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Soil profiles were collected at a depth of 30cm in ditch wetlands (DWs), riverine wetlands (RiWs) and
reclaimed wetlands (ReWs) along a 100-year chronosequence of reclamation in the Pearl River Delta.
In total, 16 OCPs were measured to investigate the effects of wetland reclamation and reclamation
history on OCP levels. Our results showed that average yDDTs, HCB, MXC, and YOCPs were higher
in surface soils of DWs compared to RiWs and ReWs. Both D30 and D20 soils contained the highest
YOCP levels, followed by D40 and D100 soils; lower YOCP levels occurred in D10 soils. Higher YOCP
levels were observed in the younger RiWs than in the older ones, and surface soils exhibited higher

© YOCP concentrations in the older ReWs compared with younger ReWs. The predominant percentages

. of ~-HCH in YHCHs (>42%) and aldrin in YDRINs (>46%) in most samples reflected the recent use

. of lindane and aldrin. The presence of dominant DDT isomers (p,p’-DDE and p,p’-DDD) indicated the

. historical input of DDT and significant aerobic degradation of the compound. Generally, DW soils had

. a higher ecotoxicological risk of OCPs than RiW and ReW soils, and the top 30 cm soils had higher

. ecotoxicological risks of HCHs than of DDTs.

© Organochlorine pesticides (OCPs) have caused increasing global concern due to their high toxicity, per-
: sistence, bioaccumulation and significant adverse effects on ecosystems and human health through food
: chains'™. The wide application of pesticides across the globe, especially in developing countries to max-
: imize crop yields, has resulted in extensive contamination worldwide>®. OCPs have a strong affinity for
. suspended particulate matter and are subsequently deposited into river and marine sediments or wetland
© soils due to their low water solubility and high hydrophobicity*’. Consequently, the residues of OCPs in
. soil/sediment can serve as a useful indicator for aquatic ecosystem health? because low OCP levels might
© cause adverse biological effects®. Therefore, an investigation into the occurrence, sources and ecological
. risks of OCPs in wetland soils can contribute to a better understating of the status of OCP pollution in
. wetlands and can aid in maintaining wetland ecosystem health and ecological safety.

: Land use changes, especially the conversion of natural ecosystems to croplands, can greatly influence
. the levels and distribution of OCPs because soil tillage can enhance the exchange at the interface of soil
- and air through changing soil properties®. Residues of OCPs have been widely reported to be at higher
. levels in agricultural soils than in forest soils!’, soils from unused land or fallow land!!->. Wang et al.®
. observed lower OCP levels in wetland soils compared with other land use types. Additionally, changing
. land from a rice paddy to a vegetable field increased the residues of OCPs in the first 15 years due to
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Figure 1. The average levels of OCPs in soil profiles under different land uses. "The bars with the same
colour in the same soil depth represent significant differences in OCP isomers among different wetland types
(p < 0.05). APDifferent letters in the bars with the same colour in the same wetland type represent significant
differences in OCP isomers among different soil depths (p < 0.05). ®**Different letters on the top of bars
represent significant differences in YOCP levels among different wetlands (p < 0.05).

changes in anaerobic and aerobic conditions but ultimately exhibited a decrease in residue levels from 20
to 30 years'®. The above studies have focused on the investigation of OCP levels in agricultural soils'>'>!4,
forest soils>'? and wetland soils’; however, little information is available on the changes in OCP levels
after the conversion of wetlands to croplands due to the effects of tillage history.

