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Abstract Surface soil (0–20 cm) samples (n0143)
were collected from vegetable, maize, and paddy
farmland used for commercial crops in Liaoning, Chi-
na. Sixteen priority polycyclic aromatic hydrocarbons
(PAHs) listed in US Environmental Protection Agency
were analyzed by high-performance liquid chromatog-
raphy using a fluorescence detector. The soil concen-
trations of the 16 PAH ranged from 50 to 3,309 ng/g
with a mean of 388 ng/g. The highest concentration of
total PAHs found in soil of the vegetable farmland was
448 ng/g in average, followed by maize and paddy

with total PAHs of 391 and 331 ng/g, respectively.
Generally, the low molecular weight PAHs were more
predominant than the high molecular weight PAHs in
most of the soils. The evaluation of soil PAH contam-
ination based on the Canadian criterion indicated that
only naphthalene, phenanthrene, and pyrene were over
the target values in several sampling sites. Isomer pair
ratios and principal component analysis indicated that
biomass and coal combustion were the main sources
of PAHs in this area. And the average value of total
B[a]Peq concentration in vegetable soils was higher
than paddy and maize soils. We suggest that biomass
burning should be abolished and commercial farming
should be carried out far from the highways to ensure
the safety of food products derived from commercial
farming.

Keywords Commercial farmland . Isomer pair
ratios . Component analysis . B[a]Peq . Food safety

Introduction

Soil is a vital natural resource on which human lives
depend (Maliszewska-Kordybach et al. 2009). Howev-
er, with the rapid development of economies, modern-
ization of industry, and urbanization, pollutants such as
heavy metals, polycyclic aromatic hydrocarbons
(PAHs), pesticides, veterinary drugs, feed additives,
and other emerging pollutants have been released into
the soils through many paths, each of which contributes
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to the contaminated environmental matrix (Wang et al.
2008).

Farm-based commercial vegetable cropping is an
open system in which soil plays a key role in ensuring
the safety of the food product (Wang et al. 2008). In
recent years, the eco-environment of the commercial
farm has been suffering from serious impacts of pol-
lution due to the unprecedented level of human activ-
ity. This has resulted in incidents where agricultural
products have been contaminated due to soil pollution.
The quality and safety of the agricultural products has
thus become one of the key issues of common concern
within the agriculture industry. Ensuring the safety of
farm produce and maintenance of a high quality of
production is critical for sustainable development (Liu
et al. 2009). Central to this issue is the control of toxic
and harmful pollutants.

Information on pollutants in soils of commercial
farmland has mainly focused on the heavy metals
(Cu, Zn, Pb, Cd, Hg, As, Cr) in top soil in order to
evaluate whether soils could meet the production stan-
dard for green products (Li et al. 2006; Pandey and
Pandey 2009; Song et al. 2006). Studies on persistent
organic pollutants in agricultural soils have also been
reported, but most of the investigations were focused
on the historical aspects of wastewater irrigation and
the impact of economic development in the agricultur-
al soil (Nam et al. 2003; Tao et al. 2004; Cai et al.
2007; Maliszewska-Kordybach et al. 2009; Agarwal et
al. 2009; Hu et al. 2009). Few studies have been
undertaken to investigate persistent organic pollutants
in farm produce up to the current time because it was
usually assumed to be a green and uncontaminated
clean area.

PAHs are persistent organic pollutants some of
which are considered to be human carcinogens
(IARC 1983). Sixteen PAHs have been listed as
priority pollutants by the US Environmental Protection
Agency. PAHs can enter the soil through endogenetic
and anthropogenic processes (Wilcke 2000; Cai et al.
2007). The latter process contributes the most to the
accumulation of these chemicals through solid waste
discharge, automobile exhaust, atmospheric emission,
and wastewater irrigation. Pollution of PAHs in soils
may be linked with adverse effects on the ecosystem and
also have influence on the quality of products from
commercial agriculture (Song et al. 2006; Yin et al.
2008). The quality and safety of farm produce is closely
related to the environment in which they were produced

and may restrict efficient operation of modern agricul-
tural production (Ciganek et al. 2002).

