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Abstract: In this study, a typical site that had been contaminated by the chemical industry in the past was selected for 
investigation. To reveal the pollution status, 18 organochlorine pesticides (OCPs) and seven polychlorinated biphenyls 
(PCBs) in the surface soil and sediment samples were analysed by gas chromatography-mass spectrometry (GC-MS). 
The levels of the persistent organochlorine residues in the sediment ranged from 44.59–143.29 ng/g, whereas they 
were 13.94–97.91 ng/g in the soil. A principal component analysis identified that PCBs and dichlorodiphenyltrichloro-
ethanes (DDTs) were the primary sources of the organochlorine residues in the study area. The p,p'-DDT/(p,p'-DDE + 
p,p'-DDD) values were all below 1, which indicated that the historical inputs of the technical DDT and dicofol were 
the major sources of DDTs rather than recent inputs. The composition diversity of the hexachlorocyclohexane (HCH) 
isomers showed that the main sources in the soil were the past use of pesticides, whereas the sediment sources might 
be due to the historical use of technical HCHs and recent lindane inputs. The ecological risk assessment showed that 
γ-HCH could pose the highest risks for benthic organisms, followed by DDTs and heptachlor epoxide. These com-
pounds are known to bio-accumulate in fatty tissues. Therefore, routine monitoring of the persistent organochlorine 
residues in the area is needed and the health risks to local residents should be assessed.
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Polychlorinated biphenyls (PCBs) and organo-
chlorine pesticides (OCPs) are two classes of per-
sistent organic pollutants (POPs). Experimental 
and epidemiological studies have suggested that 
most OCPs and PCBs are highly toxic, and studies 
have suggested that they may cause cancer (Polanco 
Rodriguez et al. 2017; Paydar et al. 2019), endocrine 
disruption (Rossi et al. 2018), neurological damage 
(Medehouenou et al. 2019) and reproductive system 
disturbances (Martenies & Perry 2013), even at low 
concentrations. Since 1970, most of them have been 
banned under the Stockholm Convention and are no 
longer used. However, PCBs and OCPs have been 

detected in soils, air particles, water, food and bio-
logical tissues (Degrendele et al. 2016; Aerts et al. 
2019; Makris et al. 2019; Tran et al. 2019). 

Soils and sediments play an important role in the 
global storage and distribution of POPs. The logKow 
values of PCBs and OCPs ranged between 3 and 10 
(Wang et al. 2017a). This means that they easily 
combine with organic matter and enter the soil and 
sediment through river inputs, surface erosion, and 
atmospheric deposition (Zhan et al. 2017). However, 
the accumulation of PCBs and OCPs in soils and 
sediment means that they could be re-emitted into 
water, the atmosphere, and crops, and could enter 
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the human body through the food chain. Therefore, 
studying PCBs and OCPs in sediments and soils is 
important when attempting to protect the environ-
ment. It is particularly important to reveal their 
source and transformation processes (Zhan et al. 
2017; Nguyen et al. 2019).

The study area was located in the village of Qiugang, 
north of the city Bengbu near the Huaihe River in 
China. The village Qiugang was famous for a short 
environmental documentary entitled “The Warriors of 
Qiugang” which was nominated for the 83rd Academy 
Awards for the best Documentary Short film in 2011. 
Three chemical plants were built in this village dur-
ing the 1970s. The pesticides and chemical products 
produced by these factories were: organophosphorus 
pesticides, organochlorine pesticides, dichlorvos, 
trimethyl esters, 3,4-dichloroaniline, p-chlorophenyl 
isocyanate, p-phenylenediamine, and other substances. 
Baojia is a ditch in the village of Qiugang. It was a 
drainage canal that discharged wastewater from the 
pesticide factories and chemical plants into the Huaihe 
River, and was also an irrigation canal for the nearby 
agricultural production. Serious environmental pol-
lution led the local government to begin improving 
the water quality of the Baojia ditch in 2012. The 
measures taken by the local government included 
closing the factories and removing the upper silt, 
which are environmental protection measures that 
are currently being implemented across wide areas 
of China. However, there is no evaluation of their ef-
fectiveness. Therefore, five years later, we tested the 
upper silt from the Baojia ditch and the soil from the 
nearby villages in order to evaluate the local environ-
ment and provide data support for the environmental 
protection treatments in similar areas.

