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Abstract
Polycyclic aromatic hydrocarbons (PAHs), some of which are classified as possible carcinogens (WHO), have been detected in
cooking fumes in considerable amounts. Distribution of 24 PAHs on varying particle sizes was analyzed in cooking emission.
Analysis of cooking fumes from vegetarian and non-vegetarian food was carried out separately in the kitchen of a hostel mess in
IIT Kanpur during November 2012 and February 2013. Respirable suspended particulate matter (RSPM) and particle-bound
polycyclic aromatic hydrocarbons (PPAHs) showed a similar sequence regarding concentration observed in vegetarian and non-
vegetarian food. PAHs with carcinogenic potential was detected and quantified mostly in the fine particles. Total PAH concen-
trations in the fine and ultrafine ranges together accounted for > 90% of the total carcinogenic PAHs, highlighting them as
primary carriers of PAHs rather than coarser particles. Benzo [a] pyrene (B [a]P) levels contribute > 70% to total carcinogenic
potential and > 60%, to mutagenic potential, respectively. The total toxicity impact on the workers due to the PAHs emitted from
cooking fumes was 3.374 × 10−10 DALYs, with B [a] P contributing the most (> 70%) despite its low concentration. Exposure to
cooking fumes especially for people involved in this activity on a daily basis (chefs, hostel mess workers, among others) raises
health concerns. An extensive examination of impacts due to exposure to emissions in both particle and gas phase on a long-term
basis is required.
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Introduction

According to the Global burden of disease (IHME 2016), risk
due to air pollution, incorporating ambient particulate matter
pollution and household air pollution due to solid fuel, was a
major cause of premature mortality and morbidity not only in
India but globally. In India, it resulted into causing

approximately 1.6 million of deaths and 46 million of
disability-adjusted life years (DALYs) lost per year, accounting
for 16% of total deaths and 9.8% of total deaths, respectively.

Progressive exposure to harmful compounds present in-
door can be highly significant because of people spending
approximately 80% of their time indoor (Gupta and
Bhandari 2011; Lu et al. 2008; Stabile et al. 2015). Besides,
poor ventilation conditions in the modern building to mini-
mize the energy uses compromising the indoor air quality,
despite its environmental benefit, raising health concerns
(Balakrishnan et al. 2004). A significant source of indoor air
pollution worldwide includes furnishing, construction mate-
rials, combustion of fuel, coal, and tobacco, ventilation system
and cooking. Cooking and fuel/tobacco combustion is the
main source of respirable suspended particulate matter
(RSPM) in the indoor environment (Zhang and Smith 2018).
Among RSPM, fine (aerodynamic diameter, dp ≤ 1 μm) and
ultrafine (dp ≤ 0.1 μm) particles are of significant concern
since they can penetrate deep into the respiratory tract and
thus into the blood circulation system (Schwartz et al. 1996).
RSPM is an excellent carrier of absorbed inorganic and
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organic compounds such as PAHs (polycyclic aromatic hydro-
carbons). Polycyclic aromatic hydrocarbons have been report-
ed as carcinogenic and mutagenic (WHO 1998), found ubiq-
uitously in the environment, and to have developmental, re-
productive, cardio-, immune-, and neuro-toxicities in labora-
tory animals and human (ASTDR 1995; IARC 1983).

Various studies on indoor air quality have identified
cooking as one of the most significant particle generating ac-
tivities indoors (Zhao et al. 2007; Buonanno et al. 2009). A
recent study on health risk faced by Indian population through
dietary PAHs (Singh and Agarwal 2018) has examined levels
of these compounds on different everyday food types, includ-
ing cereals, bread, biscuit, oils, etc. The study reported total
concentrations of PAHs in these products ranging from 0.18 to
61,967 μg/kg. Furthermore, it was examined (Wei and
Balasubramanian 2008) that cooking method involving the
use of oil at high temperatures, such as frying, pan-frying,
and deep-frying, released a higher amount of PAHs compared
with those that include the use of water, such as boiling and
steaming. Also, high-temperature frying leads to the produc-
tion of higher molecular weight PAHs, while low-temperature
cooking results in the formation of more amount of low mo-
lecular weight PAHs. PAHs with high molecular weight,
mainly present in the particulate phase, are more carcinogenic
than those with low molecular weight (Oanh et al. 2000; Zhu
et al. 2009). Buonanno et al. (2009) reported higher aerosol
mass emission when cooking fatty food (i.e., food containing
a higher percentage of fat) resulting in higher indoor concen-
tration than while cooking vegetables. Emission of PAHs in
cooking fumes is not only related to the cooking method, but
also to the cooking ingredients. It was found that cooking
meat produced far greater PAH concentrations than frying
vegetables (Schauer et al. 1999). Higher quantities of oil are
generally used in stir-frying, commonly used in Malay and
Chinese cooking than simmering which is the most common
technique used for the preparation of Indian dishes.