Tieling is located in the mid-region of Songliao
plain, Liaoning, in northeastern of China. It is a region
of high-quality crop production, with an area of
530,000 ha of maize, paddy rice, soybean, and vege-
tables being the main species that contribute to an
annual yield up to 500,000 tons, accounting for its
reputation as the golden zone for crop planting. Iden-
tification of pollutants and pollution control of PAHs
is essential to ensure the product quality and food
safety (Agarwal et al. 2009).

In this study, we investigated the distribution of
polycyclic aromatic hydrocarbons in soils from farm
crops in Tieling region, Liaoning Province. Isomer
pair ratios (IPR) and principal component analysis
(PCA) were used to analyze the origins of PAHs.
The aim of the present work was to contribute to
improved protection and pollution control in commer-
cial farms.

Materials and methods

Reagents

Hexane, acetone, and dichloromethane were chro-
matographic grade or residue analysis grade and pur-
chased from Fluka (Switzerland). Acetonitrile (as
high-performance liquid chromatography (HPLC) mo-
bile phase) was HPLC purity grade and purchased
from Sigma Ltd (USA), and ultrapure water (as HPLC
mobile phase) was collected from the Mili-Q system.
Silica gel (70–230 mesh), sodium sulfate, and sodium
chloride were residue analysis grade and obtained
from Sigma Ltd (USA). Mixed PAH standards (SS
EPA 610 polycyclic aromatic hydrocarbon mix) were
procured from state standard bureau (Gaithersburg,
Germany). All glassware were immersed in acid,
rinsed out with water and acetone, heated, and stored
at 120 °C.

Soils sampling

Samples were collected from paddy, maize, and vegeta-
ble fields in the Tieling farm region, Liaoning Province in
September after the harvesting season. Surface soil sam-
ples (0–20 cm) were takenwith a stainless steel soil auger
after removal of the uppermost plant cover. Five samples
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were collected over an area of several hundred square
meters, pooled, and homogenized to provide a composite
sample. All samples were transported to a laboratory, air-
dried at room temperature, sieved through a 2-mm sieve
mesh after removing twigs and stones and stored in the
dark before further characterization. A total of 143 soil
samples were collected, 46 of which were collected from
the paddy field, 56 samples were obtained from maize
land, and 41 were from vegetable farmland. The location
and detail information for sampling sites is shown in
Fig. 1.

Soil extraction and cleanup

Extraction of PAHs was performed according to an
ultrasonic extraction method (Song et al. 2002). Dried
soil (5 g) was weighed into a 25-ml brown centrifuge
tube prior to the addition of 25 ml of dichloromethane
and was extracted using an ultrasonic cleaner (KQ-
250DB, Kunshan, China) in a water bath at 30–35 °C
for 2 h. The supernatant was collected and centrifuged
at 2,500 rpm for 5 min and then reduced to dryness in
a rotary evaporator and made up to 1.0 ml with ace-
tone and transported into a pipette column equipped
with 1.0 g of silica gel (70–230 mesh, Sigma) for
cleanup. The column was eluted with dichloromethane
and n-hexane (1:1), and the eluate was reduced to
dryness again in a nitrogen stream and was made up
to 1.0 ml with acetonitrile for analysis of PAHs. All
extractions were carried out in triplicate.

Determination of PAHs in soils

Twenty microliters of extract was injected and sepa-
rated on into a 250×4.6-mm, I.D. 5-μm RP-C18 octa-
decylsilane column following an acetonitrile/water
gradient running from 50:50 to 100 acetonitrile over
30 min at a flow rate of 1.0 ml/min. A two model high-
pressure LC pump (Agilent 1100, USA) equipped
with fluorescence detector (Agilent 1100, USA) pro-
duced the gradient. Further selectivity was obtained by
monitoring the chromatographic effluent fluorometri-
cally with excitation and emission wavelength opti-
mized for the detection of individual PAHs. An
external standard (SS EPA 610 polycyclic aromatic
hydrocarbons mix) was used for quantification of 16
PAHs. Fluorescence data were qualified on an Agilent
1100 minichroma data handling system by manual
integration. Identification of PAHs was carried out

on the basis of retention time with further confirmation
on a photodiode array detector (Agilent 1100, USA) if
necessary.

Statistical analysis

Experimental results were expressed on a dry weight
basis. Statistical analysis of the results including PCA
was carried out with the software package SPSS 17.0
for windows. Arithmetic mean was used to present the
average PAH concentrations.

