
INDIAN JOURNAL OF SCIENCE AND TECHNOLOGY

ORIGINAL ARTICLE

 

 

OPEN ACCESS

Received: 13-04-2020
Accepted: 20-04-2020
Published: 08-05-2020

Editor: Dr. Natarajan Gajendran

Citation: Sivaswamy S, Sambandan
S, Puttusamy N, Ramasamy P,
Surianarayanan M, Saidam SR
(2020) Urinary 1-Hydroxypyrene
levels among children with asthma
in Chennai, South India. Indian
Journal of Science and Technology
13(12): 1316-1320. https://doi.org/
10.17485/IJST/v13i12.138
∗Corresponding author.
Samantha Sivaswamy
Research Scholar, Department of
Environmental Health Engineering,
Sri Ramachandra Institute of Higher
Education and Research, Porur,
600116, Chennai, India
samantha_1412@yahoo.com

Funding: None

Competing Interests: None

Copyright: © 2020 Sivaswamy,
Sambandan, Puttusamy, Ramasamy,
Surianarayanan, Saidam. This is an
open access article distributed
under the terms of the Creative
Commons Attribution License, which
permits unrestricted use,
distribution, and reproduction in
any medium, provided the original
author and source are credited.

Published By Indian Society for
Education and Environment (iSee)

Urinary 1-Hydroxypyrene levels among
children with asthma in Chennai, South
India
Samantha Sivaswamy1∗, Sankar Sambandan2, Naveen Puttusamy3,
Padmavathi Ramasamy4, M Surianarayanan5, Sudhakar Rao Saidam6

1 Research Scholar, Department of Environmental Health Engineering, Sri Ramachandra
Institute of Higher Education and Research, Porur, 600116, Chennai, India
2 Professor and Head, Department of Environmental Health Engineering, Sri Ramachandra
Institute of Higher Education and Research, Porur, 600116, Chennai, India
3 Assistant Professor, Department of Environmental Health Engineering, Sri Ramachandra
Institute of Higher Education and Research, Porur, 600116, Chennai, India
4 Associate Dean of PG studies, Department of Physiology, Sri Ramachandra Institute of
Higher Education and Research, Porur, 600116, Chennai, India
5 Principal Scientist, Cell for Industrial Safety and Risk Analysis, Chemical Engineering
Department, Central Leather Research Institute, Chennai, 600020, India
6 Field/Lab Manager, HAPIN Project, Department of Environmental Health Engineering, Sri
Ramachandra Institute of Higher Education and Research, Porur, 600116, Chennai, India

Abstract
Aim:To explore the potential relationship between exposure to Polycyclic Aro-
matic Hydrocarbons (PAHs) and asthma exacerbation among children and
also to explore the potential exposure sources of PAHs at the household level.
Methods: Case-control study was conducted at a tertiary care hospital in Chen-
nai among 60 participants after obtaining approval from the Institutional Ethics
Committee. The study was conducted fromMarch till May 2018. Informed con-
sent was obtained from the participants. The participants were included based
on their clinical diagnosis of asthma and few participants were as used as con-
trol based on no documented history of wheeze and PEFR levels. All the partic-
ipants were male children aged between 9-12 years and exclusion was done if
they were reported to having congenital heart disease, surgery or chronic lung
disease. They were interviewed with a standardized questionnaire to ascer-
tain their exposure to PAHs sources. Urinary 1-OHP levels were analyzed using
HPLC to determine their exposure.Results: Participants with asthma showed a
higher concentration of 1-OHP (7.56µg/g) in their urine. Second hand exposure
to tobacco smoke, consumption of charred or grilled foods, use of indoor air
pollutants and exposure to traffic fumes were identified as contributive factors
to elevated 1-OHP levels. Conclusion: Exposure sources at household levels
may play a major role in exacerbating asthma. Significant PAHs exposure was
contributed through dietary habits. Further exposure monitoring studies are
needed to quantify the impact of PAH exposure on respiratory health.

Keywords: Polycylic Aromatic Hydrocarbons; Asthma; 1-Hydroxypyrene

https://www.indjst.org/ 1316

https://doi.org/10.17485/IJST/v13i12.138
https://doi.org/10.17485/IJST/v13i12.138
https://doi.org/10.17485/IJST/v13i12.138
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
www.iseeadyar.org.
https://www.indjst.org/


Sivaswamy et al. / Indian Journal of Science and Technology 2020;13(12):1316–1320

