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Abstract: Volatile organic compounds (VOCs) are crucial for ozone formation in the Yangtze River
Delta (YRD) in China. The characteristics of ambient VOCs in Nantong, a fast developing city in
the YRD, were studied. Sixty ambient air samples were taken at five sites in three sampling days
during summer time. One hundred and five VOCs were measured, showing that VOC concentration
varied between 27.5 ppbv to 33.1 ppbv at five sites; these levels were generally lower than those
for some big Chinese cities like Beijing, Shanghai and Nanjing. With larger fractions of alkanes,
the Zilang (ZL) and Sanqu (SQ) sites had relatively higher VOC concentrations among the five sites.
The oxidation formation potential (OFP) and secondary aerosol formation potential (SOAFP) were
estimated to be 125 µg/m3 and 0.76 µg/m3, respectively. These two values were smaller than those
in other big cities, as they were dominated by aromatic compounds (e.g., toluene and benzene) of
which concentrations in Nantong were found to be lower. The highest toluene concentration was
measured in ZL, implying substantial effects of surface coating industry near the site. Through the
Positive Matrix Factorization (PMF) model, the identified sources of VOCs included LPG (Liquefied
petroleum gas) combustion (13.9%), chemical industry (8.5%), natural gas use (15.6%), gasoline
evaporation (12.8%), petrol industry use (11.8%), solvent use (16.2%) vehicle exhausts (12.1%) and
surface coating (9.2%). A relatively small contribution from vehicles was found in Nantong compared
with other big cities. Moreover, LPG emissions were identified to be relatively important in Nantong,
indicated by the large mass fraction of propane and ethane concentrations in the atmosphere.

Keywords: VOCs; OFP; SOAFP; source apportionment; China

1. Introduction

Volatile organic compounds (VOCs) are a group of pollutants contributing to the formation of
ozone and secondary organic aerosols (SOAs) which affect human health, damage plants, and decrease
visibility [1]. Derwent (2017) [2] reported a 30% VOC abatement could achieve a 10–15% ozone
reduction in North America, according to Master Chemical Mechanism (MCM) model estimation.
Based on observation at two sites in the UK between 1999 and 2012, ethane and m+p-xylene were
found to be the most effective species among 27 anthropogenic VOCs in reducing ozone [3]. However,
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the ozone reduction rate was affected by whether the ozone formation was VOC limited or NOx limited,
and it was influenced by background VOCs and NOx levels and meteorological conditions [1,4].
Therefore, the impact of VOCs on ozone formation is complicated, requiring more detailed information
(e.g., ambient pollutant concentration) to estimate the effect. Besides ozone, VOCs could also affect
SOA formation from a short period after emission [5,6]. VOCs were reported to contribute to 15–23%
of SOA formation by in situ sampling and modelling [7,8]. In addition, the SOA formation potential
was found to increase by around three times due to the growth of VOC concentration in heavy hazy
days [9].

The Yangtze River Delta (YRD) is one of the most developed regions in China, with continuous
large growth rate of GDP. The ozone pollution in the YRD has been recorded to be exceeding the
air quality standard by more than 100% with an even worsening trend [10]. The ozone pollution
in the YRD was expected to be VOCs limited by studies using the Observation Based Model
(OBM), air quality modelling and satellite observation [10–13]. The VOC emission characteristics in
Jiangsu province in the YRD were unique. It was found to be dominated by solvent use, industry
processes and transportation, which contributed 39%, 38% and 11% to the total provincial emissions,
respectively [14]. The large contribution of industry was also indicated by a source apportionment
study, which suggested that industrial production accounts for 45–63% of VOCs in the ambient air in
Nanjing in the YRD [15].

