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ABSTRACT

Volatile organic compoundg/OCs) are atmospheric pollutants of concern becatisiee
health effect including carcinogenic risk of sonfetleir species and the contribution in the
formation of tropospheric ozone. The levels of VOE#anoi were demonstrated to be higher
than neighboring countries by previous researclke. d4one potential formation (OFP) of VOCs
was also some folds higher than others. Among pamstion sources, VOCs were proved to be
mainly emitted from motorbikes. The contributionrqgentages of transportation and other
sources such as industrial, biomass burning soareestill remained unknown. In this research
we applied chemical mass balance (CMB) receptor eflind to determine VOCs source
apportionment. One week VOCs observation data atoH&Jniversity of Science and
Technology in June 2017 was applied for investigatiFourteen VOC species among 55 of
which were applied for CMB modelling. Transportatiand biomass burning source profiles
were developed by monitoring in this study. Fouheot source profiles, namely gasoline
evaporation, industrial production, cooking andnpahat were compiled or calculated from
previous studies. The results showed that the maimces of VOCs were vehicular emission,
biomass burning, and gasoline evaporation contrigi87 %, 21 % and 20 % for VOCs levels,
respectively. Other sources contributed for thiolefr. The results can support to initiate policy
for future control of VOCs.
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1. INTRODUCTION

Volatile organic compounds (VOCs) are one of majoncern in air pollution. Some
species of VOCs such benzene, and ethylbenzeneoasidered as very toxic substances for
human health. VOCs participate in photochemicattreas forming tropospheric ozone. They
also contribute in forming secondary particulatétera. The total VOC (TVOC) and total ozone
formation potential (OFP) in a street in Hanoi wed84 (g/m’) and. 1308 {gOymd),
respectively [1]. Sakamotet al., 2018 reported that TVOC and total OFP were 5@@5 and
308.7 ppb (@, respectively [2]. The high levels of VOCs wikquire suitable abatement
method in order to control VOCs in the future. Hoere there was no information about VOCs
apportionment except for the evidence that trartapion is the dominant source of them. This
research aims at carrying source apportionmeff@Cs in Hanoi for the first time.

VOC apportionment can be done by applying receptodels. Chemical Mass Balance
(CMB) model which is developed by US Environmerabtection Agency (US-EPA) has been
used for source apportionment of VOCs by many stid-5]. In order to apply CMB model,
the profiles of emission sources are required. RimecKim Oanh [6] reported that BTEX (the
major compound group among VOCs) were attributeddspline fueled vehicles, following by
residential cooking, open burning of solid wastd agricultural residues, loading and refueling
activities at gasoline stations, and industry ledanside cities. In this study, six source prdfile
were selected including vehicular emission, biomassing, gasoline evaporation, industrial
production, cooking and paint.

2. MATERIALSAND METHODS
2.1. VOCssampling and analysis
2.1.1. Ambient VOCs sampling

VOCs sampling was carried at Hanoi University ofeice and Technology (HUST) (21°0
19 "N, 105°50'43 "E) in Hanoi, Vietnam. The site was described els@lj2]. Forty samples
were collected by sorbent-filled cartridges (C3-C¥%E035, Markes International Ltd., U.K.) at
flow rate of 0.2 L mift for 10 min at 2:00 am, 8:00 am, 2:00 pm, 6:00 pomf 20" to 28" of
June 2017. Fifty-five VOCs were analyzed by GC-FIetails of analysis methods and data
processing were introduced elsewhere [2]. It wdedthat the sampling time was at the lagging
period of biomass burning in Hanoi and nearby area.

2.1.2. VOCs emission source sampling

Roadside and biomass burning samples were condte@etermine traffic and rice straw
burning emission profiles in Hanoi. Six roadsideples were taken on the pavement of Dai Co
Viet street at 1.8 meter height at the same sagfliowrate and duration with the ambient ones
at 8:00am, 2:00pm, 6:00pm on*2and 26 June 2017. Four rice straw burning flume samples
were carried out at four fields on"3and 2% June 2017. These samples were taken at flow rate
of 0.1 L min* in 2 min, some meters down flow from the plume.

2.3. Receptor modelling

CMB model was used to estimate the contributiondiférent potential emission sources.
It requires two data sets for estimating: (1) ambiaeasurement data and (2) source profiles. A
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CMB model correlates previously determined sourcefilps to measured receptor
concentrations, solving the multiple regressionatigu:

C=FxS+g 1)
where Gis the vector of the VOC species’ concentratiomamgified in one sample taken at time
t, F is the source profile matrix; B the source contribution vector, agds the error vector.
The source profile matrix F is composed of previpuseasured source profile vectors, with
each vector describing the relative contents of V&pEcies (in ppbC %) from the respective

sources. The source contribution vector, whichhé unknown of this equation, is the absolute
contribution of each source to the total measurmebient VOC concentrations (in ppbC) [3].

CMB version 8.2 (developed by US-EPA), the mostesjutead version of this model, was
applied in this research. The criteria given in Ef3A (2004) were applied for the results of this
research: R> 0.8,;(2 < 2, 80 %< modeled to measured mass ratid20 %, standard errors
< 1/2 times the source contribution estimate, amjeption into eligible space for all sources
=0.95[7].

