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Abstract

In the present study, carbon species including organic carbon (OC), elemental carbon (EC), and water-soluble
organic carbon (WSOC) concentration in PM2.s were assessed at an urban site of Tehran, Iran during March to
June 2014. The PM2s samples were collected using an frmOMNI™ Ambient Air Sampler. Thermal gravimetric
analysis (TGA) was used to analyze OC and EC. The results showed that PM2.5 concentrations varied from 14.32
to 74.45 ug/ms3 with an average value of 41.39 ug/m3. The results also showed that carbon species varied from
5.52 to 23.21 (15.35 + 6.05) yg/m3 for OC and 1.03 to 4.16 (2.25 + 0.65) uyg/m3 for EC. As the findings
indicated, the mean PMas level in the sampling area was higher than the annual average determined by the
United States Environmental Protection Agency (EPA) as the ambient air quality standard. On average, carbon
species (OC, EC, and WSOC) account for almost 60% of PM2s mass in the atmospheric outflow from a
downwind site. OC and EC concentrations in atmospheric PM2s collected at the sampling site were lower than
the values reported for other urban areas with high or medium vehicular traffic and/or industrial sources.
Moreover, the results obtained in this research can provide a valuable data base for health risk evaluation of
the local residents and prioritization of control actions.
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Introduction®
Particulate matter (PM) considerably affects
the atmospheric chemistry, air quality, vision
purview, and the radiation funds of the Earth.
PM is generated either by numerous natural
processes or due to various human activities.
PM has been broadly studied in recent
decades because of its potential effects on air
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quality and health.'¢ Various studies have
shown that a key representative agent of air
quality is the concentration of aerosols,
particularly fine mode particles (PM with
diameters less than 10 or 2.5 pm). However,
aerosols have a complicated chemical
composition and it has been proposed that
some of the observed serious impacts are
related to PM chemical mixture.”® The
changes in PM concentrations over cities can
be caused by bio-fuel burning emissions
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(BBE), fossil-fuel combustion (FFC), vehicular
emission, industries, soil dust emission,
biomass burning, photochemical responsible
for the production of inorganic secondary
aerosol, and other human made sources.10-12
There are a very large number of organic
constituents in both the particulate and gas
phase of the atmosphere. Determining
exposure to all particular components is not
possible yet. One way that has been used in
many researches is to determine elemental
carbon (EC) and organic carbon (OC) as more
general indices of air quality. EC is an
extremely polymerized black fraction that is
refractory to oxidation at temperatures below
400 °C13 EC particle surface consists of
plentiful adsorption sites that are able to
improve catalytic processes. EC is highly
associates with black smoke (BS), black carbon
(BC), and PM absorbance ability and is used
as an indicator of traffic diesel emissions.!416
On the other hand, OC is a combination of
organic compounds such as aromatic
hydrocarbons, acids, and etcetera. Water-
soluble organic carbon (WSOC) is a part of OC
and within urban air, WSOC is approximately
20-35% of OC fraction and 90% of it consists of
oxygenated organic aerosol.’” Most forms of
WSOC are oxygenated organic compounds
such as carboxylic acids, aldehydes, ketones,
alcohols, and peroxides that are emitted
directly from combustion, industrial and
natural sources (primary) and/or are formed
through secondary processes such as
homogeneous gas-phase and/or
heterogeneous  aerosol-phase  oxidation
(secondary).’819 The distinction between EC
and OC are usually obtained by evaluating
various parameters such as thermal, chemical,
and optical factors.® Carbonaceous loading
PM, containing OC and EC, are present in the
ambient air and contribute considerably (~10-
70%) to the formation of PM»5 and PM;o.20-2
Particles of smoke consist of ~60% OC and ~5-
10% EC. EC consists of various types of
unadulterated carbon and is an important part
of PM. The main sources of EC are incomplete
combustion of biomass burning and fossil
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fuel, such as jungle fires.2 As a main
constituent of fine mode aerosol, EC is
associated with harmful impacts on human
health due to absorbing detrimental and
carcinogenic substances such as polycyclic
aromatic hydrocarbons (PAHs).%

Tehran (Iran) is one of the most polluted
cities in Asia and even in the world in which
extreme sources of pollution include heavy
industry, combustion of fossil fuels by local
heating systems, and old cars that are not
equipped with wup-to-date catalysts and
particle filters. Consequently, the present
study has been carried out in view of the
importance and sensitivity of the properties of
carbonaceous aerosols over Tehran. The study
reported in this manuscript assessed the
abundance of carbonaceous species including
EC, OC, and WSOC at an urban location of
Tehran for the period of March to June 2014.