MATERIAL AND METHODS

Study area and sample collection. A total of 17 soil 
samples (0–20 cm layer) and 13 surface sediment 
samples (0–20 cm layer) were taken using a stainless-
steel shovel or grab in winter in 2017 to evaluate the 
occurrence of PCBs and OCPs in the Baojia ditch 
irrigation area. The land-use types included farm-
land, vegetable fields, forests, uncultivated lands, 
and other agricultural uses. The sampling sites are 
shown in Figure 1. At each site, three samples, that 
were 2 m apart from each other, were combined to 
give a composite sample. The large stones and ex-
traneous material were removed and about 1.0 kg 
of each soil sample was used for the analyses. The 
samples were air-dried and then milled through a 
0.15 mm sieve. They were kept at –4 °C before the 
extraction process. 

Sample extraction and clean-up. A focused ul-
trasound extraction method (FUSE) was used to 
extract 18 OCPs (α-HCH, β-HCH, γ-HCH, δ-HCH, 
g-chlordane, cis-chlordane, heptachlor, heptachlor 
epoxide B, heptachlor epoxide A, endosulfan I, 
endosulfan II, aldrin, dieldrin, endosulfan sulfate, 
p,p'-DDE, p,p'-DDD, o,p'-DDT, and p,p'-DDT) and 
seven PCBs (PCB 28, 52, 101, 118, 138, 153, and 
180) in the soil and sediment samples. In this study, 
2,4,5,6-tetrachloro-m-xylene (TCMX) and PCB 209 
were invoked as the surrogate standard and spiked 
before the extraction, which reached a concentra-
tion of 20 ng/g. A total of 2 g of the samples was 
sonicated in a 12 ml mixture of acetone: n-hexane 
(6.2 : 3.8, v/v) for 40 min using an ultrasonic device 
(Scientz-IIDM, Ningbo, China). The ultrasonic extrac-
tion was repeated three times. After each ultrasonic 

Figure 1. Location of the sampling points
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treatment, all of the extraction solvent was collected 
and evaporated to 1 ml under a mild nitrogen flow, 
and then the sample was subjected to soil phase 
extraction (SPE) clean-up.

Organochlorine pesticides and polychlorinated 
biphenyls analyses. The OCP and PCB analyses were 
undertaken using an Agilent 7890A GC-5975C MS. 
The analytes were separated by a HP-5 MS capillary 
column (30 m × 0.25 mm I.D., 5% phenyl-methylpo-
lysiloxane, 0.25 μm). The column oven temperature 
was initially 50 °C for 1 min, ramped up at 30 °C/min 
to 150 °C for 1 min, 10 °C/min to 180 °C for 3 min, 
3 °C/min to 210 °C for 1 min, 5 °C/min to 250 °C, 
and finally 15 °C/min to 290 °C for 3 min (the total 
acquisition programme time: 36 min). Then 1 μl of 
the extracted or standard solutions was injected into 
the analyser in the splitless mode.

Quality control procedure and data analysis. 
The sample concentrations were quantified by an 
external standard multipoint calibration. The cor-
relation coefficients (r2) of all the calibration curves 
were greater than 0.998. Laboratory blanks and forti-
fied blanks were run once every 10 samples. All the 
samples were analysed in triplicate and the relative 
standard deviations (RSDs) were < 15%. The sur-
rogate recoveries in all the samples were 76 ± 14% 
and 87 ± 15% for TCMX and PCB 209, respectively. 
The logarithm of the odds (LODs) estimated on the 
basis of a signal-to-noise ratio (S/N) of 3, were in 
the range 0.05–0.25 ng/g. The extraction recoveries 
were determined using the spiked samples (20 ng/g) 
and ranged from 88.1% to 102.1%. Their RSDs were 
less than 6% (n = 6). 

The statistical analyses were undertaken using 
SPSS (Ver. 22.0, 2013). Samples below the detec-
tion limit were replaced by zero in the statistical 
analysis (Devi et al. 2015). Student’s t-test was used 
to test for the significant differences by the least 
significant difference at a P < 5% significance level. 
A hierarchical cluster analysis (HCA) and a prin-
cipal component analysis (PCA) were also carried 
out using SPSS 22.0, and the results are graphically 
displayed as loading plots.