The contribution of industrial emission in the YRD was generally higher than that of Beijing and
the Pearl River Delta (PRD), while that of transportation was relatively lower. Huang et al. (2011) [16]
reported the contribution of industrial processes, domestic solvent use and vehicular emissions to the
total amount of VOCs in the YRD was 68%, 20% and 12%, respectively. Emission inventory studies in
Beijing showed vehicular and industrial sources contributed 35–51% and 10–41%, respectively [17–19].
A contribution of 49% from vehicles in Beijing was also reported by a VOC source apportionment
study [20]. Emission inventory in the PRD showed that industrial solvent use, industrial processes
and vehicular emissions contributed 39%, 18% and 28% to total VOC emissions, respectively [21].
Louie et al. (2013) [22] also found that vehicular and industrial use are the two main VOC sources in
the PRD based on ambient air monitoring.

Nantong is a coastal city in the YRD just to the north of Shanghai, suffering severe ozone pollution,
and the standard of daily maximum 8 h average ozone concentration was exceeded in 40% of the
days in August 2013. It is a city with a GDP growth rate of 11.5% during 2010–2014, larger than
the average level in the YRD. The increment was mainly from industry development, including
chemical and shipbuilding industries. Due to intensive use of VOC materials and solvents in these
industries, VOC emissions are increasing in Nantong. Zheng et al. (2016) [23] pointed out that both
VOC growth amount (3.5 Gg) and growth rate (20.1%) in Nantong were in the largest city group in
the Jiangsu province from 2009 to 2013. However, the ambient VOC characteristics of relatively small
but fast developing cities have not been well studied in China. Published studies on VOCs were
mainly carried out in Beijing, Shanghai, Guangzhou and some other big cities, e.g., Nanjing in the
YRD [24–27]. Therefore, it is also important to understand the pollution pattern and to quantify the
source contributions during the fast developing period.

Nevertheless, large scale chemical industrial parks in the YRD were located along the Yangtze
River, which flows from west to east. During summer, wind direction was mainly easterly; therefore,
the VOC emissions could be transported to the western YRD and other inland cities. However,
previous studies in the YRD were mainly carried out in Shanghai and Nanjing, and other parts of
the YRD were seldom evaluated. The study carried out in Nantong can help understand the effect of
regional VOC transportation on ozone formation in the YRD.

Currently, most VOC studies in the YRD are conducted at a single sampling site. By characterizing
the ambient VOCs at several sites in different areas, this study intends to provide a more comprehensive
understanding of VOC pollution in the city. It is thus necessary to characterize the pollution condition
of VOCs and to estimate the formation potential of ozone. Moreover, quantitative source contribution
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of VOCs remained unclear in the city due to lack of source apportionment analysis. In general,
therefore, current work conducted in a fast developing city could help to get a full picture of VOCs
and ozone pollution in China.

2. Methods

2.1. VOC Sampling

The VOC samples were taken at five different sites in Nantong: Hongqiao (HQ, 32.05◦ N,
120.81◦ E), Xinghu (XH, 32.01◦ N, 120.86◦ E), Zilang (ZL, 31.93◦ N, 120.95◦ E), Sanqu in the economic
developing sector (SQ, 31.85◦ N, 120.96◦ E) and Sutong bridge (ST, 31.82◦ N, 121.00◦ E). HQ was in the
central urban commercial and residential area. XH was located in a residential area near the chemical
industry park. ZL was located in an area surrounded by boat and container painting businesses.
SQ was set in an industry park of rubber, plastic, resin and other chemical production. ST was located
in an open square near the Yangtze River, about 200 m away from a heavy traffic bridge. The location
of the sampling sites in Nantong is shown in Figure 1. The background blue color indicated industrial
areas and yellow color indicated commercial and residential areas. The five sampling sites were
selected to reflect VOC concentration in residential, commercial and industrial areas with relative high
population density.
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Figure 1. Sampling sites location in Nantong. The background blue color indicates industrial areas and
yellow color indicates commercial and residential areas. ZL = Zilang. HQ = Hongqiao. XH = Xinghu.
SQ = Sanqu. ST = Sutong.

