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Abstract Organochlorine pesticides (OCPs) concentra-

tions in sediments and sediment trap fluxes of particulate

organic carbon and OCPs were measured from October

2006 to May 2008 in the urban reach of Haihe River,

Tianjin, China, in order to investigate vertical fluxes and

accumulation of OCPs in sediments. The concentrations of

OCPs in sediments (dry weight basis) were in the range of

2.08–10.07 ng/g (mean 4.70 ng/g) for HCHs (a-, b-, c-, d-

HCH), 5.82–43.39 ng/g (mean 17.43 ng/g) for DDTs (p,p0-
DDE, p,p0-DDD, o,p0-DDT, p,p0-DDT). Compared with

data reported in Haihe River 2003, the levels of OCPs

showed a significant decrease between 2003 and 2008. This

is mainly attributed to significant decrease of production

and usage of HCHs and DDTs and biodegradation of HCHs

and DDTs in sediment. Concentrations of HCHs and DDTs

in sediments were well correlated with sediment organic

carbon contents. Concentrations of OCPs in settling parti-

cles (dry weight basis) ranged from 21.2 to 138.4 ng/g

(mean 52.6 ng/g) for HCHs, 30.0–245.7 ng/g (mean

87.1 ng/g) for DDTs, which were 2.2–48.2-fold higher than

those associated with sediments. b-HCH was the dominant

HCH isomer in both sediments and settling particles.

Among DDTs, p,p0-DDE was found to be dominant in

sediments, while p,p0-DDT was the predominant form in

settling particles. This suggests that further biodegradation

of OCPs occurred during the course of sedimentation and

burial. The annual sediment trap flux of OCPs in Haihe

River in the urban area of Tianjin was 177–211 lg/m2 yr

for HCHs and 213–341 lg/m2 yr for DDTs, respectively.
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Organochlorine pesticides (OCPs) are ubiquitous con-

taminants whose occurrence in the environment is of

special concern because of their deleterious effect on non-

target organism, bioaccumulation and persistence in the

environment (Willett et al. 1998). Technical hexachloro-

cyclohexane (HCH) and dichlorodiphenyltrichloroethane

(DDT) were the most extensively used pesticides in

China, resulting widespread contamination in various

environmental compartments (Yang et al. 2006; Tang

et al. 2008; Wang et al. 2008) although the production

and use of technical HCH and DDT were banned in

China in 1983. Because of their low water solubility,

HCH isomers (HCHs), DDT and its metabolites (DDTs)

tend to associate with soils and sediments which consti-

tute long-term reservoirs and secondary sources.

Sediment trap fluxes are calculated as the total amount

of matter or compounds obtained in the traps per unit of

time. An estimation of down fluxes of settling particle

associated compounds is of great interest for the general

fate of organic pollutants, since sediments often serves as

the final sink for these contaminants.

Tianjin is one of the most severely contaminated areas

by HCHs and DDTs in China because of its long-term

usage and wastewater discharge from local industries. As

an important river in Tianjin, Haihe River receives input of

industrial, domestic and agricultural effluents. It originates

from the infall of Beiyun, Nanyun and Ziya rivers, flows

through downtown of Tianjin and Tanggu, and finally

enters into Bohai Sea. Because of the drought, there has

been very little water from upriver branches since 1997

except during the flood season, and Haihe River is
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becoming a stagnant river. The amount of HCHs and DDTs

in sediments from Haihe River remained at a high level in

early 2000 (Yang et al. 2005) especially in the urban area

of Tianjin because one of the major contributors was the

upriver branches. Therefore, further analyses regarding the

development of levels of HCHs and DDTs in Haihe River

are still required.

In the present study, levels of OCPs in surface sediments

from Haihe River in the urban area of Tianjin, China were

measured from October 2006 to May 2008. Settling parti-

cles collected by sediment traps were analyzed for organic

carbon and OCPs and the annual sediment trap flux of

OCPs was calculated using the data obtained.

Materials and Methods

Haihe River in the urban area of Tianjin is 20 km long with

an average width of 100 m and a mean depth of 4 m. Four

sampling sites (S1–S4) were selected along the river in the

urban area, as shown in Fig. 1. S1, from which Haihe

River originates, is an important crossing point of Beiyun,

Nanyun and Ziya rivers. S4 is about 16 km away from S1.

Surface sediments (top 2 cm) were collected at all sampling

sites, which was carried out seven times from October 2006

to May 2008. Sediment samples were sealed in polytetra-

fluoroethylene bags and stored at -20�C before analysis.

Settling particles were collected 1.2 m below the surface

by sediment traps at sites S1 and S4. Sediment trap

experiments were carried out eight times in 2007. The

15-cm-diameter trap is a plexiglas cylinder with a 3:1

height to diameter ratio (Blomqvist and Håkanson 1981).

The trap has a funnel at the bottom connected to a 500-mL

glass bottle. Formaldehyde was added to the bottle for

preservation of the trapped settling matter and the entire

trap filled with filtered river water prior to deployment to

limit biological activity.

