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1 Introduction
Many volatile organic compounds (VOCs) are
measured at higher concentrations indoors than
outdoors (Brown et al. 1994), with
concentrations influenced by outdoor sources
(e.g., vehicles, industry, solvents), a wealth of
sources indoors (e.g., personal care products,
food, construction materials, furniture), and
human behaviours (e.g., opening windows and
doors). Although people in urban environments
spend the majority of their time indoors and
many VOCs are associated with adverse effects
on health (Kjærgaard et al. 1991; LBNL 2018;
Ware et al. 1993), these pollutants and their
sources remain poorly characterized indoors.
This limited characterization extends to homes
that do not rely on biomass fuels for cooking or
heating in urban/suburban India (Goyal et al.
2012) and in China. With a growing middle
class, these countries are seeing an increasing
number of people living in newer homes, where
sources of VOCs may be prevalent.

2 Materials/Methods
We collected integrated 90-minute samples of
VOCs and aldehydes in suburban Shanghai,

China, in spring 2017 (n=20 homes) and in
Ahemedabad/Gandhinagar, India, in summer
2019 (n=20 homes) and winter 2020 (n=19
homes). Samples were collected during the early
morning in all homes and in the
afternoon/evening in a subset of homes in India.
We used a questionnaire about household
characteristics and activities during sampling to
better understand factors driving quantities of
pollutants measured in India. In Shanghai, we
additionally assessed the effects of air filtration
(HEPA, carbon) on compounds. In Shanghai,
families were asked to keep their doors and
windows closed during sampling. In India, doors
and windows were often open in homes during
the very hot summer and to some extent in the
winter. We used non-negative matrix
factorization - a variable reduction technique - to
identify potential sources of compounds in both
Shanghai and Ahmedabad/Gandhinagar.

3 Results and Discussion
In Shanghai, the total VOC level
was
substantially higher indoors (median: 235, min:
56, max: 793 µg/m3) than outdoors (median: 62,
min: 26, max: 629 µg/m3). Concentrations in

Ahmedabad/Gandhinagar during the summer
were higher indoors (median: 104, min: 17,
max: 326 µgm-3) than outdoors (median: 56,
min: 21, max: 263 µgm-3) in the morning,
although they did not differ significantly in the
afternoon (Figure 1).

some hazardous. In Ahmedabad/Gandhinagar,
34 of the compounds quantified during the
summer present an inhalation health hazard.
Results from the winter sampling campaign are
forthcoming.
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4 Conclusions

Figure 1: Total VOC concentrations measured
indoors and outdoors at homes in Shanghai and
Ahmedabad/Gandhinagar with and without the
use of a functional air purifier (China) and at
different times of day (India). Homes in India
received no air filtration.
Temporal differences may relate to changing
source emissions over the course of the day,
activity patterns of individuals in the homes, and
the fact that doors and windows were more
likely to be closed at night, exacerbating
indoor/outdoor differences. Concentrations
indoors in Ahmedabad/Gandhinagar tended to
be lower than in Shanghai. For individual
compounds, substantial variation was observed
between households with respect to both the
compounds detected and the concentrations at
which they were measured; some of these
differences likely relate to the specific products
and materials used in the home, local pollution
near the home infiltrating the home, and the time
of day that the sampling occurred. However,
some compounds (i.e., toluene, acetaldehyde,
formaldehyde)
were
nearly
ubiquitous
regardless of sampling location and time. There
were distinct indoor (e.g., cooking-related,
personal care product) and outdoor (e.g.,
solvents, traffic) pollutant sources at both sites,
and many compounds were only detected
indoors, further pointing to indoor sources.
Pesticides were identified as a potential source
indoors in India. In Shanghai, air filtration was
associated with lower concentrations of total
VOC and of numerous individual compounds –

Our ability to reduce exposures to VOCs and
aldehydes, some of which present known
hazards to health, relies on quantification of
these compounds indoors, understanding
indoor/outdoor relationships, and identifying
sources of compounds. We begin this important
quantification with a view to improving our
understanding of the indoor environment in
urban/suburban China and India. We measured
VOCs at higher concentrations indoors than
outdoors, pointing to the need to control indoor
sources of these compounds, and found that air
filtration may mitigate such exposures.
Exposures in these indoor environments are
likely to become increasingly important with the
burgeoning middle class and continued growth
and development in India and China.
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