Results and discussion

Total PAHs in soils

Figures 2, 3, and 4 show the concentration of total
PAHs (∑PAHs) in paddy, maize, and vegetable soils
from farm produce production base, Tieling region.
The results indicated that the average concentration
of ∑PAHs in vegetable soils was 448 ng/g (Table 1)
and the highest concentration of total PAHs found in
the samples was 3,309 ng/g. PAH concentrations were
over 500 ng/g in seven samples and over 1,000 ng/g in
two samples. PAH concentrations were below 500 ng/
g in 34 samples, which accounted for 83 % of the total
vegetable samples (Fig. 2).

For soils used for maize crops, the PAH concentra-
tion varied from site to site and ranged from 69 to
1,950 ng/g with an arithmetic mean of 391 ng/g.
Concentrations of PAHs in 77 % maize soils were
below 500 ng/g, and PAHs above 1,000 ng/g were
recorded in two samples (Fig. 3).

In paddy soils, the concentration of ∑PAHs ranged
from 72 to 1448 ng/g with a mean of 331 ng/g
(Table 1). Concentrations of PAHs under 500 ng/g were
detected in 39 of 46 samples, which accounted for 85 %
of the total number of samples. ∑PAHs was above
500 ng/g in seven of 46 samples and was over
1,000 ng/g in two of these (Fig. 4).

According to the above results, concentrations of
∑PAHs in most crop soils analyzed were below
500 ng/g. Among PAHs detected in the three types
of soils, the highest was detected in vegetable soils,
followed by maize soils and paddy soils. The highest
concentration of ∑PAHs may be influenced by external
environmental inputs including traffic, coal combustion,
and wastewater irrigation. At the same time, agricultural
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practice can also contribute to the elevated content of
PAHs, as a result of multi-cropping index, which could
account for the higher PAHs in vegetable soils than that
in paddy and maize farmland. Paddy soils are usually
irrigated and saturated with water, and this may account
for an increased degradation of PAHs into harmless
chemicals (Nam et al. 2003), which may explain why
paddy soils have the lowest ∑PAH concentration. The
∑PAH concentration in paddy soils in our study was a
little higher than that of South Korea (PAHs 236 ng/g)
(Nam et al. 2003) but was within the range as reported in
the agricultural soils of Pearl River Delta, China (Li et

al. 2007). Other studies indicate that the concentration of
PAHs varies significantly between different agricul-
tural soils (Holoubek et al. 2009; Placha et al. 2009;
Song et al. 2006; Agarwal et al. 2009; Maliszewska-
Kordybach 2000; Tao et al. 2004; Wang et al. 2010).

Patterns of individual PAHs in soils

Table 1 indicated that 13 of 16 individual PAHs tested
were detected in paddy, maize, and vegetable soils.
Some of the individual PAHs were under the detection
limit, including acenaphthylene (ACY), benzo[a]

Fig. 1 Location of sampling sites with different land uses
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anthracene (BaA), and indeno[1,2,3-cd]pyrene (IcdP)
in paddy soils and dibenzo[a,h]anthracene (DahA),
ACY, and BaA both in maize and vegetable soils.

The general profile of PAH in the three types of
soils was similar (Table 1). Phenanthrene (PHE) was
the predominant PAH with the average concentration
of 193 ng/g in vegetable soil, 177 ng/g in maize soil,
and 145 ng/g in paddy soils, respectively. The second-
most prolific PAH was naphthalene (NAP) followed by
fluoranthene (FTH) and fluorene (FLU). This was sim-
ilar to other findings (Wilcke et al. 2005; Maliszewska-
Kordybach et al. 2009; Wang et al. 2010; Bucheli et al.
2004). The contribution of individual PAH in paddy,
maize, and vegetable soils followed in the order: PHE >
FTH ≈ NAP > FLU > pyrene (PYR) > chrysene
(CHR) > acenaphthene (ANT) ≈ benzo[b]fluoranthene
(BbF) ≈ IcdP ≈ benzo[k]fluoranthene (BkF) > ben-
zo[ghi]perylene (BghiP) ≈ benzo[a]pyrene (BaP)
≈ BaA ≈ DahA ≈ ACE ≈ ACY, indicating the
lower molecular hydrocarbons more prevalent than
the higher molecular ones. The concentrations of
all individual PAH in vegetable soils were higher
than that in maize and paddy soils except for CHR
and DahA.

