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Abstract Ten soil samples collected in Linfen were

analyzed for 21 organochlorine pesticides. The concentra-

tion of total organochlorine pesticides ranged from 4.3 to

23.2 ng g-1 in soil from urban areas and from 26.3 to

247.4 ng g-1 in soil from industrial plants. The highest

levels of contamination were observed in northwest and

central Linfen, reflecting the distribution of industrial

plants. The HCH and DDT profiles revealed that the

sources were associated mainly with lindane and technical

DDT, respectively, while HCHs in the soil of industrial

plants might originate from a new source.
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Soil is an important reservoir for many persistent organic

pollutants (POPs) including organochlorine pesticides

(OCPs) (Zhang et al. 2005). OCPs have common physical–

chemical properties, such as semivolatility, high levels of

stability, and hydrophobicity, which are favorable for long-

range transport and widespread distribution in the envi-

ronment (Zhang et al. 2005). Hence, as POPs are released

or escape into the environment, the burden in soils globally

is a complex function of the balance between inputs and

losses. A full understanding of the fate of OCPs requires

knowledge of their concentrations and distributions in the

soil of all major ecological zones. At present, there is a

shortage of data from China (Qiu et al. 2005); however, the

information is needed for reliable calculation of the global

stocks of OCPs.

The city of Linfen is located in the southwest of Shanxi

Province, China, an area of 20,275 km2. The urban area is

located mainly in the central part of Linfen, with 339,800

residents. The climate is dominated by temperate semi-wet

monsoon, with a mean annual temperature of 12.2�C.

China clay is the main representative soil type in Linfen,

which is the heavy chemical industry base of China. With

the development of industry in recent years, Linfen has

provided increasing amounts of chemical products and

secondary energy, such as coke and electric power. At the

same time, environmental contamination has become more

and more serious, but the levels of OCP residues in the soil

of Linfen have not been investigated in detail. There is a

paucity of data for the levels of environmental OCPs in

China, so we undertook this study to determine both the

concentration and the profile of OCPs in soil samples

obtained from urban areas of Linfen. The main objectives

of this study were to determine the spatial distribution of

OCPs in the environment, to identify possible sources of

pollution, and to explore the factors affecting contamina-

tion in order to prevent further environmental deterioration

in Linfen.
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Materials and Methods

Surface soil samples (0–10 cm depth) were obtained from

five urban sites and five industrial plants in Linfen, Shanxi

Province (Fig. 1), in January 2006. Any overlying vege-

tation was removed before samples of the surface soil were

collected in triplicate using a hand-held coring device.

Each composite urban soil sample consisted of nine sub-

samples in the same grid pattern at each sampling site.

Each composite industrial plant soil sample consisted of

three sub-samples. The subsamples were freeze-dried,

mixed thoroughly, sieved to 60 mesh (International stan-

dard size, 250 lm), transferred to amber glass and stored at

4�C. The remaining water content in the soil was deter-

mined gravimetrically after drying individual composite

soil samples in air at 105�C for 12 h. All results are

reported on a dry weight basis.

The mixed OCPs standard solution (1,000 lg mL-1;

purchased from Chem service (West Chester, PA, USA)

included a-HCH, b-HCH, c-HCH, d-HCH, heptachlor,

heptachlor epoxide, c-chlordane, a-chlordane, a-endosul-

fan, b-endosulfan, endosulfan sulfate, diedrin, endrin,

endrin aldehyde, endrin ketone, aldrin, pp0-DDT, pp0-DDD,

and pp0-DDE. The op0-DDT standard solution

(1,000 mg mL-1) was purchased from the National

Research Center for Certified Reference Materials of China

(Beijing, China). Hexachlorobenzene (HCB) and 2,4,5,6-

tetrachloro-m-xylene (TCMX, as surrogate) were pur-

chased from Supelco (Bellefonte, PA, USA). The working

standards were prepared by dilution with isooctane. Florisil

(60–100 mesh) was purchased from Supelco (Bellefonte,

PA, USA) and activated in air at 130�C for 16 h. Anhy-

drous sodium sulfate (Beijing Chemical Factory, Beijing,

China) was heated at 600�C for 12 h to destroy any organic

material. All solvents used were of pesticide grade (J.T.

Baker, NJ, USA).

