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Topsoil samples (n = 105) were collected to study the 
distribution of dichlorodiphenyltrichloroethane (DDT) and 
hexachlorocyclohexane (HCH) residues in the vicinity of 
chemical industrial parks in Tianjin, China. Th e occurrence and 
distribution of target organochlorine pesticides (OCPs) were 
mapped to identify the spatial variation using Geographical 
Information System (GIS). In general, the concentrations of 
OCPs were higher in soils near the industrial parks, even some 
hotspots showed very high OCP contaminations which could 
cause ecological risk. Th e relationships between contaminant 
concentrations and other factors (land use and soil properties) 
were discussed. Signifi cant correlations (P < 0.01) between 
TOC contents and the concentrations of DDTs, α-HCH, 
and β-HCH indicated the eff ect of organic carbon on OCP 
distribution. Soil pH levels had no obvious eff ect on the OCP 
distributions. Except for the eff ects of the industrial parks, 
the capacities of biodegradation and dissipation of soils under 
diff erent land uses were the important factors that aff ected the 
HCH distribution, but the distribution of DDTs was mainly 
infl uenced by the TOC levels. Th e results of this study can 
provide some evidences and data on the long term eff ects of 
industrial activities in the environment even after the cease of 
operations for a long time.
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Organochlorine pesticides are a concern all over the 

world because of their known environmental properties 

such as persistence, bioaccumulation, toxicity, and long-range 

environmental transport. Dichlorodiphenyltrichloroethane and 

HCH, which had been produced for use in agriculture, forestry, 

and public health for more than four decades, are considered 

to be the most important OCPs in China (Wang et al., 2005). 

Th e wide range of applications and long persistence of these 

compounds have resulted in extensive contamination. Soil 

is likely the largest sink in the environment for OCPs and the 

release of these contaminants from soils continues to be a source 

to other environmental compartments (Bidleman et al., 2006). 

Concerns about soil contamination by OCPs in China have 

been increasing since the 1970s and resulted in a rapid growth 

in scientifi c information and understanding for OCPs including 

DDT and HCH residues in agricultural and urban soils (Cai et 

al., 2008). However, relatively little is known for the levels and 

fates of DDT and HCH in soils surrounding chemical industrial 

parks, particularly in terms of source identifi cation and mapping 

according to land use.

Th e pollution status and ecological impacts of OCPs in the ar-

eas close to point sources, such as OCP production, storage, and 

waste dumping sites, have been studied internationally. One study 

showed that even after many years after OCP production ceased, 

the soils close to OCP factories still have very high OCP concen-

trations (Concha-Graña et al., 2006). Also, a couple of studies re-

ported that high OCP residues in environmental compartments 

(water, soil, and sediment) were found at some places close to the 

storage (Elfvendahl et al., 2004) and waste dumping sites (Villa et 

al., 2006). Th ese residues represent a potentially severe hazard to 

wildlife and human health (Kasimov et al., 2003). However, these 

studies have focused primarily on small areas near the point sources, 

and specifi cally on how OCP residues distributed in soil, very few 

studies have discussed the reasons for how the distribution pat-

tern are formed. In these studies soil properties and distances from 

point sources are discussed as aff ecting factors of OCP residues dis-
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tribution. Th e concentrations of HCH and DDT decrease as 

the distance from the dump site increases (Vega et al., 2007), 

but the eff ect of the distance from OCP emission sources was 

not obvious for OCP concentrations in regional agricultural 

soils near the industrial factories (Manz et al., 2001). Th e im-

pact of soil properties were discussed for dissipation of DDT 

in a heavily contaminated soil in Brazil (Villa et al., 2006). In 

studies about the levels of OCPs under diff erent land use, OCP 

sources were generally from agricultural application, some land 

uses have some special pollution statuses of OCPs because of dif-

ferent OCP quantity application, soil remediation capacities and 

soil properties (Shi et al., 2005; Gaw et al., 2006; Shivaramaiah 

et al., 2002). In the present study, we intend to discuss some 

new issues concerning how the OCP residues distribute under 

diff erent land use and what eff ects the land use imposes on the 

distribution of OCPs under mixed sources of agrichemical and 

chemical industrial pollution.

Tianjin Binhai New Area (TBNA) was chosen as the study 

area (Fig. 1). Th is area is located in eastern Tianjin and is com-

prised of three diff erent administrative regions (Tanggu Dis-

trict, Hangu District, and Dagang District). Tianjin Binhai 

New Area has been experiencing rapid urbanization and in-

dustrialization, and Tanggu and Hangu are historically famous 

for their chemical industry. Th ere are two main chemical in-

dustrial parks at this area: the Dagu Chemical Industrial Park 

at Tanggu and the Hangu Chemical Industrial Park at Hangu. 