Among 16 PAHs listed in US Environmental Pro-
tection Agency, seven have been classified as probable
human carcinogens. They are BaA, CHR, BbF, BkF,

BaP, DahA, and IcdP (∑PAH7c). Table 1 showed that
the concentration of ∑PAH7c ranged from 11 to 99 ng/
g with an arithmetic mean of 42 ng/g in vegetable soils
and accounted for 9 % of ∑PAH16. In maize soils, it
ranged from 7 to 133 ng/g with an arithmetic mean of
36 ng/g and accounted for 8 % of ∑PAH16, while in
paddy soils, it was 27 ng/g, accounting for 8 % of
∑PAH16. The percentage of ∑PAH7c in vegetable,
maize, and paddy soils of this study was much lower
than that in other cities of China (Taizhou 46–57 %;
Beijing 52 %) (Shen et al. 2009; Liu et al. 2010). As
one of the most potential carcinogenic PAHs, the
average concentrations of BaP were 3 ng/g in paddy
soils, 4 ng/g in maize soils, and 6 ng/g in vegetable
soils, respectively. The concentrations of BaP in our
study were similar to those reported by Li (Li et al.
2008), but were lower than those of most reported
both in China and the other countries for agricultural
soils, where soil content of BaP was within 10–36 ng/
g (Zhang et al. 2006; Maliszewska-Kordybach et al.
2009; Agarwal et al. 2009; Ping et al. 2007; Nam et al.
2003). Figure 5 shows that the distribution patterns of
two- to six-ring PAHs in paddy, maize, and vegetable
soils were similar with each other; 2+3 rings PAHs
contributed higher, and it represented 84 % of the total
PAHs for paddy soil, 85 % for maize soil, and 83 %
for vegetable soils, respectively.
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One of the reasons for the dominance of 2+3 rings
PAHs in the regions investigated in this study may be
that they originated from a distant source of pollution
(Nam et al. 2008; Aamot et al. 1996). Meharg et al.
(1998) noted that lower molecular weight of PAHs can

travel longer distance than those of higher molecular
weight. As a result, 2+3 rings PAHs may be trans-
ported more efficiently over a longer distance (Chung
et al. 2007; Wilcke 2000; Agarwal et al. 2009). An-
other reason for the predominance of lower molecular
weight PAHs may be attributed to the pyrolytic pro-
cess of incomplete combustion such as biomass burn-
ing (Garcia-Falcon et al. 2006), which can result into
the production of lower molecular weight PAHs
(Agarwal et al. 2009). The similar profile of different
PAHs in paddy, maize, and vegetable soils implies that
PAHs in soils may originate from the same sources.

Classification of PAH contamination in soils

Since the PAH concentration of soils is not yet regu-
lated in China, the Canadian soil criterion (CCME
2007) were applied to evaluate the level of soil con-
tamination by PAHs in relation to acceptable target

Table 1 Individual PAHs in paddy, maize, and vegetable soils from commercial farms, Liaoning, China (n0143, ng/g)

PAH Paddy fields (n046) Maize fields (n056) Vegetable fields (n041)