A 5 g portion of each soil sample was weighed and then

ground with anhydrous sodium sulfate into a free-flowing

powder. The samples were extracted with 30 mL of

hexane/acetone (1:1, v/v) by ultrasonication for 4 min then

separated by centrifugation. This process was repeated

three times. Before extraction, TCMX was added as a

surrogate standard. The concentrated extracts were reduced

to a volume of 1 mL under a gentle stream of N2.

OCPs were cleaned using a chromatography column

(30 cm 9 10 mm i.d.) containing 4 g of activated Florisil�

and 2 g of anhydrous sodium sulfate. The column was

washed through with 40 mL of hexane/diethyl ether (4:1,

v/v) before loading the sample. The fraction containing 21

OCPs was eluted using 60 mL of hexane/diethyl ether (4:1,

v/v). The solvent was evaporated under a gentle stream of

N2 to reduce the volume to 100 lL.

Analysis of 21 OCPs was done with an Agilent 6890 gas

chromatograph (GC) equipped with a micro-cell 63Ni

electron capture detector (l-ECD). Separation was done in

a 30 m DB-5MS (30 m 9 0.25 mm i.d., 0.25 lm film

thickness) capillary column with an injector temperature of

230�C and a detector temperature of 305�C. The GC col-

umn was maintained at 100�C for 2 min, then the

temperature was raised to 160�C at 10�C min-1, then

raised to 230�C at 4�C min-1, and finally raised to 280�C

at 10�C min-1 and kept at this temperature for 10 min. The

total run time was 40.5 min. Quantification of the samples

was done by an external standard method.

To confirm the OCP results, selected samples were

checked using an Agilent 6890 series gas chromatograph

coupled to an Agilent 5973 mass spectrometer (MS) using

an electron impact ionization source (EI) in the selected ion

monitoring (SIM) mode. In EI mode, the MS source tem-

perature was 230�C, the transfer line temperature was

300�C and the electron energy was 70 eV. GC separation

was performed as described above.

We used a laboratory method control group to demon-

strate the lack of interference and cross-contamination. We

also ran a procedural blank in parallel with every set of six

samples to further check for interference and cross-con-

tamination. We analyzed duplicate samples in the

laboratory along with the regular samples for additional

quality-control assessment to ensure valid results. We

determined the instrument stability and relative response

factor variance by analyzing the calibration standards in

each sample batch.

The identification of 21 OCPs was confirmed, and

concentrations were measured using an external quantifi-

cation standard consisting of known amounts of all the

target compounds. For accuracy and precision of the

analysis, method blanks were run first using the same

solvents as those used for real samples. No contaminant of

OCPs was found in the method blanks (n = 3). The aver-

age recovery experiments were carried out in triplicate by

spiking known concentrations of standards in a matrix

blank. The limits of detection were calculated as threeFig. 1 Surface soil sampling sites in urban areas of Linfen
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times the response of the signal-to-noise ratio, and the

limits of quantification were calculated as five times the

signal-to-noise ratio. These parameters are shown in

Table 1. Before extraction, each soil sample was spiked

with a known amount of TCMX to monitor any loss of

components. The recoveries of TCMX were in the range

70%–90%, which was considered satisfactory and no cor-

rection of analytical data was used for the samples.

Results and Discussion

A total of 21 OCPs were identified in all samples (Table 2).

The detection rates of OCPs in the soils were up to 100%,

which indicates widespread occurrence of these com-

pounds in Linfen. The concentration of total OCPs (defined

as the sum of 21 OCPs) ranged from 4.3 to 23.2 ng g-1

(median 6.1 ng g-1, dry weight) in urban soil. The median

concentration in the industrial plant soil was much higher,

ranging from 26.3 to 247.4 ng g-1 (median 46.2 ng g-1,

dry weight).

In comparison with other areas of China, the concen-

trations of OCPs in the soil of urban Linfen were lower

than those in the agricultural soils of Jiangsu Province

(173.3 ng g-1, dry weight) (Wang et al. 2005), the soils of

the Pear River delta (17–155 ng g-1, dry weight) (An et al.

