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Abstract

Volatile organic compounds (VOCs) play an important role in indoor and
outdoor air pollutants. In the present study, samples were analyzed from indoor
(schools and houses) and outdoor air in urban, industrial, semi-rural and
residential arcas from Argentina (La Plata region) and Mexico (Mexico City
region) to consider VOC exposure in different types of environments. VOCs
were sampled using a passive sampling method with passive 3M monitors.
Samples were extracted with CS, and analyzed by GC/MS detectors.

The results show significant differences in concentration and distribution
between indoor and outdoor samples, depending on the study area. Most VOCs
predominantly originated indoors influenced by local outdoor emissions (traffic
and industry).

Keywords: VOCs, indoor-outdoor ratio, urban and industrial burdens, indoor
Sources.
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1 Introduction

Volatile organic compounds (VOCs), arising from natural and anthropogenic
processes represent an important group of indoor and outdoor air pollutants,
because they are ubiquitous and associated with increased long-term health risks
[1, 2], for the general population and those people that stay outdoors for a long
time [3]. Vehicular and industrial emissions are the major sources of outdoor
VOCs. It has been estimated that 35% of total VOC emissions are due to vehicle
exhaust and evaporative losses [4-6].

Indoor VOC exposure is thought to be of greater concern in the community
because indoor concentrations of many pollutants are often higher than those
typically encountered outdoors. At the same time, indoor VOC concentration
may be the dominant contributor to personal exposure because most people
spend over 80% of their time indoors, either in the home or in the work place
[7, 8]. Measurement of VOCs in the indoor environment has received substantial
rescarch attention for several years because indoor VOC levels may pose
potential health effects to occupants of dwellings. While some VOCs may be
present at concentrations that are not considered acutely harmful to human health
with short-term exposure, long-term exposure may result in mutagenic and
carcinogenic effects.

The occurrence and concentrations of VOCs in residences can be affected by
outdoor atmospheric conditions, indoor sources, indoor volume, human
activities, chemical reactions, ventilation rates, and seasonal factors [9, 10].

Indoor sources are quite numerous including combustion products, cooking,
construction materials, furnishings, paints, varnishes and solvents, adhesives and
caulks, office equipment and consumer products [11-13].

To consider the VOC exposure in the different types of environments,
measurements of VOC concentrations were carried out indoors and outdoors in
arcas influenced by industrial emissions, in an urban area influenced by traffic,
as well as in semi-rural and residential areas as control and as an area influenced
by emissions coming from the (mega)-city. The indoor-outdoor ratios were
calculated to get an impression regarding the sources of VOC exposure and the
impact of outdoor-related air pollution on the indoor environment.

2 Methods

2.1 Measurement sites

The study region, La Plata and neighboring areas, located northeast of Buenos
Aires province (Argentina), has a population around 700,000 inhabitants. Four
sampling zones were considered: industrial (I), urban (U), semi-rural (SR) and
residential (R) areas (Figure 1).

The industrial areca holds the country’s main oil refinery (total crude oil
distillation capacity: 38,000 m’/day™) located next to six petrochemical plants
producing diverse compounds such as aromatics (benzene, toluene, xylenes),
aliphatic solvents (n-pentane, n-hexane, n-heptane), polypropylene, polybutene,

WIT Transactions on Ecology and the Environment, Vol 116, © 2008 WIT Press
www.witpress.com, ISSN 1743-3541 (on-line)


http://www.witpress.com

Air Pollution XVI 469

maleic anhydride, cyclohexane, methanol, methyl tertiary butyl ether, and
petroleum coke. This industrial complex 1s approximately 10 km north-northeast
of the main urban sector of the city.

The urban area is characterized by heavy traffic, the number of vehicles
registered is approximately 200,000. The semi-rural and residential sites, places
with low traffic, were considered control areas.

* Sitios de Muestreo

Figure 1: Sampling points in La Plata (I, industnal; U, urban; SR, semi-
rural; R, residential).
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Figure 2: Sampling points in Mexico (TO urban, T1 suburban, T2 rural).
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The Mexico study is part of the MILAGRO project (Megacity Initiative:
Local and Global Research Observations) [16]. The air pollution problem in
megacities is influenced by several factors that include the topography,
meteorology, demographic growth, industrial growth and urban expansion.

The Mexico City Metropolitan Area (MCMA) — the second largest megacity
in the world — has an estimated population of 18 million people and covers an
urbanized area that totals 1,500 km2, encompassing the 16 delegations of the
Federal District, 37 municipalities of the State of Mexico and 1 municipality of
the State of Hidalgo. In the MCMA, emissions of pollutants reach millions of
tons per year, and atmospheric concentrations of ozone and particulate matter
routinely exceed the standards recommended by the World Health Organization
[6]. As a result, there has been an increase in diagnosed incidences of chronic
bronchitis, asthma, reduction of pulmonary capacity, and in premature mortality
rates among the citizens. The study region, Mexico City and the neighboring
areas in main wind direction (SW to NE) includes three different sites (TO, T1,
T2): TO — within MCMA located at Iztapalapa, T1 — at the Universidad
Tecnoldgica de Tecdmac in the State of Mexico, T2 in Rancho La Bisnaga, north
of Tizayuca in the State of Hidalgo (Figure 2). The designations refer to transport
of the urban plume to different points in space and time. The selected VOC
represent alkanes, cycloalkanes and aromatics, chloroaromatics, terpenes.