OCPs have been widely applied across China in the past decades, and the total production of HCHs
and DDTs in China was approximately 4.9 and 0.4 million tons, respectively, before their official ban in
1983'5. Additionally, approximately 3,200 tons of lindane (nearly pure HCH) was still in use in China
from 1991 to 2000'¢. Dicofol with a high level of impurity of DDT compounds, is still allowed and
widely used in agricultural practice like cotton cultivation in China after the official ban in 1983'7. Some
studies have reported that the largest amount of pesticide application occurred in Southeast China in
places like the Pearl River Delta'*'®. High residues of OCPs (nd-649.33ng g~!) have been reported in
agricultural soils in the Pearl River Delta'"", of which DDTs (average 68.5ng g~!) and HCHs (average
16.2ng g ') were the dominant pollutants, and paddy soils were shown to be heavily DDT-contaminated
soils (>40ng g !)'. Additionally, DDT levels in sediments of the Zhujiang rivers (35.1-91.0ng g™ ')
fell among the highest values of the worldwide concentration range'> due to the considerable load of
chlorinated pesticides (up to 863 tons per year) in the Pearl River®. The Pearl River Delta has been well
developed agriculturally and many of its coastal wetlands have been reclaimed over the last 100 years?,
which has consumed the highest amount of pesticides per unit of agricultural land (37.2kg ha™!) in the
country*. This occurrence might contribute substantially to global OCP cycles* because OCPs can be
dispersed and redistributed from lower to higher altitudes on a global scale?*. However, the effects of
wetland reclamation and of reclamation history on the OCP levels found in soils subjected to different
land uses remain unknown.

The primary objectives of this study were (1) to investigate the occurrence and profile distributions of
OCPs in soils under different land uses (i.e., ditch wetlands, riverine wetlands, and reclaimed wetlands)
along a 100-yr chronosequence of reclamation in the Pearl River Estuary; (2) to identify the potential
sources of OCPs in soils under different land uses; and (3) to assess the ecotoxicological risks of OCPs
in soils with different reclamation histories.

Results and Discussion

Occurrence of OCPs in soil profiles under different land uses. Figure 1 shows the average lev-
els of OCP isomers and YOCPs in the soil profiles of different wetlands. Generally, the surface soils
(0-10cm) in DWs contained higher YOCP and MXC levels than those from RiWs and ReWs, and lower
YDRIN levels (in particular aldrin, Supplementary information Table S1) were observed in ReWs than
in RiWs (p < 0.05, Fig. 1). Higher SOC contents in DWs than in RiWs and ReWs* could greatly con-
tribute to OCP accumulation due to their high affinity for organic matter®. RiW surface soils contain
higher levels of YHCHs (especially v-HCH, Supplementary information Table S1) than do DW surface
soils (p < 0.05). DWs were found to have higher ¥DDT levels and lower XDRIN and YOCP levels in the
10-20cm soil layer and lower YDRIN levels in the 20-30cm soil layer than RiWs (p < 0.05). However,
YDDT levels were higher in the 20-30cm soil layer in ReWs compared with RiWs (p < 0.05). This
implies that more OCPs had accumulated in ditch wetland soils affected by the agricultural and sewage
drainage from residents living on both banks of the ditches*. The average total OCPs found in the sur-
face soils (0-10cm) were 266.18 ng g in ditch wetlands, 73.67ngg™" in RiWs and 47.69ngg™" in ReWs
(Supplementary information Table S1). These levels are much higher than those found in the wetland
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Figure 2. Profile distribution of OCPs in soils under different land uses along a 100-yr chronosequence
of reclamation. (a—c) present 0-10cm, 10-20 cm, and 20-30 cm, respectively.

soils of the Yellow River Delta (1.68ng g~!)*. Compared with the Yangtze River Delta (88.8ng g~')%,
the average level of XDDTs in DW soils was higher, whereas they were lower in RiW and ReW soils.