RESULTS AND DISCUSSION

The OCP and PCB analytical results are summa-
rised in Table 1. The results showed every sample 
contained organochlorine pollutants. The surface 
sediments contained higher concentrations of the 
total contaminants than the soils (t-test, P < 0.05). 

The highest concentration was at site Se 11, which 
was located beside the village of Qigang, and was 
close to the factory sewage outlet and the local sewage 
treatment facility. The highest concentration in the 
soil was at site So16, which was close to the closed 
chemical plant and showed higher concentrations 
of DDTs and PCBs.

Hierarchical cluster analysis. A hierarchical 
cluster analysis was conducted to classify the sam-
pling sites into groups according to the persistent 
organochlorines in the samples and their concen-
tration changes. The sites in the study area divided 
into four groups according to their contamination 
degree (Figure 2). Most of the soil and upstream 
sediment sampling sites were classified as being in 
category A, which represents an environment that is 
less affected by the pollution. Se 1, the most upstream 
sediment sampling site, fell into category B, which 
means it may have a pollution-free background value. 
Se 13 and Se 11, located in the downstream part of 
the river and near the villages and sewage treatment 
plants, were in category C, which means they may be 
exposed to more serious pollution. The D category 
contains sediment samples from the middle and 
lower reaches of the Baojia ditch. This suggests that 
these sites were moderately contaminated. The soil 
sample sites So 15, So 16 were in category D. They 
were close to the river and the original pesticide 
plant, respectively, and the results indicated that 
they had similar sediment pollution sources.

Composition and the levels of OCPs. The OCP 
pollution levels in the soil were less than in the 
sediment, with mean concentrations ranging from 
12.20 ng/g (site So 11) to 66.47 ng/g (site So 16) and 
18.09 ng/g (site Se 2) to 97.04 ng/g (site Se 11) for 
the soil and sediment samples, respectively. In both 
the soil and sediment samples, DDTs and HCHs were 
the major pollution components, and they accounted 
for 84.86% and 68.84% of the total OCPs in the soil 
and sediment, respectively. The other OCPs in the 
sediments with a detection rate from high to low, 
were aldrin, heptachlor, cis-chlordane, heptachlor 
epoxide B, endosulfan II, g-chlordane, heptachlor 
epoxide A, dieldrin, endosulfan I, and endosulfan 
sulfate. The detection rates of the other OCPs, except 
endosulfan II, were lower than 50% in the soil, which 
indicated that their historical usage was not large.

A comparison between this study and other areas is 
given in Table 2. The OCP residues (18.09–97.04 ng/g) 
in the sediments results for this study were greater 
than in those collected from the Huaihe River (4.16 to 
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14.4 ng/g) (Da et al. 2017), and Lake Chaohu (0.03 to 
86.27 ng/g) (Li et al. 2015). This can be attributed 
to the former chemical plants that discharged waste 
water into the Baojia ditch. Conversely, the OCP 
concentrations in the sediments taken in this study 
were lower than those collected from the Jiaomen 
River, which flows through a well-developed urban 
region (27.55–660.13 ng/g) (Wang et al. 2017b). This 
may have been due to the relatively earlier closure 
of the chemical factories, and to the efforts that the 
government has made to clean up the Baojia ditch.

In China, HCHs in soils and sediments can be 
derived from technical HCH and lindane. Technical 

HCH contains α-HCH (60–70%), β-HCH (5–12%), 
γ-HCH (10–15%), and δ-HCH (6–10%), whereas 
lindane mainly contains γ-HCH (> 99%) (Bajwa et al. 
2016). The ratio of α-HCH/γ-HCH ranged from 4 to 7 
indicates the use of technical HCHs, and nearly zero 
indicates the use of lindane (Wang et al. 2017b). The 
α-HCH and γ-HCH can be transformed into β-HCH. 
Therefore, the β-HCH/(α-HCH + γ-HCH) ratio was 
used to determine whether the HCH levels were due 
the historical pollution (Wang et al. 2016a). In our 
samples, γ-HCH had the highest concentration out 
of the four HCH isomers in the soil and sediment 
samples and accounted for 43.01% and 41.02% of the 