Research on PAH emission in indoor air from cooking is
limited and has mainly focused on rural India and cooking
fuels like biomass, coal, and kerosene oil (Pandit et al. 2001;
Bhargava et al. 2004). PAH concentrations are seen to increase
substantially during biomass burning. Exposure to carcino-
genic PAHs in indoor-air during cooking over ‘chulha’ in rural
India is highly likely in the breathing zone and surrounding
areas while cooking (Bhargava et al. 2004). The chronic ex-
posure to carcinogenic PAHs along with multiple chemicals or
biological agents in indoor air in the form of RSPM could be a
risk factor for acute pulmonary illness, asthma, pulmonary
tuberculosis, and lung cancer in people involved in the
cooking activity, mainly women in India. Knowledge of var-
iation in emission from different food types and cooking
methods used in urban India, the occurrence of particle-
bound polycyclic aromatic hydrocarbons (PPAHs) on finer
PM leading to health risk is limited.

Objective The primary aim of this study is an assessment of
health risk to people involved in cooking activity through
exposure to PPAHs in fumes emitted during cooking at a mess
in IIT Kanpur campus. This was done by measurement of
RSPM and determination of the size-segregated distribution
of PPAHs in fumes emitted from different types of food
cooked. Data collected have been used to estimate the com-
bined cancer and non-cancer burden of disease, in terms of
disability-adjusted life years (DALYs), attributable to daily
exposure to PPAHs in cooking fumes.

Methodology

Sampling sites and experimental setup

Active air samples were collected from a Hostel mess
(kitchen) in fully residential IIT Kanpur campus, with
around 6000 population. Hostel messes on campus were
surveyed to ascertain the infrastructure and nature and
amount of food cooked. The selection was based on the
cooking area, ventilation conditions (exhaust and hood),
and the amount of food cooked. The samples were collect-
ed in a hostel mess which caters to around 600 students.
Other selection criteria which were considered include the
amount of food cooked per day and the frequency of
cooking (number of times a week) of non-vegetarian food
like chicken and fish, to include all types of food cooked
and increase the sampling efficiency. Sampling was con-
ducted three times over a 4-month period, November 2012
to February 2013, during the regular semester and semester
break (Table 1). Each set includes all three types of food
cooked—vegetarian (veg), chicken, and fish.

In this study, the chimneys over cooking areas were kept
on, and hence, the level of RSPM measured is the actual
emission to which the workers were exposed. By managing
the flow direction of fans in the kitchen, intermixing of fumes
from a different type of food, vegetarian, chicken, and fish was
avoided.

Sampling schedule

Samples were collected during the main cooking period three
times a day (breakfast, lunch, and dinner) over a 4-month
period (Nov 2012 to Feb 2013). The chicken was cooked for
dinner while fish for lunch. Sampling duration and instrument
used are described for each of the three sets in Table 1.
Sampling in set 1 and set 2 (using OPC) has been conducted
on the basis of food type cooked—vegetarian, chicken, and
fish. This means that separate filters in OPC were used for
different types of food cooked (vegetarian, fish, or chicken)
and resulted in three filters, one for each food type, in set 1 and
set 2 separately. To ascertain size-segregated particle-bound
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PAH emission from food cooked during a day, sampling was
conducted using MOUDI on a single day in February (set 3).
Only vegetarian food was cooked in the mess on this day. In
summary, set 1 and set 2 provide average levels of pollutants
over one mealtime while set 3 provides information on levels
over one complete day. Combining the number of sampling
days for set 1 and set 2 reveals that data for vegetarian food
has been collected over 17 days followed by 20, and 17 days
for chicken and fish, respectively.