The sampling lasted for three days from 30 July 2014 to 1 August 2014. Hourly samples were
taken by stainless steel canisters (6 L, Entech Instruments, Inc., Simi Valley, CA, USA) four times a day,
i.e., 7:30–8:30, 10:30–11:30, 13:30–14:30 and 16:30–17:30, representing the VOC concentrations at 8:00,
11:00, 14:00 and 17:00, respectively. In total, 60 samples were collected during the current study.

2.2. Analytic Methods

Up to 105 target organic compounds were measured with the U.S. Environmental Protection
Agency (EPA) Compendium Method TO-15 [28]. The samples were pumped into the pre-concentrator
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before analysis in three steps. In the first step, the sample was trapped with liquid nitrogen at
the temperature of −150 ◦C and recovered by desorbing at 10 ◦C to remove H2O, N2, CO2, CO,
and O2. In the second step, the sample was cooled to −30 ◦C and released at 180 ◦C to remove
CO2. Thirdly, the VOC sample was frozen at −160 ◦C to concentrate the sample. A DB-624 column
(60 m × 0.25 mm) was used in the GC (Gas Chromatography) with the following temperature program:
−50 ◦C (7 min); −50 ◦C to 180 ◦C at the rate of 4 ◦C/min; 180 ◦C to 220 ◦C at the rate of 15 ◦C/min;
220 ◦C (3 min). The VOC concentrations were quantified using the internal standard method, in which
bromochloromethane, 1,2-difluorobenzene and chorobenzene-d5 were used as the internal standard
compounds. The method detection limit was 0.1 ppbv for each compound. The ethene information
was not available in the current study, because we only used MS (Mass Spectrometry) but without
a FID (flame ionization detector) to detect the compounds; therefore, the peak of ethene was not
differentiated well during the test. The chromatograph of standard sample and collected ambient air
sample measured by TO-15 is illustrated as Figures S1 and S2 in Supplementary Material. The canisters
were pre-cleaned using ultra-pure nitrogen (N2, 99.999%) to eliminate organic compounds before
sampling. Blank samples were taken to evaluate the analysis performance and no compound was
detected. However, a storage blank was not taken in this study.

A calibration curve of target compounds was performed at five different intake volumes (10 ppb at
50 mL, 100 mL, 300 mL, 500 mL and 800 mL). The correlation coefficients were above 0.99. The cryogenic
pre-concentrator was baked after each analysis. In order to ensure the stability, the response of the
instrument to VOCs was calibrated after every 24 h using standard runs of a calibration gas with
ambient concentrations.

2.3. Positive Matrix Factorization (PMF) Receptor Model

The Positive Matrix Factorization (PMF) model 5.0 developed by the U.S. EPA was applied to
generate source contribution without source profile. The source contribution for each sample was
calculated as follows [29]:

xij =
p

∑
k=1

gik fkj + eij (1)

where xij represents the contribution of jth species in ith sample; p represents the number of sources,
gik represents source contribution of kth source to ith samples; fkj represents the fraction of jth species
in kth source in species profile; eij represents the residual of jth species in ith sample. In our current
study, 25 species were selected and a total number of 60 samples were input in the PMF model.

3. Results and Discussion

3.1. Characteristics of VOC Species

The VOC concentrations at different sampling sites were illustrated in Figure 2, with the 15
most abundant species highlighted individually and all the other compounds grouped together.
The concentration of total detected VOCs was within the range of 27.5–33.1 ppbv. The five compounds
with the highest concentration were propane, ethane, isopropyl alcohol, acetylene and N-pentane,
and the averaged concentrations for them were 2.8 ppbv, 2.7 ppbv, 2.3 ppbv, 2.2 ppbv and 1.6 ppbv,
consisting of 9%, 9%, 8%, 7% and 6% of total VOCs, respectively. The collected mass fraction of the five
species consisted of 40% of total VOCs concentration. Among the five sites, the largest and smallest
concentrations of total VOCs was found at ZL and ST, respectively. The difference mainly came from
ethane, which had variance of 3 ppb between the highest and lowest sites. It could be largely emitted
through leaking during LNG (Liquefied Natural Gas) storage and transportation, due to the large
amount of LNG consumed in the chemical industry parks of ZL and SQ.
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Figure 2. Volatile organic compound (VOC) concentrations at the five sampling sites.