Table 1. The concentration of organochlorine pesticides (OCPs) and polychlorinated biphenyls (PCBs) in the samples 
around the Baojia ditch 

Compounds
Sediment samples (n = 13) Soil samples (n = 17)

range mean SD detection 
frequency (%)

range mean SD detection 
frequency (%)(ng/g) (ng/g)

α-HCH 0.89–4.76 2.76 1.26 100.00 0.00–4.37 2.02 1.53 88.24
β-HCH 0.99–3.67 2.19 0.93 100.00 1.34–4.86 3.04 1.09 100.00
γ-HCH 2.80–6.93 4.74 1.20 100.00 2.42–8.54 3.95 1.51 100.00
δ-HCH 0.00–5.32 1.33 1.84 53.85 0.00–2.64 0.75 1.05 41.18
p,p'-DDE 2.08–16.79 9.76 4.62 100.00 1.86–11.96 5.00 2.82 100.00
p,p'-DDD 1.32–10.77 5.46 2.84 100.00 1.62–6.31 3.07 1.19 100.00
o,p'-DDT 1.38–8.84 5.59 2.19 100.00 0.00–6.09 2.47 1.37 94.12
p,p'-DDT 0.70–13.72 8.93 4.20 100.00 1.24–11.78 3.99 2.63 100.00
Heptachlor epoxide B 0.00–5.21 1.90 1.50 84.62 0.00–1.60 0.23 0.52 17.65
Heptachlor epoxide A 0.00–5.41 3.12 2.03 76.92 0.00–2.34 0.41 0.92 17.65
Heptachlor 0.00–5.76 3.10 1.71 92.31 0.00–3.61 1.04 1.39 41.18
Aldrin 0.53–4.70 2.31 1.32 100.00 0.00–2.17 0.42 0.73 29.41
Dieldrin 0.00–5.62 1.49 1.90 61.54 0.00–2.34 0.14 0.57 5.88
g-Chlordane 0.00–4.09 1.64 1.23 84.62 0.00–1.24 0.27 0.44 29.41
cis-Chlordane 0.00–4.64 2.32 1.40 84.62 0.00–2.44 0.57 0.94 35.29
Endosulfan I 0.00–3.25 0.76 1.24 30.77 0.00–1.83 0.11 0.44 5.88
Endosulfan II 0.00–3.31 1.70 1.09 84.62 0.00–3.45 1.09 1.26 52.94
Endosulfan sulfate 0.00–0.89 0.12 0.30 15.38 0.00–0.39 0.02 0.09 5.88
∑ OCPs 18.09–97.04 59.22 22.78 12.20–66.47 28.60 14.56
PCB 28 1.75–6.52 3.54 1.43 100.00 0.55–4.47 1.62 1.15 100.00
PCB 52 1.04–5.73 3.02 1.46 100.00 0.00–3.43 0.95 1.14 58.82
PCB 101 1.57–7.21 3.59 1.82 100.00 0.00–4.17 0.92 1.33 47.06
PCB 118 2.16–7.52 4.34 1.74 100.00 0.00–5.09 1.13 1.65 47.06
PCB 138 1.78–9.04 4.18 2.15 100.00 0.00–4.80 1.26 1.49 70.59
PCB 153 2.17–7.21 4.06 1.56 100.00 0.00–4.35 1.20 1.40 52.94
PCB 180 1.93–9.85 4.49 2.33 100.00 0.00–5.13 1.68 1.41 94.12
∑ PCBs 13.53–46.25 27.22 11.93 0.55–31.44 8.76 9.44
∑ OCPs + ∑ PCBs 44.59–143.29 86.43 29.23 13.94–97.91 37.35 23.38
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total HCHs, respectively (Figure 3A). The α-HCH/γ-
HCH ratios were all below 1 (Figure 4A), and the 
β-HCH/(α-HCH + γ-HCH) ratio was greater than 
0.5 in 64.17% of the soil samples, which suggests 
that the historical usage of lindane was the major 
source of the HCHs in the soil samples. Only 15.38% 
of the sediment samples had ratios over 0.5, which 
indicated that the contamination was due to recent 
lindane inputs.