Instrumentation and sampler location inside the mess

Air samples conducted to determine particle size distribution
using an Optical Particle Counter (OPC) (GRIMM Aerosol
1.108). Size-segregated distribution of particles (and
particle-bound PAHs) was ascertained using a Micro-Orifice
Uniform Deposit Impactor (MOUDI) during November
2012–February 2013. The OPC had a flow rate of 1.2 L/
min, and its gravimetric filters had a pore size of 0.12 μm
and diameter of 47 mm. The MOUDI had a flow rate of
30 L/min such that sampling duration could be shortened con-
siderably to obtain quantifiable results. The nominal cut sizes
of the 10 MOUDI stage filters are 0.056, 0.1, 0.18, 0.32, 0.56,
1.0, 1.8, 3.2, 5.6, and 10 μm. The collected samples were then
analyzed in a gas chromatograph-mass spectrometer (GC-
MS) for PAHs.

The two instruments (OPC and MOUDI) were placed
close to the stove where food was being cooked as seen
in Fig. 1, which shows the location of samplers in the
hostel kitchen. Presence of a semi-partition wall between
the cooking stoves minimized the possibility of cross-
contamination of air samples during cooking. Samplers
were placed close to the stove on which the food was being
cooked. Separate stoves were used for cooking vegetarian
and non-vegetarian food. This wall separates the areas
where non-vegetarian food was cooked from vegetarian
food. The fans were not used during the cooking period,
thereby ensuring reduced cross-contamination of particu-
late matter from each stove.

Sample analysis

Collected samples were analyzed for PAHs using gas
chromatography-mass spectrometer (GC-MS) (Model Clarus
600, Perkin Elmer) using an elite silica capillary column,
DB5-MS (30 m, 0.25 mm I. D, 0.25 μm film thickness;

Perkin Elmer, Santa Clara, USA). Helium (XL grade) was
used as the carrier gas. The mass spectrometer was operated
in the electron impact mode (70 eV) with the ion source at
200 °C. The samples were injected in 1/19 splits at an injector
temperature of 260 °C. The oven was programmed as the
initial temperature of 70 °C for 2 min, heated to 180 °C at
10 °Cmin−1, then to 230 °C at 6 °Cmin−1 and finally heated to
280 °C at 2 °C min−1 and held at the highest temperature for
5 min.

Analytes The PAH standards for 24 compounds were used as
external standards. These included namely isophorone (Ip),
hexachlorocyclopentadiene (C-56), acenaphthylene (AcPy),
dimethyl phthalate (DMP), diethyl phthalate (DEP), fluorene
(Flu), hexachlorobenzene (HCB), anthracene (Ant), phenan-
threne (PA), di n butyl phthalate (DBP), pyrene (Pyr),
chlorobenzilate (CB), bis-2-ethyl hexyl adipate (BEHA), bu-
tyl benzyl phthalate (BBP), bis-2-ethyl hexyl phthalate
(BEHP), benz [a] anthracene (B [a]A), chrysene (Chr), benzo
[k] fluoranthene (B [k]F), benzo [b] fluoranthene (B [b]F),
benzo [a] pyrene (B [a]P), dibenz [a,h] anthracene (D
[a ,h ]A) , and indeno(1 ,2 ,3 -c ,d ) py rene ( IP) . 2 -
Methylnaphthalene (Sigma-Aldrich Labrochemikalein,
GmbH) was used as internal standards.