AM SD Max Min Median AM SD Max Min Median AM SD Max Min Median

NAP 51 57 263 13 41 50 74 307 4 42 57 96 587 10 43

ACY nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd

ACE 3 4 12 1 5 1 1 5 0.1 2 3 3 14 0.5 4

FLU 36 21 89 4 31 39 21 122 7 38 46 35 240 3 43

PHE 145 99 521 6 130 177 140 777 19 130 193 215 1,270 15 143

ANT 7 10 45 0.3 3 8 16 81 0.1 4 8 21 140 1 3

FTH 38 56 393 3 24 57 75 364 3 23 62 104 614 10 29

PYR 22 24 134 2 13 25 35 202 2 10 26 53 356 6 15

BaAa nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd

CHRa 13 35 199 2 6 13 21 103 3 8 13 9 45 5 12

BbFa 7 7 37 2 5 8 8 62 3 6 12 7 32 3 10

BkFa 4 5 16 0.4 8 7 4 17 1 5 8 5 23 1 6

BaPa 3 3 16 0.4 4 4 1 8 1 5 6 3 16 2 6

DahAa 0.5 2 7 3 6 nd nd nd nd nd nd nd nd nd nd

IcdPa nd nd nd nd nd 0.3 2 11 7 9 4 4 15 6 9

BghiP 1 2 7 2 3 3 1 10 4 5 11 17 82 3 8

∑PAHs 331 245 1,448 72 278 391 320 1,950 69 291 448 484 3,309 50 337

∑PAH7cb 27 37 236 3 16 32 23 133 7 24 42 20 99 11 40

AM arithmetic means, SD standard deviation, nd under the detection limit, NAP naphthalene, ACY acenaphthylene, ACE anthracene,
FLU fluorene, PHE phenanthrene, ANT acenaphthene, FTH fluoranthene, PYR pyrene, BaA benz[a]anthracene, CHR chrysene, BbF
benzo[b]fluoranthene, BkF benzo[k]fluoranthene, BaP benzo[a]pyrene, DahA dibenzo[a,h]anthracene, IcdP indeno[1,2,3-cd]pyrene,
BghiP benzo[ghi]perylene
a Probable human carcinogen
b Total concentration of seven carcinogenic PAHs
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values of the PAH concentration for agricultural soils
in this study. Table 2 indicated that the concentrations
of BaA, BbF, BkF, BaP, DahA, and IcdP were all
within the target values in all soils. Only NAP, PHE
and PYR were over the target values in paddy, maize,
and vegetable soils according to the recommended
PAH concentrations in the regulation from Canada
for agricultural soils. The contaminated area of PHE
was the widest, with 30, 39, and 35 sites over the
target values in paddy, maize, and vegetable soils
respectively.

Source identification of PAHs in soils

To further distinguish the possible sources of PAHs in
paddy, maize, and vegetable soils, PAH isomer pair
ratios and principal component analysis were used.

Isomer pair ratios

To distinguish between combustion and petroleum
sources, several isomer pair ratios were commonly
used, including (1) the ratios of anthracene to anthra-
cene plus phenanthrene (ANT/ANT + PHE), (2) fluo-
ranthene to fluoranthene plus pyrene (FTH/FTH +
PYR), (3) benz[a]anthracene to benz[a]anthracene
plus chrysene (BaA/BaA + CHR), and (4)
indeno[1,2,3-cd]pyrene to indeno[1,2,3-cd]pyrene
plus benzo[ghi]perylene (IcdP/IcdP + BghiP) (Ping
et al. 2007; Yin et al. 2008; Maliszewska-Kordybach
et al. 2008; Yunker et al. 2002). Since benz[a]

anthracene and indeno[1,2,3-cd]pyrene were not
detected in this study, we adopted the ratio of FTH/
FTH + PYR and ANT/ANT + PHE to analyze the
source of PAHs.

Figure 6 shows that the ratios of ANT/ANT + PHE
varied from 0 to 0.328 for all soils and the ratios of
ANT/ANT + PHE were below 0.1 for 91 % samples in
paddy soils, for 95 % samples in maize soils and 98 %
for vegetable soils. The ratios of FTH/FTH + PYR
were above 0.5 in 98 % samples of paddy soil, and it
was greater than 0.5 in all samples in maize and
vegetable soils.

According to Yunker et al. (2002), if the ratio of
ANT/ANT + PHE is greater than 0.1, it indicates that
PAHs in soils came from a petroleum origin, while the
ratio less than 0.1 implied that the combustion source
contributed to the PAHs. In this study, the ratios of
ANT/ANT + PHE were below 0.1 in most samples,
indicating that the combustion source was one of the
contributors to the elevated PAHs in paddy, maize, and
vegetable soils. Data in Fig. 4 showed that the ratios of
FTH/FTH + PYR were all above 0.5 except one in
paddy, maize, and vegetable soils, suggesting that
grass, wood, and coal combustion could be a main
source of PAHs in our study (FTH/FTH + PYR less
than 0.4 implied petroleum sources; between 0.4 and
0.5 indicated PAHs derived from petroleum com-
bustion; if FTH/FTH + PYR was greater than 0.5,
it implied grass, wood, and coal combustion con-
tributed to the PAHs in soil). This agreed with the
observations that biomass burning and coal com-
bustion are common in the rural area of China,
especially in winter.

