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a b s t r a c t

The concentrations of dichlorodiphenyltrichloroethanes (DDTs) were investigated for urban soil samples
collected from business area (BU), classical garden (CL), culture and educational area (CU), large public
green space (LA), residential area (RE), and roadside area (RO) in Beijing. The DDTs concentrations ranged
from 0.03 to 1282.58 ng/g, with an average of 68.14 ± 189.46 ng/g. The DDTs concentration in CL was
much higher than that in the other five types of land use, which was due to the usage of DDTs to protect
eywords:
ichlorodiphenyltrichloroethanes (DDTs)
rban soils
and use
eijing

vegetation in CL, and the DDTs concentration was affected by both the usage history of DDTs and the
age of the CL. Only 22% of the samples, mainly located in RO, manifested the application of technical
DDTs recently. DDTs concentration showed a decreasing trend from the city center to the suburb, and it
increased with the age of the urban area. DDTs were positively correlated with total organic carbon and
black carbon in soils. About 81.7% of the samples met the grade I standard (50 ng/g soil) of the Chinese

anda
Environmental Quality St
(1000 ng/g soil).

. Introduction

Urban soil is known to have unique characteristics such as
npredictable layering, poor structure, and considerable concen-
rations of trace pollutants [1]. As pollutants in urban soils can
e easily transferred into humans through ingestion, inhalation,
r dermal routes, etc., they have a direct impact on the health
f human beings, especially children and elderly people who are
hysiologically more vulnerable to environmental pollution [2–7].
rban soils play an important role in citizens’ living, working and

ecreation, therefore, the study on the environmental quality of
rban soils is necessary.

Due to the environmental persistence, dichlorodiphenyl-
richloroethanes (DDTs) can be easily accumulated in soil,
ventually resulting in human exposure directly or indirectly.
ecently DDTs have been identified as hormone disrupters which
re capable of affecting the normal function of endocrine and repro-
uctive systems of humans [8,9]. Therefore, a need exists to better
nderstand the distribution and fate of DDTs in the environment.
ntil now, only few researches have been done on the DDTs in

rban soils. Falandysz et al. found that the values of DDTs in the
enter of Krakow city were even three orders of magnitude higher
han elsewhere of the city [10]. Covaci et al. reported that the DDTs
oncentrations in urban soil of Romania did not exceed the official

∗ Corresponding author. Tel.: +86 10 58805314; fax: +86 10 58805314.
E-mail address: xiaxh@bnu.edu.cn (X. Xia).

304-3894/$ – see front matter © 2009 Elsevier B.V. All rights reserved.
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rd for Soils, and only 1.5% of the samples exceeded the grade III standard

© 2009 Elsevier B.V. All rights reserved.

Romanian norms for DDTs of 500 ng/g soil [11]. Fu et al. found that
DDTs were the predominant compounds of OCPs in urban soil of
Taiyuan of China [12]. However, all of these studies did not con-
cern about the DDTs levels in different types of land use of urban
soils, and the pollutants in soils with different types of land use
may exert different impacts on public health [13,14], so the study
regarding to the DDTs levels in different types of land use of urban
soils is desired.

Beijing is the political, economic and cultural center of China,
with a history of over 1000 years and the residents of more
than 10 million. Several studies indicated that Beijing soils are
contaminated with persistent organic pollutants (POPs), such as
polychlorinated biphenyls (PCBs) [15], polycyclic aromatic hydro-
carbons (PAHs) [16], and organochlorine pesticides (OCPs) [17]. Zhu
et al. and Zhang et al. have studied the distribution of DDTs in the
outskirt and rural soils of Beijing [18,19]. Although Li et al. and
Wang et al. have studied the distribution of DDTs in urban soil of
Beijing, they only regarded to two types of land use: the urban parks
and the urban schools [17,20]. So far the difference of DDTs in urban
soils with different types of land use in Beijing has not been stud-
ied. With the rapid expansion and development of urbanization,
the intensity of public activity in different types of land use is dis-
tinct; therefore, the research on DDTs levels in different types of

land use as well as the possible sources and the impact factors for
DDTs distribution in Beijing is necessary.