Table 1 Details of sampling
schedule and instrument usage
during 2012–2013

Sampling set Sampling period Instrument used Parameters examined

Set 1 Nov, 2012 OPC Particle number concentration

Set 2 Jan–Feb, 2013 OPC Particle number concentration

Set 3 Feb, 2013 MOUDI Size segregated mass concentration

Fig. 1 Schematic diagram of Hostel kitchen and location of the sampler
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Health risk assessment

B [a]P-equivalent concentration for PAHs

Benzo (a) pyrene (B [a]P) is a PAH which is highly toxic to
humans and animals. It has five aromatic rings fused in a
honeycomb structure. The main sources of B [a] P are diesel
exhaust particles, industrial emissions, wood burning smoke,
etc. In this study, carcinogenicity and mutagenic potential of
cooking fumes have been estimated through calculations of B
[a]P-TEQ (toxicity equivalent) and B [a]P-MEQ (mutagenic
equivalent). Out of 24 PAHs analyzed, the ME factor is avail-
able for 7 of the PAHs detected (all being carcinogenic except
B [ghi]). To permit comparison between toxicity and mutage-
nicity potential of fumes, B [a]P-TEQ and B [a]P-MEQ are
calculated (see equations below) for these seven PAHs only.

& B [a]P-TEQ (carcinogenic equivalents (ng/m3)) and B
[a]P-MEQ were calculated by multiplying the concentra-
tions of each PAH compound with its TEF (toxic equiva-
lency factor) for cancer potency relative to B [a] P (Nisbet
and LaGoy 1992). B [a]P-TEQ levels for the sum of non-
volatile PAHs (∑7PAH; MW ≥ 228) were calculated as
follows:

BaP−TEQð Þ∑7PAH ¼ BaA½ � � 0:1þ Chry½ � � 0:01þ BbFA½ � � 0:1

þ BkFA½ � � 0:1þ BaP½ � � 1þ IP½ � � 0:1þ BghiP½ � � 0:01

ð1Þ

& B [a]P-MEQ (mutagenic equivalents, ng/m3) were calcu-
lated by multiplying the concentrations of each PAH com-
pound with its MEF relative to B [a] P (Durant et al.
1999). B [a]P-MEQ levels for the sum of nonvolatile
PAHs (∑ 7PAH; MW ≥ 228) were calculated as follows:

BaP−MEQð Þ∑7PAH ¼ BaA½ � � 0:082þ Chry½ � � 0:017þ BbFA½ � � 0:25

þ BkFA½ � � 0:11þ BaP½ � � 1þ IP½ � � 0:31þ BghiP½ � � 0:19

ð2Þ

Disability adjusted life years

Health impact on a human is calculated due to exposure from
cooking fumes emission in terms of DALYs. The term
DALYs, disability adjusted life years, for a disease is the sum-
mation of the life years lost due to premature mortality and
because of some disability, so that a person is unable to live
productively. Human health impact for the PAH emission
from cooking was calculated using the approach proposed
by Hellweg et al. (2009) and Chaudhary and Hellweg
(2014) (Eq. (3)).

Impacti ¼ mi � iF� EFið Þ ð3Þ

where impacti is the impact on human health [cases per func-
tional unit], mi is the mass of individual PAH and metals, EFi
is the human health effect factor [cases per kilogram intake],
and iF is the intake fraction, the fraction of emitted mass
inhaled by the people present, calculated by Eq. (4).

iF ¼ IR� h� Pð Þ � V � 24� Nð Þ ð4Þ
where IR is the inhalation rate (m3/h) (United States
Environmental Protection Agency (US EPA 2011)), h is the
exposure time (h/day), V is the room volume (m3), 24 is the
hours per day (hour/day), N is the air changes per hour (1/h),
and P is the number of people exposed. Air change per hour is
calculated as follows:

N ¼ Ventilation rate� Volume of zone or room ð5Þ

Where; Ventilation rate ¼ RpPz þ RaAz ð6Þ

Rp (cfm per person) is the people outdoor air rate, Pz is the
number of people present in the zone, Ra (cfm per sq. ft.) is the
outdoor airflow rate required per unit area, and Az (sq. ft.) is the
net occupiable floor area of the zone. The values used in the
calculation were obtained American Society of Heating,
Refrigerating and Air-Conditioning Engineers (ASHRAE
(2015)) and arementioned in Table 1 (Supplementarymaterial).

The intake fraction (mass of emitted pollutants inhaled per
unit emitted mass) calculated by using Eq. (4) for the workers
present while cooking in the mess kitchen was 0.00705447.

