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Abstract Polycyclic aromatic hydrocarbons (PAHs)
and their hazards in surface soil (n = 92) were
investigated in Taizhou, China, which is an area in
East China famous for production and exporting of
rice. Total concentrations of PAHs in soils ranged
from 2.3 9 101 to 7.6 9 102 with a mean of
1.8 9 102 lg/kg (dry mass; dm). Concentrations of
16 PAHs reported here were less than those observed
in most previous studies in China and other countries.
Concentrations of individual PAH in fluvo-aquic soils
were greater than those in paddy soils except
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naphthalene. Fluoranthene and pyrene were dominant
PAHs, which accounted for 19.7 and 13.3 % of the
total mass of PAHs, respectively. Based on ratios of
low molecular weight PAHs to high molecular weight
PAHs, diagnostic ratios and principal component
analysis, the predominant source of PAHs was combustion and pyrolysis, especially coal, natural gas,
gasoline and diesel emissions from traffic, as well as
burning of straw. Carcinogenic potencies of 13
samples were 1.1- to 2.9-fold greater than the target
values promulgated by the Netherlands, indicating
increased carcinogenic risks of soils from these sites.
However, risks of cancer via accidental ingestion,
dermal absorption and inhalation to humans posed by
PAHs in soil were relatively small.
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Introduction
Taizhou city, which is located on the northern bank of
the Yangtze River in Jiangsu Province in East China,
covers an area of 5,790 km2 (city area covers 428 km2)
and according to the 2010 census has 5,046,500
inhabitants (Chen et al. 2002; Fu et al. 2008). The
region around Taizhou is an important producer of rice,
peanuts and vegetables, which are commonly transported to other areas of China and exported to foreign
countries. All of the agricultural soil is irrigated with
river water, which could result in contamination.
During the past two decades, agriculture supported
most of the gross domestic product (GDP) in Taizhou
with an average annual increase of approximately 7 %.
During this time, the population of the region has
nearly doubled. In addition, rapid urbanization and
industrialization during these years has resulted in
pressures on and effects to the environment (Long and
Ng 2001). Previous studies have reported relatively
large concentrations of organic contaminants, especially polycyclic aromatic hydrocarbons (PAHs), in
surface waters in the vicinity of Taizhou, especially
water used for drinking (Shi et al. 2011). Previous
studies have demonstrated that concentrations of PAHs
in soil increase with the degree of human activities
(Wilcke 2000). Rapid industrial development and
urbanization in and around Taizhou might result in
significant concentrations of PAHs. However, little
information about absolute or relative concentrations
of PAHs in soils of the Taizhou region was available.
Generally, there are two types of soil in Taizhou: one is
fluvo-aquic soil which is found along the banks of
south side of the New Tongyang Canal and the other is
paddy soil on the north bank of the Canal.
The PAHs are ubiquitous in soils, water, sediments,
aerosols, sewage sludge and plants (White et al. 1998;
Chen et al. 2004). Both activities of humans and
natural sources contribute to concentrations of PAHs
in soils (Yunker et al. 2002). Petrogenic sources of
PAHs include unburnt petroleum and its products,
including gasoline, kerosene, diesel and lubricating
oil. Pyrogenic sources include high-temperature combustion products, such as incomplete combustion of
organic materials, including combustion of fossil fuel,
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vehicular engine combustion, smelting and waste
incinerators (Banger et al. 2010). It has been reported
that 90 % of PAHs are strongly fixed and stored in
soils (Wild and Jones 1995), and soils are the principal
source of PAHs, which enter other matrices, such as
air where to global distillation and differential
removal, atmospheric transport can result in contamination of remote areas (Wania and Mackay 1996; von
Waldow et al. 2010).
The US Environmental Protection Agency (EPA)
has identified the 16 most frequently occurring and/or
dangerous PAHs as priority pollutants and has divided
them into carcinogenic and non-carcinogenic groups
(USEPA 2002b). The probable human carcinogens
include chrysene (Chr), benzo(a)anthracene (Baa),
benzo(a)pyrene (BaP), benzo(b)fluoranthene (BbF),
benzo(k)fluoranthene (BkF), dibenzo(ah)anthracene
(Dba) and indeno(123cd)pyrene (Inp) (USEPA
2002b). Therefore, contamination of soils with PAHs
is an issue of concern (Subramanyam et al. 1994),
particularly in China. Contamination of agricultural
soil by PAHs can result in accumulation by crops and
might affect human health (Gao and Zhu 2004).
Identification and quantification of PAHs in soils is
essential for characterizing their fate and transport in
the environment and might affect strategies to prevent
and/or remediate adverse effects (Agarwal et al. 2009;
Banger et al. 2010). Biological sources of low molecular weight PAHs (LMWPAHs) play an important role
in soils, and guidelines for protection of humans have
been promulgated by a number of jurisdictions (Musa
Bandowe et al. 2009; Cabrerizo et al. 2011).
Until this study, contaminants in soils of Taizhou
had not been characterized. Thus, the main objective
of the present study was to investigate the occurrence
of 16 PAHs in soils of agricultural fields in the vicinity
of Taizhou. Another related objective was to determine risks of cancer posed by PAHs to residents or
farmers, and determine sources so that strategies for
control of further contamination can be developed and
implemented.