The aim of this study was to reveal the distribution characteris-
tics of DDTs in urban soils with six types of land use in Beijing,
including residential area (RE), business area (BU), large public

http://www.sciencedirect.com/science/journal/03043894
http://www.elsevier.com/locate/jhazmat
mailto:xiaxh@bnu.edu.cn
dx.doi.org/10.1016/j.jhazmat.2009.09.022
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Fig. 1. Sample location of u

reen space (LA), classical garden (CL), culture and educational area
CU) and roadside area (RO). The possible sources of DDTs were
nalyzed. The map of DDTs concentration was made to identify its
patial distribution, and the difference of DDTs among the six types
f land use was investigated. The relationships between DDTs con-
entration and physiochemical properties, such as pH, clay content,
otal organic carbon (TOC) and black carbon (BC) were studied. In
ddition, the assessment of DDTs pollution in urban soils of Beijing
as also conducted.

. Materials and methods

.1. Study area

Beijing (39◦54′N, 116◦23′E), the capital of China, is one of the
iggest cities in China. Beijing spans an area of over 16,800 km2,
ith urban area of 1040 km2. Beijing city is surrounded by moun-

ains in its west, north and northeast, its southwest is plain opening
oward the lower reach of the Bohai Sea. The annual temperature
s about 11.5 ◦C and the annual precipitation is about 650 mm, with
temperate semi-wet monsoon climate. The main soil texture of

he studied area in this research is light loam with a pH from 7.8 to
.1. The hypsography of Beijing is higher in the northwest direction
nd lower in the southeast direction so that the rivers flow from the
orthwest to the southeast areas.
.2. Sample collection and pretreatment

In this research, the studied area located within the 5th Ring
oad of the 9 districts, including Xicheng, Dongcheng, Chongwen,
uanwu, Haidian, Chaoyang, Fengtai, Shi Jingshan and Changping
oil and rural soil in Beijing.

districts (Fig. 1). Each type of land use contained at least 8 sam-
pling sites, with each site having a consistent land use. We make
sure that the layout of all the sampling sites was as even as possible
in the urban area of Beijing. A total of 127 topsoil samples (0–20 cm)
were collected from urban area of Beijing during April–May in
2008 with a stainless steel shovel, to avoid contamination, only
the soil that did not contact with the stainless steel shovel was
collected during the sampling. The coordinates of the sample loca-
tion were recorded with a GPS, and the sampling location is shown
in Fig. 1. A total of 8 samples were collected in BU, 9 samples
were collected in CL, 9 samples were collected in CU, 12 sam-
ples were collected in LA, and 12 samples were collected in RE.
In RO, 77 samples were collected from both sides of 10 roads,
which are expressed by sampling lines in Fig. 1. Each road con-
tained at least 4 sampling sites, which were within 30 m distant
from the road. To make the samples be representative for each
type of land use, the number of sub-samples was determined based
on the area of sampling site. For RO and BU, each sample was
the mixture of 5 sub-samples taken from the sample site; for RE,
each sample was the mixture of at least 8 sub-samples taken from
the sample site; for LA, CL and CU, each sample was the mix-
ture of at least 10 sub-samples taken from the sample site. All
the samples collected were kept in sealed Kraft packages respec-
tively to avoid contamination and transported to the laboratory
immediately.

In order to better understand the effect of anthropogenic activ-

ities on the environmental quality of urban soils, 40 samples were
simultaneously collected from rural soils locating far away from
the 5th Ring Road in 12 administrative regions in Beijing (Fig. 1).
The concentrations of DDTs between urban soil and rural soil were
compared.
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For soil pretreatment, the soil samples were air-dried, slightly
rushed and sieved through a 10 mesh stainless steel sieve to
emove large debris, stones, and pebbles. The samples were then
round by an agate mortar to pass through a 18 mesh stainless
teel sieve, sealed into a Kraft paper envelope and kept at room
emperature until analysis.

.3. Reagents

Acetone, n-hexane, and dichloromethane, obtained from Fisher
cientific International Inc., USA were of High Performance Liq-
id Chromatography (HPLC) grade. Standard solutions of four
DTs including p,p′-DDT, o,p′-DDT, p,p′-DDE and p,p′-DDD were
btained from Labor Dr. Ehrenstorfer, Germany at concentrations
f 10 mg L−1. Dilutions were made in n-hexane in order to cover
he entire range of DDTs expected in the samples. All solutions
ere stored at −20◦C. Pentachloronitrobenzene (PCNB), obtained

rom Labor Dr. Ehrenstorfer, Germany, was used as internal stan-
ard. Silica gel 80–100 mesh was purchased from Qingdao Haiyang
hemical Co., Ltd. (Qingdao, China). It was activated at 180◦C
or 12 h in a muffle and then deactivated with 3–5% distilled
ater before use. Alumina 100–200 mesh, purchased from China
ational Medicines Corporation Ltd., Shanghai, China, was acti-
ated at 250 ◦C for 12 h and then deactivated with 3–5% distilled
ater. Diatomite (chemical purity), obtained from Beijing Chem-