The effect factor (EFi) is taken from the USEtox model,
developed by UNEP/SETAC which is an environmental fate,
exposure, and effect model, based on scientific consensus. The
health impact is calculated in terms of “disability adjusted life
years” (DALYs) instead of “cases per kilogram intake”
(Rosenbaum et al. 2008). The concept of DALYs was originally
developed by WHO (World Health Organization) and was pro-
posed as a powerful idea to address human health damages. It
represents the sum of the years of life lost (potential life) due to
premature mortality and years of productive life lost due to the
disability caused by the exposure to some harmful element for
humans or potential handicap. The units of the effect factor
available in the USEtox data are in “cases per kilogram intake”,
and in this study, they are converted to DALYs by multiplying
with the conversion factor (known as damage factor (DALYs
per cases)) of 11.5 for carcinogenic and 2.7 for non-carcinogenic
chemicals as suggested by Huijbregts et al. (2005) (Eq. (7)).

Net EF ¼ EFcan � DFhuman canf g þ EFnon−can � DFhuman non−canf g ð7Þ

While calculating the impact on human health, it was as-
sumed that the most significant exposure pathway for effect
on health was ingestion, excluding ingestion and dermal con-
tact. The human health effect factor (EF), used in Eq. (3) for
impact calculation, was not available for all the chemicals
(PAHs) in the USEtox database. To getting an approximate
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estimation of the human health impact, the effect factor is
estimated using close isomers of the compound whose effect
factor is known. Various parameters used in Eqs. (4), (5), and
(6) are listed in Table 1 (Supplementary material).

Results and discussion

Mass concentration of respirable suspended
particulate matter in cooking fumes

Mass concentration of respirable particles (dp ≤ 2.0 μm) in
cooking fumes for different types of food being cooked in
the hostel (Fig. 1, Supplementary material), calculated from
the particle count data obtained from OPC used during set 1
and set 2 (total of 8 sampling days), shows lower levels in case
of vegetarian food compared to non-vegetarian food. In veg-
etarian food, the level of RSPM calculated was 73.52 ±
57.45 μg/m3 followed by ~ 1.3 times that of vegetarian food
for chicken (93.29 ± 49.93 μg/m3) and the highest for fish ~
1.5 (106.89 ± 62.72 μg/m3) times of vegetarian food. In sum-
mary, the mass concentration of RSPM that were recorded
from OPC is higher for non-vegetarian food types (fish >
chicken) that were greater than for vegetarian food. This ob-
servation is similar to that reported by Buonanno et al. (2009).
In their study, peak values for mass concentration were seen to
be highest in case of bacon (352 μg/m3), and lowest was for
eggplant (78 μg/m3).

Variation in particle-bound PAH concentrations
emitted from different food types

A total of 24 PAHs were analyzed in this study (listed in
Methodology). Half of the analytes, i.e., 12 PAHs were de-
tected onOPC filter samples (total 6) and the PAHs detected in
each sample, can be seen in Table 2 (Supplementary material).
The variations in individual particle-bound PAH and total
PAH concentrations detected in the three food types (vegetar-
ian, chicken, and fish) during a regular semester (set 1 in
November) and winter recess (set 2 in January) are presented
in Table 3 (Supplementary material). Total PPAH concentra-
tions observed (10–35 ng/m3) in this study are comparable to
the indoor PAH concentrations reported for emissions from
different gas cooking methods (See and Balasubramanian
2006) and at public places in Hong Kong (Lu et al. 2008).

Maximum number of PAHs was detected in vegetarian
food (n = 9 and 11 for set 1 and set 2, respectively) followed
by chicken (n = 10 and 11) and then fish (n = 4 and 5). Lower
molecular weight PAHs were detected in fish and anthracene
contributed significantly to PAH mass. For set 1, anthracene
and bis-2-ethylhexyl-phthalate accounted for 95% of the total
mass of PAHs for fish and 88% for chicken. In set 2 for fish,
80% of total mass of PAHs was contributed by anthracene and

benzo [b] fluoranthene while anthracene and benzo [ghi]
perylene added to 46% of total mass of PAHs for chicken.
The contribution of individual entities to a total load of PAH
mass is more evenly distributed for emissions captured from
vegetarian food. More number of carcinogenic PAHs were
detected in emissions from vegetarian and chicken food
cooking (set 2).