Materials and methods
Chemicals and materials
The following PAHs were quantified: acenaphthene
(Ace), anthracene (Ant), acenaphthylene (Acy),
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Table 1 Concentrations
(lg/kg dry mass) of
individual PAHs in soils of
Taizhou

SD standard deviation
a P
16-PAHs means
concentration of 16 kinds of
target PAHs
b P
Car-PAHs means
concentrations of
carcinogenic PAHs,
including
Benzo(a)anthracene,
chrysene,
benzo(b)fluoranthene,
benzo(k)fluoranthene,
benzo(a)pyrene,
indeno(123cd)pyrene and
dibenzo(ah)anthracene

Compound
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Min

Max

Mean

SD

Detection
frequency (%)

Acenaphthene (Ace)

\2

2.6

0.1

0.4

Acenaphthylene (Acy)

\2

6.6

0.8

1.5

24

Fluorene (Fle)
Naphthalene (Nap)

\2
\2

7.2
20.0

1.1
8.4

1.6
4.3

37
96

Anthracene (Ant)

\2

16.9

2.1

3.5

39

Fluoranthene (Fla)

4.5

153.1

35.2

24.0

100

2.2

Phenanthrene (Phe)

\2

65.5

17.9

10.7

96

Benzo(a)anthracene (Baa)

\2

50.3

9.7

9.8

88

Benzo(b)fluoranthene (BbF)

\2

69.4

16.2

12.2

99

Benzo(k)fluoranthene (BkF)

\2

46.2

10.5

8.2

99

Chrysene (Chr)

\2

61.3

14.5

10.5

100

Pyrene (Pyr)

3.2

102.4

23.9

17.5

100

Benzo(a)pyrene (BaP)

\2

62.1

12.4

11.8

97

Dibenz(ah)anthracene (Dba)

\2

12.3

1.6

2.6

38

Indeno(123_cd)pyrene (Inp)

\2

62.2

11.3

10.4

92

Benzo(ghi)perylene (Bpe)
P
16-PAHsa
P
Car-PAHsb

\2

benzo[a]anthracene (Baa), benzo[a]pyrene (BaP),
benzo[b]fluoranthene (BbF), benzo[ghi]perylene
(Bpe), benzo[k]fluoranthene (BkF), chrysene (Chr),
dibenzo[ah]anthracene (Dba), fluoranthene (Fla), fluorene (Fle), indeno[123cd]pyrene (Inp), phenanthrene
(Phe), pyrene (Pyr) and naphthalene (Nap) (Table 1).
Chemicals dissolved in dichloromethane were purchased from Supelco (Bellefonte, PA, USA) with the
purity of over 99 %. Phenanthrene-D10, 2-fluorobiphenyl, 2,4,6-triborophenol and terphenyl-d4 were also
from Supelco.
Anhydrous sodium sulfate was dried at 450 °C for
8 h and stored in a sealed desiccator before use.
Sampling bottles were combusted at 450 °C for 4 h,
and pre-cleaned sequentially by rinsing with highpurity n-hexane (Merck Darmstadt, Germany), dichloromethane (Tedia Co. Ltd, Fairfield, OH, USA),
acetone (Tedia Co. Ltd, Fairfield, OH, USA) and
methanol (Tedia Co. Ltd, Fairfield, OH, USA).
Study area and sampling
Samples were collected from 92 locations, distributed
in different rural soil zones in the region in and around
Taizhou, and were selected from 8 9 8 km grids
(Fig. 1). Samples of soils were collected (depth
0–20 cm) with a spade, from November to December.