The ratio of benzene/toluene (B/T) was used to estimate the influence of vehicle or industry
emissions [30,31]. Barletta et al. (2005) [30] reported a B/T of <0.6 to be vehicle emission dominated
and a B/T of >1 to be coal and biofuel burning dominated. The value of the B/T for Nantong, Beijing,
Shanghai, Nanjing and Guangzhou was 0.45, 0.62, 0.35, 1.09 and 0.34, respectively. For Beijing and
Guangzhou, the B/T method was in accordance with the source apportionment study, which showed
the contribution of vehicle emissions to ambient VOC level in Beijing and Guangzhou to be 43%
and 52.5%, respectively [32,33]. In contrast, although the B/T in Shanghai was low, the contribution
of vehicles to atmospheric VOC concentration was only 21% [33]. Moreover, the B/T in Nanjing
was larger than one, even though the contribution of coal and biofuel burning to ambient VOC
concentration was estimated only at 28% [31]. Since source apportionment studies showed solvent use
and industrial emissions contributed a large percentage to atmospheric VOC concentration in the YRD
(e.g., 42% for Shanghai and 31% for Nanjing) [31,33], the main VOC source in Nantong could not be
simply defined as vehicular emission, although the B/T value in Nantong was as low as 0.45.

The low B/T value in Nantong may also be influenced by the surrounding environment near
the sampling sites. The ratio of benzene to toluene in emissions was 0.42 and 0.45 for Nantong and
Nanjing, respectively [14], suggesting a similar emission pattern in the two cities. The sampling sites
in Nantong were in urban areas and industrial parks, while the monitoring site in Nanjing was located
20 km away from the urban center, with industrial parks several kilometers away [26], indicating the
effect of local emissions and diffusion conditions could induce different B/T values in the two cities.

3.2. Ozone and SOA Formation Potential

VOCs contributed to ozone formation through oxidation and subsequent reactions. It has been
reported that Shanghai was VOCs limited in ozone photochemical production [27]. Nantong is in the
vicinity area of Shanghai and may share the same characteristics. The oxidation formation potential
(OFP) in the current study was estimated as follows [34].

OFPi = VOCi × MIRi (2)
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where VOCi is the concentration of ith VOC; MIRi is the maximum incremental reactivity of ith
compound, and the values were taken from Carter (1994) [35].

Since VOCs could also contribute to the formation of secondary organic aerosols (SOAs) and
deteriorate particle pollution, the potential of SOA formation from VOCs was estimated in the current
study. The secondary organic aerosol formation potential (SOAFP) was estimated as follows.

SOAFPi = VOCi0 × FACi (3)

VOCi = VOCi0 × (1 − FVOCir) (4)

where VOCi0 is the initial concentration of ith VOC; FACi is the fractional aerosol coefficient of ith
VOC [36]; and FVOCir is the fraction of ith VOCs involved in the reaction [36]. In the current study,
11 species were included in the SOAFP estimation, including four alkanes and seven aromatics.

The results of the OFP and SOAFP are listed in Table 1. The aromatics had the highest OFP and
SOAFP, although the concentration of aromatics was 11.0–17.5 µg/m3, consisting of 19–24% of the
total mass of VOCs. The order of concentration was alkanes (50%) > aromatics (22%) > alcohols (10%)
> ketones (9%) > alkenes (6%) > acetylene (4%), while that of the OFP was aromatics (43%) > alkenes
(27%) > alkanes (23%) > ketones (3%) = alcohols (3%) > acetylene (1%). For the SOAFP, only alkanes
and aromatics had the corresponding formation potential [36]. The result was also in accordance with
other studies in Beijing and Shanghai [37,38]. Among the five sites, ZL had the largest OFP and SOAFP,
due to its highest concentration of aromatics (17.5 µg/m3 comparing to 11.0–14.5 µg/m3 in the other
four sites). The two main aromatics species in ZL were toluene and benzene, and their concentrations
were 70% and 20% larger than the average of other four sites, respectively.