For set 1, the trend among the food types for PPAHs (non-
vegetarian > vegetarian) (Fig. 2) is the same as that observed
for particle emissions. This is in agreement with the hypothe-
sis that the emission of PPAHs in cooking fumes not only is
related to the cooking method but also to the cooking ingre-
dients (chicken > vegetarian) (Buonanno et al. 2009).

Impact of cooking oil on PAH emissions in cooking fumes
Several studies from China have examined emissions solely
from cooking oils including soybean, lard, and sunflower.
Both carcinogenic and cytotoxic PAHs have been detected
(Chiang et al. 1997; Lu et al. 2000). The cooking oil used
for cooking of food in hostel mess is refined soybean oil pur-
chased from a local vendor. The study on soybean oil by Chen
and Chen (2001) reported a large number of PAHs, which
includes 10 out of 16 PAHs detected (MOUDI) in our study.
This suggests that cooking fuel influences the PAHs observed
in cooking fumes. However, the difference in the amount used
in laboratory studies and real cooking can be very high and
warrants further research on type and amount of cooking fuels
used in India.

Influence of the amount of food cooked on pollutant levels
Amount of PAHs generated in set 2 is almost the same for all
food types (Fig. 2) and is much less than in set 1 for both
chicken and fish samples. This is surprising since both the
samples have been collected during winter time (Nov and
Jan) and have similar sample volume (~ 45 h for all samples).
The most likely reason for this observation is the difference
between the amount of food cooked in November (semester in
session) and January (semester recess). Hostels are fully occu-
pied during November while the number of hostel occupants is
much lesser during the recess time in January. This results in
the lower amount of food being cooked as a whole. Moreover,
hostel authorities allow only a minimum quantity of non-
vegetarian food to be cooked during recess time which is quite
less as compared to November. Reduction in the amount of
non-vegetarian food being cooked results in lesser amount of
emissions and hence the lower levels observed in set 2.

Size segregated distribution of PPAHs

Data from MOUDI was used to determine the concentration
of various PAHs in different size bins. Briefly, impactor stages
S1 to S3 account for the coarse range of deposition, while S4
to S9 and S10 denote the fine and ultrafine ranges,
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respectively. Details of PAHs detected in different stages of
MOUDI, including carcinogens, are provided in Table 4
(Supplementary material).

Constituents of the total PAHs in samples obtained from
MOUDI In total, 16 different PAHs were detected in all the
samples collected by MOUDI. Out of these, seven PAHs are
probable human carcinogens (group B2), as listed by US EPA.
Detection of PAHs was highest in the fine range (n = 13 in S6)
followed by ultrafine (n = 11 in S10). In contrast, lesser PAHs
(9) were detected in the coarse range (S1–S3).

Carcinogenic PAHs The abundance of carcinogenic PAHs is
higher generally in the finer and ultrafine stages (S5–S10)
(Fig. 3) while the wealth of non-carcinogenic PAHs is more
in stages S1–S5 (coarse to fine) (Fig. 4). Less than 10% (ap-
proximately 7%) of carcinogenic PAHs were detected in
coarser range, while the rest were in fine and ultrafine range.
The total concentration of carcinogenic PAHs detected was

15.97 ng/m3. The maximum concentration of carcinogenic
PAHs was found on stage 7 (cutoff diameter = 0.32 μm) con-
tributing 48.5%. Higher incidence of PAHs on fines is again a
confirmation of the fact that the concentration of PAHs in-
creases with the decrease in the size of the particulate matter
emitted while cooking. This goes on to show that PAHs are
present in fines and ultra-fines in larger concentrations be-
cause of availability of a larger surface area for adsorption
(Chiang et al. 1999). Smaller particles have a higher specific
area and a higher attachment rate for organic pollutants and
hence contain a considerable amount of organic carbon, which
allows for more PAH adsorption (Kawanaka et al. 2009).