1 Introduction
Polycyclic aromatic hydrocarbons (PAHs) are formed due to incomplete combustion of organic substances. Diesel exhaust
particles (DEP) emitted from vehicles are major sources of PAHs in urban areas (1). Blood and urine PAHs levels are biomarkers
of interest as they can represent PAHs exposure through inhalation and ingestion of contaminated foods (2). Chronic exposure
to air pollution has been associated with exacerbation of asthma. These studies mainly focus on traffic related emissions which
are made up of particulate matter, DEP, oxides of Nitrogen and Sulphur, volatile organic compounds and PAHs in the initiation
of respiratory symptoms and disorders (3). Recent studies have revealed that chronic exposure to PAHs can be associated with
adverse respiratory health outcomes such as increased cough and wheeze in infants that may lead to development of breathing
problems (4). In a recent survey by the U.S. National Health and Nutrition Examination Survey (NHANES) (1999–2000, 2001–
2002), higher levels of PAHs were detected among children, suggesting that they may face a higher risk for negative health
effects (5). Another significant factor that may contribute to PAHs exposure is the usage of biomass fuels. Burning of biomass
fuels releases dense fumes into the air that consists of particulate matter, oxides of carbon and poly organic and polycyclic
aromatic hydrocarbons (6). Recent literature has showed evidence that there exists a negative association betweenPAHs exposure
and asthma in children without prenatal exposure to environmental tobacco smoke (7). In another study by Awasthi et al. (8), a
higher blood level of phenanthrene was observed in cases of bronchial asthma. Childhood asthma is believed to be associated
with an increased generation of Reactive Oxygen Species (ROS) in the body leading to oxidative stress, which in turn can lead
to development of respiratory distress. This study aims to identify the relationship between PAHs and asthma among children
from selected parts of Chennai.

2 Materials and Methods

2.1 Study population

This was a case-control study conducted among 60 participants recruited from a tertiary care hospital in Chennai, between
March and May 2018. Only male children of age 9-12 years were recruited to avoid gender confounding (9). The participants
included 30 asthmatic children and 30 non-asthmatic children. Recruitment of cases was done based on physician diagnosed
asthma. Controls were screened and included based on the ISSAC questionnaire, which assess prevalence of wheeze and asthma
symptoms. After obtaining informed consent, the child was subjected to a preliminary lung function test using a hand-held
PEFR instrument. Children with normal PEFR rates, no history of clinical diagnosis of asthma and reported no respiratory
symptoms to the ISAAC questionnaire were recruited to be the controls. Participants were excluded if they reported having
congenital heart disease, chronic lung disease like suspected cystic fibrosis, bronchiectasis or lung abscess. Urine samples were
collected from all the participants. Urinary concentration of 1-hydroxypyrene was analyzed as a biomarker of PAH exposure.
The questionnaires were administered to the parent or guardian of the child below the age of 13. Anthropometricmeasurements
were then obtained for all participants. The parents were interviewed briefly to collect data regarding exposure to traffic source,
indoor air pollution sources, industrial or commercial sources of pollution, food habits, fuel use characteristic and time of
activity patterns. A spot urine sample of minimum 30 ml of volume was collected after providing proper instructions to the
participants.

2.2 Analysis of urinary 1-Hydroxypyrene

Urine samples collected were immediately quantified for creatinine using a semi-automated analyzer (ERBA Manheim). After
creatinine analysis, samples were aliquoted and stored at -20o C, within 4 h after sampling. They were thawed at room temper-
ature and taken for analysis. The samples were centrifuged at 5000 rpm for 5 mins. An amount of 2 ml of urine sample was
then added with 3 ml of sodium acetate buffer and 10 µ l β - glucoronidase enzyme for hydrolysis. After 16 hours of incubation,
analytes were extracted using C18 cartridges packed in 3 cc tubes of 500 mg each, at room temperature. After extraction, the
samples were concentrated using nitrogen gas. It was reconstituted with methanol. The extract was then loaded into HPLC-
2010 AHD Shimadzu with fluroscence detector RF-NAXL detector. Analyte separation was performed on a C18 column (250
mm). The samples were creatinine corrected before further analysis (10).

3 Results
The demographic characteristics of the participants are provided in Table 1. All participants were comparable with regard to
age and anthropometry.
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Table 1. Demographic features of the participants
Controls (N= 30) Cases (N=30)

Age 10.37±2.06 9.33±3.09
Height (cm) 135.45±16.8 132.59±19.7
Weight (Kg) 30.33±9.71 30.18±17.56
BMI 16.26±2.91 15.901±4.40
PEFR (L/Min) 218.74 164.44
Mean + SD

3.1 Prevalence of 1-Hydroxypyrene levels in uri ne and potential sources of PAHs exposure

The results were analyzed to examine the relationship between PEFR and 1-OHP levels among the two groups of participants
as shown in Figure 1. PEFR levels were lower in children with asthma as compared to healthy children. The mean PEFR of
cases and controls were observed to be 165.56 L/min and 218.74 L/min respectively. Mean 1-OHP levels were slightly higher
in children with diagnosed asthma (7.56 µg/g) than healthy children (3.19 µg/g).

Fig 1. Comparisonof mean PEFR levels and urinary 1-OHP levels among cases and controls

The difference in 1-hydroxypyrene levels between Cases and Control can depend on a range of exposures sources in the
indoor and ambient environments. Table 2 to examines the role of potential PAH exposure sources that may influence elevation
in 1-OHP levels.