cal Factory, China, was used after being heated at 400 ◦C for 6 h.
nhydrous sodium sulfate, obtained from Beijing Chemical Factory,
hina, was first washed with hexane, and then heated at 650 ◦C for
2 h prior to use. Hydrochloric acid (A.R. grade) was purchased from
eijing Chemical Factory, China. Powdered copper (high purity),
btained from China National Medicines Corporation Ltd., China,
as used as the desulfurizing agent and was treated with 1 mol/L
Cl before use. All glassware for experiment was soaked in a pre-
ared nitric acid lotion for above 6 h and then washed with distilled
ater and oven-dried; then the glassware was washed again with

cetone for 3 times before use.

.4. DDTs analysis

.4.1. Extraction and cleanup
DDTs in all samples were extracted by accelerated solvent

xtraction method (ASE300, Dionex, America). The soil samples
ere first ground with agate mortar to pass through a 100 mesh

tainless steel sieve. 14 g soil sample and 5 g active copper pow-
er were mixed together; the copper was used to remove organic
ulfide which can interfere with the peak of p,p′-DDE [12]. One
iece of cellulose filter paper, 1 g of diatomite and the mixed
ample described above were sequentially layered from the bot-
om of the ASE cell (66 ml volume). In addition, an appropriate
mount of diatomite was packed on the top of the sample to fill
he space of the ASE cell. The extraction was then carried out
ith n-hexane/acetone (1:1, V:V) at a temperature of 100 ◦C and
pressure of 1500 psi. The extraction was repeated twice for each

ample. The combined extracts were solvent exchanged with 10 ml
f hexane and evaporated to approximately 2 ml by rotary evapo-
ator (RE-52, Shanghai Yarong Company, China) in a water bath
t 40–45 ◦C. The concentrated extract was transferred to the top
f a prepared SPE column (30 cm × 10 mm I.D.). Prior to use, the
PE column was successively filled with 12 cm of activated sil-
ca gel, 6 cm of activated alumina and 1 cm of anhydrous sodium
ulfate, which were all pre-soaked in hexane. Then the column

as eluted first by 15 ml of hexane. After that, the column was

luted by 70 ml of hexane/dichloromethane (7:3, V:V) and this
art of the elution was collected for DDTs determination. The col-

ected elution was concentrated by a rotary evaporator and then
he solvent was exchanged with 10 ml of hexane twice in order
Fig. 2. Chromatogram of real sample.

to remove dichloromethane, and then blown to 2 ml under gentle
nitrogen stream. Twenty microlitres of PCNB (10 �g ml−1) as inter-
nal standard was added to the 2 ml concentrated extract prior to
GC analysis.

2.4.2. Chromatographic analysis
The concentrations of DDTs in the extracts were analyzed with a

Varian CP-3800 gas chromatograph equipped with a 63Ni electron
capture detector (GC-63Ni ECD) and a DB-5 fused silica capillary
column (30 m × 0.25 mm I.D., and 0.25 �m film thickness). The car-
rier gas was high-purity nitrogen with a flow of 0.8 ml min−1. The
temperature of injector and detector were kept at 250 and 330 ◦C,
respectively. The temperature program of column oven was set to
100 ◦C, then with 20 ◦C min−1 to 190 ◦C, kept for 1 min, and further
by 4 ◦C min−1 to 235 ◦C, kept for 10 min. One microlitre of sample
was injected in pulse splitless mode with the split outlet opened
after 1 min. GC peaks were identified with the accurate assignment
of retention times of each standard (±1%). The chromatogram of a
real sample was shown in Fig. 2. The residues of DDTs were deter-
mined by comparing the peak areas of the samples adjusted by
internal standard and the calibration curves of the standards.

2.5. Physicochemical parameter analysis

Parameters such as pH, clay content, total organic carbon (TOC)
and black carbon (BC) were determined for general characters
of these urban soil samples. Soil pH was measured by potential
method, with 2.5:1 ratio of water and soil. Particle size distribu-
tion was analyzed by the hydrometer method (LY/T 1225-1999).
For TOC and BC, the soil samples were first ground with agate mor-
tar to pass through a 100 mesh stainless steel sieve. An elemental
analyzer (Vario El, Elementar Analysensysteme GmbH, Germany)
was used for the TOC analysis after the samples were treated with
HCl (1:1, volume). BC content in soil samples was determined with
the chemo-thermal oxidation method [21]. Inorganic carbon in
soil samples was firstly removed by HCl (1:1, volume); amorphous
organic carbon (OC) was subsequently removed in a thermal oxida-
tion procedure at 375 ◦C in a tube furnace for 24 h in the presence of
excess oxygen (air) [22]. Then BC content in soils was determined
with an elemental analyzer (Vario El, Elementar Analysensysteme
GmbH, Germany).

