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a b s t r a c t

Investigation was made to characterize the fishpond sediment-borne DDTs and HCHs in a dyke-pond
integrated agriculture–aquaculture system. Microcosm experiment was conducted to track the fate of
DDTs and HCHs following the use of the sediment as plant growth media. The ratios of DDT/DDE + DDD,
o,p′-DDT/p,p′-DDT and DDD/DDE were over 4, over 2 and nearly 2, respectively. These suggest that fresh
DDT inputs from dicofol application are likely and anaerobic decomposition was the major pathway
of DDT degradation. The sediments had higher percentage of �-HCH and lower percentage of �-HCH,
eywords:
DT
CH
ishpond
enthic sediment
nvironmental fate

compared to technical HCH. The levels of both DDTs and HCHs were higher in the sediments, as compared
to those in the estuarine sediments and fishpond sediments in non-traditional dyke-pond system. The
sediment-borne DDTs and HCHs posed an environmental threat to the local ecosystem. Upon its use as
plant growth media, the majority of DDTs was retained in the soil while <1/3 of the original soil-borne
DDTs were lost; no leaching loss was recorded and plant uptake was negligible. Only <20% of the original
soil-borne HCHs were retained in the soil while leaching loss accounted for 1.24%; nearly 79% of the

disap
icrocosm experiment original soil-borne HCHs

. Introduction

The extensive application of organochlorine pesticides prior
o the global restriction on their uses resulted in widespread
resence of some synthesized chemicals such as dichlorodiphenyl-
richloroethane (DDT) and hexachlorocyclohexane (HCH) in the
nvironment [1–3]. It has been well established that both
DT and HCH have significantly adverse effects on human
ealth and ecosystems [4–10]. DDT can degrade to produce
hlorodiphenyldichloroethylene (DDE) primarily under aerobic
onditions and dichlorodiphenyldichloroethane (DDD) predomi-
antly under anaerobic conditions [11,12]. The code DDTs has been
idely used to stand for the sum of DDT, DDE and DDD. There are

our major isomers of HCH in technical HCH: �-HCH, �-HCH, �-
CH and �-HCH and the code HCHs has been used to denote the
um of these four HCH fractions in literature. DDTs and HCHs are
ighly resistant to degradation and therefore they have been listed
s persistent organic pollutants (POPs).

∗ Corresponding author. Tel.: +61 7 46312429; fax: +61 7 46315581.
E-mail addresses: Chuxia.Lin@usq.edu.au, cxlin@scau.edu.cn (C. Lin).

304-3894/$ – see front matter © 2010 Elsevier B.V. All rights reserved.
oi:10.1016/j.jhazmat.2010.12.031
peared as a result of HCHs degradation and possibly volatilization.
© 2010 Elsevier B.V. All rights reserved.

The Pearl River Delta in the southern China region is one of the
global hotspots in terms of environmental contamination of POPs
[13–17]. This area has a long history of agricultural application of
substantial amounts of organochlorine pesticides, including DDT
and HCH until their official ban in 1983 [16]. It is also likely that
input of fresh DDT and HCH has continued since 1983 as a result of
illegal uses of organochlorine pesticides and the legally permitted
applications of DDT-containing dicofol and lindane [15,18].

The dyke-pond integrated cropping and aquaculture system
(DPICAS) has been long practiced in the Pearl River Delta [19]. Fish-
ponds were constructed by digging pits in the low-lying areas. The
excavated soils were placed in the areas between the fishponds to
raise the elevation of the land surface and form the dykes. Tradi-
tionally, the dykes were used for growing mulberry trees to provide
leaves for silk worm farming and the ponds were used for poly-
culture of carps with various feeding and spatial niches, leading
to efficient utilization of nutrients and space in the ponds [20].
Advances in dyke-pond system technology have focused on crop

diversification and animal husbandry [21], which involves culti-
vation of paddy rice, sugarcane, vegetable, fruit trees, decorative
plants and grasses on the dyke. Most of the harvested dyke crops
are used to feed the fish as well as livestock, which produce manure
to fertilize the pond water to support plankton growth and conse-

dx.doi.org/10.1016/j.jhazmat.2010.12.031
http://www.sciencedirect.com/science/journal/03043894
http://www.elsevier.com/locate/jhazmat
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Fig. 1. Map of the Pearl River Delta sho

uently provide food for the fishes. After the fishes are harvested,
he nutrient-enriched bed sediments of the pond are dredged and
ut on the top of the dyke to maintain a high level of fertility in the
yke soils.