Dagang has abundant oil resources, and petrochemical and fi ne 

chemical industries are also well developed at this district. Be-

sides urban and industrial uses, TBNA is also an important 

area for agriculture. Wheat (Triticum aestivum L.), maize (Zea 
mays L.), cotton (Gossypium hirsutum L.), jujube (Ziziphus ju-
jube Mill.) and grapes (Vitis spp.) are the main crops across the 

three districts. Tanggu has the largest agricultural plantation 

areas among the three districts. Salt ponds at Hangu cover an 

area of 139.33 km2, which occupies about three times the plan-

tation area at the whole district. More than half of the area at 

Dagang is wetlands and the rest is mainly an agricultural area. 

Tanggu and Hangu also have some wetlands, but the size and 

proportions are much smaller compared to that of Dagang. 

Th ere is also a great deal of undeveloped barren land at TBNA 

due to the saline-alkali soil.

Th ere is a long history of pollution and complex sources of con-

tamination at TBNA which continues until this day. Since 1953, 

most of the technical DDT in China and large amounts of techni-

cal HCH (lindane) and dicofol have been produced in the Dagu 

Chemical Industrial Park and Hangu Chemical Industrial Park (Hu 

and Liu, 2003; Tao et al., 2006). Th ere are also some waste dumps 

and storage sites for OCPs (for example, technical DDT and lin-

dane) located at this area. Furthermore, large quantities of HCH 

and DDT were applied for agricultural practices from 1953 to1983 

in Tianjin (Tao et al., 2006). As a result, TBNA is severely contami-

nated by DDT and HCH, for example, the top soils at Hangu and 

Tanggu showed relatively high residue levels of DDT and HCH 

(Gong et al., 2004a, 2004b). Also, the sediments of Dagu Drain-

age River close to Dagu Chemical Industrial Park are seriously 

contaminated by HCHs (mean 87.74 μg kg−1) and DDTs (mean 

35.52 μg kg−1), and the high levels of γ-HCH and p,p′-DDT indi-

cated a recent input of these OCPs into Dagu Drainage River (Yang 

et al., 2005). Furthermore, recent study found that a sediment 

sample from immediately downstream of the effl  uent discharges of 

Hangu Chemical Industrial Park is severely contaminated by DDTs 

(5350 μg kg−1) (Tao et al., 2007). Th ese studies imply that the chem-

ical parks may be responsible for the high degree of contamination 

by OCPs, mainly DDT and HCH, in the surrounding areas.

Th e aim of this study was to investigate the spatial distribu-

tion of HCH and DDT residues in topsoils surrounding the 

chemical industrial parks, and to compare the residue levels of 

HCH and DDT under diff erent land uses with those reported in 

other studies, and fi nally to discuss some factors including land 

use, soil properties, and distance from the OCP emitters on the 

spatial distribution of HCH and DDT at TBNA.

Materials and Methods

Sample Collection and Pretreatment Procedures
In October 2006, soil samples were collected from 105 sites 

at TBNA (39 at Tanggu, 38 at Hangu, and 28 at Dagang) (Fig. 

1). A series of soil samples surrounding the chemical industrial 

parks were collected for the aim of the study. In case of the land 

use around sampling sites being complex, a series of samples 

from diff erent land uses were collected to ensure accurate area 

representation. Th e soil sample was mixed with fi ve subsamples 

collected from fi ve spots in area of 100 by 100 m2 (at center 

and four corners). All soil samples were collected at a depth 

of 0 to 20 cm using a stainless steel shovel. Grass and organic 

matter were removed from the surface of each sample location 

before the sample was collected. Th e composite samples were 

air dried at room temperature (22–25 ℃), sieved to < 2 mm, 

and stored at 4 ℃ until extraction.

Sample Extraction and Cleanup
For the extraction of pesticides from the soil, n-hexane and 

dichloromethane (J. T. Baker, HPLC) were used. Anhydrous 

sodium sulfate (Beijing Chemical Factory, analytical grade) and 

silica gel (60 mesh, for column chromatograph) were activated 

at 180°C for 24 h. Solid phase extraction (SPE, 6 mL, 1 g fl o-

risil, Supelco) was loaded with 1 g silica gel and 1 g anhydrous 

sodium sulfate, then washed with 10 mL n-hexane before use. 