2.6. Quality assurance and quality control

The method detection limits (MDLs, ng/g) of each DDT were
determined as the lowest concentration giving a response of 3 times

the standard deviation of the baseline noise defined from the anal-
ysis of three control (untreated) samples [23]. For every 10 field
samples, a method blank (diatomite), a spiked blank (diatomite
spiked with standards), a matrix spike (pre-extracted soil spiked
with standards) and control sample (uncontaminated soil) were
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Table 1
The range, mean, median and geometric mean of DDTs (ng/g) and selected soil properties in urban soils.

Compounds Mina Maxa Mean ± S.D.a Mediana Geometrica

pH 7.8 9.1 8.3 ± 0.2 8.3 8.3
Clay (%) 14.5 43.3 29.1 ± 5.5 28.8 16.8
TOC (%) 2.2 6.9 1.5 ± 1.0 1.3 1.3
BC (%) 0.0 2.7 0.5 ± 0.5 0.4 0.4
p,p′-DDE 0.005 600.35 29.19 ± 80.99 1.80 2.63
p,p′-DDD 0.005 185.96 3.19 ± 16.32 1.00 0.73
o,p′-DDT 0.010 322.31 13.68 ± 46.27 0.83 1.03
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p,p′-DDT 0.010 521.24
�DDTs 0.030 1282.58

a Minimum, maximum, geometric mean, arithmetic mean, median were calculat

rocessed; and duplicated samples were performed simultane-
usly. The method blank contained no detectable amount of the
arget analytes. The MDLs of p,p′-DDE, p,p′-DDD, o,p′-DDT and
,p′-DDT were 0.01, 0.01, 0.01 and 0.02 ng/g-dry weight, respec-
ively; the recoveries of p,p′-DDE, p,p′-DDD, o,p′-DDT and p,p′-DDT
n spiked blanks and matrix spikes were 71.9–95.5%, 81.5–95.1%,
6.7–113.2% and 90.0–104.2%, respectively. The calibration curves
f DDTs were determined before each batch of samples being ana-
yzed, with the correlation coefficients (r) all greater than 0.99. All of
he calibration curves were adjusted by internal standard to remove
he change of instrument response signal caused by matrix effect
nd instrument instability. A degradation check solution obtained
rom Labor Dr. Ehrenstorfer, Germany was analyzed daily, and the
xtent of degradation must be less than 15% before the analysis of
DTs could proceed.

.7. Statistical analysis

A global position system (GPS) was employed to precisely record
ach location of soil sampling. Conventional statistical analyses,
orrelation analysis between the residues of DDTs and TOC, BC, pH
s well as clay content in the study area, and t-tests were carried
ut using SPSS 17.0 statistical software. In addition, the concen-
rations of DDT and its metabolites at each sampling site were
sed to construct contour maps using the program SURFER v.8.0
Golden Software Inc., Colorado, USA), with the method of kriging
nterpolation technique.

. Results and discussion

.1. Concentrations of DDTs in urban soils of Beijing

The concentrations of DDT and its metabolites in the soil sam-
les followed the lognormal distribution. As shown in Table 1, the
otal DDTs concentrations (sum of p,p′-DDE, p,p′-DDD, o,p′-DDT
nd p,p′-DDT) in the soils varied from 0.03 to 1282.58 ng/g, with
n average of 68.14 ± 189.46 ng/g. p,p′-DDE and p,p′-DDT were
he principal contaminants of DDTs, with a mean concentration
f 29.19 ± 80.99 and 22.07 ± 67.52 ng/g, respectively. The percent-
ge of individual compounds in soils followed the sequence:
,p′-DDE > p,p′-DDT > o,p′-DDT > p,p′-DDD. p,p′-DDE was the main
etabolite of p,p′-DDT, accounting for 42.8% of the total DDTs. Sim-

lar results have been reported by other researchers [17,24,25]. As
DT would be dechlorinated to DDE in aerobic conditions and DDE

s more persistent than the parent compound DDT [26], the higher
oncentration of DDE was found in urban soils of Beijing.