As shown in Fig. 1, surface soils (0-10cm) contained much higher levels of YDRINs and MXC than
deeper soils in DWs (p < 0.05). We also observed a decrease in the average levels of YDDTs, HCB, YENDs,
and heptachlor epoxide and an increase in YHCHs along the soil profiles in DW's despite of no significant
differences (p > 0.05). All OCP isomers including ¥DDTs, HCB, MXC, YENDs, ¥DRINs,¥HCHs, hepta-
chlor epoxide, and heptachlor exhibited higher average levels in surface soils than those found in deeper
RiW soils (p<0.05). In ReWs, surface soils also contained higher levels of ¥DDTs, MXC, YDRINSs,
and heptachlor epoxide compared with deeper soils (p < 0.05). Generally, upper soils contained much
higher average levels of YOCPs than deeper soils in the three wetlands (p < 0.05; Fig. 1). This might be
associated with new sources of OCPs that were introduced after 1983% or by their continuous usage
for other purposes in addition to their agricultural purposes®. The usage of HCB and some DDTs was
not completely terminated until 2009, and endosulfan and dicofol might be still produced and used in
China'""’. Additionally, technical DDT was still used for the production of antifouling paints under an
exemption of the Stockholm Convention™®.

Profile distribution of OCPs in three wetlands with different reclamation histories. The pro-
file distribution of OCPs in ditch wetlands, riverine wetlands and reclaimed wetlands are plotted in
Fig. 2. As shown in the Figure, YDDTs, YDRINs, MXC, and YOCPs generally decreased with depth along
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soil profiles at most sampling sites in these three wetlands. The dominant OCP isomers included YHCHys,
YDDTs, HCB, and ¥DRINs in each of the three wetlands. The lower concentrations of the rest OCP
isomers might be associated with their shorter production history and lower popularity in their usage®.

Among the five DW sampling sites, the highest concentrations of ¥DDTs (407.44ng g~') and HCB
(65.18ng g~') were observed in the D30 and D20 surface soils, respectively. This was associated with
the fact that DDTs and HCB were not completely terminated until May of 2009 in China''. Meanwhile,
HCB has also been detected as an impurity in some pesticides, such as lindane, due to its formation as a
by-product during the production process®. Both the MXC and YENDs concentrations were also higher
in the D30 and D20 surface soils. This implies that more MXC and endosulfan might have been used
and accumulated in these regions because MXC is an insecticide that was developed to replace DDT and
was widely used all over the world because of its lower toxicity to mammals and lower persistence in the
environment relative to DDT?%*2, Meanwhile, endosulfan is still in use in China'?. Additionally, we also
observed the highest YHCHs concentrations in the 20-30 cm soil layer of the D20 wetlands. Therefore,
both D30 and D20 soils contained high levels of YOCPs, followed by D40 and D100 soils, whereas the
D10 soils contained the lowest amounts. This indicates higher OCP accumulation in the ditch wetlands
with >20 reclaimed histories due to higher input before the 2000s*. Higher HCB (in D30) and YHCHs
(in D20) in the 20-30 cm soil layer reflects more extensive use of OCPs in China in the past. Additionally,
these contaminants could enter the aquatic ecosystems through effluent discharge, atmospheric deposi-
tion, runoff, and other pathways’.

In RiWs, YDRINs accounted for a greater percentage of the OCP composition in almost all soils. The
YOCPs in surface soils decreased before increasing from Ril00 to Ril0 wetlands, with lower YOCPs in
Ri30. However, higher YOCPs occurred in deeper soils of younger riverine wetlands (i.e., Ri30, Ri20 and
Ril0) compared to older riverine wetlands (i.e., Ril00 and Ri40). Similarly, in ReWs, ¥DRINs, YHCHs,
and HCB were the dominant OCP isomers, and total OCP concentrations were generally higher in
surface soils than those in deeper soils, except for higher HCB concentrations found in deeper soils in
the Rel0 wetlands. Higher YOCP concentrations were present in the surface soils of older reclaimed
wetlands (from Re30 to Re100) compared to the younger reclaimed wetlands (i.e., Re20 and Re10). This
might be associated with higher production and wider usage of these in agricultural soils before the
1980s in China?**, and the official ban of HCHs and DDTs in 1983'5. This indicates higher accumulation
of YOCPs, especially HCB andYDRINS, in older reclaimed wetlands.