Settling particles and sediment samples were freeze-

dried, ground and passed through an 80-mesh sieve. Dried

samples (0.1–5 g) were sonically extracted with 20 mL

hexane-dichloromethane (1:1). Each sample was extracted

three times and each for 15 min. The extracts were com-

bined and activated Cu was added to remove element

sulfur. The extracts were concentrated to about 1–2 mL

using a K-D concentrator, and further purified with a glass

column (10 mm i.d. 9 250 mm) packed with 7 g of acti-

vated silica gel. The elution was subsequently carried out

using 50 mL of hexane-dichloromethane (3:1). The eluate

was concentrated to 0.5 mL for GC-ECD analysis.

Recovery studies were performed by spiking sediment

samples (5 g) with 10 ng of composite OCPs standards

(a-, b-, c-, d-HCH and p,p0-DDE, p,p0-DDD, o,p0-DDT,

p,p0-DDT). A non-spiked sediment sample acted as a

control and treated in the same manner as the spiked sed-

iment samples with the method described above. The

average recoveries of OCPs from spiked sediment samples

were in the range of 86%–112% and the relative standard

deviation (RSD) values ranged from 3% to 15%.

OCPs concentrations in settling particles and sediment

samples were determined by an Agilent 6890N gas chro-

matograph equipped with a 63Ni electron capture detector

and a DB-35 ms capillary column (film thickness,

0.25 lm; inner diameter, 0.32 mm; length, 30 m). High

pure nitrogen was used as both the carrier gas and make-up

gas with a flow rate of 1.5 and 58.5 mL/min, respectively.

The temperature of injector and detector was set at 250 and

300�C, respectively. Oven temperature was increased from

160�C (held for 0.5 min) to 230�C at 15�C/min, and then

Fig. 1 Map of the study area and sampling sites
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programmed to 275�C at 10�C/min, held for 3 min. The

existence of these compounds was confirmed by the com-

parison of GC retention times and GC/MS spectra with

those of the calibration standards. Determination of total

organic carbon (TOC) was performed on a Shimadzu

model VCPH TOC analyzer.

Results and Discussion

The variations of OCPs concentration in surface sediments

on dry weight (dw) basis are shown in Figs. 2, 3. The

detection rates of both HCHs and DDTs in sediments are

up to 100%. Concentrations of OCPs ranged from 2.08 to

10.07 ng/g for HCHs, 5.82 to 43.39 ng/g for DDTs,

respectively. The average concentration of OCPs decreased

from upstream to downstream, and the decrease of DDT

concentrations was more significant than that of HCH

concentrations. High levels of OCPs at site S1 may be due

to the pollution contribution from upstream branch rivers

which were seriously polluted by OCPs (Yang et al. 2005).

Levels of OCPs in sediments from Haihe River in the year

2003 were reported by Yang et al. (2005). High levels of

HCHs and DDTs, which ranged from 18.76 to 19.03 ng/g

and 61.71 to 80.18 ng/g, respectively, were found in sed-

iments collected from Haihe River in the urban area of

Tianjin. This study showed that, after about 4 years, levels

of HCHs and DDTs in the same reach decreased signifi-

cantly to a mean concentration of 4.70 and 17.43 ng/g,

respectively. This can be supposed from the following two

aspects: (1) significant decrease of production and usage of

HCHs and DDTs, especially in the late 1990s; (2) bio-

degradation of HCHs and DDTs in sediment (Wu et al.

1997; Chiu et al. 2004; Huang et al. 2007).

The kinetic behavior of hydrophobic organic pollutants

is significantly influenced by organic carbon contents in

sediments and soils (Karickhoff 1981; Zhou and Rowland

1997). Figure 4 shows the relationship between TOC and

OCPs concentrations in sediments along the river, and

good correlations for HCHs (R2 = 0.7020, n = 28, p =

0.0000) and DDTs (R2 = 0.5642, n = 28, p = 0.0000) are

observed. This is due to the lipophilic nature of OCPs

which results in the high tendency of OCPs to associate

with organic carbon in sediments.

Concentrations of OCPs in settling particles (dry weight

basis) ranged from 21.2 to 138.4 ng/g (mean 52.6 ng/g) for

HCHs, 30.0 to 245.7 ng/g (mean 87.1 ng/g) for DDTs.

Concentrations of OCPs in upstream (S1) were higher than

those in downstream (S4), which is related to OCPs
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Fig. 2 Concentration of HCHs in sediments
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pollution at the sampling sites, because OCPs pollution at

site S1 was more seriously than that at site S4.

Concentrations of HCHs and DDTs in settling particles

were 6.1 to 48.2-fold and 2.2 to 9.4-fold higher than those

associated with sediments. Differences in concentration of

OCPs can be due to the contaminant release during in situ

organic matter degradation and the contaminant degrada-

tion processes in sediments (Wu et al. 1997; Skei et al.

2000; Chiu et al. 2004; Huang et al. 2007), which does not

occur in the sediment traps, where formaldehyde preserves

the settled material and prevents degradation.