As shown in Table 2, the mean concentration of DDTs in urban

oils was 3 times higher than that in rural soils of Beijing, and
lso higher than that in Guanting Reservoir of Beijing, with fewer
nthropogenic activities [19]. Similarly, the level of DDTs in this
tudy was much higher than that in Tibet, which was considered
s an area of pristine [27], suggesting that the DDTs levels in urban
22.07 ± 67.52 3.30 5.26
68.14 ± 189.46 9.96 13.72

uming non-detect (ND) measurements were equal to one-half of MDLs.

soils were affected by anthropogenic activities. The concentration
of DDTs in this study was much lower than that in the industrial
site soil of Beijing, which was occupied by a OCPs (HCH and DDT)
pesticides plant until 1983 [28]. In comparison with other cities
in China, the mean concentration of DDTs in Beijing urban soils
was lower than that in surface soils of Hong Kong and Yinchuan
[29,30]; and close to that in Taiyuan urban soils [12] and that in
Tianjin urban soils [25]. Compared with regions outside China,
the average concentration of DDTs in Beijing was considerably
lower than that found in the urban soils of Romania [11], and
that in the urban and rural soils of Katowice and Krakow [10] in
Poland.

3.2. Sources of DDTs in urban soils

Technical DDT is typically composed of 77.1% p,p′-DDT, 14.9%
o,p′-DDT, 4% p,p′-DDE, and some other trace impurities. The ratio
of parent compounds to metabolites was used to infer sources
and qualitatively judge the age of contaminant residues in soil.
The ratio of (p,p′-DDE + p,p′-DDD) to p,p′-DDT can be used to indi-
cate whether p,p′-DDT in soils is “aged (degraded)” or “new (input
recently)” [31,32]. If the ratio is higher than 1, it means that DDTs
in soils are aged mixtures and if the ratio is lower than 1, it indi-
cates that the parent DDT is inputted to soils recently [33]. In this
study, the ratios of the urban soils ranged from 0.00 to 1063.41,
with a geometric mean of 1.20. The ratio was higher than 1 for 78%
of the samples, indicating that most of the sampling sites had no
DDTs input recently. The ratio was lower than 1 for only 22% of the
samples, which were mainly collected from the RO. The results also
showed that although high DDTs level was detected in CL, there was
no recent application of DDT in CL except the Yuetan Park.

Recently, the ratio of o,p′-DDT to p,p′-DDT was used to dis-
tinguish whether DDT contamination was caused by the usage of
technical DDT or dicofol. It is reported that dicofol contains about
3–7% of DDTs as impurities, in which the ratio of o,p′-DDT to p,p′-
DDT ranges from 1.3 to 9.3, while in technical DDT the ratio only
ranges from 0.2 to 0.3 [31]. In this study, the ratio of o,p′-DDT to
p,p′-DDT varied from 0.00 to 1.73, with geometric mean of 0.06, it
was higher than 0.3 for only 7.4% of the samples, indicating that
the recent application of DDT is mainly introduced by the use of
technical DDT.

3.3. Comparision of DDTs levels in six types of land use

As shown in Table 3, DDTs concentrations in urban soils
among different types of land use followed the sequence:
CL > LA > CU > BU > RE > RO. The mean concentration of DDTs in CL

was 5 times higher than that in LA and CU, and was more than
10 times higher than that in RE, BU and RO. The highest DDTs
level detected in CL was probably due to the fact that DDTs were
used to protect vegetation in these areas [17]. For LA and CU,
lawn and shrub are largely cultivated and protected routinely by
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Table 2
Concentrations of DDTs in soils in this study and other areas (ng/g).

Area Land use �DDTs Reference

Tibet, China Soil in pristine areas NDa −2.83 Fu et al. [27]
Beijing, China Soils from Guanting Reservoir NDa −94.07, 5.11 (median) Zhang et al. [19]
Beijing, China Industrial site soil 3020–67,430 Yang et al. [28]
Taiyuan, China Urban soil (n = 15) 1.8–100, 12 (median) Fu et al. [12]
Tianjin, China Urban and rural soil (n = 188) 49.6 ± 126.8, 11.7 (geometric) Gong et al. [25]
Hong Kong, China Surface soil (n = 66) 0.13–1900, 520 (mean) Zhang et al. [29]
Yinchuan, China Urban soil (n = 16) 0.410–1068, 92.1 (mean) Wang et al. [30]