The fishponds in the Pearl River Delta dyke-pond areas are
ikely to act as a sink for agricultural contaminants due to its
owlying nature. The organochlorine compounds present in the
shpond bottom sediments could have adverse impacts on aquatic

ife within the ponds, as well as the dyke crops when the sediments
re used for formulating topsoil layer on the dyke. In a study on
OPs in the fishponds in the non-traditional dyke-pond areas of the
earl River Delta, Kong et al. [22] found that the fish in the investi-
ated ponds contained elevated levels of DDTs. However, there has
een so far no detailed research work conducted to investigate the
rganochlorine pesticide residues in the benthic sediments of the
raditional dyke-pond system and their off-pond impacts after the
rganochlorine compound-containing pond sediments are used to
ertilize the dyke soils.

This article reports on the characteristics of DDTs and HCHs in
he fishpond sediments in the study area with a focus on the under-
tanding of the environmental fate of the sediment-borne DDTs and
CHs following the use of the sediments as plant growth media.

. Materials and methods

.1. DDT and HCH characterization
.1.1. Study area
The study site, Shunde District (Fig. 1) of the Foshan City, is

ocated in the central part of the Pearl River Delta, covering an area
f about 806 km2. The area experiences subtropical monsoon cli-
ate with an average annual rainfall of 1649 mm. Shunde District is
the fishpond sediment sampling area.

the core area of the integrated dyke-pond system in the Pearl River
Delta with a total area of 190 km2 being used for freshwater aqua-
culture production at the time when this study was carried out [23].

2.1.2. Sample collection and pretreatment
Fieldwork was carried out during the period from April to May,

2005. Benthic sediments were collected from 11 locations across
the entire study area. At each location, a representative pond was
selected for sample collection. Five to eight grab samples (0–20 cm)
were taken from different spots within a pond using a soil sam-
pler. An approximately equal amount of each grab sample from the
same pond was thoroughly mixed to form a composite sample to
represent each pond.

In the laboratory, the sediment samples were dried in a vacuum-
freeze dryer. The freeze-dried sample was then crushed and stored
in a glass bottle that was placed in a fridge with the temperature set
at 4 ◦C prior to sample analysis. Immediately before sample anal-
ysis, the samples were re-dried using a vacuum-freeze dryer and
ground to pass a 80 mesh sieve.

2.1.3. Environmental risk assessment criteria
The degree of DDT and HCH pollution in the sediments was

evaluated by the single pollution index (Pi) [24] and Nemerow com-
posite index (PN) [25]. The single pollution index (Pi) was obtained
by the following formula:

Pi = Ci

S
i

where Ci represents the observed concentration of DDT; Si stands
for the target concentration of DDT. Four pollution categories are
defined: (1) non-pollution (Pi ≤ 1), (2) slight pollution (1 < Pi ≤ 2),
(3) medium pollution (2 < Pi ≤ 3) and (4) heavy pollution (Pi > 3).
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The Nemerow composite index (PN) was calculated using the
ollowing equation:

N =
[

(P2
i(ave) + P2

i(max))

2

]1/2

here Pi(ave) and Pi(max) stand for the average single pollution
ndex and the maximum single pollution index. Four pollution cate-
ories are defined: (1) non-pollution (PN ≤ 0.85), (2) slight pollution
0.85 < PN ≤ 1.71), (3) medium pollution (1.71 < PN ≤ 2.56) and (4)
eavy pollution (PN > 2.56).