2005), and agricultural surface soils from greenhouses in

suburan areas of Beijing (80.2 ng g-1, dry weight) (Ma

et al. 2003). The levels were lower than those reported for

Romania (29.2 ± 27.1 ng g-1) (Covaci et al. 2001) and

Poland (11 ± 29 ng g-1) (Falandysz et al. 2001) but

higher than those in urban soil in some developing coun-

tries in tropical/subtropical areas where pollutants

evaporate readily from the soil, e.g. India (N.D.-

3.6 ng g-1) (Kawano et al. 1992) and Egypt (N.D.-

16.2 ng g-1) (Kabbany et al. 2000).

The distribution of OCPs in the soil samples shown in

Fig. 2 reveals an increasing trend in northwest and central

Linfen, reflecting the distribution of industrial plants that

were built mainly in the north and the central areas of

Linfen.

When considering HCH composition patterns, the ratio

of a-HCH/c-HCH is relatively stable with a value of 4.64–

5.83 for the technical HCHs and nearly zero for lindane

(Zhang et al. 2004), which can be used to monitor whether

the source was from technical HCHs or lindane. In the

present study, the ratio of a-HCH/c-HCH varied from 0.19

to 0.36 in the urban areas and from 0 to 5.10 in the

industrial plants. Compared with the fraction of b-HCHs in

technical HCHs (5–14%) (Qiu et al. 2004), the relatively

high percentage of b-HCHs means that there was a lack of

new HCH sources in the areas studied. In the present study,

b-HCHs accounted for 43%–85% in the urban areas but

were absent from the industrial plant soil. It could be

concluded that HCHs in the soil of urban areas in Linfen

might originate from a relatively old source of lindane,

while HCHs in the industrial plant soils might originate

from a new source of lindane.

The ratio of op0-DDT/pp0-DDT was used to distinguish

DDT pollution caused by technical DDTs from that caused

Table 1 Limits of detection (LODs), limits of quantification (LOQs), recoveries and relative standard deviations (RSD%) of the method

a-HCH HCB b-HCH c-HCH d-HCH Heptachlor Aldrin

LODs (ng g-1) 0.13 0.76 0.02 0.76 0.13 0.23 0.19

LOQs (ng g-1) 0.22 1.27 0.03 1.27 0.22 0.38 0.32

Recoveries (%) 70.4 79.3 85.6 77.0 75.7 85.0 80.4

RSD% ±5 ±9 ±7 ±3 ±7 ±2 ±6

Hetachlor

epoxide

c-Chlordane a-Endosulfan a-Chlordane pp0-DDE Dieldrin Endrin

LODs (ng g-1) 0.01 0.07 0.04 0.03 0.23 0.01 0.01

LOQs (ng g-1) 0.02 0.12 0.07 0.05 0.38 0.02 0.02

Recoveries (%) 75.8 68.6 80.3 67.3 87.3 80.8 93.0

RSD% ±8 ±11 ±4 ±9 ±3 ±4 ±3

b-Endosulfan pp0-DDD op0-DDT Endrin aldehyde Endosulfan sulfate pp0-DDT Endrin ketone

LODs (ng g-1) 0.01 0.01 0.06 0.02 0.06 0.06 0.01

LOQs (ng g-1) 0.02 0.02 0.10 0.03 0.10 0.10 0.02

Recoveries (%) 85.5 72.1 89.7 64.6 71.8 90.0 84.6

RSD% ±3 ±5 ±7 ±10 ±7 ±6 ±5
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by dicofol (Qiu et al. 2005). Since op0-DDT in the envi-

ronment is more unstable than pp0-DDT, it would be

impossible for the ratio of op0-DDT/pp0-DDT to be higher

than technical DDTs, whereas the characteristics of pol-

lution from dicofol would have a higher ratio of op0-DDT/

pp0-DDT than that of technical DDTs. It is well known that

dicofol contains approximately 3%–7% DDTs as impuri-

ties. Generally, the ratio of op0-DDT/pp0-DDT ranges from

0.2 to 0.3 in technical DDTs, and from 1.3 to 9.3 or higher

in dicofol (Qiu et al. 2005). In the present study, the ratio

varied from 0.2 to 1.1, with 0.5 as the median, which

outlined the important contribution of technical DDTs.

