-05 5,5693E-05 3,798E-05 

Theoretical Cancer cases/million people 31,20684932 56,145205 26,957534 31,60616 55,6931507 37,980137 
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Wood smoke as a source of particle-phase organic compounds in residential area (Bari 

MA., et al., 2009). Dettenhausen- Germany. 

 
    Concentrations (µg m

-3
)   

Name with abbreviation PAH 

compounds PEF 

Hard 

wood 

Beech BaP eq 

Softwo

od pine BaP eq 

light oil 

burning BaP eq Ambient traffic BaP eq 

Naphthalene (Naph) 0.001 0 0 0.04 0.00004 0.0002 0.0000002 0.13 0.00013 

Acenaphthylene (Acy) 0.001 0 0 0 0 0 0 0.02 0.00002 

Acenaphthene (Ace) 0.001 0 0 0.04 0.00004 0 0 0 0 

Fluorene (Fluor) 0.001 0 0 0.02 0.00002 0 0 0.17 0.00017 

Phenanthrene(Phen) 0.001 0.04 0.00004 0.13 0.00013 0.0012 0.0000012 0.31 0.00031 

Anthracene(Ant) 0.01 0.02 0.0002 0.05 0.0005 0.0002 0.000002 0.01 0.0001 

Fluoranthene(Flant) 0.001 1.17 0.00117 0.13 0.00013 0.0007 0.0000007 0.58 0.00058 

Pyrene 0.001 1.71 0.00171 0.19 0.00019 0.0005 0.0000005 0.62 0.00062 

Benzo(a)anthracene(B[a]Ant) 0.1 0.85 0.085 0.34 0.034 0.0011 0.00011 1.27 0.127 

Chrysene(Chry) 0.01 0.86 0.0086 0.26 0.0026 0.0006 0.000006 0.78 0.0078 

Benzo(b)fluranthene 

(B[b]Flant) 0.1 0.61 0.061 0.43 0.043 0.0004 0.00004 1.13 0.113 

Benzo(k)fluranthene 

(B[k]Flant) 0.1 0.66 0.066 0.4 0.04 0.0007 0.00007 1.17 0.117 

Benzo(a)pyrene 1 0.91 0.91 0.4 0.4 0.0006 0.0006 0.95 0.95 

Dibenzo (a,h)anthracene 

(D[a,h]Ant) 1 0 0 0 0 0 0 0.03 0.03 

Benzo(ghi)perylene 

(B[ghi]Per) 0.01 0.59 0.0059 0.66 0.0066 0 0 1.27 0.0127 

Indeno(1,2,3-cd) Pyrene 

(Ind[1,2,3,-cd]Pyr) 0.1 0.43 0.043 0.53 0.053 0 0 0.82 0.082 

      1.18262   0.58025   0.0008306   1.44143 
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Sample calculations done using Risk Assessment Guideline for Superfund (RAGs) for Residential exposure scenario 

Residential Exposure Hard wood Beech Softwood pine 

light oil 

burning 

Ambient 

traffic 

Intake(mg/kg-day)= 

[(CA*(IR/BW))*(ET*EF*ED)]/AT 

    
CA (mg/m

3
) TEQ B(a)P 0.00118262 0.00058025 8.306E-07 0.00144143 

ET (h/d) 5 5 5 5 

EF (d/y) 151 151 151 151 

ED ( y) 30 30 30 30 

AT (days) = [ 70yx365d/y] 25550 25550 25550 25550 

IR (m
3
/24hrs) 0.83 0.83 0.83 0.83 

BW(kg, Adult average) 70 70 70 70 

  

    
Intake (mg/Kg

- day
) 1.24808E-05 6.12369E-06 8.76577E-09 1.52122E-05 

Inhalation Potency factor B(a)P (mg/kg-day
-1

)
-1

 3.90E+00 3.90E+00 3.90E+00 3.90E+00 

Potential cancer risk =Intake xIPS 4.87E-05 2.39E-05 3.42E-08 5.93E-05 

Theoretical Cancer cases/million people 48.67521093 23.88238922 0.034186493 59.32751796 
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Sample calculations done using Inhalation Dosimetry Methodology (DOS) for a residential exposure scenario 

Residential Exposure scenario  Hard wood Beech Softwood pine light oil burning Ambient traffic 

EC= [CAxETxEFxED]/AT 

    
CA (µg/m

3
) TEQ B(a)P 1.18262 0.58025 0.0008306 1.44143 

ET (h/d) 5 5 5 5 

EF (d/y) 151 151 151 151 

ED ( y) 30 30 30 30 

AT (h) = [ 70yx24h/dx365d/y] 613200 613200 613200 613200 

EC (µg/m
3
) 0.0436829 0.021432913 3.06802E-05 0.053242644 

Inhalation Unit Risk(μg/m
3
)

-1
 1.10E-03 1.10E-03 1.10E-03 1.10E-03 

Potential cancer risk =ECxIUR 4.81E-05 2.36E-05 3.37E-08 5.86E-05 

Theoretical Cancer cases/million people 48.05117 23.57620475 0.033748205 58.56690876 
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Indoor levels of Polycyclic Aromatic Hydrocarbons with or without wood burning for wood burning for heating Gustafson et. 

al., 2008 – Sweden. 