Table 1. The oxidation formation potential (OFP) and secondary organic aerosol formation potential
(SOAFP) for different VOC categories at each site.

Site
OFP (µg/m3) SOAFP (µg/m3)

Alkanes Alkenes Acetylene Aromatics Ketones Alcohols Total Alkanes Aromatics Total

HQ 25.27 37.53 1.30 51.46 3.97 3.43 122.96 0.01 0.74 0.75
ST 26.84 39.10 1.19 46.01 3.59 3.44 120.17 0.01 0.61 0.62
XH 29.41 26.72 1.22 42.44 3.75 5.65 109.18 0.01 0.64 0.65
SQ 31.23 37.18 1.26 55.57 1.77 1.05 128.07 0.01 0.76 0.77
ZL 32.38 29.29 1.30 75.16 5.54 2.84 146.51 0.01 0.99 1.00

The averaged OFP value was 125 µg/m3, around 48% less than that obtained in Beijing by
Zhang et al. (2017) [37]. Our OFP value was also lower than those in given northern or southern
China cities [34] due to the relatively low VOC concentration in Nantong. Consistent with this work,
aromatics dominated the OFP in 20 out of 22 cities in Zhang et al. (2017) [34]. In other studies in Beijing
and Nanjing, however, alkenes were the largest contributor to the OFP [31,37]. Since concentrations of
different VOC species varied by year and season [37], more studies on temporal variation are needed
to identify the contribution to the OFP. The SOAFP in the current study was 49% smaller than the
results in Beijing, since the concentration of aromatics was 41% less [37]. Compared to most other
Chinese cities, the SOAFP in the current study was much smaller due to relatively low aromatic
concentrations [34].

There are several limitations in the current study. Ethene was not included since it was not well
detected, leading to an underestimation in OFP. Moreover, carbonyls, isoprene, pinene and some
oxygenated VOCs which had relatively high fractional aerosol coefficients (FACs) was not included
in the current study due to the limited sampling and measurement method. In order to estimate the
contribution of VOCs to ozone and SOA formation more thoroughly, more species should be measured
in future studies. In addition, the FAC was an empirical factor from a smoke chamber study [38], and it
may vary with actual circumstances of different solar radiation, humidity, particulate concentration,
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chemical compounds, etc. Further studies on VOCs and their corresponding particle phase oxidation
products would help to understand the process better.

3.3. Source Apportionment of VOCs

In the current study, the source contribution of VOCs was identified with the PMF model.
Twenty-five species were selected for the model, since they had relatively abundant concentrations and
were typical species from different emission sources. Missing data was substituted by the geometric
mean concentration with four times the uncertainty [39,40]. Bootstrap analyses were run 100 times for
each scenario with different numbers of factors/sources. Q is goodness-of-fit parameter for the PMF
model, while Qexpected is the Q value for number of strong correlated species. Q/Qexpected represents
the sum of squared scaled residuals over all species, divided by the number of species. When the
number of factors continues to increase, the change of Q/Qexpected is not as strong, indicating that
maybe too many factors were being fit. In the current study, we selected eight factors according to the
Q/Qexpected variation. The concentration and contribution of each factor are summarized by species in
Table 2.