The ecological risk assessment of the sediment-borne DDTs
as made using the criteria ERL (effect range-low) and ERM

effect range-median) recommended by Long et al. [26]. When
he observed DDTs concentration is below ERL, the toxic risk is
iewed as <10% while the toxic risk is expected to be >50% when
he observed DDTs concentration is higher than ERM.

.2. Microcosm experiment

.2.1. The experimental soil
The benthic sediment in one of the eleven investigated ponds

located in Zhongchong Village, Leliu Town) was selected to for-
ulate experimental soils for the microcosm experiment. This was

o examine the environmental fate of DDTs and HCHs after the
shpond sediment was used as growth media for vegetable pro-
uction. About 1000 kg of the bed sediment were collected from a
epth of 0–30 cm after emptying the pond water. The sediment
aterials collected were air-dried and crushed to pass a 5 mm

ieve before being used as the experimental soil for the microcosm
xperiment. The sediment sample had a pH of 4.22 and an organic
atter content of 2.26%. Total N, P and K were 1.890, 0.516 and

.335 g kg−1 respectively. Available N, P and K were 0.312, 0.072
nd 1.270 g kg−1, respectively.

.2.2. The test plant
Ipomoea aquatica, a vegetable plant species that is commonly

rown on the fishpond dyke, was used as the test plant in the
icrocosm experiment.

.2.3. Experimental design
The microcosm experiment was conducted in a growth house

quipped with temperature and light intensity controllers. One
ontrol and one treatment were set for the experiments: (1) con-
rol (C): pond sediment-turned soil only; (2) treatment (T): pond
ediment-turned soil cultivated with the vegetable. The experi-
ent was performed in 4 replicates.
Five kilograms of the experimental soil were put into each pot

height: 17 cm; inner diameter at the base: 20 cm; inner diameter
t the top: 27 cm). Prior to seed sowing in the treatment, the soils in
oth the control and the treatment were incubated for 7 days with
he soil moisture controlled at field capacity. The growth experi-

ent commenced on November 20, 2005. The pots were placed in
he growth house randomly with temperature set at 27 ± 1◦C. 14
eeds were then sown in each pot. After 10 days following seed sow-
ng, 8 healthy seedlings were selected to remain in each pot. The
lants were exposed to a photoperiod of 8 h with light intensity set
t 12000Lux each day during the entire period of the experiment.

During the period of growth experiment, 200 mL of deionized
ater were added to each pot daily. Leachate was collected from the
ottom of each pot daily for chemical analysis. The water samples
ere stored at 4 ◦C in a fridge prior to analysis.

Soil samples were taken from each pot on the 1st, 12th, 22nd
nd 35th day after seed sowing. For each pot, 5–7 sub-samples of
oil were collected using a soil sampler. The sub-samples were then
terials 186 (2011) 1474–1480

mixed thoroughly to form a composite sample (approximately
200 g). The composite soil samples were air-dried, ground to pass
a 0.25 mm sieve and stored at 4 ◦C in a fridge prior to chemical
analysis.

On the 35th day of the experiment, the whole plant was
harvested, washed and oven-dried at 55 ◦C. The oven-dried plant
residue from each pot was then weighed and finely ground prior
to analysis.

2.3. Sample extraction and analytical methods

Various DDT and HCH isomers in the sediment, soil, water and
plant tissue samples were extracted, cleaned up and analyzed using
modified procedures documented in US EPA Method 3500 series,
Method 3600 series and Method 8081 [27–29].

For extraction of various DDT and HCH isomers from the sedi-
ment and soil samples, a Soxhlet method was employed. 20 g of the
freeze-dried sediment or soil were placed inside a thimble made
from filter paper, which was loaded into the main chamber of the
Soxhlet extractor. The sediment or soil sample was soaked with
30 mL of mixed acetone and petroleum ether solution (mixing ratio:
1:1) for 12 h. The Soxhlet extractor was then placed onto a distilla-
tion flask containing 70 mL of 1:1 acetone:petroleum ether mixture.
Soxhlet extraction was allowed to proceed for 4 h with the water
bath temperature being maintained at between 62 and 64 ◦C and
the cooling water temperature being controlled at around 10 ◦C.
The extract was then purified with 2% sodium sulfate and concen-
trated sulfuric acid in a separatory funnel and passed through a
funnel containing anhydrous sodium sulfate. The purified extract
was collected in a flask and the volume of the extract was reduced
to 5 mL by a rotary evaporator prior to analysis.