67.2

13.5

12.4

98

22.6

757.6

179.1

129.1

100

4.9

355.2

75.1

65.3

100

Each sample was a composite of eight subsamples.
Samples of soils were stored in pre-cleaned aluminum
containers for transportation. Among the soils, 24
samples were fluvo-aquic soil (Semi-Aquatic soils)
and 68 samples were paddy soil.
Sample preparation and instrumental analysis
TTen-gram aliquants of soil sample (wet mass) were
mixed with 10 g anhydrous sodium sulfate to remove
water. Samples, spiked with surrogate standards
(1.0 mL, 20 mg/L) containing 2-fluorobiphenyl, 2,4,6triborophenol and terphenyl-d4 were Soxhlet extracted
with n-hexane/acetone (1:1) (v/v) for 16 h, following the
criteria described in US EPA Method 3540C (USEPA
1996a). The obtained extract was concentrated by rotary
vacuum evaporation to approximately 25 mL and
solvent-exchanged to hexane. Extracts were purified by
use of a Florisil column (LC-Florisil, 1 g, 6 mL, Sipelco,
Bellefonte, PA, USA) which was pre-activated at 180 °C
for 12 h, and the column was eluted with 10 mL nhexane/acetone (9:1, v/v) to obtain the fraction containing PAHs. The eluate was concentrated under a steam of
nitrogen to an exact volume of 1.0 mL in a 30 °C water
bath. Extracts were spiked with 20 lg of phenanthreneD10 as the internal standard before instrumental analysis.
Another wet aliquant of soil sample (10 g) was taken to
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Fig. 1 Locations of the sampling sites from Taizhou in Jiangsu Province, China

measure water content, and the final analysis results were
calibrated and reported as dry mass.
Quantitative analysis of 16 PAHs in extracts of soils
was conducted by gas chromatography (GC) with
mass spectrometer detector following US EPA
Method 8270D (USEPA 1996b). Identification and
quantification of PAHs was performed on a Hewlett
Packard (HP) 6890 GC with HP-5MS capillary
column (30 m 9 0.25 mm i.d., 0.25 lm film thickness), equipped with HP 5973 mass selective detector
(MSD). Splitless injection of 1 lL of sample was
conducted with a solvent delay of 5 min. Column
temperature started at 50 °C (4 min hold), followed by
an increase to 320 °C at 8 °C/min with a final holding
time of 3 min. Helium was used as the carrier gas at a
flow of 1 mL/min. Injector and interface temperatures
were 230 and 250 °C, respectively. Quantification was
performed using the internal calibration method based
on five-point calibration curve for individual
components.
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Quality control
Method blanks, sample duplicates, matrix spikes and
matrix spike duplicates were routinely analyzed with
field samples. Each type of quality control sample
consists of more than 10 % of the total samples. The
relative deviation of the sample duplicates ranged
from 0 to 39.1 %, the recovery of the matrix spikes
ranged from 41.4 to 129.9 %, and the relative
deviation of the matrix spike duplicates ranged from
0 to 28.2 %. Method detection limits (MDLs,
S/N = 3) for the target PAHs were calculated based
on the standard deviations of analytical results from
seven parallel blank matrix samples spiked with small
concentrations of target standards. The analytical
procedure of MDLs was identical to that of sample
analysis, including sample preparation. MDLs of the
individual PAHs was 2.0 lg/kg, dm and recoveries of
the surrogate were from 40.8 to 130 %, which were
sufficient to meet the data quality requirements for this
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study, and the measured concentrations were not
corrected by the surrogate recovery data.
Assessment of hazard
The International Agency for Research on Cancer
(IARC) has classified several PAHs into probable (2A)
or possible (2B) human carcinogens (IARC 1987).
The carcinogenic potency associated with exposure of
a given PAH compound can be obtained by calculating
its BaP equivalent concentration (BaPeq). The toxic
equivalent factor (TEF) is used to calculate the BaPeq
for each individual PAH. In order to compare the
carcinogenic potencies associated with the total PAH
concentrations at examined sites, the sum of each
individual BaPeq (i.e., total BaPeq) was used as a
surrogate indicator (Eq. 1).
X
BaPeqðlg=kgÞ ¼
TEF  PAHi
ð1Þ
where PAHi is the concentration (lg/kg, dm) of each
individual PAH compound and TEF for each PAH has
been previously described (Tsai et al. 2004).
According to results of previous studies (Man et al.
2013), potential cancer risks of soils imposed on
farmers or residences may occur through accidental
ingestion of soil particles (Riskingest), dermal absorption of pollutants via soil particle contact (Riskdermal)
or inhalation of fugitive soil particle (Riskinhale). The
risks posed by the three major exposure pathways
were calculated (Eqs. 2–4).
Riskingest ¼