In this study, the average concentration of VOCarithient sample at 6 pm was used as
input data. Fourteen VOC species were selectedsdoirce apportionment analysis. Those
species are typical tracers of various emissiorrcgsuand to be the most abundant ones in
receptor samples. Species that are highly reactivieigh uncertainty were excluded, because
they quickly react in the atmosphere, and to beifsogntly degraded on their way from the
source to the receptor [4, 5].

3. RESULTSAND DISCUSSION
3.1. Ambient VOCs measurement data

Average TVOC concentration of all samples was 448, which is within the range of
TVOCs in previous research in 2015 [2]. TVOC coricaion was highest at 6 pm, at 63.74
ppb, followed by those at 8 am and 2 pm, at 5283 @nd 32.58 ppb, respectively and was
lowest at 2 am, at 30.8 ppb. Among VOC species|abels of highly concerned BTEX group,
which includes benzene, toluene, ethylbenzene stehes were 3.35-13.19, 6.03-50.16, 0.74-
10.9, 2.69-27.96ug/n’® respectively. Benzene concentrations in the presesgarch were
comparable with those in the research of Phuc amd®anh (9 + 4ug/n?) [6] but much higher
than those in the research of Kaal. (< 5 ug/n’) [8]. Toluene, ethylbenzene, xylenes
concentrations were in the same range with thoseesearch of Phuc and Kim Oanh [6].
Toluene, xylene concentrations were several time®i than the results’ research of &teal.

[8]. Ethylbenzene concentrations were not detectedhe research of Hat al. [8]. The
difference of BTEX concentrations between this aesle and the research of Ildaal. might be
caused from the differences in sampling periods@ositions. Whereas this sampling was taken
at an urban site, far from main roads, the outdaonpling positions in the research of étal.
were outside of houses which can be closed to V@(css €.9. roads). VOC concentrations in
this research had the pattern that concentrati@ns high at traffic rush hour periods (6 pm and
8 am) and agriculture burning period (normally fe tlate afternoon). This fact implied the
importance of traffic and biomass burning sourd¢&®files of those sources, therefore, were
developed in this research for CMB model applicatiéull data of ambient measurement will
be presented in another paper.

3.2. Sour ce profilesapplied for CMB calculation
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In this study, vehicular and biomass burning eroissprofiles were developed by
monitoring. Other source profiles were selectedadculated from the literature. Summary of all
source profiles is presented in Table 1.

Vehicular emission profile is shown in Figure 1.eTimost abundant species was toluene,
accounted for 13 %, following were 1,2,4-trimethghlzen, m,p-xylene, o-xylene with 11 %,
8 % and 6 %, respectively. Cabal. [9] also reported that toluene accounted for Hrgdst
proportion (11 %), and following by i-pentane, beme, and xylene. Figure 2 shows biomass
burning emission profile. Ethane and propylene mouted the largest part of 16 % and 9 %,
respectively. Following were toluene, benzene, tawoe of 8 %, 6 % and 3 %, respectively. The
results are similar to a published research in £fi0, 11].
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Figure 1. Vehicular emission profile. Figure 2. Biomass burning emission profile.

Profiles of four other potential VOC sources tharevselected and calculated from the
literature review, as below:

3.2.1. Gasoline evaporation

Gasoline evaporation profile was calculated basethe data in the research of Imamura
et al., 2006 about VOC contents in gasoline at Ha NagtWam [12]. This is the only literature
available about gasoline evaporation in Ha NoisTgiofile, however, can be slightly different
from the gasoline evaporation profile at the iniggged time of this research. In the study of
Imamura, there were four types of gasoline (RONRB3N 90, RON 92 and RON 95) available;
however, in the current study, only RON 92 and R&H\blus a small amount of ethanol blended
gasoline E5 RON 92 (9 %) were used [13].

3.2.2. Industrial production

There are some industrial zones housing leathershods, rubber, soap, tobacco, optical
glass, footwear, printing, and textile companiesated in inner and vicinity areas of Hanoi.
Industrial sources were predicted to contributeMfDCs levels. Industrial emission profile
which was taken at industrial zone that consistsheimical industries, iron and steel plants, and
cogeneration power in China was chosen to appliyisnstudy. Toluene was the main compound
in this profile. Toluene was considered as a megonponent which emits from activities such
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as chemical production, the manufacture of adhgsigductsetc. [14] and widely considered
as main components of VOCs emission from industry.

3.2.3. Cooki

ng

Cooking fume is regarded as one of the main souofearban atmospheric VOCs.
Chemical characteristics of cooking fume dependcooking style and used fuels. Cooking
emission profile was selected from Waat@gl. 2018 [15] because of the similarities in cooking
style, stove scale as family kitchen and used(figlefied petroleum gas) to those in Ha Noi.

3.2.4. Paint

Before observation time, some buildings nearbyshmmpling sites were painted. Water-
based paint was used. The water-based paint emigsifile was extracted from the research of
Liu et al.[11].