Table 2 Evaluation of individual PAH contamination in agri-
cultural soils from commercial farms, Liaoning, China

PAHs Canadian limit
value (ng/g)

No. over Canadian limit value

Paddy soil
(n046)

Maize soil
(n056)

Vegetable
soil (n041)

NAP 100 8 9 4

PHE 100 30 39 35

PYR 100 2 2 1

BaA 100 0 0 0

BbF 100 0 0 0

BkF 100 0 0 0

BaP 100 0 0 0

DahA 100 0 0 0

IcdP 100 0 0 0
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Fig. 6 Ratios of ANT/ANT + PHE vs. FTH/FTH + PYR for
paddy, maize, and vegetable soils in farm produce production
base, Liaoning, China
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Principal component analysis

Table 3 shows the individual PAHs in the principal
component matrix in paddy, maize, and vegetable soils.
In paddy soils, the majority of variance (67.58 %) was
explained by three factors. Factor 1 explained 38.06 %
of the total variance of the data and had a strong signif-
icant correlation with FLU (0.74), PHE (0.91), ANT
(0.76), FTH (0.77), PYR (0.81), and BbF (0.63). The
second component responsible for 19.47 % of the
total variance was mainly loaded with NAP (0.64),
ACE (0.85), and BkF (−0.74). The third compo-
nent was dominated by CHR (−0.76).

The variance of 68.07 % was explained by three
factors in maize soils where 38.06 % of the total
variance of the data was explained by factor 1 and
FLU (0.72), PHE (0.93), ANT (0.89), FTH (0.89),
PYR (0.94), BkF (0.66), and BghiP (−0.62) were
significantly correlated. Factor 2 was mainly loaded
with ACE (0.71), BaP (0.61), and BghiP (0.62). Factor
3 was dominated by BbF (0.63).

In vegetable soils, there were also three factors to
explain the majority of variance (73.31 %). Factor 1
explained 45.12 % of the total variance of the data,
and it was dominated by NAP (0.90), FLU (0.91),
PHE (0.81), ANT (0.96), FTH (0.89), PYR (0.97),
and BbF (0.69). Factor 2 had a strong significant
correlation with CHR (0.71), BaP (0.80), and IcdP
(0.65). The third component was dominated by ACE
(0.81) and BkF (−0.70).

The low molecular weight PAHs, including NAP,
ACE, FLU, PHE, ANT, FTH, and PYR, are predom-
inant emissions of biomass burning (Mastral et al.
1996; Jenkins et al. 1996). Factor 1 in paddy, maize,
and vegetable soils showed a similar PAH profile
(FLU, PHE, ANT, FTH, and PYR), which all sug-
gested biomass burning as the main sources. BkF
and BbF are largely released by both gasoline and
diesel engines (Harrison et al. 1996; Liu et al. 2010),
i.e., the traffic emission. So factor 2 in paddy soil
represented traffic emission. BaP, IcdP, and BghiP
are considered to be produced from incomplete

Table 3 The individual PAHs in the principal component matrix

PAHs Component in paddy soil Component in maize soil Component in vegetable soil

1 2 3 1 2 3 1 2 3

NAP 0.57 0.64 −0.05 0.46 0.48 −0.27 0.90 −0.16 0.16

ACE −0.05 0.85 0.23 −0.44 0.71 −0.14 −0.12 −0.02 0.81

FLU 0.74 0.48 0.01 0.72 0.54 −0.08 0.91 −0.13 0.25

PHE 0.91 0.09 −0.18 0.93 0.18 −0.09 0.81 −0.18 −0.03
ANT 0.76 −0.29 −0.19 0.89 0.17 0.11 0.96 −0.17 −0.04
FTH 0.77 0.11 0.24 0.89 0.05 −0.08 0.89 −0.16 0.12

PYR 0.81 0.00 0.43 0.94 0.19 0.03 0.97 −0.12 −0.03
CHR 0.54 0.02 −0.76 0.47 0.15 0.57 0.12 0.71 −0.02
BbF 0.63 0.21 0.01 0.13 0.18 0.63 0.69 0.51 −0.21
BkF 0.54 −0.74 −0.13 0.66 −0.33 −0.13 0.40 0.29 −0.70
BaP 0.48 −0.21 0.39 −0.46 0.61 0.28 0.35 0.80 0.14