Cause of concern B [a] P and chrysene made up to 53.95% of
the total carcinogenic PAHs. B [a] P is the major contributor
(almost 32%) for the ultrafine range. Presence of carcinogenic
PAHs in the fine and ultrafine particles in cooking fumes is a
cause for health concern. Given the stable conditions of the
indoor environments, this can be a cause for a large number of

Fig. 2 Total PPAH
concentrations in different sample
sets

Fig. 3 Distribution of
carcinogenic PAHs at different
impactor stages
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respiratory and pulmonary diseases as well as lung cancer
(Gurbani et al. 2013). Greater research that sheds light on
the chemical properties of smaller particles and their interac-
tion inside the human respiratory tract is warranted.

Toxic and mutagenic potential of PAHs

An attempt has been made to investigate possible risk to peo-
ple exposed to cooking fumes containing the seven PAHs
detected in the ten MOUDI impactor stages (Table 4,
Supplementary material). The placement of samplers and con-
tinuous operation chimneys over cooking areas during
cooking time ensures that the level of particle-bound PAHs
measured is the actual emission to which the workers were
exposed.

As mentioned earlier, B [a]P-TEQ represents the carcino-
genic potential and B [a]P-MEQ represents the mutagenic
potential of a particular PAHs. Carcinogenic and mutagenic
potential of individual PAHs, B [a]P-equivalent (B [a]P-TEQ
and B [a]P-MEQ) concentrations, were calculated using Eq.
(1) and Eq. (2), respectively. Results are presented in Fig. 2
(Supplementary material) and the percentage contributions of
individual PAHs to the total mutagenicity and carcinogenicity
listed in Table 2. Levels of (B [a]P-TEQ)∑7PAH and (B [a]P-
MEQ)∑7PAH were 3.78 ng/m3 and 4.04 ng/m3, respectively.
For all samples studied, the most substantial contribution of
individual PAHs to (B [a]P-TEQ)∑7PAH and (B [a]P-MEQ)

∑7PAH was made by B [a] P, followed by B [a] A for (B
[a]P-TEQ) ∑7PAH and B [b] F for (B [a]P-MEQ) ∑7PAH.

Results obtained in this study for (B [a]P-TEQ) ∑7PAH were
comparable to those obtained from a study in residential units
in two Japanese cities (Ohura et al. 2004). This study in Japan
concluded that contribution of B [a] P to the total carcinogenic
potential of PPAHs was dominant in the range of 51% to 64%.
In our study, the total carcinogenic potential is > 70%. There
was a similar study conducted in New York City (Jung et al.

2010) which suggested that residential exposure may pose an
increased risk of cancer and mutation to PAHs, at levels en-
countered in New York City air, especially during the heating
season. Therefore, high levels of B [a]P-TEQ in this study
suggest that from long-term exposure to PAHs present in
cooking fumes, the mess workers are subjected to higher car-
cinogenic risks. It should be noted that the current research
provides with the preliminary calculations and results of risk
assessment, which are suggestive and not conclusive. Further
intense research and data collection are required for evaluation
of lifetime cancer risks involved.

DALYs as an indicator of damage to human health

Cancer and non-cancer burden of disease attributable to
PPAHs detected on RSPM, in disability-adjusted life years
(DALYs), were calculated. Around 25 workers were present
in the kitchen while the cooking was in progress. The total
human toxicity impact, combined for all 25 workers present,
due to the emission of PAHs from cooking was evaluated as
3.374 × 10−10 DALYs. Toxicity effect on every individual
present there was calculated as 1.3497 × 10−11 DALYs/per-
son. Among the 16 compounds examined, B [a] P has the
most extreme effect on health. The concentration of individual
PAHs and effect factor (EF) are provided in Table 5
(Supplementary material) and details for the impact of indi-
vidual PAHs on the health of workers present in the cooking
area can be seen in Table 6 (Supplementary material).