Romania Rural soil (n = 7) 226.9 ± 157.2,
113.1 ± 151.8 (mean)

Covaci et al. [11]
Urban soil (n = 13)

Krakow, Poland Urban and rural soil (n = 24) 4.3–2400, 260 ± 620 (mean) Falandysz et al. [10]
Katowice, Poland Urban and rural soil (n = 24) 23–260, 110 ± 89 (mean) Falandysz et al. [10]

Beijing, China Urban soil 0.03–1282.6 This study
68.14 ± 189.46 (mean)
13.72(geometric)
9.96(median)

Beijing, China Rural soil 0.24–304.71 This study
21.45 ± 54.15 (mean)
6.77 (geometric)
7.22 (median)

Beijing, China Urban and rural soil 0.03–1282.58 This study

a
D
c
o
l

T
C

a Not detected.

dministrators using pesticide which contains DDTs, so higher

DTs levels were also observed in LA and CU. As little vegetation is
ultivated in BU, RE and RO, and most of these places may be lack
f special vegetation management, DDTs concentration was much
ower in BU, RE and RO than in CL, LA and CU.

able 3
oncentrations of DDTs in six types of land use of urban soils in Beijing (ng/g).

Land-uses categories p,p′-DDEa p,p′-DDDa

RE (n = 12)
Minimum 0.005 0.005
Maximum 91.72 1.02
Geometric mean 1.90 0.30
Mean ± S.D. 12.24 ± 7.41 0.50 ± 0.10

CU (n = 9)
Minimum 0.21 0.35
Maximum 327.59 4.59
Geometric mean 28.13 1.37
Mean ± S.D. 78.51 ± 26.92 1.73 ± 0.34

CL (n = 9)
Minimum 50.45 0.15
Maximum 339.02 185.96
Geometric mean 167.96 5.13
Mean ± S.D. 201.75 ± 42.55 30.78 ± 25.90

LA (n = 12)
Minimum 0.28 0.15
Maximum 600.35 19.77
Geometric mean 2.63 0.73
Mean ± S.D. 54.66 ± 45.65 2.27 ± 1.47

BU (n = 8)
Minimum 0.09 0.13
Maximum 136.52 3.50
Geometric mean 6.56 0.59
Mean ± S.D. 34.14 ± 15.41 0.87 ± 0.31

RO (n = 77)
Minimum 0.005 0.005
Maximum 59.39 13.96
Geometric mean 0.71 0.85
Mean ± S.D. 2.53 ± 0.81 1.79 ± 0.27

a Minimum, maximum, geometric mean, arithmetic mean were calculated assuming n
21.45 ± 168.87 (mean)
10.21 (geometric)
8.69 (median)

For soil samples in CL, excepting the Beijing Zoo and the Temple

of Heaven Park, the longer history the garden was, the higher con-
centration of DDTs was. As shown in Fig. 3, for the classical gardens
established after 1950s, when DDTs began to produce in China [34],
the concentrations of DDTs have a rapid increasing trend with the

o,p′-DDTa p,p′-DDTa �DDTsa

0.01 0.01 0.03
9.52 49.78 205.72
0.34 2.04 6.29
1.41 ± 0.75 9.00 ± 4.01 23.15 ± 12.12

0.02 1.22 2.95
38.23 126.28 496.68

2.52 13.50 52.74
7.08 ± 2.89 31.01 ± 10.61 118.34 ± 39.14

25.69 25.80 116.77
322.31 391.00 1003.99
121.34 129.97 403.01
166.75 ± 42.17 185.35 ± 48.12 584.63 ± 124.69

0.01 0.43 1.02
141.22 521.24 1282.58

1.03 5.26 13.72
15.66 ± 10.80 49.64 ± 39.52 122.23 ± 97.00

0.01 1.55 2.28
60.83 56.73 174.26

2.32 5.27 16.06
11.51 ± 6.04 10.14 ± 5.25 56.66 ± 24.22

0.01 0.01 0.41
66.10 62.19 130.52

0.49 1.93 6.32
2.60 ± 0.94 4.423 ± 0.926 11.34 ± 2.12

on-detect (ND) measurements were equal to one-half MDLs.
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ge of classical gardens. For the classical gardens established before
950s, the DDTs concentrations were similar. For example, both of
he Yuetan Park and the Beihai Park were established before 1950s;
lthough the former is almost 400 years older than the latter, the
oncentration of DDTs in the Yuetan Park was little higher than that
n the Beihai Park. This suggests that the DDTs concentration in CL

as affected by both the usage history of DDTs and the age of the
lassical gardens.