For extraction of water-borne DDT and HCH isomers, 200 mL of
water sample was spiked with 25 mL of petroleum ether solution
and shaken on a rotary shaker for 10 min. The content was then
transferred to a separatory funnel and the water was decanted.
Sample purification was performed by repeated treatment of the
sample with concentrated sulfuric acid and then 2% sodium sul-
fate and passed through a funnel containing anhydrous sodium
sulfate. The purified extract was collected in a flask and the vol-
ume of the extract was reduced to 10 mL by a rotary evaporator
prior to analysis.

For extraction of plant tissue-borne DDT and HCH isomers, 3 g
of dried plant sample was soaked with 80 mL of mixed acetone and
petroleum ether solution (mixing ratio: 1:1) for 12 h, followed by
ultrasonic extraction for 30 min. The content was passed through
a funnel containing anhydrous sodium sulfate and active carbon.
The filtrate was then transferred to a separatory funnel, followed by
adding 100 mL of 2% sodium sulfate to remove acetone. The volume
of the extract was reduced to 2 mL by a rotary evaporator. Sample
cleanup was performed by a Florisil column method.

All extracts were analyzed using an Agilent HP-6890N GC-ECD
system with a HP-5 fused-silica capillary column (30 m × 0.25 mm
I.D × 0.25 �m). Helium was used as the carrier gas at 2 mL min−1

and nitrogen was used as the make-up gas 60 mL min−1. The oven
temperature began at 165 ◦C for 2 min and increased to 265 ◦C
(2 min hold time) at a rate of 6 ◦C min−1. Splitless injection of a
2 �L sample was performed. Injector and detector temperatures
were maintained at 210 and 320 ◦C, respectively.

2.4. Quality control and quality assurance
2,4,5,6-Tetrachloro-m-xylene was selected as the surrogate for
recovery test. The surrogate and stock standard solutions of various
DDT and HCH isomers were purchased from Supelco. The surro-
gate was added to each sample, blank, laboratory control sample
and matrix spike sample immediately prior to pesticide extrac-
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Table 1
Mean concentration and range of various DDT and HCH fractions in the benthic sediments collected from 11 representative fishponds in the Shunde District, Pearl River
Delta.

Organochlorine Fraction or fraction ratio Mean (ng g−1) Range (ng g−1) Isomer percentage

DDTs 30 10–87 –
o,p′-DDT 15 3.8–23 47
p,p′-DDT 9.7 2.3–43 32
p,p′-DDE 2.3 0.93–8.3 7.8
p,p′-DDD 3.8 1.3–14 12
DDT/DDE + DDD 4.4 2.9–6.3
o,p′-DDT/p,p′-DDT 2.1 0.53–3.1
DDD/DDE 1.7 0.78–2.7

HCHs 61 15–138 –
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ion. The recoveries of surrogate standards ranged from 80.71% to
5.32%.

The detection limit of DDT isomers ranged from 0.03 ng g−1 to
.15 ng g−1 and the recoveries of DDT in the matrix spike samples
anged from 88.7% to 104%. The detection limit of HCH isomers
anged from 0.03 ng g−1 to 0.10 ng g−1and the recoveries of HCH in
he matrix spike samples ranged from 78.32 to 90.56%. The relative
tandard deviation (RSD) of replicate samples for both DDTs and
CHs in the soil and plant tissue samples was all <15%. Since the
olume of leachate from each growth chamber was not sufficient
or analysis. A composite sample was formed for each treatment
y combining the leachate sub-samples from all replicates. Conse-
uently, no RSD was obtained for the water samples.

.5. Statistical analysis

The statistical significance of difference between treatment
eans was determined by Duncan’s multiple range test.