A mixed standard solution containing α, β, γ, δ-HCH, o,p’-
DDT, p,p’-DDT, p,p’-DDE, and p,p’-DDD with 1 g kg−1 per 

compound were purchased from National Research Center for 

Certifi ed Reference Materials of China. 2,4,5,6-Tetrachloro-m-

xylene (TCMX) was used as the surrogate standard (Supelco, 

Bellefonte, PA).

Soil samples (2.0 g dry weight) were mixed with 1 g anhy-

drous sodium sulfate, and spiked with 1 mL of TCMX at the 

concentration of 0.08 mg L−1. Th e mixture was extracted twice 

with 35 mL hexane/dichloromethane (1:1, v/v) by ultrasoni-

cation for 60 min and then centrifuged. Th e supernatant was 

transferred to a K-D fl ask and was concentrated down to about 

2 mL by rotary evaporation, and further purifi ed by passing the 

extract through a SPE cartridge. Th e cartridge was eluted with 



182 Journal of Environmental Quality • Volume 38 • January–February 2009

20 mL hexane/dichloromethane (7:3, v/v), and the eluate was 

concentrated to a fi nal volume of 1 mL for GC analysis.

Analysis and Quality Control
An Agilent 6890 gas chromatography (GC) equipped a 63Ni 

electron capture detector (μECD) (Agilent Technology Co., Santa 

Clara, CA) was used for analysis. Th e column used for separation 

was an HP-5 silica capillary column with 30 m by 0.32 mm i.d. at 

0.25 μm fi lm thickness. Th e analysis was performed under split-

less mode, and the injector and detector temperatures were 220 

and 300°C, respectively. Th e oven temperature was initially set at 

100°C with a 2-min hold, ramped at 10°C /min to 160°C with a 

2-min hold, then 4°C /min to 230°C with a 5-min hold, fi nally 

10°C /min to 270°C with a 2-min hold. Th e OCPs were identifi ed 

by matching the retention time to standards and were quantifi ed 

using peak area integration. Th e OCPs measured include 4 DDT 

homologs and 4 HCH isomers. Concentrations of ΣDDT and 

ΣHCH were the sum of the 4 DDTs and 4 HCHs, respectively. 

Th e concentrations of DDTs and HCHs in soil are reported on a 

dry weight basis.

For quality assurance and quality control, the procedural 

blanks and matrixes spikes were analyzed. None of the target 

compounds were detected in the procedural blanks. Th e recover-

ies of HCHs and DDTs ranged from 81.42 to 92.96% and the 

method detection limit was between 0.05 and 0.24 μg kg−1. Each 

replicate sample was analyzed twice by GC-μECD and the rela-

tive standard deviation (RSD) of replicate samples were <20%. 

Extraction effi  ciency, as indicated by recovery of the surrogate 

standards (TCMX), was consistently 75 ± 10%.

Soil Geochemical Analysis
Soil pH was determined from 1:2.5 water-soil slurry by a Delta 

320-s pH meter (Mettler-Toledo, Greifensee, Shanghai, China). To-

tal organic carbon (TOC) of soils was determined using a CHNOS-

element autoanalyzer system (model name is Elementar vario EL, 

Elementar Analysensysteme, Hanau, Germany).

Statistical Analysis
SPSS 12.0 for Windows was used for statistical analysis. Be-

cause the data showed non-normal distribution (even after log 

transformation), the nonparametric Mann–Whitney tests (M-W 

tests) were used to compare the mean concentrations between 

the samples close to the chemical industrial parks and those fur-

ther away. Kendall correlation analyses were performed to deter-

mine if there were statistically signifi cant correlations between 

the concentrations of OCPs and TOC or pH.

Results and Discussion

Concentrations of Dichlorodiphenyltrichloroethane 

and Hexachlorocyclohexane
Th e OCP residue levels in soil samples from TBNA are sum-

marized in Table 1. Th e DDTs were detected in 79 samples and 

HCHs were found in 102 samples, respectively. Th e high con-

centrations of ΣHCH (666 ± 5010 μg kg−1) and ΣDDT (73.9 

± 298 μg kg−1) in soil samples indicated severe OCP contamina-

tions in comparison with other areas in China, the mean con-

centrations of ΣDDT and ΣHCH in soil were found to be 60 

± 83 μg kg−1 and 8.7 ± 7.2 μg kg−1 in China from more than 30 

studies reported (Cai et al., 2008). Th e relatively high standard 

deviations of ΣDDT and ΣHCH concentrations indicated in-

tense variability of DDT and HCH residues in space.