Factor 1 was suggested to be LPG combustion, contributed to by a larger percentage of propane
and propylene, consisting of 41% and 45% of the total concentration, respectively. These two species
were suggested to be largely emitted from LPG combustion [41,42]. Factor 2 was suggested to be the
chemical industry. It contained a relatively large contribution of dichloromethane and ethyl acetate,
which was widely applied in esters and acetate fiber production in Nantong. Factor 3 contained a
high contribution of ethane (61%), representing the source of natural gas use. The ethane could be
emitted from natural gas leaking in the transport system and refueling process. Factor 4 could be
gasoline evaporation. This factor contained a relatively high contribution of n-pentane, i-pentane,
benzene and toluene, which reflected the important roles of gasoline evaporation [41,43]. Factor 5
was identified as the petrol industry. It contained a relatively large fraction of alkanes and a series
of alkenes and aromatic species which could be emitted from refineries. Factor 6 could be solvent
use. This factor included a high contribution (93%) of acetone, which was used as surface cleaning
substance. Factor 7 represented vehicle exhaust, with relatively more i-pentane, n-butene and acetylene.
Those species were typical tracers for vehicle emissions [15,41]. Factor 8 was suggested to be surface
coating sources, showing a high percentage of toluene, p-xylene, ethylbenzene, p-xylene, m-xylene,
o-xylene and benzene. Those compounds are used widely in paint for surface coating [44]. In general,
the contributions to VOC concentration were 13.9%, 8.5%, 15.6%, 12.8%, 11.8%, 16.2%, 12.1% and 9.2%
for LPG combustion, the chemical industry, natural gas use, gasoline evaporation, the petrol industry,
solvent use, vehicle exhaust and surface coating, respectively.
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Table 2. Positive Matrix Factorization (PMF) source apportionment result. Conc. represents concentration of each compound. Percentage represents the contribution
of each compound in the total amount of each factor.

Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Factor 6 Factor 7 Factor 8

Conc. % Conc. % Conc. % Conc. % Conc. % Conc. % Conc. % Conc. %

Ethane 0.00 0 0.00 0 1.76 61 0.34 12 0.76 27 0.00 0 0.00 0 0.00 0
Propane 1.12 41 0.00 0 0.31 11 0.00 0 0.37 14 0.04 2 0.53 19 0.37 14

N-butane 0.12 12 0.02 2 0.03 3 0.18 18 0.15 14 0.07 7 0.34 33 0.13 12
Isobutane 0.10 19 0.00 0 0.01 1 0.00 0 0.13 24 0.08 14 0.18 34 0.04 8
N-pentane 0.05 3 0.00 0 0.09 5 0.96 54 0.00 0 0.67 38 0.00 0 0.00 0
Isopentane 0.00 0 0.07 7 0.10 11 0.19 22 0.00 0 0.00 0 0.40 46 0.12 14
N-hexane 0.02 7 0.03 8 0.00 1 0.02 5 0.14 45 0.01 4 0.05 17 0.04 13

2-methylhexane 0.03 17 0.02 13 0.02 12 0.00 0 0.03 17 0.03 15 0.03 16 0.02 10
Cyclopentane 0.02 11 0.00 0 0.01 6 0.04 25 0.02 14 0.04 21 0.03 19 0.01 4

2,3-dimethylpentane 0.04 26 0.01 4 0.02 11 0.02 15 0.01 7 0.04 25 0.02 11 0.00 1
3-methylheptane 0.02 14 0.02 14 0.01 9 0.03 19 0.00 2 0.04 25 0.02 11 0.01 5

N-octane 0.09 33 0.05 18 0.03 12 0.08 29 0.02 6 0.00 0 0.01 2 0.00 0
Propylene 0.35 45 0.15 19 0.02 3 0.16 21 0.08 10 0.01 1 0.00 0 0.01 2
N-butene 0.03 17 0.01 6 0.00 0 0.01 4 0.04 21 0.04 20 0.05 30 0.00 3
1-pentene 0.04 21 0.03 16 0.05 25 0.04 23 0.00 0 0.00 0 0.03 14 0.00 0
Acetylene 0.46 22 0.19 9 0.28 13 0.00 0 0.39 18 0.32 15 0.44 21 0.05 2
benzene 0.02 5 0.00 0 0.03 9 0.14 42 0.03 9 0.00 0 0.04 13 0.07 21
Toluene 0.00 0 0.06 7 0.00 0 0.21 26 0.06 7 0.00 0 0.04 4 0.46 56
P-xylene 0.01 2 0.07 24 0.00 0 0.05 18 0.00 0 0.02 6 0.03 9 0.12 41