We observed higher YOCP levels in the surface soils of DWs in the 20-yr, 30-yr and 40-yr reclaimed
regions (i.e., D40, D30, and D20) compared with RiWs and ReWs. This could be attributed to different
land-use changes because land use has a direct impact on the application history and the dissipation of
OCPs by changing the soil conditions®***. However, in the 10-yr and 100-yr reclaimed regions, YOCP
levels in surface soils were lower in the DW (i.e., D10 and D100) and ReW soils (i.e., Re10 and Rel00)
than in RiW soils (i.e., Ril0 and Ri100). This finding implies less OCP application in the Re10 and Re100
wetlands and lower accumulation in the D10 and D100 wetlands; however, higher OCP levels in the
Ri10 and Ril00 wetlands might come from upstream inputs due to a considerable load of chlorinated
pesticides (up to 863 tons per year) in the Pearl River®.

Composition and potential sources. The composition percentages of HCH or DDT isomers in
soils can be used to indicate different sources of contamination>6. Typical technical HCH formulations
contain 60-70% «-HCH, 5-12% (-HCH, 10-15% ~-HCH, and 6-10% 6-HCH?2 As shown in Fig. 3,
B-HCH was present in high ratios at most sampling sites in ditch wetlands (i.e., D40, D30, and D20)
and reclaimed wetlands. This finding suggests that there have been no fresh inputs of technical HCHs
because -HCH is the most stable isomer and relatively resistant to microbial degradation due to its low
water solubility and vapour pressure®>. Moreover, both a-HCH and v-HCH can be converted to §-HCH
once in the environment®. However, the predominant percentage of v-HCH ranging from 42% to 100%
in most soil samples from the DWs (i.e., D100 and D10), RiWs and ReWs reflects the more common
use of lindane rather than technical HCH in the region because v-HCH accounts for more than 99% of
lindane>?*. Meanwhile, the ratios of a-HCH to v-HCH (varying from 0 to 0.68) in these soil samples
were considerably low compared with the ratios of a-HCH to -HCH in technical HCHs (from 3 to 7)¥,
which also implies the use of lindane, because low a-HCH/v-HCH ratios (close to 0) reflect the recent
input of lindane!!2.

Technical DDTs generally contains 75% p,p-DDT, 15% o,p>DDT, 5% p,p-DDE and <5% p,p-DDD*.
Both p,p-DDE and p,p-DDD were the dominant DDT isomers in three soil layers of most of the sam-
pling sites in the DWs, RiWs and ReWs, with exception of the surface soils (0-10cm) of the D40, D30,
D20, Ril100 and Re30 wetlands (Fig. 3). This indicates that the input of DDTs in the land was historical,
as DDTs can be biodegraded to DDE under aerobic conditions and to DDD under anaerobic condi-
tions®. A ratio of (DDE+DDD)/3DDT>0.5 reflects long-term weathering**°. With the exception of
the abovementioned surface soil samples, a ratio of (DDE+DDD)/3YDDT>0.5 was obtained at most
sampling sites, suggesting that the input of DDTs to these wetlands, especially the RiWs and ReWs, was
historical and significant degradation has occurred since the official ban of DDTs in 19832 However,
fresh inputs might be occurring to the surface soils from D40, D30, D20, Ri100 and Re30. Zhou et al.*!
reported that the illegal application of DDT as part of agricultural activities still occurred in some regions
of the Pearl River Delta until the end of 2000*2. Additionally, Liu et al.!” reported that dicofol, with high
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Figure 3. Profile distribution of the percentages of the composition of HCH or DDT isomers in soils
under different land uses along a 100-yr chronosequence of reclamation.

levels of DDT impurities, is still allowed and widely used in agricultural practices like cotton cultivation
in China. Compared with p,p>DDD, higher ratios of p,p>DDE (ranging from 43% to 100%) occurred in
subsurface soils, except for in the 20-30 cm soil layer of the Re10 wetlands, indicating the dominance of
aerobic DDT biodegradation®.