BaPeq  IR  EF  ED
 SFO
BW  AT

ð2Þ

Bapeq  EF  ET  ED
 IUR
PET  AT

BaPeq  SA  AF  ABS  EF  ED
BW  AT
 CF  SFO  GIABS
ð3Þ
2

SA, the surface area of the skin that contacts soil (cm /
day); AF, the skin adherence factor for soil (mg/cm2);
ABS, the dermal absorption factor; GIABS, the
gastrointestinal absorption factor.

ð4Þ

ET, exposure time (h/day); IUR, the inhalation unit
risk (mg/m3)-1; AT, the averaging time (h); PEF, the
particle emission factor = 1.36 9 109 m3/kg.
Parameter values selected based on former research
studies on the local populations are given in Table 2.
Statistical analyses
Normality was confirmed by @Risk software (5.7
version, Palisade Corporation, Newfield, NY, USA),
and homogeneity of variance was confirmed by use of
Levine’s test. Data were tested by use of one-way
analysis of variance (ANOVA) and Duncan’s multiple
comparisons test using SPSS 11 (SPSS Inc., Chicago,
IL, USA). Principal component analysis (PCA) was
performed using Simca-P 11.5 software (Umetrics,
Sweden).

Results and discussion
Presence of PAHs in soil
Frequencies of detection varied from 2.2 for Ace to
100 % for Fla, Pyr and Chr. Total concentrations of
P
PAHs ( PAHs) in soils of the Taizhou region ranged
from 2.3 9 101 to 7.6 9 102 lg/kg, dm. Fla occurred
at the greatest concentration (19.7 %), followed by
Table 2 Parameters for the estimation of cancer risk
Exposure factors

BaPeq, BaP equivalent concentration (mg/kg, dm
soil); IR, the ingestion rate of soil (mg, dm/day); EF,
the exposure frequency (day/year); ED, the exposure
duration (year); BW, the average body mass (kg, bm);
AT, the time period over which the dose is averaged
(day); SFO, the oral slope factor (mg/kg, bm/day)-1.
Riskdermal ¼

Riskinhale ¼

Value

Ingestion rate, IngR (mg/day)

100

Exposed skin area, SA (cm2/day)

3,300

Skin adherence factor, AFsoil (mg/cm2)
Exposure frequency, EF (days/year)

0.2
365

Exposure duration, ED (year)

25

Exposure time, ET (h/day)

8

Body mass, BM (kg)

60

Averaging time, AT
(days) = (70 years 9 365 days/year)