Th e mean concentrations of individual DDT compounds 

in all samples were found to be in the order of p,p′-DDD > 

p,p′-DDE > p,p′-DDT > o,p′-DDT. A small value of DDT: 

(DDE+DDD) ratio indicates aged (microbiologically degrad-

ed) DDT while a value much >1.0 implies fresh application 

(Harner et al., 1999). Th e mean ratio of DDT: (DDE+DDD) 

was 0.190 in soils from the study area, implying the existence 

of aged DDT sources.

γ-HCH is presented in technical HCH containing 10 to 15% 

γ-HCH and 60 to 70% α-HCH as well as other isomers. Alterna-

tively, it is available in its pure form as lindane ( >99% γ-HCH). 

In the soil samples, γ-HCH was the dominating isomer (95%). 

Th e concentration of α-HCH was the second highest among the 

4 HCHs, while concentrations of both β-HCH and δ-HCH were 

very low. Th e ratios of α/γ-HCHs in the samples ranged from 0 

to 3.58 with a mean of 0.027, which were much lower than the 

α/γ-HCHs ratio (4–7) of technical HCH, indicating that lindane 

dominated the HCH pollutant inputs. γ-HCH is inclined to bio-

degrade and volatilize and its half-life in upper soils has been re-

ported to be approximately 2 mo (Manz et al., 2001), it depends 

on the soil type though. Th us, the predominant γ-HCH in soil 

may indicate the fresh inputs of lindane. Th e extremely high pro-

portion (95%) of γ-HCH found in the present study, compared to 

those in other areas of China (Cai et al., 2008) and similar propor-

tion to that of lindane ( >99%) indicated recent lindane inputs in 

the study area.

Fig. 1. Map of sampling sites in Tianjin Binhai New Area (TBNA).
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Spatial Distribution of Dichlorodiphenyltrichloroethane 

and Hexachlorocyclohexane
Knowledge of the spatial distribution of a contaminant is essen-

tial for site assessment and subsequent risk assessment. Spatial dis-

tributions of DDT and HCH concentrations at TBNA are shown 

as contour maps (Fig. 2 and Fig. 3), which were constructed by 

interpolating data from various locations (ordinary kriging) using 

Arcgis9.0. Th e concentrations of ΣHCH gradually decreased from 

northeast to southwest and the soils in northeastern Hangu, near 

Bohai Sea, showed exceptionally high ΣHCH concentrations. 

Th e areas close to Dagu Chemical Industrial Park also had high 

concentrations of ΣHCH. Th e distribution of ΣDDT was some-

what complicated compared to that of ΣHCH. Th e area close to 

the Dagu Chemical Industrial Park was seriously contaminated 

by DDT. Th e concentrations of ΣDDT in most sites gradually 

decreased with the distance from Dagu Chemical Industrial Park. 

Dagang, which is far away from the Dagu Chemical Industrial 

Park, was slightly contaminated by both HCH and DDT. Some 

factors infl uencing the spatial distributions will be discussed in 

later paragraphs.

Eff ects of Point Sources
To study the eff ects of the chemical industrial parks on DDT 

and HCH distributions, concentrations of DDT and HCH in 

sampling sites ( <6.5 km) close to chemical industrial parks were 

compared with those in sites ( >6.5 km) further from the parks 

(Table 2). M-W tests indicated that HCH and DDT concentra-

tions of the sampling sites close to Dagu Chemical Industrial Park 

were signifi cantly higher than those further away. Th e result indi-

cated that Dagu Chemical Industrial Park had important impacts 

on both DDT and HCH in terms of local distributions. Th e mean 

α/γ-HCH ratio (0.463) in sampling sites close to Dagu Chemi-

cal Industrial Park was signifi cantly higher than those (0.023) in 

sampling sites further away by M-W tests (P < 0.01), this result 

indicated there were mixed sources of technical HCH and lindane 

from the Dagu Chemical Industrial Park. Hexachlorobenzene 

(HCB) production in the Dagu Chemical Industrial Park using 

the noninsecticidal properties of HCH as the raw materials may 

also be responsible for the high concentration of α-HCH (Hu et 

al., 2005). M-W tests showed that the OCP concentrations, ex-

cept for p,p′-DDT, in the sampling sites close to Hangu Chemi-

cal Industrial Park were not signifi cantly diff erent from those in 

sites further from the park. However, the sampling sites at Hangu 

nearby Bohai Sea had very high HCHs concentrations (Fig. 2), 

which seems to be associated with soil properties and land uses 

(see next paragraphs).