Composition differences of HCH isomers in the envi-

ronment can indicate different contamination sources

(Iwata et al. 1995; Doong et al. 2002). The physical and

chemical properties of the HCH isomers are quite dif-

ferent from one another. b-HCH has the lowest vapor

pressure and water solubility, which is the most stable and

relatively resistant to microbial degradation (Ramesh

et al. 1991). Tianjin is one of the most severely con-

taminated regions by HCHs in China because of its long-

term usage and wastewater discharge from local indus-

tries. The average compositions of HCHs were a: 24.9%,

b: 48.8%, c: 21.1%, and d: 5.2% in sediments, a: 19.2%,

b: 40.1%, c: 23.1%, and d: 17.6% in settling particles,

respectively. Obviously, b-HCH was the dominant HCH

isomer in both sediments and settling particles, which

indicated that residues of HCHs were mainly from the

large usage in the history. The average percentage of b-

HCH in sediments was higher than that in settling parti-

cles because of further biodegradation occurring during

the course of sedimentation and burial.

The average compositions of DDTs were 46.1% p,p0-
DDE, 34.1% p,p0-DDD, 4.3% o,p0-DDT, and 15.5% p,p0-
DDT in sediments, 27.7% p,p0-DDE, 11.5% p,p0-DDD,

7.7% o,p0-DDT, and 53.1% p,p0-DDT in settling particles,

respectively. p,p0-DDE was the most dominant compound

in the sediments, while p,p0-DDT was the predominant

form in settling particles. Studies showed that the ratio of

(DDD ? DDE)/DDTs [ 0.5 can be thought to be sub-

jected to a long-term weathering (Hites and Day 1992;

Hong et al. 1999). Most values of (DDD ? DDE)/DDTs in

sediments were higher than 0.5, while values of

(DDD ? DDE)/DDTs in settling particles were no more

than 0.5 in most samples of (Fig. 5). This revealed that

further biodegradation of DDT occurred during the course

of sedimentation and burial. DDT can be biodegraded to

DDE under aerobic condition and to DDD under anaerobic

condition (Kalantzi et al. 2001). Most values of DDD/DDE

were \ 1 in both sediments and settling particles (Fig. 5),

indicating that biodegradation of DDT occurred mainly

under aerobic condition.

OCPs settling fluxes obtained by sediment traps ranged

from 0.121 to 1.578 lg/m2 day for HCHs, 0.223 to

2.214 lg/m2 day for DDTs, respectively (Figs. 6, 7), and

the maximum values were observed after the spring bloom

and autumn bloom. At the same time, organic carbon fluxes

from the surface water were also high. Good correlation

between them was obtained (for HCHs, R2 = 0.6281,

n = 16, p = 0.0000; for DDTs, R2 = 0.6894, n = 16,

p = 0.0000). This suggests that the variations of OCPs
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settling fluxes are mainly controlled by differences in

fluxes of organic matter and biological production.

The magnitude of vertical fluxes of OCPs depends on

concentrations in settling particles and on total mass fluxes.

The mass sedimentation and OCPs concentrations in set-

tling particles were both higher in site S1 than those in site

S4, which resulted in higher OCPs fluxes in site S1 (with

mean value of 578.9 ng/m2 day for HCHs, 935.1 ng/m2 day

for DDTs) as compared to site S4 (with mean value of

486.3 ng/m2 day for HCHs, 583.7 ng/m2 day for DDTs).

The annual sediment trap flux of OCPs in Haihe River in

the urban area of Tianjin, which was estimated using data

obtained in the area, was 177–211 lg/m2 yr for HCHs and

213–341 lg/m2 yr for DDTs, respectively. The annual

sediment trap flux of OCPs in Haihe River was higher than

that in the northern part of the Baltic Sea (9.8–20 lg/m2 yr

for HCHs, 2.2–11 lg/m2 yr for DDTs; Strandberg et al.

1998) and comparable to that in a eutrophic lake in Tianjin,

China (117 lg/m2 yr for HCHs; Chi et al. 2008). The high

sedimentation fluxes of OCPs in Haihe River are related to

severe local contamination.

Conclusions

Wide occurrence of HCHs and DDTs in both sediments

and settling particles has been found in the study area. The

levels of OCPs in sediments decreased significantly

between 2003 and 2008, which is due to significant

decrease of production and usage of OCPs and biodegra-

dation of OCPs in sediment. Concentrations of HCHs and

DDTs in sediments were well correlated with sediment

organic carbon contents. Levels of OCPs in settling parti-

cles were higher than those in sediments, which is due to

the contaminant release during in situ organic matter

degradation and the contaminant degradation processes in

sediments. b-HCH was the dominant HCH isomer in both

sediments and settling particles. Among DDTs, p,p0-DDE

was found to be dominant in sediments, while p,p0-DDT

was the predominant form in settling particles. This

suggests that further biodegradation of OCPs occurred

during the course of sedimentation and burial. Sediment

traps deployed in the study area revealed large sediment

fluxes of OCPs and the maximum values were observed

after the spring bloom and autumn bloom. The high sedi-

mentation fluxes of OCPs in the investigation area are

related to severe local contamination.
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