Materials and Methods

Tehran, the capital of Iran, has a geographic
area of 686.3 km2and is situated at 35° 45' 20.
90'N, 51° 23' 40. 40" E, and 1,200 above sea
level. The monitoring site was located
between two large squares in the center of
Tehran. There were many busy roads with
unique transportation including buses,
gasoline passenger cars, taxis, and diesel
trucks near the sampling site. Moreover,
around 100 m from the sampling site, many
local roads intermingle and a large number of
motor vehicles travel through them on a
daily basis. The traffic congestion at the
sampling site was about  600-700
vehicles/hour during the sampling period.
Moreover, there were a large number of
workshops and commercial centers, and a
bus terminal adjacent to the sampling site.
The map of Tehran showing the sampling
site is given in figure 1.

The samples of PM»5 were collected using
an frmOMNIm™ Ambient Air Sampler (BGI,
USA) operating at 5 1/ minute. Quartz filters
of 47 mm diameter and 1.2 um pore size (SKC
Inc., USA) were used to collect particle
matters.
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Figure 1. Location of the sampling site in Tehran

The instruments were installed 10 m
above the ground. From March 2013 to June
2014, 31 PM,5samples were collected every 3
days. Sampling duration was 24 hours,
yielding sample volumes of 7.2 m3. The filters
were weighed twice before and after
sampling using an analytical microbalance
(M/s. Mettler-Toledo, resolution + 1 pg) to
obtain PM5 concentration. After weighing,
the filters were wrapped in aluminum foil to
protect them from sunlight, and stored under
dry conditions at temperature of -20 °C in a
deep-freezer prior to analysis.2

Thermal gravimetric analysis (TGA)
(Columbia, MD, USA) was used to analyzed
OC and EC of ambient PM»5 samples (n = 31)
with negative pyrolysis areas zeroed. TGA is
based on the preferential oxidation of OC and
EC at various temperatures. The sample was
heated to four temperature points (140, 280,
480, and 580 °C) in pure helium, and three
temperature points (580, 740, and 840 °C) in
98%  helium and 2% oxygen. The
performance of TGA was based on the fact
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that OC can be volatilized from the sample
deposit in a non-oxidizing  helium
atmosphere, while EC must be combusted by
an oxidizer. The main performance of the
optical component (laser reflectance and
transmittance) of the analyzer is to emend for
pyrolysis, and charring of OC compounds
into EC. The thermal optical reflectance
(TOR) charring reforms are not presently the
same, due to charring of organic vapors
within the quartz filters.?” For the analysis of
WSOC, 1/8 segment of particle-loaded filter
was extracted with 30.0 ml of Milli-Q water
(Millipore Inc., Specific Resistivity N 18.2
MQ-cm). Later, the_obtained solutions were
filtered through pre-heated GF/F filters
(Whatman Inc., USA) and WSOC
measurement was conducted on a TOC
analyzer  (Shimadzu Inc.,, Japan).262

According to the number of replications of
samples (n = 7), the total uncertainty related
with the measurement of EC, OC, and WSOC
was observed to be 5.7, 21,
respectively.

and 6.1%,
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Table 1. Mass concentration of PM, s in different months during sampling

Periods Sample number Mean Maximum Minimum Median SD

March-April 7 31.69 47.87 14.32 33.76 10.62
April-May 13 48.11 76.45 33.97 43.32 11.38
May-June 11 39.64 57.34 27.65 38.98 8.94
Total 31 41.39 76.45 14.32 38.62 12.28

SD: Standard deviation

Results and Discussion

Particles matter concentrations

PM concentrations (mean + SD) in different
months during sampling are provided in table
1. As shown in this table, PM;5 concentrations
varied from 14.32 to 7445 pg/m3 with an
average value of 41.39 pg/m3 The maximum
and minimum values of PM»s5 concentrations
are related to March-April and April-May
periods with an average of 48.11 and 31.69
ng/m?, respectively. As the findings indicated,
the PM concentrations in some days were
higher than the United States Environmental
Protection Agency (EPA) standard values (EPA
1997) used in Iran.® In comparison with other
researches, the concentrations of PM obtained
in the present study are in the low to medium
level 3133 For example, Leili et al. reported that
in the atmosphere of Tehran, the arithmetic
means of 151 + 44 pg/m3 and 90 + 38 pg/m3
were determined for total suspended
particulate  matter (TSP) and  PMuy,
respectively.3