Table 1. Source profiles applied in the CMB calculationifuwt%).

Volatile organic Traffic* Biomass* Gasoline eva, Paint Cooking Inttys
compounds | Mean | Unc | Mean | Unc | Mean | Unc | Mean | Unc | Mean | Unc | Mean | Unc
Ethane 0.00f 0.0 1597 229 0.00 O0.p0 0J0O 000 44.D.19| 0.00| 0.00

Propane 0.00f 0.00 358 040 0.00 00 0j00 (@00 7 0.9.07| 8.98| 8.98
Propylene 346 096 940 271 712 7412 000 000451 0.28| 0.00{ 0.00
n-butane 279 148 237 139 323 323 0/00 000780.0.41| 359 3.59

Trans-2-butene| 3.13 1.11 2.05 0.29 4.7 4{07 (@.0000 0 0.12| 0.00f 0.00 0.0q

2-methylhexane| 0.67 0.283 032 056 7.23 723 000000 579| 0.14f 0.00 0.0(

2,2,4-

trimethylpentang 1.30 | 0.31| 0.60f 0.13 0.00 0.00 0.00 0.0 21.73 0.5300 | 0.00
Isopentane 094 0383 021 0.36 2050 20.50 Q.00 0 0.M.33| 0.04| 0.00; 0.0d

2—-methylpentan¢ 0.14 | 0.20| 1.00{ 1.12 0.00 0.00 0.00 0.00 0J02 (@Q.00000 0.00

Toluene 13.74 156 7.77 0.61 12.p8 12(98 19.00 019.@.29 | 0.11| 70.66 70.6
Benzene 1.57 0.33 6.0p 119 201 2p1 7|00 7.00 4 0.®.02| 5.99| 5.99
m,p-xylene 8.34| 045 2.1% 013 3.09 3.09 1300 @3.®M.31| 0.03] 0.00, o0.04
o-xylene 6.29| 020 115 10y 1.23 123 0.00 0j0019Q. 0.02| 0.00f 0.00
Ethylbenzene 359 068 138 0.15 0.00 0400 000 0Q.00.40| 0.04| 5.99] 5.99

Note: * Source profiles that were devel oped in this study by monitoring;
Unc: Uncertainty.

3.3. Sour ce apportionment

The receptor concentrations and the source profiléh appropriate uncertainty estimates,
serve as input data to CMB. In this study, recegada consist of the average concentrations of
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VOC species in ambient samples at 6 pm and thertamties were the standard deviation of
those (in ppbC). Individual source profiles aremied from individual samples, thus they
included mean and uncertainties in fraction (%)abfsamples. In other words, mean mass
fraction was an average of mass fraction that 840KC concentration normalized to all the
compounds in individual samples. The uncertaintiese then simply determined as the
standard deviation of these average. Vehicular l@ochass burning emission profiles were
calculated using to this approach. Cooking profilecertainties were chosen as standard
deviation provided by supplement data from Wahgl. [15]. Regarding the remaining source
profiles, a nominal uncertainty of 100 % was applie the mean weight fractions because there
were no further available information. US-EPA ardefor CMB model were fully met for the
obtained results witR? = 0.91,* = 0.61, and¥mass = 86.1.

Figure 3 shows the source apportionment of VOCsidgar emission contributed 37 %,
made the most significant contribution to ambie@Gé; followed by biomass burning (21 %)
and gasoline evaporation (20 %). Approximately 16f%otal ambient VOCs were attributed by
industrial production whereas cooking and paintoaoted for 5 % and 2. These results are
consistent with previous researches by Truc and ®anh [16] and Sakamo# al. [2] saying
that the major local emission source for VOCs weaffit, e.g. motorcycles. Gasoline
evaporation was also identified as the significaritributor to the ambient VOCeg. benzene
level [12, 17]. Biomass burning was considerechasntain VOCs source in Southeast Asia [6].
The result was reasonable because sampling timatthg lagging period of biomass burning
occurring surrounded Ha Noi area.

PAINT

2%

COOKING
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s e 1= | IERREPRREE

VEHICULAR
EMISSION
37%

INDUSTRIAL 4
PRODUCTION
15%

/.
[

GASOLINE
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Figure 3. Source contribution resolved from CMB in Ha Noi.

4. CONCLUSIONS

In this study, ambient VOCs concentration and twission profiles have been determined.
In vehicular emission profile, toluene was the naisindant species of 13 %, followed by 1,2,4-
trimethylbenzen, p,m-xylene, o-xylene of 11 %, &#fa 6 %, respectively. In biomass burning
emission profile, ethane and propylene accountedttfe largest part of 16 % and 9 %,
respectively.

CMB receptor model was used to analyze the sowkc®¥©Cs in Hanoi for the first time.
The result showed that the main contributors weshicle exhaust, biomass burning and
gasoline evaporation of 37 %, 21 % and 20 % resdgt Industrial production accounted for
15 % whereas cooking and paint contributed 5 % 286, respectively. These suggested that
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effectively controlling vehicular exhaust such apioving vehicle technology and fuel quality
are very important in Hanoi to control VOCs.
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