25,550

SFO (mg/kg day)-1

7.3

SFO 9 GIABS (mg/kg day)-1

7.3

IUR (mg/m3)-1

1.1 9 10-6

Dermal absorption factor (ABS) (chemicalspecific)

0.13
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Table 3 Concentrations of PAHs in soils from different locations
Location

Soil type

Number of samples

PAHs Concentration (lg/kg, dm)
Range

Median

References

Mean

China
Taizhou

Surface

Beijing

Farmland

Yangtze River Delta

Rural and suburban

Hangzhou

Surface

92

22.6–757.6

141.6

179.1

This research

9

5–297

58

87

30

8.6–3,881

219

397

Ping et al. (2007)

3

60–616

220

298

Chen et al. (2004)

438

Guangzhou vegetable soils

Vegetable field

43

42–3,077

285

Beijing

Rural

47

16–3,884

345

Guiyu (Shantou)

Surface

49

45–3,206

389

Guiyang

Urban and suburban

13

61–1,560

Dalian

Surface

24

219–18,724

Pearl River Delta

Vegetable field

50

160–3,700

Urban

40

83–2,371

Chen et al. (2005a)

Chen et al. (2005b)
Ma et al. (2005)

582

Yu et al. (2006)

511

567

Hu et al. (2006)

1,104

1,946

Wang et al. (2007)

1,327

1,480

Cai et al. (2007)

543

731

Other countries
Florida
Orleans

Suburban

Tarragona County, Spain
New Orleans soils

Urban, residential
Urban

New Orleans

Inner-city

Detroit soils

Urban

19

527–3,753

731

24
107

112–1,002

736
1,821

19

906–7,285

2,927

106

Pyr (13.3 %). The mean concentration of the sum of
P
seven carcinogenic PAHs ( Car-PAHs) including
Baa, Chr, BbF, BkF, BaP, Inp and Dba in this study
was 7.5 9 101 lg/kg, dm (USEPA 2002a).
P
Concentrations of
PAHs in this study were
comparable with those reported for other areas of
China and abroad (Table 3; Chen et al. 2004; Ma
et al. 2005; Hu et al. 2006; Yu et al. 2006; Ping
et al. 2007; Wang et al. 2007, 2008; Chahal et al.
P
2010). Median concentrations of
PAHs were
greater than those in farmland soils from Beijing,
China (5.8 9 101 lg/kg, dm; Chen et al. 2005c).
However, it is less than concentrations present in
soils from other parts in China, including vegetablegrowing areas near Guangzhou (2.9 9 102 lg/kg,
dm; Chen et al. 2005a), rural soils in Beijing
(3.5 9 102 lg/kg, dm; Chen et al. 2005a) and
vegetable-growing areas of the Pearl River Delta
(1.3 9 103 lg/kg, dm; Cai et al. 2007). Median
P
concentrations of
PAHs in the current study are
also less than concentrations in suburban soils of
Orleans, France (7.3 9 102 lg/kg, dm; Mielke et al.
2004) and residential soils in Tarragona County,
Spain (7.4 9 102 lg/kg, dm; Nadal et al. 2004). The
results of a hazard assessment showed that 73.9 %
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3,436

Chahal et al. (2010)
Mielke et al. (2004)

5,100

Nadal et al. (2004)
Wang et al. (2008)

7,843

Wang et al. (2008)

Mielke et al. (2004)

P
of the concentrations of PAHs were greater than
100 lg/kg, dm, which were typical in the areas
where no anthropogenic pollution sources occurred
(Trapido 1999). These results indicated the anthropogenic contribution in this area.
Soils in Europe were classified, based on concenP
trations of
PAHs, as heavily contaminated
([1.0 9 103 lg/kg, dm), contaminated (between
6.0 9 102 and 1.0 9 103 lg/kg, dm), weakly contaminated (between 2.0 9 102 and 6.0 9 102 lg/kg,
dm) and not contaminated (\2.0 9 102 lg/kg, dm;
Malawska and Wiołkomirski 2001). Thus, in the
present study, 69.6 % of soils were not contaminated
(\2.0 9 102 lg/kg, dm), 27.2 % were weakly contaminated (2.0 9 102–6.0 9 102 lg/kg, dm), and
only one sample with a concentration of
P
7.6 9 102 lg PAH/kg was classified as a contaminated soil. However, the greatest concentration of
P
PAHs did not exceed 4.0 9 104 lg/kg (dm), which
is the value set for remediation of soils (Van Brummelen et al. 1996). This result indicated that the
P
concentrations of PAHs in soils in the vicinity of
Taizhou were not sufficiently great to require remediation/intervention, but 27.2 % of soils exhibited
sufficient contamination to be of concern.
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Fig. 2 Concentrations of
individual PAHs in fluvoaquic soils and paddy soils
in Taizhou