Organic carbon and elemental carbon
concentration and their temporal variability
The levels of carbon species show
pronounced temporal variability during the
sampling period (March to June 2013) from
5.52 to 23.21 (15.35 + 6.05) pg/m?3 for OC and
1.03 to 416 (225 = 0.65) pg/m3 for EC
(Table 2). OC and EC constitute 37.27% and
546% of PMys mass, respectively. It is
noteworthy that a strong linear relationship
was observed between OC and PMazs mass
(R = 0.82;, P-value < 0001, N = 31,
slope = 0.36). This suggests the dominant
contribution (~37%) of OC to PMzs aerosols
in the atmosphere of the studied site.
However, a similar temporal abundance
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pattern was observed for all chemical
components. It is mnotable that OC
concentration dominates the fine mode
aerosol mass (i.e., up to 40%). Relatively high
levels were found for winter months in
comparison to that in spring. This is related
to low boundary layer height during the
winter and effective trapping of aerosols in
the lower atmosphere.3> The contribution of
the unidentified mass of carbonaceous
fraction of PMas at the sampling site in
Tehran could be attributed to carbonate rich
minerals, aluminosilicates, calcium sulphate,
and etccetera.?

Table 2. Mass concentrations (ug/ms) of PMys-
related carbonaceous species during the
study period at the sampling site

Species Mean+SD Median Range

PM,5 41.19 37.98 17.98-76.45
oc 1535+6.05 7.54  552-2321
EC 225+065 123  103-4.16
WSOC 740+260 368  3.68-10.92
OCIEC 682+230 311 301974
TCIEC 7824220 402  0.99-10.23
WSOC/OC  048+0.16 028  0.18-0.63

OC: Organic carbon; EC: Elemental carbon; WSOC: Water-
soluble organic carbon; SD: Standard deviation; TC: Total carbon
Comparison of organic carbon and elemental
carbon levels in PM from other areas

The OC and EC levels in PMa.s were
compared with other international researches
(Table 3). As shown in table 3, the values for
OC and EC obtained in the current study are
lower than those obtained in Milan (Italy). In
general, concentrations of carbon species
determined in the present study were higher
than those measured in an urban area in
India with recognized primary and
secondary particle sources. Moreover, as
shown in table 3, carbonaceous levels in PM s
samples were lower than those reported for
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Table 3. Comparison of organic carbon (OC) and elemental carbon (EC) levels in PM from other areas

Area | PM . ocC EC | TC References
Tehran 41.19 15.35 2.25 17.6 This research
Italy 20.1-200 12-70 0.2-6 12.2-76 37)
India 177.9 26.7 6.1 32.8 (20)
Northern India 89.7 30.7 4.5 35.2 2
India 183.0 22.0 5.1 27.1 (38)
Japan 31.0 9.5 5.3 14.8 (39)
Mumbai (India) 188.7 35.0 8.4 43.4 (40)
Gwangju (South Korea) 95.5 4.6 2.1 6.7 (41)
Kanpur 203.3 47.4 6.1 53.5 (42)

OC: Organic carbon; EC: Elemental carbon; TC: Total carbon

the cities of Mumbai and Kanpur (India),

Japan, and Gwangju (South Korea). It is Acknowledgements

noteworthy that concentrations of OC and EC
depend on various parameters such as
meteorological and geographical statuses,
sampling technique, extraction technique of
the study, sampling periods, and origins of
pollutants. These parameters can be reasons
for the difference in the findings among
various geographical areas around the world.
The results of the comparisons between data
of different areas are vague and may lead to
incorrect conclusions.

Conclusion

In the present study, OC, EC, and WSOC
concentrations in PM»5 were assessed at an
urban site in Tehran. As the findings
indicated, the mean PM;s5 level for the
sampling area was higher than the annual
average of the EPA ambient air quality
standard. On average, carbon species (OC,
EC, and WSOC) account for almost 60% of
PM:;smass in the atmospheric outflow from a
downwind site. OC and EC concentrations in
atmospheric PM;5 collected at the sampling
site were lower than the values reported for
other urban areas with high or medium
vehicular traffic and/or industrial sources.
Moreover, the results obtained in this
research can provide a valuable data base for
health risk evaluation of the local residents
and prioritization of control actions.
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