When considering the DDT profiles, the ratio of (pp0-
DDE ? pp0-DDD)/pp0-DDT can be used as an indicator of

the residence time of pp0-DDT in the environment, because

the levels of the parent compounds (pp0-DDT) in the nat-

ural environment would decrease with time, and the major

metabolites are expected to be pp0-DDE and pp0-DDD (Qiu

et al. 2004). A ratio [1 is generally expected for old

sources in the environment and a ratio \1 indicates

Table 2 Total concentration of OCPs in each sample (data are in units of ng g-1; N.D., not detected)

Sample a-HCH HCB b-HCH c-HCH d-HCH Heptachlor Aldrin

1 N.D. 1.90 1.32 N.D. N.D. N.D. N.D.

2 0.39 5.32 4.29 1.44 0.41 N.D. N.D.

3 0.30 N.D. 7.98 N.D. 0.24 N.D. N.D.

4 0.19 N.D. 0.68 N.D. N.D. N.D. N.D.

5 N.D. 2.41 0.57 N.D. N.D. N.D. N.D.

6 6.17 1.44 N.D. N.D. 3.23 N.D. 88.48

7 3.12 1.69 N.D. 6.78 2.64 N.D. N.D.

8 6.49 15.81 N.D. N.D. 8.64 N.D. N.D.

9 18.92 11.13 N.D. 3.71 10.53 0.41 N.D.

10 3.01 18.07 N.D. N.D. 1.10 N.D. N.D.

Sample Hetachlor

epoxide

c-Chlordane a-Endosulfan a-Chlordane pp0-DDE Dieldrin Endrin

1 N.D. N.D. N.D. N.D. 0.66 N.D. N.D.

2 0.17 N.D. N.D. 0.31 5.94 N.D. N.D.

3 N.D. N.D. N.D. N.D. 6.13 N.D. N.D.

4 N.D. N.D. N.D. N.D. 3.18 N.D. 0.13

5 0.01 N.D. N.D. N.D. 1.01 N.D. N.D.

6 141.06 N.D. 2.88 N.D. 0.69 N.D. N.D.

7 1.08 N.D. 0.27 N.D. 1.41 N.D. 2.11

8 0.57 N.D. 3.80 2.42 1.31 N.D. N.D.

9 4.84 N.D. 1.10 1.33 1.45 N.D. N.D.

10 0.54 N.D. N.D. N.D. N.D. N.D. N.D.

Sample b-Endosulfan pp0-DDD op0-DDT Endrin aldehyde Endosulfan

sulfate

pp0-DDT Endrin ketone

1 N.D. 0.14 0.28 N.D. N.D. 0.83 N.D.

2 0.27 0.28 1.42 N.D. N.D. 2.98 N.D.

3 N.D. 0.26 1.14 N.D. N.D. 3.13 N.D.

4 N.D. 0.08 1.00 N.D. N.D. 0.88 N.D.

5 N.D. 0.05 N.D. N.D. N.D. 0.25 N.D.

6 N.D. 1.45 0.14 N.D. N.D. 0.19 1.71

7 N.D. 2.18 1.64 2.89 N.D. 3.26 N.D.

8 N.D. 2.41 1.44 N.D. 1.06 1.55 0.66

9 N.D. 4.84 1.64 N.D. 0.79 3.11 0.95

10 0.13 1.75 0.22 N.D. N.D. 1.44 N.D.
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relatively recent exposure to the parent DDT (Jaga and

Dharmani 2003). In the present study, the ratios of (pp0-
DDE ? pp0-DDD)/pp0-DDT were [1 in all samples, indi-

cating that the contamination by technical DDT occurred in

the past. It can be concluded that DDTs in the soils in urban

areas and in industrial plants in Linfen might originate

from a relatively old source of technical DDTs.

According to the guidelines of the Chinese environ-

mental quality standard for soil (GB15618-1995), a soil is

classified as having (I) no pollution, (II) low pollution, (III)

middle pollution, or (IV) high pollution. A pollution level

below grade I, is defined as no pollution; if the pollution

level is between grade I and grade II, it is defined as low

pollution, and so on. For HCHs and DDTs, the median

value for all soil samples in this study was below the

maximum allowable concentration of class I soil in China.

This might be attributed to the prohibited use of selected

OCPs in China for nearly 30 years. However, the HCHs

contamination of industrial plant sample sites all originated

from a new source of lindane. The half-life of OCPs in soil

is longer, and OCPs together with its metabolites can act as

endocrine disruptors; therefore, it is necessary to monitor

the status of OCPs continuously.
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