P
Concentrations of
PAHs in fluvo-aquic soils
were significantly different from those in paddy soils
(Fig. 2). Except for Nap, concentrations of individual
PAH in fluvo-aquic soils were greater. In both types of
P
soils, PAHs were on average dominated by Fla, Pyr,
Phe and BbF. This might be induced by the anaerobic
rhizosphere of the flooded paddy soil, which might
enhance the degradation of PAHs during vegetation
period (Su and Yang 2009).
Profile analysis of PAHs
The LMWPAHs (containing two-ring and three-ring
PAHs) are natural or released from petrogenic sources,
and the high molecular weight PAHs (HMWPAHs)
(containing four-ring, five-ring and six-ring PAHs) are
from pyrogenic source (Fernandes et al. 1997; Mastral
and Callen 2000). The HMWPAHs constituted 81.1 %
of the total PAHs in soils from the Taizhou region. The
mean ratio of LMWPAHs to HMWPAHs was 1:4.3,
which indicates that soils of the Taizhou region
originated mainly from pyrogenic sources. The ratio
P
of major combustion-specific compounds ( COMB,
including Fla, Pyr, Baa, Chr, BbF, BkF, BaP, Inp and
P
Bpe) to the total concentration of PAHs ( COMB/
P
EPA-PAHs) also indicates the sources of PAHs are
combustion of fossil fuels (Crnković et al. 2007). In
P
P
this study, the mean ratio of COMB/ EPA-PAHs
was 0.81, which further indicates that combustion was
the primary source of PAHs in soils.

Ratios of Fla/(Fla ? Pyr) were from 0.52 to 0.86
(Fig. 3), with a median of 0.60. Results of previous
studies have suggested that combustion of coal and/or
biomass (grass, wood) is the most likely source of
PAHs when the ratio of Fla/Fla ? Pyr is greater than
0.5 (Yunker et al. 2002). In the present study, for soils
with detectable concentrations of Inp and Bpe, ratios
of Inp/(Inp ? Bpe) were from 0.35 to 0.56, with a
median of 0.46. Results of previous studies also
indicated that a Icp/(Icp ? Bpe) ratio of 0.2–0.5
implies combustion of liquid fossil fuel such as
gasoline, kerosene and crude oil, while a ratio greater
than 0.5 implies combustion of coal and biomass
(grass, wood; Zhang et al. 2005). Seventy percent of
soils in the Taizhou region ratios between 0.2 and 0.5,
which means that most of PAHs in soil were from
combustion of liquid fossil fuel but also combustion of
coal and biomass. These results are consistent with the
life style of residents of Taizhou and consumption of
fuel, and traffic patterns. Taken together, these results
suggest that emission from pyrogenic sources (combustion of fossil fuel, coal and biomass) are the
predominant source of PAHs.
In addition to the diagnostic ratios between PAHs,
PCA was also used to identify major sources of
pollutant emissions and to select statistically independent source tracers (Table 4). When the PCA was
combined with varimax orthogonal rotation, the
variance contribution rate, which explained more than
85 % of the variance, was extracted and three
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petroleum

coal/ biomass
burning

liquid fossil
combustion

Table 4 Rotated component eigenvalues and loadings of
PAHs

Inp/(Inp+Bgp)