. Results and discussion

.1. Characteristics of DDTs and HCHs

The mean concentration and range of various DDT and HCH
ractions, as well as the total DDT (DDTs) and total HCH (HCHs)
re given in Table 1. The concentration of DDTs ranged from
0 to 87 ng g−1 with a mean value of 30 ng g−1. On average, the
DT fractions in the sediments were in the following decreasing
rder: o,p′-DDT > p,p′-DDT > p,p′-DDD > p,p′-DDE. HCHs had a mean
oncentration of 61 ng g−1 with a range of 15–138 ng g−1. On aver-
ge, various HCH isomers in the sediments were in the following
ecreasing order: �-HCH > �-HCH > �-HCH > �-HCH.

Kong et al. [22] reported various DDT fractions in fishpond sed-
ments collected from other parts (non-typical dyke-pond areas)
f the Pearl River Delta, including Zhuhai, Zhongshan, Guangzhou,
ongguan and Hong Kong. In general, these fishponds had the ben-

hic sediments with lower concentration of DDTs than those in
he pond sediments investigated in the current study. Compari-
on with the estuarine sediments [17] also reveals a higher mean
DTs value for the pond sediments in this study, relative to that in

he sediments in the Daya Bay.
The fishpond sediment-borne DDTs may be mainly derived from

yke runoff, river water that is used to compensate the loss of
ond water due to evaporation, atmospheric deposition and fish

eed added into the ponds. It is likely that surface runoff from the
yke soils plays a major role in providing DDTs for the ponds given

ts closest proximity to the ponds and possibly high dose of DDT
pplication for intensive cropping. Li et al. [15] found that the mean
oncentration of DDTs in the paddy rice soils and dryland soils in
0.84–63 62
udl–15 8.1
udl–5.1 3.6
udl–98 26

the Pearl River Delta were about 47 and 56 ng g−1, respectively.
These DDTs values are much higher than that in the agricultural
soils of Hong Kong [28] where very low concentration (4.32 ng g−1)
of DDTs was found in the fishpond sediment [22].

The ratios of DDT/DDE + DDD, o,p′-DDT/p,p′-DDT and DDD/DDE
have been widely used to characterize DDTs in various environ-
mental compartments [15,22]. A DDT/DDE + DDD value >1 indicates
the presence of a fresh input of DDT into the environmental system
of concern [15]. The average DDT/DDE + DDD of the pond sediments
in this study was over 4 (Table 1). While this result generally sup-
ports many authors’ view that there have been fresh inputs of DDT
in the Pearl River Delta region [16], it is realized that many other
factors may contribute to such a high DDT/DDE + DDD value. Unlike
agricultural lands, fishponds are not target sites for direct applica-
tion of DDT. The status of fishpond sediment-borne DDTs reflects
the mixture of DDTs from multiple sources. It is not expected that
various fractions of DDTs in the dyke soils be washed off and enter
the pond proportionally given that different DDT fractions have
different mobility in soils, as affected by their affinity to soil col-
loids and solubility in soil pore water. The mean o,p′-DDT/p,p′-DDT
of the investigated pond sediments was >2 (Table 1), which was
much higher than that for technical DDT (frequently < 0.3 [30]). This
may be partly attributed to the different mobility rate between the
two DDT isomers in the dyke soils. Since o,p′-DDT has a higher
water solubility than does p,p′-DDT [30], it is therefore likely that
more o,p′-DDT than p,p′-DDT was leached from the dyke soils into
the fishpond. Nevertheless, the much higher o,p′-DDT/p,p′-DDT,
relative to that for technical DDT, appears to suggest that the o,p′-
DDT-dominated dicofol was a likely source of fresh DDT in the study
area. The predominance of DDD over DDE, as indicated by a high
DDD/DDE (1.7, refer to Table 1) reflects that the metabolism of DDT
was largely through anaerobic degradation, which is in agreement
with the expected reducing environments that are encountered in
the fishpond bottoms.