2.2 Sampling design and measurement method

Sampling was carried out in indoor and outdoor air using passive sampler (3M
OVM 3500, 1986) [14]. A sampling period of four weecks was sclected, since an
integrative sampling described a mean load relative to personal exposure. Using
this procedure, it can be assumed that the human exposure is more selectively
described compared with a short time measurement. Indoor samples were
collected in kindergartens, schools, offices and in the selected homes of children,
while outdoor samples were collected in representative sites parallel to the
indoor measurement. The outdoor monitors were placed at rain-protected
positions. Indoors, the passive monitors were placed in the middle of the room at
a 1.5-2 m height with a minimum distance of 50 cm to the ceiling [7, 15].
According to their structure and composition the VOC belong to the
following groups: alkanes (hexane, heptane, octane, nonane, decane, undecane,
dodecane, tridecane); cycloalkanes (methylcyclopentane, cyclohexane,
methylcyclohexane); aromatic hydrocarbons (benzene, toluene, ethylbenzene,
m+p-xylene, styrene, o-xylene, 4-cthyltoluene, 3-ethyltoluene, 2-ethyltoluene,
naphthalene); chlorinated hydrocarbons (chlorbenzene, trichlorethylene,
tetrachlorethylene); rerpenes (a-pinene, b-pinene, 2-carene, 3-carene, limonene).
After exposure, the VOCs were desorbed from the adsorption layers (charcoal
pads) by means of 1.5 ml of carbon disulfide (with low benzene, from Merck)
containing 1% of methanol. The VOC analysis was performed on a PerkinElmer
gas chromatograph with a masspectrometrical detector, equipped with an RTX-1
column (60 m 032 mm LD, 1.0 um film thickness; Resteck). The oven
temperature was held at 43 °C for 5 min, and then programmed to 200 °C at a
rate of 2.5 °C min”. The injector temperature was held at 250 °C as well as the
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transfer line temperature. An electron energy of 70 eV was used for ionization.
The source temperature was held at 200 °C. A sample volume of 1 ul was
splitless injected. Integrated arcas of selected fragment ions from each of the 29
VOCs were obtained with the software Turbomass, Version 4.4 (PerkinElmer)
[7,10].

2.3 Quantification and statistical analysis

Recovery coefficients were determined by direct injection of a known amount of
the standard into a 3M sampler and subsequent extraction with carbon disulfide
containing 1% methanol. The recovery was between 98% and 102%. For the
studied VOCs, the background amounts contained in the monitors and in the
carbon disulfide were determined for each charge of the samplers and chemicals
and were subtracted from the sample results. The detection limits for the
components were estimated as the three-fold standard deviation of five replicate
measurements of monitor blanks. For components with blank values too low to
be registered, it is usual practice to use the three-fold standard deviation of
replicate measurements of a low-level standard solution [15]. The average
concentration of each component over the sampling interval (in pg m™) was
calculated according to the equation adopted from 3M [14], using the adsorption
coefficients in charcoal. The detection limits were found to be between 0.01 and
0.05 mg m” regarding a sampling interval of 4 weeks.

A non-parametric method (Mann—Whitney U-Test) was used for statistical
analysis of results, according to the non-symmetrical distribution of the data.
Statistical analysis and plots of median values were prepared using Statistica 7.1
[17]. A p-value below 0.05 was regarded to be statistically significant.

3 Results and discussion

3.1 Total VOCs load

The concentration levels of the total indoor and outdoor VOC content per study
area is shown in Figure 3a and 3b.

Significantly higher concentrations of indoor VOCs were observed
independent from the study and local area.

3.2 Indoor-outdoor ratio

Since most people spend over 80 percent of their time indoors [10], indoor VOCs
are thought to be of greater concern considering potential health effects because
the indoor concentrations of these compounds are often higher than those
typically encountered outdoors. On the one hand the indoor-outdoor ratio (I/O) is
generally used to infer penetration to indoor environments and indoor sources
[18]. On the other hand this ratio will be determined also by the use of the
buildings. It makes a difference whether the building is mainly used for
apartments or for public demands. An I/O ratio lower and close to one indicates
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more outdoor sources. Significant differences between indoor and outdoor
concentrations indicate mainly indoor sources for the VOC compounds.

The 1/O ratio of the apartments in the urban and suburban areas is similar
(between 2.5 and 2.7).

The ratio is lower for the schools/offices than for the apartments. This reflects
the lower indoor exposure in the public building coming from a reduced use of
indoor exposure causing materials and maybe from a reduced redecoration
activity but a better air exchange rate.
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Figure 3: (a) Indoor and outdoor concentration of VOC (sum of measured
VOC() in La Plata and surroundings (mean values). (b) Indoor and
outdoor concentration of VOC (sum of measured VOC) in
different building types in Mexico City and surroundings (mean
values).
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The main sources are the industrial complex and the traffic. The highest
outdoor exposure was measured in the industrial area of La Plata following by
the traffic dominated exposure in the urban area of Mexico City. The lowest load
was recorded in the rural respectively semi-rural sites of both study areas.

4 Conclusions

Ambient air in the vicinity of the industrial and urban site is significantly
different than the air quality found in the semi-rural and suburban residential
arcas. Whereas traffic was identified as the main source of outdoor VOC
exposure in the urban and residential areas, in the industrial area, outdoor as well
indoor air is strongly affected by emissions of the local industry.

Total VOCs in the urban, residential and semi-rural areas are equivalent to
those reported for other major cities worldwide, indicating comparable burdens,
although non-equivalent distribution patterns could be a result of different
lifestyles and habits.

Indoor/outdoor ratios suggest higher indoor burdens in all places and
demonstrate an exceptional importance of indoor exposure.

The high outdoor VOC content in the industrial and “high” traffic loaded
arca, together with the lifestyle quality, very strongly affected the indoor
exposure for these inhabitants.

Further research will be necessary to evaluate the environmental impact of
VOCs and the assessment of effects of the different volatile compounds on
human health.
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