Table 2. 1-OHP levels with respect to possible sources of PAHs exposure
Controls (µg/g) Cases (µg/g) P-Value

Presence of a smoker in the household 5.86±3.13 11.9±12.66 0.038*
Household vicinity to highways 2.73±1.36 9.99±12.33 0.08
Heavy traffic density 2.82±1.11 13.32±14.06 0.23
Vicinity to industry 6.07±9.62 10.6±14.9 0.55
Waste burning near household 2.4±1.13 5.37±4.35 0.15
Indoor usage of kerosene lamps / agar-
bathis

3.6±3.93 14.02±17.4 0.043*

Consumption of grilled foods 3.3±2.56 9.06±12.97 0.032*
Using indoor air pollutants. 4.28±9.82 6.74±9.52 0.046*
Mean + SD

Certain exposure variables were observed to be significant at 0.05 level. Other exposure variables that showed considerable
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difference between the groups are represented in Figure 2.

Fig 2.Distribution of urinary 1-OHP levels (µg/g) between cases and controls with respect to exposure sources

The participants were between 9-12 years of age. They were distributed among the lower middle (48%), upper middle (32%)
and upper lower classes (20%), of the socio-economic strata. The family type most commonly observed was nuclear (82%).
Family size observed weremostly 4-5 people per household. It was observed that single-child household was very rarely present
among the participants (4%). Siblings of participants who were in the criteria age range were included in the study or were
selected as controls in some households.

This gave both the groups of participants a shared exposure environment. About 30% of the participants had an active
smoker in the household. It was reported during the study that about 24% were actively exposed to second- hand smoke in
their households or neighborhood.

It was observed that cases who had a smoker in the household exhibited higher urinary 1-OHP concentration, similar to a
study conducted in Taipei (11).

Previous studies report smoking, effects of grilled food consumption and proximity to roadways as a major source of PAHs
exposure for non-occupational exposure (12). About 20% of the participants reported having contact with pet or stray animals.
About 16% of the households in the cases category reported using kerosene and biomass fuel for bathing and other domestic
purposes, whichmay also be an attributing factor for the elevated levels observed. Similar results were seen in a study in Nigeria
which showed an association between biomass fuel usage and severe symptoms of asthma with an odds of ratio of 2.37. About
40% of the houses were situated less than 10 meters from the highways and reported of deposition diesel exhaust particles on
window screens and curtains. An elevated level of 1-OHP was observed in these households though the difference was not
proved significant. They reported heavy duty vehicles and light duty commercial vehicles plying near their homes frequently
at moderate volume. These results were similar to a study done in Italy, where there was a weak association between mod-
erate traffic and asthma symptoms with an odds ratio of 1.24 (13). Elevated levels of urinary PAHs were seen in participants
who reported burning their household waste regularly in open areas near their homes. Few of the parents of the participants
reported sneezing and wheezing, due to their exposure to construction debris and dust nearby. About 60% of the participants
reported playing outdoors at schools, near roads and open grounds for an average of 30 to 45 mins every day. This may be a
contributing factor for asthma exacerbation as discussed in a similar study in Sweden, where house dust was associated with
asthma symptoms in children (14). About 70% of the participants reported commuting to school and other places for an average
duration of 15 -30 mins every day in moderate traffic density.

In a study at Minnesota, asthma exacerbations were observed to rise with increase in traffic density and proximity (15). Con-
sistent higher concentrations of 1-OHP were seen in cases who consumed charred or grilled food on an average of 3-4 times
a week, compared to their controls. This was similar to a study in Baltimore where ingestion of charred and boiled foods were
associatedwith elevated levels of urinary 1-OHP (15). Participants fromhouseholdswho used indoor air pollutants likemosquito
coils, repellants and various types of incenses were observed to show elevated levels of 1-OHP. This may be due to higher expo-
sure to PAHs emissions in a closed environmentas observed in a similar study in Taiwan (16). Time activity of the participants
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plays a major role in identifying potential exposure sources. The participants who spent significant amount of their time in
dusty environment during playing or commuting were observed to have higher levels of 1-OHP concentration than partici-
pants who spent less than an average of 60 minutes outdoors every day. Dietary consumption of charred food may have been a
confounding factor because of its positive influence on 1-OHP. This may have been responsible for the absence of attributable
associations to air pollution. Exposure to second-hand smoke, consumption of charred food, traffic-related pollution in urban
areas and usage of indoor air pollutants were observed to cause an elevation in 1-OHP levels. They may serve as predictors to
assess the exposure to PAHs with additional evidence (17,18).

4 Conclusion
Traffic fumes, ETS and dietary intake of contaminated food have been reported as having an adverse impact on respiratory
health in this study. This study strengthens the belief that PAHs adsorbed to dust particles may have an association with the
exacerbation of asthma symptoms in children. Though the association between PAH and asthma is not definitively clear, this
study provides an insight into various contributing factors that may play a role in the etiology of asthma. Further molecular
based research is needed to quantify the exact effect of the reported factor that have shown promise in this study, as potential
exposure sources at the household. This can lead to development of source based control strategies to reduce the impact of
asthma on children.
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