Eff ects of pH and Total Organic Carbon
Th e soil pH in the study area was, on average, 7.86 (6.88–8.71). 

Th e TOC content in soil ranged from 0.40 to 13.2% with a mean 

of 1.98%. As is well known, OCPs are inclined to bind with soils 

rich in organic matter because of their hydrophobicity. On the oth-

er hand, the increase in organic matter content in soils can supply 

more carbon sources to facilitate microbial degradation of OCPs. 

As a result, the TOC content can have an important impact on 

the residues of OCPs in soils (Borisover and Graber, 1997; Kalbitz 

et al., 1999). Kendall correlation analyses showed that there were 

signifi cant positive correlations (P < 0.01) between TOC and con-

centrations of α-HCH, β-HCH, p,p′-DDE, p,p′-DDD, o,p′-DDT, 

p,p′-DDT, and ΣDDT (Table 3). Th e strong correlations indicated 

that the residue levels of α-HCH, β-HCH, and DDTs were mainly 

aff ected by air-soil equilibrium rather than OCP inputs and dissipa-

tion rates.

In addition, pH could aff ect the concentrations of OCPs in 

soils through modifi cation of the structure of humus (Alawi et 

al., 1995; Wenzel et al., 2002). Th e soil pH had no signifi cant 

correlations with HCH and DDT. Further, to identify the eff ects 

of pH, the samples were divided into two groups according to pH 

levels (pH > 8 and pH ≤ 8). Th e DDT and HCH levels of the 

two groups did not show signifi cant diff erences according to M-W 

tests (P > 0.05), thus soil pH would not be a factor infl uencing 

DDT and HCH distributions in the study area.

Eff ects of Land Use
Land use is an important factor that could aff ect OCP distribu-

tions because diff erent land uses could lead the diff erences in OCP 

application quantity, cultivation pattern, and soil property. To de-

termine the eff ects of land use on OCP distributions, soil samples 

in the study area are categorized into 11 types of land use (Table 4). 

Tidal fl at soils were collected from the area near the salt ponds and 

mariculture that are periodically fl ooded. Wetland soils were collect-

ed from the aquatic-terrestrial ecotone of the wetland. Agricultural 

land uses are defi ned by the type of vegetation grown. Wasteland 

is designated as barren and undeveloped land for human activity. 

Urban soils were collected from the city of Tanggu. Descriptive sta-

tistics of OCP concentrations in soils with diff erent land uses are 

summarized in Table 4. If the number of soil samples for a land 

use is <2, OCP concentrations are not listed due to uncertainty. In 

general, the concentrations of ΣHCH and ΣDDT in soils under 

diff erent land uses varied signifi cantly.

Th e tidal fl at soil showed the highest ΣHCH concentration 

(6060 μg kg−1), which was higher than the third grade of National 

Environmental Quality Standards for Soils of China (1000 μg kg−1). 

Considering the soil samples from tidal fl at located at Hangu near-

by Bohai Sea far from the industrial parks, HCH contamination 

in these sites could be mostly from industrial sources or storage of 

Table 1. Concentrations (μg kg−1 dry weight) of organochlorine 
pesticides in soils from Tianjin Binhai New Area (TBNA).†

Mean SD Median Minimum Maximum

α-HCH‡ 16.9 114 0 ND 1080

β-HCH 6.84 18.7 2.75 ND 156

γ-HCH 633 4870 27.9 ND 49,900

δ-HCH 9.51 93.5 0 ND 958

ΣHCH 666 5010 36.0 ND 51,300

p,p′-DDE 19.3 63.0 1.90 ND 415

p,p′-DDD 40.9 226 0 ND 190

o,p′-DDT 2.32 8.45 0 ND 65.2

p,p′-DDT 11.3 27.3 0 ND 168

ΣDDT 73.9 298 5.30 ND 2420

† Mean, SD, maximum, and minimum were calculated assuming 

nondetect (ND) measurements were equal to zero.

‡ HCH = hexachlorocyclohexane.
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HCHs because salt pond and mariculture area had no direct techni-

cal HCH and lindane applications. Th e high HCH residue levels 

found in tidal fl at soil may cause potential hazard to mariculture 

as OCP residues in soils near farm pond may infl uence OCP ac-

cumulation in fi sh (Miglioranza et al., 2002). Th e potential risk of 

the high HCH residues of salt pond soils is not clear at the moment 

due to lack of related studies for OCP residues in salt pond soil and/

or sediment. Urban soils also showed relatively high ΣHCH with a 

mean of 830 μg kg−1, which were one to two orders of magnitude 

higher than reported ΣHCH from urban soils in Beijing (mean 

7.53 μg kg−1) and Romania (mean 29.2 ± 27.1 μg kg−1) (Covaci 

et al., 2001; Li et al., 2006). Diff erent agricultural soils had similar 

concentrations, from 24.1 to 64.6 μg kg−1, of which concentrations 

were lower than those from the industrial soils and wasteland soils. 