Pollutant mass vs. human health effect factor Figure 5a, b
demonstrates the % contribution of individual PAHs to mass
in the non-carcinogenic and carcinogenic group, and to health
(in terms of DALYs). Equation (3) clearly shows that there is
direct inter-dependence between the mass of PAHs present on
particles and its impact factor. It would seem that higher mass
would lead to higher DALYs. However, in the case of

Fig. 4 Distribution of non-
carcinogenic PAHs at different
impactor stages
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carcinogenic PAHs, lowest DALY value appears for a com-
pound with the most significant contribution to overall mass.
The concentration of bis-2-ethyl hexyl phthalate is maximum
(445.387 ng/m3; mass 6413.57 ng) among all the PAHs, but
the impact seems to be quite less on health (< 2% of total
DALYs). Maximum effect on the health of workers is because
of B [a] P with mass contribution less than 0.4%. This indi-
cates that mass term is overpowered by the human health
effect factor. The values obtained for DALY are likely to be
underestimated since EFs for all PAHs emitted have not been

documented in the USEtox database. So, EF values were spec-
ified according to their respective structures, with an intention
to provide an approximate estimate of impact.

In this study, the estimation of life years lost due to inhala-
tion is evaluated from the emission from the cooking of veg-
etarian food only. It implies number of years lost due to inha-
lation of cooking fumes throughout the day just once and
cannot be generalized to DALY value based on exposure to
cooking fumes in hostel mess for a whole year. The PAH
concentrations obtained in set 1 and set 2 are very different

Table 2 BaP-equivalent
carcinogenicity and mutagenicity
risks assessed for carcinogenic
PAHs

S.No. Analyte TEF BaP-TEQ % MEF BaP-MEQ %

1 B [a] P (benzo [a]pyrene) 1 78.38 1 68.82

2 B [a] A (benzo [a]anthracene) 0.1 10.17 0.082 7.32

3 Chr (chrysene) 0.01 1.26 0.017 1.88

4 B [b] F (benzo [b]fluoranthene) 0.1 6.46 0.25 14.19

5 B [k] F (benzo [k]fluoranthene) 0.1 2.59 0.11 2.50

6 B [ghi] P ([ghi]perylene) 0.01 0.15 0.19 2.64

7 IP (indeno[1,2,3-cd]pyrene) 0.1 0.97 0.31 2.63

∑7PAH 3.780 ng/m3 4.054 ng/m3

Fig. 5 Contributions (%) to
DALYs calculated and total PAH
concentrations measured by a
non-carcinogenic and b
carcinogenic PAHs
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for the food types (non-veg > veg). With PAH concentrations
being lower in vegetarian food, DALYs calculated present an
underestimation of overall impact.

Health risks in outdoor and indoor environments A recent
study conducted in Nagpur district, India, reported that global
burden of disease in terms of DALYs, caused by ambient
PM2.5-bound PAHs, results in 0.011 DALYs/person/year
(Etchie et al. 2018). In the current research, an attempt was
made to determine cancer and non-cancer burden of disease,
due to RSPM-bound PAHs emitted from cooking, which was
calculated to be 0.049 × 10−07 DALYs/person/year. Our study
is source specific in that it determines DALYs due to one of
many sources of indoor pollution while this is not the case for
research in Nagpur. It examines particles that arise from mul-
tiple sources, including vehicular exhaust. A comparison be-
tween observed DALY values highlights the need for more
intensive data collection from known sources of indoor air
pollution to enable assessment of overall DALYs which in-
cludes the influence of processes impacting air quality of the
indoor microenvironment.

Conclusion

Emissions from the cooking of different food types showed a
variation in number and type of PPAHs emitted. Maximum
number of particle-bound PAHs occurred in fine and ultrafine
range which also accounts for greater than 90% of carcino-
genic PAH concentrations. Less than 10% of carcinogenic
fraction occurred in the coarser particles. B [a] P, the major
contributor to ultrafine particle size bin, accounts for > 65% to
toxic and mutagenic potential and > 70% of the total
disability-adjusted life years. This indicates that inhalation of
cooking fumes poses a significant hazard to the health of mess
workers and prolonged exposure could lead to carcinogenic
risk. During calculation of DALYs, it was found that mass was
overpowered by the effect factor, mainly in case of carcino-
genic PAHs, resulting in chemicals with lower mass having
higher DALY values. Parameters like toxicity equivalent or
incremental hazard risk provide us with the extent of toxicity
of chemicals and incremental risk of cancer. However, calcu-
lations based on data from this pilot study suggest effective
risk assessment through quantification of the impact on life
years due to exposure to a particular chemical can be accom-
plished by DALYs.
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