1.0
coal/ biomass
burning

0.8
0.6
0.4

liquidfossil
combustion

0.2
petroleum

0.0
0.0

0.2

0.4

0.6

0.8

1.0

Fla/(Fla+Pyr)

Fig. 3 Diagnostic ratios for source identification of PAHs in
soil of Taizhou

components were identified. Component 1 consists
mainly of Phe, four-ring and five-ring PAHs. This
result indicated that compositions of PAHs observed
in the study, the results of which are presented here,
were characterized by greater molecular weight PAHs
that are known to be carcinogens. These PAHs
P
comprised 50.5–94.3 % of the
PAHs in soils.
Results of previous studies indicated that Pyr, Chr,
BbF, Fla, BkF, Phe and Ant are the primary PAHs
released during combustion of coal (Harrison et al.
1996; Simcik et al. 1999). Moreover, Chr, BbF and
BkF are indicators of domestic coal combustion in
China (Chen et al. 2005b), and Chr, BaP, BbF, Inp,
Dba and Bpe are indicators of emissions from internal
combustion engines (Guo et al. 2003; Dallarosa et al.
2008). Inp and Baa are characteristic compounds that
are indicators of combustion of gasoline and kerosene
in internal combustion engines and from burning
natural gas (Lim et al. 1999). Pyr and Fla are the main
PAHs from combustion of straw (Jenkins et al. 1996).
Based on the results of this analysis, it can be
concluded that PAHs in soils of Taizhou are mainly
from combustion of coal, gasoline natural gas, gasoline and diesel emissions from traffic, and burning of
straw. Emissions from industry are probably decreasing due to enforcement of policies to eliminate
outdated production capacity and optimization of
industrial distribution in Taizhou (Geng et al. 2010).
Automobile traffic might be a potential contribution in
the future, since the total number of automobiles in
Taizhou is now more than 256,000 and is increasing at
a rate of 15 %. By 2015, the number will close to or
exceed 510,000. At the same time, the annual year
straw burning is also a major source which is out of
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Component

Component 1

Component 2

Eigenvalue

11.069

Variance %

69.183

9.928

5.866

Cumulative %

69.183

79.111

84.977

1.588

Component 3
0.939

Ace

0.334

0.037

0.866

Acy

0.637

0.453

0.195

Ant

0.579

0.184

0.147

Baa

0.932

-0.029

0.050

BaP

0.975

-0.140

0.084

BbF

0.970

-0.167

-0.082

Bpe

0.935

-0.235

-0.013

BkF

0.944

-0.205

-0.051

Daa

0.938

-0.195

-0.014

Chr

0.977

-0.121

-0.095

Fla

0.945

-0.055

-0.126

Fle
Inp

0.530
0.951

0.730
-0.175

0.024
-0.070

Nap

0.362

0.697

-0.261

Phe

0.822

0.308

-0.103

Pyr

0.986

-0.043

-0.029

control of the government (Qu et al. 2012). As a result,
more attentions should be paid to control the estimation of PAHs from traffic and straw burning in the
future.
Assessment of hazard posed by PAHs
The reference total carcinogenic potency was calculated as a sum of multiplied Dutch target concentrations with appropriate BaPeq (Kong et al. 2005). Total
carcinogenic potency was compared with reference to
estimating the toxicities and carcinogenity of investigated sites. Carcinogenic potencies were 1.1–2.9 times
greater than the reference value for more than 10 % of
sample sites (five fluvo-aquic soil samples and eight
paddy soil samples), which indicated greater carcinogenic burden of soils from these sites. Risks of cancer
in humans due to injection of PAHs ranged from
1.3 9 10-9 to 4.2 9 10-7, and the risk through
dermal attach were from 1.1 9 10-9 to 3.6 9 10-7.
The cancer risks predicted for inhalation were even
less, ranging from to 2.6 9 10-20 to 8.4 9 10-18,
which is consistent with results of previous studies
(Man et al. 2013). All the estimated values were less
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than 10-6, and qualitative descriptions of lifetime
cancer risks were very small. However, all the factors
included in assessments of risk were default values,
and it is important to note this limitation of this study,
which may induce uncertainty.
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