There were close interrelationships among p,p′-DDT, p,p′-DDD
and p,p′-DDE for the 11 investigated sediment samples (Fig. 2a–c),
suggesting that the magnitude of DDT influx has important con-
trol on the amount of DDT metabolites present in the sediments.
While p,p′-DDT is also related to o,p′-DDT, their relationship was
less close, as compared to those among p,p′-DDT, p,p′-DDD and
p,p′-DDE. This may be attributed to variation on dicofol-originated
DDT influx among different sites.

Technical HCH typically contains 65–75% of �-HCH, 5–6% of �-
HCH, 13% of �-HCH and 6% of �-HCH [15]. It is interesting to note

that the investigated pond sediments have a much higher mean
percentage of �-HCH and a much lower mean percentage of �-HCH,
compared to the technical HCH despite that lindane (99% of �-HCH)
is the most likely source of the fresh HCHs in this area [31]. �-HCH
is known to be more soluble and degradable, compared to other
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environmental threat to the pond ecosystem in the study area.
The guideline values of ERL and ERM were not established for

HCHs. The Canadian sediment quality guidelines for the protec-
tion of aquatic life [35] established two similar guideline values:

Table 2
Pollution indices of DDTs and HCHs, and ecological risk assessment of DDTs in the
investigated fishpond sediments in the Shunde District.

Sample No. Single pollution index (Pi) Nemerow composite
index (PN)

HCHs DDTs

YT1 0.88 1.75 1.55
YT2 1.00 0.64 0.91
YT3 1.14 0.54 1.00
YT4 0.88 0.61 0.81
YT5 0.93 0.71 0.88
YT6 1.47 0.70 1.29
YT7 1.99 0.20 1.61
YT8 2.78 0.23 2.23
YT9 0.30 0.64 0.56
YT10 1.04 0.43 0.90
YT11 0.95 0.28 0.80

Assessment criteria
p,p'-DDE (ng g-1)

ig. 2. Relationship between (a) p,p′-DDT and p,p′-DDD, (b) p,p′-DDT and p,p′-DDE
ed sediments.

somers [15,32]. Conversion of �-HCH to �-HCH and �-HCH has
een suggested [33]. It is likely that the higher solubility of �-HCH

n water may weaken its capacity to compete with other HCH iso-
ers and other organic compounds such as DDTs for the available

dsorption sites in the pond sediments. This, in combination with
he phase transformation and possible volatilization/evaporation
oss may be responsible for the observed low concentration of �-
CH in the pond sediments. Both technical HCH and lindane contain
nly small amounts of �-HCH. Therefore, the enrichment of �-HCH
n the pond sediments is likely to be the result of �-HCH-�-HCH
onversion and the extremely high stability of �-HCH [34] allows
t to accumulate in the sediments.

.2. Environmental risk assessment

Pollution assessment using single pollution index (Pi) [24]
eveals that for HCHs, about 9, 46 and 45% of the sediment sam-
les fell into medium pollution, slight pollution and non-pollution
ategories, respectively; for DDTs, about 9 and 91% of the samples
ell into slight pollution and non-pollution categories, respectively
Table 2). By comparison, the HCH pollution was more severe than
DT pollution for the investigated sediment samples.

By using Nemerow composite index (PN) [25] to assess the com-
ined effect of both HCH and DDT pollution. The results return that
bout 9, 64 and 27% of the investigated samples fell into medium

ollution, slight pollution and non-pollution categories, respec-
ively (Table 2).

Ecological risk assessment of DDT using the method of Long et al.
26] reveals that there were 91% of the samples that had DDTs value
etween ERL and ERM with the remaining 9% of the samples having
o,p'-DDT (ng g-1)

,p′-DDE and p,p′-DDD, and (d) o,p′-DDT and p,p′-DDT in the investigated fishpond

the DDTs value above ERM (Table 2). Based on the above analysis,
it is considered that the fishpond sediment-borne DDTs posed an
ERL (ng g−1) 1.58
ERM (ng g−1) 46.1
<ERL (%) 0
ERL–ERM (%) 91
>ERM (%) 9
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Table 3
Changes in soil DDTs and HCHs during the period of the plant growth experiment.