DahA 0.22 −0.55 0.43 –a –a –a –a –a –a

IcdP –a –a –a −0.12 0.50 −0.27 −0.08 0.65 0.37

BghiP −0.41 0.35 0.00 −0.62 0.62 −0.03 0.35 0.14 0.37

Eigenvalues 4.95 2.53 1.31 5.56 2.29 1.01 5.87 2.08 1.59

% of Variance 38.06 19.47 10.05 42.73 17.60 7.73 45.12 15.98 12.21

Cumulative % 38.06 57.53 67.58 42.73 60.34 68.07 45.12 61.10 73.31

Data in each column were factor score, which was obtained for each component within the factors generated by the PCA, a type of
correlation coefficient, and higher values were associated with greater significance. Data with absolute value above 0.6 were marked in
bold
a Raw data were under detection limit
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combustion of the fossil fuels, and traffic emission
(Harrison et al. 1996; Nielsen 1996; Khalili et al.
1995) and wood burning also have been suggested as
the source of BaP (Kulkarni and Venkataraman 2000;
Kakareka et al. 2005). BaP and CHR were markers of
coal combustion (Agarwal et al. 2009; Khalili et al.
1995). As a result, the second component in maize
and vegetable soils both represented fossil fuels
combustion. Factor 3 in paddy soil suggested that
coal combustion may be one of the sources. And
traffic emission may be one of the PAH sources in
maize and vegetable soils.

Soil toxicity assessment based on the total
concentration of seven probable carcinogenic PAHs

Since benzo[a]pyrene was the most studied PAH and
its toxicological data were sufficient for calculation of
quantitative estimates of carcinogenic potency, toxici-
ty equivalency factors (TEF) were suggested by US
EPA to quantify the carcinogenicity of other PAHs
relative to BaP and then to estimate benzo[a]pyrene-
equivalent concentration (B[a]Peq) (Nadal et al. 2004;
Rey-Salgueiro et al. 2008; Agarwal et al. 2009; Peters
et al. 1999). Calculated TEF for BaA, BaP, BbF, BkF,
IcdP, DahA, and CHR are 0.1, 1, 0.1, 0.01, 0.1, 1, and
0.01, respectively (USEPA 1993; Nisbet and Lagoy
1992). The total benzo[a]pyrene-equivalent concentra-
tion (B[a]Peq) of the seven probable carcinogenic
PAHs was calculated as:

Total B a½ �Peq ¼
X

i

Ci � TEFi

where Ci is the concentration of individual carcinogenic
PAH and TEFi is the corresponding toxic equivalency
factor.

In paddy soils, calculated total B[a]Peq concentration
at different sampling sites varied from 0.35 to 17.97 ng/
g, with an average value of 4.51 ng/g. In maize soils, the
average value of total B[a]Peq was 4.59 ng/g, which
was similar to that in paddy soils. And it ranged from
0.07 to 11.16 ng/g. The average value of total B[a]Peq
in vegetable soils (8.05 ng/g) was higher than that in
paddy and maize soils, ranging from 0.70 to 20.67 ng/g.
The results suggested that vegetable soils may have the
highest carcinogenic potential. In comparison with other
studies, total B[a]Peq concentrations in paddy, maize,
and vegetable soils of Liaoning, China were much lower

than those of other sites reported, such as the agricultural
soil from Delhi, Indian (154.12 ng/g in average) (Agar-
wal et al. 2009). It is suggested that as a green agricul-
tural area, Tieling region should be paid more attention
on the environmental monitoring and assessment in the
future.

Conclusion

In combination with the IPR and PCA analysis,
biomass and coal combustion are the main sources
of PAHs in paddy, maize, and vegetable soils from
commercial farms in Liaoning, China. Vegetable
soils may have higher carcinogenic potential than
paddy and maize soils according to B[a]Peq con-
centration. We suggest that biomass burning
should be abolished and commercial farming
should be carried out far from the highways. Hu-
man activities should be undertaken to avoid sig-
nificant combustion of biomass and coal. In
addition, regular monitoring should be provided
to ensure the safety of food products derived from
commercial farming.
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