.4. Spatial distribution of DDTs

In general, as shown in Fig. 4, the DDTs concentration in Beijing
howed a decreasing trend from the center of the city to the suburb.
he high values or hotspots existed in the center of Beijing, espe-
ially within the 3rd Ring Road. The district inside the 3rd Ring Road
s an old urban area with the longest history in Beijing. DDTs also
ad a relatively high concentration in the northern part of the city,

here some universities are located and most of them were built in

950s. As mentioned in Section 3.3, the vegetation management in
niversities may contribute to the accumulation of DDTs in urban
oils around. This spatial distribution trend of DDTs may result from
he development process of Beijing. The urban area of Beijing was

Fig. 4. Map of DDTs distribution
aterials 174 (2010) 100–107 105

formerly within the confines of the 2nd Ring Road, and it did not
make a big change until the middle of the 20th century. With 30
years rapid development since the economic reforms in 1978, the
urban area of Beijing has expanded to the newly constructed 5th
Ring Road. It was found that the DDTs concentration in newly built
urban area, especially the area around the 5th Ring Road, was much
lower than that in the center of the city. It inferred that DDTs con-
centration in urban soils of Beijing varied greatly with the history
of the urban area; the longer history the urban area was, the higher
the DDTs concentration was.

Moreover, decreasing trend of DDTs concentration in each type
of land use was discovered from the area inside the 2nd Ring Road to
the area of the 5th Ring Road. Taking the CU for example, the aver-
ages of DDTs between the 2nd and 3rd Ring Road was 170.50 ng/g,
between the 3rd and 4th Ring Road was 88.80 ng/g, and between
the 4th and 5th Ring Road was 35.68 ng/g, respectively. In addition,
the spatial distribution of p,p′-DDE, p,p′-DDT and o,p′-DDT was the
same as that of the total DDTs.

3.5. Relationship between DDTs levels and physicochemical
properties of soil samples

The physicochemical properties of soil, such as pH, clay con-
tent, total organic carbon (TOC) and black carbon (BC) can affect
the distribution of DDTs in soils [35–37]. In this study, pH and
clay content in the soil samples followed normal distribution; TOC
and BC followed lognormal distribution. No significant correlations
between DDTs concentrations (log transformed) and pH and clay
content were found. Significant positive correlations of TOC (log
transformed) with p,p′-DDE (p = 0.006), p,p′-DDD (p = 0.036), p,p′-
DDT (p = 0.005) and total DDTs (p = 0.002) (log transformed) were
observed. Other researchers have reported similar positive correla-
tions between TOC and organic contaminants in soils [35,36,38,39].
Significant positive correlations of BC (log transformed) with p,p′-
DDE (p = 0.000), o,p′-DDT (p = 0.000), p,p′-DDT (p = 0.000) and total
DDTs (p = 0.000) (log transformed) were also observed (Fig. 5), and
DDTs concentrations were better correlated to BC (r2 = 0.182) than
to TOC (r2 = 0.076). Similar results were also found by Oen et al.
[40]. BC may dominate hydrophobic organic compounds (HOCs)

sorption by soils because of its special structure and reduce the
bioavailability of HOCs in soils [41,42]. In this study, the DDTs
residue levels based on rigorous extraction and analysis might
overestimate the risk to organisms, it is necessary to make further
researches on the bioavailability of DDT levels in these areas.

in urban soils of Beijing.
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Fig. 5. Correlations of DDTs with soil TOC and BC.

.6. Pollution assessment

According to the Chinese Environmental Quality Standard for
oils (GB 15618-1995), the soil quality is categorized to three grades
n which grade I is best and grade III is worst. The maximum allow-
ble concentrations for DDTs of grade I, grade II and grade III are
0, 500 and 1000 ng/g, respectively. In this study, accordingly, the
uality of soils was classified into no contamination with DDTs
oncentration less than 50 ng/g; low contamination with DDTs con-
entration between 50 and 500 ng/g; moderate contamination with
DTs concentration between 500 and 1000 ng/g, and high contam-

nation with DDTs concentration more than 1000 ng/g. It was found
hat the concentrations of DDTs were less than 50 ng/g in 81.7% of
he samples; and those were between 50 and 500 ng/g in 13.7% of
he samples. Only 1.5% of the samples contained high DDTs levels
hich exceeded 1000 ng/g. Therefore, the levels of DDTs in most

amples from the urban area of Beijing could be considered as no
ontamination. However, the DDTs levels in several samples from
L, including the Beihai Park, the Temple of Heaven Park, the Tao
anting Park, and the Ritan Park, were between 500 and 1000 ng/g,
hich can be regarded as moderate contamination; and those in

he Yuetan Park and in the Agricultural Tourism Park in Haidian
1282.58 ng/g,) were higher than 1000 ng/g, which can be regarded
s high contamination. Although DDTs levels in most samples of

eijing urban soil were considered as no contamination, the mean
oncentration of DDTs in urban soils was indeed higher than that
n rural soils of Beijing.