Parameter 1st day 12th day 22nd day 35th day

DDTs (ng g−1) C 71.1 ± 6.00 71.0 ± 9.89 a 45.5 ± 7.66 b 44.4 ± 4.90 a
T 71.1 ± 6.00 76.6 ± 4.30 a 61.2 ± 8.37 a 49.1 ± 6.44 a

HCHs (ng g−1) C 133 ± 6.96 129 ± 5.58 b 71.1 ± 17.1 a 28.1 ± 7.83 a
T 133 ± 6.96 140 ± 6.44 a 80.3 ± 19.3 a 27.6 ± 3.33 a

Table 4
Mass balance of DDTs and HCHs in the microcosm system (unit: �g).
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est that sediment-borne lindane alone posed a potential threat to
quatic life in the fishponds.
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3.6%). Therefore, the ecological risk of HCHs could be far more
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he experiment (Fig. 3).
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Fig. 3. Changes in leachate HCHs during the period of the experiment.
ntion Leaching Unaccounted loss

1%) 0 (0%) 104 (30.89%)
7%) 8.23 (1.24%) 523 (78.98%)

lected on the 22nd day for DDTs and on the 12th day for HCHs. In
general, the variation in both DDTs and HCHs in the soils was small
during the earlier part of the experiment (1st–12th day). Marked
decrease in DDTs and HCHs occurred after the 12th day.

In comparison, the soil experienced a rapider loss in HCHs than
in DDTs. This is in agreement with the general belief that HCHs have
a higher mobility than do DDTs in soils [36].

The DDTs and HCHs uptake by the plant only accounted for a
very small proportion (0.00005% for DDTs and 0.00007% for HCHs)
of the plant–soil–water system. The mass balance of DDTs and HCHs
for the microcosm experiment is shown in Table 4. For DDTs, over
2/3 of the original soil-borne DDTs was retained in the soil on the
last day (the 35th day) of the experiment while <1/3 of the origi-
nal soil-borne DDTs was lost possibly due to microbial degradation
since volatilization and evaporation of DDTs from soils are usu-
ally weak and no leaching loss was recorded for the experiment.
For HCHs, only <20% of the original soil-borne HCHs was retained
in the soil on the 35th day of the experiment while leaching loss
accounted for 1.24% and unaccounted loss took up nearly 79% of the
original soil-borne HCHs. However, certain amounts of HCHs might
disappear as a result of volatilization and evaporation in addition
to degradation as HCHs are more volatile, relative to DDTs.

4. Conclusion

It is likely that fresh input of DDT from the substantial applica-
tion of dicofol in the study area has markedly affected the status of
the fishpond sediment-borne DDTs. DDT degradation for the inves-
tigated sediments was mainly through anaerobic decomposition. It
is not certain why the investigated pond sediments have a much
higher mean percentage of �-HCH and a much lower mean percent-
age of �-HCH, compared to the technical HCH despite that lindane
(99% of �-HCH) is the most likely source of the fresh HCHs in this
area. Perhaps the higher solubility of �-HCH in water may weaken
its capacity to compete with other HCH isomers and other organic
compounds. This, in combination with the phase transformation
and possible volatilization/evaporation loss may be responsible for
the observed low concentration of �-HCH in the pond sediments.
The enrichment of �-HCH in the pond sediments is likely to be the
result of �-HCH-�-HCH conversion and the extremely high stability
of �-HCH allows it to accumulate in the sediments.

The levels of both DDTs and HCHs were higher in the inves-
tigated pond sediments, compared to those in the estuarine
sediments and previously reported pond sediments in non-
traditional dyke-pond system. The fishpond sediment-borne DDTs

and HCHs posed an environmental threat to the pond ecosystem in
the study area.

Upon the use of the sediment as plant growth media under the
experimental conditions set in this study, the majority of soil-borne
DDTs was retained in the soil while <1/3 of the original soil-borne
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