Th ese results were diff erent from the previous studies that indicated 

agricultural soils (especially orchard soils) normally have higher 

Fig. 2. The spatial distribution of ΣHCH levels in Tianjin Binhai New 
Area (TBNA).

Fig. 3. The spatial distribution of ΣDDT levels in Tianjin Binhai New 
Area (TBNA).

Table 2. The organochlorine pesticide (OCP) levels (μg kg−1) comparison between sampling sites close to chemical industrial parks and those 
further away at Tianjin Binhai New Area (TBNA).

α-HCH† β-HCH γ-HCH δ-HCH ΣHCH p,p′-DDE p,p′-DDD o,p′-DDT p,p′-DDT ΣDDT

Sample sites close to Hangu chemical 
industrial park ( <6.5km) (N = 18)

0.51 3.22 332 0.05 336 6.33 1.35 0.59 7.26* 15.5

Sample sites close to Dagu chemical 
industrial park ( <6.5km) (N = 15)

84.0** 30.4** 302** 1.96** 418** 89.0** 193** 13.0** 45.0** 340**

Sample sites further away chemical 
industrial park ( >6.5km) (N = 72)

7.00 2.85 777 13.5 799 8.03 19.1 0.54 5.29 7.00

* Diff erence is signifi cant at the 0.05 level.

** Diff erence is signifi cant at the 0.01 level.

† HCH = hexachlorocyclohexane.

Table 3. Correlations between organochlorine pesticdides (OCPs) and soil chemical parameters in soils at Tianjin Binhai New Area (TBNA).

α-HCH† β-HCH γ-HCH δ-HCH ΣHCH p,p′-DDE p,p′-DDD o,p′-DDT p,p′-DDT ΣDDT

pH 0.116 −0.022 0.068 −0.116 0.074 0.096 0.000 0.122 0.136 0.120

TOC 0.304** 0.275** 0.101 0.071 0.128 0.402** 0.269** 0.326** 0.319** 0.351**

** Correlation is signifi cant at the 0.01 level.

† HCH = hexachlorocyclohexane; TOC = total organic carbon.



Wang et al.: Factors Infl uencing Spatial Distribution of Organochlorine Pesticides in Soils 185

HCH concentrations than nonagricultural soils. Nevertheless, the 

results indicated that the high residues of HCH in nonagricultural 

soils, such as urban and industrial soils, would be from the impacts of 

the industrial chemical parks because normally nonagricultural soils 

have no direct HCH sources. To further investigate the eff ects of 

land use on HCH distribution, the sample sites close to the chemi-

cal parks ( <6.5 km) were excluded. Overall, the ΣHCH levels under 

most of land uses decreased obviously and the order of ΣHCH levels 

slightly changed compared to original results (Fig. 4 and 5). How-

ever, it should be noted that the tidal fl at soil still showed the highest 

ΣHCH concentration. Although the HCH concentrations in the 

industrial and wasteland soils decreased signifi cantly after excluding 

the sample sites close to the chemical parks, the ΣHCH concentra-

tions were still much higher than those under the agricultural land 

uses. Th us, the HCH sources of the tidal fl at, industrial area, and 

wasteland seemed to be mainly from atmospheric deposition. Since 

the tidal fl at, industrial, and wasteland soils were mostly saline-alkali 

and not covered by vegetation, these soils apparently have low re-

mediation capacity for HCHs. Th e low concentrations of HCHs in 

park and wetland soils also provided some supports to this conclu-

sion. While, the extensive cultivation and consistent irrigation may 

result in accelerated biodegradation or dissipation of HCHs from 

agricultural soils (Harner et al., 1999). Th e levels of γ-HCH in soil 

samples from all types of land uses were much higher than other 

HCH isomers. Because lindane has been prohibited for agricultural 

use in China since 2000, the sources of γ-HCH in the study area 

were most likely from waste dumping and/or dissipation of heav-

ily polluted sites. Meanwhile, the high α-HCH levels in urban and 

vegetable soils close to Dagu Chemical Industrial Park showed the 

eff ects of the technical HCH sources from the industrial park.