Levels of 0,p-DDT exceeding those of p,p-DDT were measured in some surface soil samples, espe-
cially in RiWs. This is very different from the composition of technical DDT and might be related to the
dicofol (containing 11.4% o,p-DDT and 1.7% p,p-DDT) applied to agricultural areas since the official ban
of DDTs in 1983%. The DDE/DDD ratio is an indicator of the aerobic/anaerobic conditions present in
the sediment environment!'”*%. With the exception of the 20-30cm soil layer in the Rel0 wetlands, the
DDE/DDD ratios in almost all of the soil samples were above 1, which further indicates that relatively
aerobic conditions exist in these sedimentary environments?**,

Aldrin was the dominant isomer of the YDRINS in all soil samples except for the 10-20 cm soil layers
of the D30 wetlands and the 0-20cm soil layers of the D20 and Rel0 wetlands (Fig. 4). Aldrin can be
quickly converted to dieldrin by sunlight and bacteria in the environment, and dieldrin can subsequently
remain in the soil for a long time by adhering to the soil*>*¢. However, in these three wetlands, the per-
cent composition of aldrin ranged from 46% to 100% for most soils, reflecting a fresh source of aldrin
input in this region*. In contrast, the higher percent composition of dieldrin in the 10-20 cm soil layers
of D30 (100%) and D20 (59%) and in the 10-30 cm soil layers of Rel0 (>60%), indicating the historical
conversion of aldrin to dieldrin. In the D20 wetlands, endrin was accumulated in the surface soils at 82%
of YDRINS, even though it has been officially banned from use since 1983%. This indicates that there is
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Figure 4. Profile distribution of the percentages of the composition of DRIN isomers in soils under
different land uses along a 100-yr chronosequence of reclamation.

a new technical input of endrin in this region and that its potential sources in the region near the D20
wetlands need to be further investigated.

Ecotoxicological Risk Assessment. The data collected from the three wetlands were compared
with data obtained from the US-EPA/NOAA?Y for marine sediments (Fig. 5). The NOAA guidelines
specify threshold effect levels (TELs) and probable effect levels (PELs). The TELs represent low thresh-
old concentrations below which adverse effects on sediment-dwelling fauna would be rarely expected,
whereas the PELs represent the concentrations above which adverse effects are probable*’. According
to the guidelines, all surface soils in the RiWs and more than 60% of the surface soils in ReWs were
grouped into TEL-PEL subsets. Similarly, 80% of the surface soils in DWs exceeded the TEL levels, and
even 20% of surface soils were above the PEL levels of YDDTs and the sum of o,p™-and p,p-DDT, which
would have an adverse effect on sediment-dwelling organisms. Moreover, one soil sample from the D30
wetlands exhibited the highest YDDTs level (96.48 ng g~!), which exceeded the limit of DDTs in birds (11
ngg™") and soil biological communities (10 ngg™")*. In the 10-20 cm soil layer, 40-60% of soil samples
in DWs and 0-80% of soils in ReWs and RiWs were below the TEL levels¥, indicating that they had no
or a lower adverse effect on sediment-dwelling organisms in subsurface soils. In the 20-30 cm soil layer,
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Figure 5. OCPs concentration in different soil layers from three wetlands as compared to the TEL and
PEL. (Threshold effect levels and probable effect levels were suggested by Long et al.*”). Grey bars denote
TEL-PEL, and %-% represents the percentage in excess of TEL and PEL.

the concentrations of p,p-DDE, ¥DDTs and the sum of o,p™-and p,p-DDT in the ReWs and RiWs were
below the TELs in all soil samples. However, in the DWs, approximately 20-40% of soils in the 20-30cm
soil layers exceeded the TEL levels for DDTs".