Furthermore, the DDTs contamination in RE and CU was
ssessed with the standard of Canadian Soils Quality Guidelines
aterials 174 (2010) 100–107

for residential areas (700 ng/g). One sample t-test showed that the
means of DDTs in RE and CU are significantly lower than the guide-
lines (p < 0.01), and the concentrations of DDTs in all the samples of
RE and CU were less than the guidelines, suggesting that DDTs lev-
els in these two types of land use soils might be categorized as no
contamination. The DDTs levels in BU were assessed with the soil
standard of Maryland in America (17,000 ng/g). One sample t-test
showed that the mean of DDTs in BU is significantly lower than the
standard (p < 0.01), and the concentration of DDTs did not exceed
the standard, indicating that the DDTs levels in BU may do no harm
to humans. Using the standard of Canadian Soils Quality Guidelines
for park areas (700 ng/g) to assess the DDTs levels in CL and LA, one
sample t-test showed that the mean of DDTs in LA is significantly
(p < 0.01) lower than the standard, and the concentrations of DDTs
in all the samples of LA were less than the standard except the sam-
ple from the Agricultural Tourism Park in Haidian with the DDTs
concentration of 1282.58 ng/g. For CL, except the samples of the
Beihai, the Yuetan and the Ritan Park, the concentrations of DDTs
in other samples were lower than the standard of Canadian Soils
Quality Guidelines.

In general, according to GB 15618-1995, the Canadian Soils
Quality Guidelines and the soil standard of Maryland in America,
the DDTs levels in the samples of RE, CU, BU, LA and RO could be
categorized as no contamination, and high contamination of DDTs
occurred in some samples from CL.

4. Conclusions

This work revealed the levels, spatial distribution and sources of
DDTs in urban soils of Beijing as well as DDTs variations in different
types of land; the main conclusions were drawn as follows:

(1) DDT and its metabolites were detected in urban soils of
Beijing, with their concentrations sequence as p,p′-DDE > p,p′-
DDT > o,p′-DDT > p,p′-DDD. The total DDTs concentrations
varied from 0.03 to 1282.58 ng/g, which were moderately com-
pared to other areas around the world. p,p′-DDE and p,p′-DDT
were the major contaminant compounds in the soil samples.

(2) Source identification indicated that only 22% of the samples,
which mainly located in RO, had the application of technical
DDTs recently. Although high DDTs level was detected in CL, the
ratio of (p,p′-DDE + p,p′-DDD) to p,p′-DDT showed that there
was no application of DDT in CL recently except the Yuetan
Park.

(3) Among the six types of land use, the mean concentration of
DDTs in CL was 5 times higher than that in LA and CU, and was
more than 10 times higher than that in RE, BU and RO, which
was due to the use of DDTs to protect vegetation in CL. Further-
more, for soil samples in CL, the longer history the garden was,
the higher concentration of DDTs was, suggesting that the DDTs
concentration in CL was affected by both the usage history of
DDTs and the age of the classical gardens.

(4) Spatial distribution revealed that DDTs concentration in Bei-
jing showed a decreasing trend from the center to the suburb.
This was due to the development process of Beijing. The longer
history the urban area was, the higher the DDTs concentration
was.

(5) For all of the samples, no significant correlations between the
residue levels of DDTs with soil pH and clay content were found;
positive correlations of DDTs with TOC and BC were found, and

DDTs concentrations were better correlated to BC (r = 0.182)
than to TOC (r2 = 0.076).

(6) On the basis of GB 15618-1995, the Canadian Soils Quality
Guidelines and the soil standard of Maryland in America, the
DDTs levels in the samples of RE, CU, BU, LA and RO could be
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considered as no contamination, and high contamination of
DDTs occurred in some samples from CL.

As high contamination of DDTs was found in CL, attention should
e paid to the environmental quality of the CL for the sake of human
ealth safety. In addition, some measures should be implemented
o avoid the application of technical DDTs in RO.
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