 

Conc.of PAHs, expressed as the sum of Gaseous and Particulate Phase PAHs (ng/m
3
)  

Name with abbreviation PAH compounds PEF Wood burning (N=13) Reference homes (N=10) Outdoors (N=8) 

  

 

Mean BaP eq Mean BaP eq Mean BaP eq 

Phenanthrene(Phen) 0.001 14 0.014 8.7 0.0087 8.1 0.0081 

Anthracene(Ant) 0.01 13 0.13 0.41 0.0041 1.2 0.012 

Fluoranthene(Flant) 0.001 2.4 0.0024 1.3 0.0013 2.9 0.0029 

Pyrene 0.001 2 0.002 0.96 0.00096 2.2 0.0022 

Benzo(a)anthracene(B[a]Ant) 0.1 0.59 0.059 0 0 0.42 0.042 

Benzo(b)fluranthene (B[b]Flant) 0.1 0.55 0.055 0.21 0.021 0.65 0.065 

Benzo(k)fluranthene (B[k]Flant) 0.1 0.23 0.023 0.11 0.011 0.27 0.027 

Benzo(a)pyrene 1 0.63 0.63 0.16 0.16 0.37 0.37 

Benzo(ghi)perylene (B[ghi]Per) 0.01 0.49 0.0049 0.1 0.001 0.3 0.003 

Indeno(1,2,3-cd) Pyrene (Ind[1,2,3,-cd]Pyr) 0.1 0.61 0.061 0.1 0.01 0.34 0.034 

Total concentration in ng/m
3  BaPq

 

  

0.9813 

 

0.21806 

 

0.5662 
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Sample calculation done using Risk Assessment Guideline for Superfund (RAGs) for Residential exposure scenario 

Residential Exposure Wood burning Reference Outdoors 

Intake(mg/kg-day)= 

[(CA*(IR/BW))*(ET*EF*ED)]/AT 

   
CA (mg/m3) TEQ B(a)P 9.813E-07 2.1806E-07 5.662E-07 

ET (h/d) 5 5 5 

EF (d/y) 151 151 151 

ED ( y) 30 30 30 

AT (days) = [ 70yx365d/y] 25550 25550 25550 

IR (m3/24hrs) 0.83 0.83 0.83 

BW(kg, Adult average) 70 70 70 

  

   
Intake (mg/Kg- day) 1.03562E-08 2.3013E-09 5.97541E-09 

Inhalation Potency factor B(a)P (mg/kg-day-1)-1 3.9 3.9 3.9 

Potential cancer risk =IntakexIPS 4.04E-08 8.98E-09 2.33E-08 

Theoretical Cancer cases/million people 0.04 0.01 0.02 
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Sample calculation  done using Inhalation Dosimetry Methodology (DOS) for a residential exposure scenario 

Residential scenario 

EC= [CAxETxEFxED]/AT Wood burning Reference Outdoors 

CA (µg/m3) TEQ B(a)P 0.0009813 0.00021806 0.0005662 

ET (h/d) 5 5 5 

EF (d/y) 151 151 151 

ED ( y) 30 30 30 

AT (h) = [ 70yx24h/dx365d/y] 613200 613200 613200 

  

   
EC (µg/m3) 3.62466E-05 8.05456E-06 2.09139E-05 

Inhalation Unit Risk 0.0011 0.0011 0.0011 

Potential cancer risk =ECxIUR 3.98713E-08 8.86002E-09 2.30053E-08 

Theoretical Cancer cases/million people 0.039871314 0.008860021 0.023005338 

 

Sample calculation: A comparison of the cancer cases per million people between the various residential settings. 

  Germany Sweden Residential in India 

  light oil burning Ambient traffic Wood burning Outdoors Plant Plant+Dung Non-cook 

RAGS 0.034186493 59.32751796 0.040389123 0.02330411 33.17785714 59.07306122 34.30010204 

DOS 0.033748205 58.56690876 0.039871314 0.02300534 31.40650685 55.91917808 32.46883562 

 