Th e distribution of DDTs under diff erent land uses clearly 

diff ered from that of HCHs. Th e levels of ΣDDT decreased in 

the order of vegetable land > forest > urban > park > wasteland > 

maize > orchard > cotton > industrial area > wetland > tidal fl at. 

ΣDDT concentrations (13.5–2420 μg kg−1) in vegetable soils from 

TBNA were found to be much higher than those in vegetable soils 

(7.60–833 μg kg−1) from Guangzhou (Chen et al., 2005). Th e for-

est soils in TBNA showed higher ΣDDT concentrations than those 

reported in Saõ Paulo State (Rissato et al., 2006). Excluding the 

sample sites near the chemical industrial parks ( <6.5 km), the levels 

of ΣDDT under most of land uses decreased obviously and the or-

der of the ΣDDT levels also showed clear changes (Fig. 6 and Fig. 

7). Similar to HCH result, after excluding the sample sites near the 

chemical industrial parks (<6.5 km), the DDT concentrations in 

urban, wasteland, park, and vegetable soils decreased dramatically 

due to mask eff ect of highly contaminated DDTs near the industrial 

parks. However, the DDTs distribution patterns were somewhat 

diff erent from those of HCHs since the DDT levels in soil were 

more infl uenced by TOC. Th e high DDT residues in forested soils 

could be explained by the highly enriched lipophilic substances in 

Table 4. Dichlorodiphenyltrichloroethanes (DDTs) and hexachlorocyclohexanes (HCHs) concentrations (μg kg−1) in soils of diff erent land uses.

Land use N Parameter α-HCH β-HCH γ-HCH δ-HCH ΣHCH p,p′-DDE p,p′-DDD o,p′-DDT p,p′-DDT ΣDDT