Approximately 60-100% of the soil samples in the three wetlands were above the TELs for y-HCH,
particularly in the upper soils of the ReWs and RiWs. These soils exhibited higher risks because they-HCH
levels in all of their soil samples were grouped into TELs-PELs. However, all of they-HCH values were
below the limit (80ng g') of risk for 10% of species®. According to the Dutch target values®, the resi-
dues of HCHs in approximately 13-20% of soil samples in DWs and RiWs exceeded the target value for
unpolluted soil (10ng g~!)*°, whereas all the ReW soils exhibited lower levels than the target value. For
DDTs, more than 50% of soil samples in three wetlands exceeded the target value for unpolluted soil
(2.5ng g1)*®. Generally, in the three wetlands, the top 30cm soils showed higher ecotoxicological risks
of HCHs compared to DDTs. Ditch wetlands showed higher ecotoxicological risks of OCPs than riverine
and reclaimed wetlands. However, the residues of HCHs and DDTs in almost all soil samples (except for
surface soils in D30) in the three wetlands were below the guideline (GB 15618-1995) of the first criteria
(50ng g!) recommended by the Chinese government to protect the natural environment and ecology
by maintaining natural background levels®’.

Conclusions

This study investigated the occurrence, potential sources and ecological risks of organochlorine pes-
ticides (OCPs) in soil profiles from ditch wetlands, riverine wetlands and reclaimed wetlands along a
100-yr chronosequence of reclamation in the Pearl River Estuary in China. Overall, YHCHs, ¥DDTs,
HCB, and YDRINs were the dominant OCP isomers in the three wetlands, and total OCP concentrations
decreased along the soil profiles in each of the three wetlands. Higher OCP levels were observed in ditch
wetlands compared to riverine and reclaimed wetlands, indicating ditch wetlands might be an important
site for OCPs. Compared to the D100 and D40 wetlands, a short-term wetland reclamation history (i.e.,
D30 and D20) contributed to OCP accumulation in ditch wetlands, whereas the lowest OCP levels were
observed in D10 soils. The older reclaimed wetland soils had higher OCP levels than the more recently
reclaimed ones. Comparatively, higher OCPs were observed in the younger riverine wetland soils. The
more recent usage of lindane was the dominant source of v-HCH, and DDT input was historical, with
the current application of dicofol as an important potential source. Aldrin and endrin might still be used
in this region based on the higher percentage of aldrin in these soils and endrin in the surface soils of
the D20 wetlands. Compared to DDTs, HCHs had higher ecotoxicological risks in this region and should
cause more concern. Surface soils in the three wetlands exhibited higher ecological risks, with OCPs
exceeding TEL levels in more than 60% of the soils, whereas deeper soils showed no or lower ecological
risks. Compared to riverine and reclaimed wetlands, ditch wetlands had higher ecotoxicological risks for
OCPs. Finally, investigation of the effects of wetland hydrology on the levels, distribution, and ecological
risks of OCPs due to spatial and temporal changes in hydrological conditions is still needed.

Materials and Methods
Site description. The study area is located at Wanqingsha of the Pearl River Estuary of China
(22°36'39" to 22°44'36"” N and 113°23'42” to 113° 38'34” E). It has a sub-tropical marine climate. The
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annual mean temperature is 21.9°C, and the annual mean rainfall is 1647.5 mm. This region has suffered
from heavy reclamation for more than 100 years. It is estimated that approximately 5200 ha of wet-
lands have been reclaimed in this region to date and the dominant land-use types in this region include
riparian wetlands (flowing from northwest to the south sea along the western edge of the reclaimed
land), ditch wetlands (ditches run across the reclaimed land to irrigate and drain the soils through water
gates) and reclaimed wetlands (used to plant bananas, vegetables etc.)?">2. These tidal flat wetlands have
been periodically reclaimed during different periods; i.e., a century ago (100-yr reclamation history),
during the 1970s (approximately 40-yr reclamation history), 1980s (approximately 30-yr reclamation
history), 1990s (approximately 20-yr reclamation history) and 2000s (approximately 10-yr reclamation
history)?2>52,

We selected three sampling belts along a 100-yr chronosequence of reclamation based on land use
types and reclamation histories in the Pearl River Estuary. Five sampling sites each were set in riparian
wetlands (i.e., Ri100, Ri40, Ri30, Ri20, and Ril0), ditch wetlands (i.e., D100, D40, D30, D20, and D10)
and reclaimed wetlands (i.e., Re100, Re40, Re30, Re20, and Re10) along a 100-yr chronosequence of rec-
lamation, which have approximately 100—, 40—, 30—, 20— and 10-yr reclamation histories, respectively
(Supplementary information Figure S1). Soils in the ditch wetlands are classified as Eutric Gleysol, soils
in the riparian wetlands are classified as Mollic Fluvisol, and soils in the reclaimed wetlands are classified
as cropland soils®.