Ethylbenzene 0.02 9 0.00 0 0.04 19 0.00 0 0.00 0 0.02 10 0.03 14 0.11 48
M-xylene 0.03 23 0.01 6 0.03 22 0.00 0 0.03 18 0.01 9 0.00 0 0.03 22
O-xylene 0.02 13 0.01 6 0.03 21 0.00 1 0.01 7 0.02 13 0.01 9 0.05 29
acetone 0.00 0 0.12 7 0.00 0 0.00 0 0.00 0 1.60 93 0.00 0 0.00 0

Dichloromethane 0.08 11 0.39 53 0.11 15 0.00 0 0.00 0 0.09 12 0.07 9 0.00 0
Ethyl acetate 0.00 0 0.41 69 0.04 7 0.00 0 0.01 2 0.00 0 0.00 0 0.13 22
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The PMF results showed a small contribution of vehicle exhaust an a large contribution of natural
gas in Nantong. The contribution of vehicle exhaust in Nantong (12.1%) was much lower than that of
Beijing (43.2%), Guangzhou (51.1%), and Nanjing (26.0%) [26,32], resulting partly from a lower vehicle
population in Nantong. Given the times of those source apportionment studies, the vehicle populations
were 1.0 million, 2.6 million, 1.75 million and 1.7 million in Nantong (2014), Beijing (2005), Guangzhou
(2004) and Nanjing (2013), respectively. Moreover, the difference could also come from varied emission
control stages for vehicles between cities. In the studies of Beijing and Guangzhou, vehicle emission
standards were National II (equal to Euro II), while the more stringent standard National IV (equal
to Euro IV) was applied in Nantong when this work was conducted. The contribution of natural
gas in Nantong was 15.6%, 2.3 times higher than that of 4.7% in Beijing. This large contribution in
Nantong was attributed to the leakage from large storage and transportation facilities of natural gas in
industry parks.

There are still limitations in the current source apportionment work. Some of the sources were
not identified clearly (e.g., the petrol and chemical industries), since they shared a large number of
compounds and were differentiated by percentage of certain compounds in each source. It is suggested
to separate the petrol and chemical industries into several categories with specific compounds for each
category. Certain species (e.g., MTBE, Methyl Tert-Butyl Ether) should also be included to differentiate
gasoline evaporation and gasoline exhaust.

4. Conclusions

Ambient VOCs at different sites representing industrial, commercial and residential areas in
Nantong were measured in summer 2014. The concentrations ranged from 27.5–33.1 ppbv at the five
sites, and those in ZL and SQ were larger due to more ethane that may come from leakage of LNG
storage and transportation. Eleven major species of alkanes, alkenes, acetylene and aromatics were
selected to compare with the other studies in China. The concentrations of those species in Nantong
were generally smaller than those in other big cities in China, although Nantong had a comparable
VOC emission intensity to Beijing and Nanjing. Better diffusion conditions were thus expected in
Nantong. The OFP and SOAFP of VOCs were estimated, ranging from 109 µg/m3 to 147 µg/m3 and
0.62 µg/m3 to 1.00 µg/m3, respectively. The largest OFP and SOAFP were found at ZL, due to its
high aromatics concentration from the surface coating industry. It was also implied that toluene and
benzene were the two dominant species for both ozone and SOA formation in Nantong. In the future,
more attention needs to be paid to carbonyls and other oxygenated VOCs which also play an important
role in ozone and SOA formation. The contribution of LPG combustion, the chemical industry, natural
gas use, gasoline evaporation, the petrol industry, solvent use, vehicle exhaust and surface coating
were estimated at 13.9%, 8.5%, 15.6%, 12.8%, 11.8%, 16.2%, 12.1% and 9.2%, respectively with the PMF
model. A lower contribution of vehicles and larger contribution of natural gas leakage was found in
Nantong compared with big cities. More species are suggested to be measured in the future to better
differentiate source contribution. For example, measurement on species specifically from ship exhausts
is recommended as Nantong was located off the Yangtze River on east coast of China.
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