Urban 5 Mean 229 48.9 549 3.71 830 25.2 7.87 11.5 45.7 90.2

SD 478 68.6 731 4.98 867 35.4 6.55 18.2 69.7 126

Median 10.9 4.82 302 2.60 552 5.64 7.71 5.73 23.3 37.6

Industrial areas 14 Mean 0.59 3.69 253 0.06 258 1.63 0.61 0.00 2.80 5.04

SD 0.94 2.41 834 0.230 835 2.47 1.21 0.00 3.74 6.48

Median 0.00 4.13 25.0 0.00 27.9 0.00 0.00 0.00 0.00 3.15

Tidal fl at 13 Mean 51.6 1.31 5900 106 6060 0.380 0.330 0.00 0.420 1.13

SD 155 1.33 16500 319 17000 1.14 0.98 0.00 1.26 1.70

Median 0.00 1.82 478 0.00 480 0.00 0.00 0.00 0.00 0.00

Wasteland 20 Mean 4.73 5.33 179 0.410 189 10.2 35.4 1.08 7.26 53.9

SD 8.36 5.90 260 1.03 261 20.6 104 2.92 11.0 130

Median 0.00 2.99 105 0.00 123 1.45 0.00 0.00 3.11 7.60

Park 4 Mean 0.470 3.07 15.4 1.09 20.0 17.9 72.1 0.00 0.00 90.0

SD 0.950 0.670 18.4 2.18 20.8 34.0 133 0.00 0.00 167

Median 0.00 3.22 7.83 0.00 11.6 1.31 6.52 0.00 0.00 7.83

Wetland 4 Mean 0.00 0.60 10.5 0.00 11.1 0.48 0.38 0.00 0.60 2.71

SD 0.00 1.21 12.6 0.00 12.1 0.95 0.76 0.00 1.21 12.6

Median 0.00 0.00 7.01 0.00 8.21 0.00 0.00 0.00 0.00 7.01

Forest 4 Mean 0.530 3.28 26.2 0.00 30.0 71.0 255 2.09 29.2 357

SD 0.740 1.16 25.1 0.00 25.3 151 569 3.12 41.3 763

Median 0.00 2.75 20.1 0.00 24.3 6.45 0.00 0.00 16.9 26.7

Orchard 10 Mean 0.200 2.42 22.3 0.10 25.0 10.9 4.22 1.19 6.50 22.8

SD 0.420 2.86 20.8 0.330 22.1 16.5 6.06 2.57 8.39 28.1

Median 0.00 1.97 20.0 0.00 24.3 4.60 2.16 0.00 1.89 11.5

Cotton 15 Mean 0.650 2.23 33.3 0.200 36.4 4.03 0.800 0.310 4.83 9.97

SD 1.24 1.55 54.4 0.540 55.7 4.04 1.32 0.81 8.44 10.9

Median 0.00 2.71 6.38 0.00 6.87 2.24 0.00 0.00 0.00 4.82

Vegetable 5 Mean 4.69 29.0 31.1 0.710 65.6 156 386 18.2 62.6 624

SD 5.98 27.3 17.6 1.60 49.9 192 844 27.4 62.3 1030

Median 1.02 27.4 29.9 0.00 43.0 46.9 5.56 6.60 41.2 98.4

Maize 11 Mean 2.27 5.87 15.8 0.150 24.1 26.4 1.86 4.39 14.2 46.8

SD 5.38 9.22 16.8 0.490 23.2 55.9 2.58 8.97 26.0 92.6

Median 0.00 2.70 5.44 0.00 25.7 2.52 0.00 0.00 0.00 2.61
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the humus layer of forested soils. Farmland also showed relatively 

high levels of DDTs compared to nonagricultural land use because 

of the higher TOC content.

Th e concentrations of individual DDT compounds could pro-

vide further characteristics of spatial distribution in terms of land 

use. Th e low proportion (0.0311) of o,p′-DDT in cotton soils 

indicated lack of recent dicofol applications considering the high 

proportion of o,p′-DDT in dicofol that normarlly used on cotton 

process in China (Yang et al., 2008). High p,p′-DDD concentra-

tions in vegetable, forest, park, wasteland soils indicated that these 

soils possibly had similar DDT sources. Th e local wastewater irriga-

tion from the chemical industrial parks most likely caused the high 

p,p′-DDD concentrations in the area, because DDT is inclined to 

transform to DDD in anaerobic condition. While, the high p,p′-
DDT concentrations in urban soils could be explained by the large 

amounts of technical DDT loads exported through Tianjin Harbor 

close to Tanggu city (Wei et al., 2007).

Conclusion
An extensive investigation in the vicinity of the chemical in-

dustrial parks illustrates high levels of DDT and HCH, exceed-

ing those found in unpolluted areas. Th e spatial distributions of 

DDTs and HCHs in TBNA indicated both direct and indirect 

sources but strongly infl uenced by the point sources such as chem-

ical industrial parks. Th e soils at Dagang far away from the chemi-

cal parks were slightly contaminated by target OCPs, while the 

area close to Dagu Chemical Industrial Park had relatively high 

OCP concentrations. Th ere are signifi cant correlations between 

TOC and α-HCH, β-HCH, and DDTs suggesting strong infl u-

ence of organic matter to OCP residue levels. Soil pH levels had 

Fig. 4. Concentrations of hexachlorocyclohexanes (HCHs) in soils 
of diff erent land uses including the sample sites close to 
(<6.5 km) the industrial chemical parks (μg kg−1 dry weigh), the 
concentrations of HCHs in Tidal fl at are too high (6060 μg kg−1) 
to list in Fig. 4.

Fig. 5. Concentrations of hexachlorocyclohexanes (HCHs) in soil of diff erent 
land uses excluding the sample sites close to (<6.5 km) the industrial 
chemical parks (μg kg−1 dry weight), the concentrations of HCHs in 
Tidal fl at is too high (8905 μg kg−1) to list in Fig. 5.

Fig. 6. Concentrations of dichlorodiphenyltrichloroethanes (DDTs) in 
soils of diff erent land uses including the sample sites close to 
(<6.5 km) the industrial chemical parks (μg kg−1 dry weight).

Fig. 7. Concentrations of dichlorodiphenyltrichloroethanes (DDTs) in 
soils of diff erent land uses excluding the sample sites close to 
(<6.5 km) the industrial chemical parks (μg kg−1 dry weight).



Wang et al.: Factors Infl uencing Spatial Distribution of Organochlorine Pesticides in Soils 187

no obvious eff ect on the OCP distributions. Th e HCH and DDT 

concentrations from one particular type of land use were usually 

higher than these concentrations under the same type of land use 

found in other studies. Excluding the sample sites close to the in-

dustrial parks, the capacities of biodegradation and dissipation of 

soils under diff erent land uses were the important factors that af-

fected the HCH distribution, but the distribution of DDTs was 

mainly infl uenced by the TOC levels. Th e high HCH concentra-

tion in saline-alkali soil may be a potential risk to local ecosystems 

and human health, thus degradation of OCPs in the saline-alkali 

needs further study. Overall, the results of this study indicate the 

impact of OCP chemical manufacturing to the surrounding envi-

ronment, and provide further evidence and data on the long-term 

eff ects of industrial activities in the environment even long after 

the cease of operations.
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