Soil sample collection. Three sampling sites were randomly selected in each three soil cores (4.8cm
in diameter), with depths of 30 cm randomly collected at each sampling site within a 20m radius along
a 100-yr chronosequence of reclamation. The cores were stratified into three layers at 10 cm intervals and
mixed with the same layer from each wetland type. All soil samples were placed in polyethylene bags and
brought to the laboratory. All of the soil samples were air dried for three weeks at room temperature and
sieved through a 2mm nylon sieve to remove coarse debris and stones. All of the air-dried subsamples
were ground with a pestle and mortar until all of the particles passed through a 0.149 mm sieve.

Chemical analyses. Accelerated solvent extraction method (ASE300, Dionex, America) was adopted
to extract 16 OCPs including o-HCH, (3-HCH, ~-HCH, p,p-DDD, o,p-DDT, p,p-DDT, p,p-DDE,
HCB, heptachlor, heptachlor epoxide, a-endosulfan, 3-endosulfan, dieldrin, aldrin, endrin and MXC
in soil samples (Supplementary information Table S1). A 20.00-g subsample was extracted with 30 ml
of n-hexane/acetone (1:1, v/v) at 100°C and 1500 psi in triplicate. Then, the extracts were concentrated
to approximately 1ml by rotary evaporation with a flow of N, stream for cleanup. The concentrated
extract was cleaned using a chromatography column (30 cm x 10 mm i.d.) with 2g of silver nitrate silica
(10% concentrated silver nitrate, wt/wt), 1g of activated silica gel, 3 g of basic silica gel, 1 g of activated
silica gel, 4g of acidic silica gel (22% concentrated sulfuric acid, wt/wt), 1g of activated silica gel and 2 g
of anhydrous sodium sulfate. Elution was performed with 100ml of hexane. The collected eluent was
concentrated to 1 ml by rotary evaporation and then reduced to 1 ml under a gentle purified N, stream
for analysis.

OCPs were analyzed on an Agilent 6890 gas chromatograph (Wilmington, DE, USA) equipped with
a micro-electron-capture detector (micro-ECD). The separation was carried out using an HP-5 capillary
column (30m x 0.25mm X 0.25pm), and high purity helium (99.9999%) was used as the carrier gas
in constant flow mode. A volume of 1pl was injected in automatic splitless mode. The injector port
and detector temperatures were maintained at 260 °C and 280 °C, respectively. The column temperature
was initially maintained at 60°C for 1 min, increased to 140°C at a rate of 10°C min~! and held for
1 min. The temperature was then increased again to 230°C at a rate of 1.0°C min ™!, increased to 280°C
at a rate of 10°C min~' and then held for 21 min. Concentrations of individual OCPs were obtained
based on the internal standard peak area method and a 6-point calibration curves for the individual
components.

Quality control and quality assurance. Concentrations are reported on a wet weight basis (wet
wt.), and those below the method detection limits are indicated as <MDL (MDL = 0.02ng g~ ! dry wt. for
OCPs). The method performance was assessed through rigorous daily internal quality control, including
regular analysis of certified materials. The precision of the measurements obtained through replicates
of the reference materials was better than 10% for all target compounds. All data were subject to strict
quality assurance and control procedures. For each set of 8 samples, a procedural blank and certified
reference soil (AE-00051, AccuStandard) were used to determine the accuracy. The spiked recovery rates
of OCP isomers ranged from 63% to 106%.

Statistical analysis. One-Way ANOVA analysis was conducted to identify the differences in OCP
isomers in the same soil depth between different wetland types and the differences in OCP isomers
between different soil depths in each of three wetland types.
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