The percentage compositions of the DDTs are 
given in Figure 3B. Among the DDTs, p,p'-DDE and 

p,p'-DDT were the major contaminants, with con-
centrations reaching 9.76 ng/g and 8.93 ng/g in the 
sediment, and 5.00 ng/g and 3.99 ng/g in the soil, 
respectively. p,p'-DDT can degrade to p,p'-DDE in 
aerobic environments or p,p '-DDD in anaerobic 
environments (Muzyed et al. 2017). Figure 3B shows 
that p,p'-DDE > p,p'-DDD in all the samples, which 
indicated that the dechlorinated DDTs in the study 
area were mostly exposed to oxic conditions with 
a small proportion of them exposed to anaerobic 
conditions. The o,p'-DDT/p,p'-DDT ratio was used 

Table 2. The hexachlorocyclohexane (HCH) and dichlorodiphenyltrichloroethane (DDT) concentrations in the soils and 
sediments from the other areas (ng/g)

Region Σ HCHs Σ DDTs Type Reference
Jinsha 0.006–0.096 0.034–0.904 soil Zhan et al. (2017)
Changbai Mountain 3.1–25.6 0.95–19.4 soil Wang et al. (2017c)
Yellow River Estuary 0.51–208.48 nd–109.16 soil Perez-Palacios et al. (2012)
North-eastern part of Sao Paulo State 0.05–0.92 0.12–11.01 soil Rissato et al. (2006)
Mexicali Valley 0.034–8.0 1.3–152 soil Sanchez-Osorio et al. (2017)
Yaqui Valley 0.035–3.1 0.13–268 soil Sanchez-Osorio et al. (2017)
Present study 4.80–20.31 6.74–31.84 soil
Pearl River Delta 4.64–21.31 2.54–21.86 sediment Wang et al. (2017b)
Yellow River Estuary 0.56–232.60 nd–52.03 sediment Perez-Palacios et al. (2012)
Mexicali Valley 0.022–3.4 1.5–30 sediment Sanchez-Osorio et al. (2017)
Yaqui Valley 0.032–5.6 0.21–55 sediment Sanchez-Osorio et al. (2017)
Yellow River Estuary 0.56–232.60 nd–52.03 sediment Perez-Palacios et al. (2012)
Huaihe River 2.54–13.91 0.016–2.54 sediment Da et al. (2017)
Chaohu Lake 0.04–7.12 0.23–85.83 sediment Li et al. (2015)
Present study 6.65–16.48 5.48–47.77 sediment

nd – not detected

Figure 2. The dendrogram of the 
hierarchical cluster analysis of 
the samples
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to determine whether the DDTs originated from a 
technical DDT or a dicofol (Degrendele et al. 2016). 
The technical DDTs generally contained p,p'-DDT 
(75%), o,p'-DDT (15%), p,p'-DDE (5%), and other 
trace impurities (< 5%). The results showed that the 
dicofol-type DDT had a higher o,p'-DDT/p,p'-DDT 
ratio (1.3–9.3) than the technical DDT (0.2–0.3) (Li 
et al. 2008). The o,p'-DDT/p,p'-DDT ratios shown 
in Figure 4B ranged from 0 to 1.97, with a mean of 
0.74. All the sediment samples and 88.2% of the soil 
samples had a value of > 0.3, which suggested that the 
detectable DDTs were derived from both a technical 
DDT and a dicofol. A p,p'-DDT/(p,p'-DDE + p,p'-DDD 
) ratio that is higher or lower than 1 shows recent 

inputs of DDT or the long-term biodegradation of 
DDT, respectively (Zhang et al. 2015). In the studied 
region, the p,p'-DDT/(p,p'-DDE + p,p'-DDD) ratios 
were all < 1, which indicated that the historical us-
age of technical DDTs and dicofol were the main 
pollution sources.

Composition and levels of PCBs. Table 1 shows that 
the total PCB levels in the sediment (13.53–46.25 ng/g) 
exceeded those in the soil (0.55–31.44 ng/g). This 
might be because the PCBs have high logKow val-
ues and accumulate in matrices with high organic 
matter contents, such as sediments. The PCBs con-
centrations in the sediment were higher than those 
measured in the sediments from the Huangpu River, 
China (3.04–7.56 ng/g) (Wang et al. 2016b) and were 
similar to those recorded for Lake Baiyangdian, China 
(5.96–29.61 ng/g) (Zhang et al. 2011). 

Figure 5 shows that PCB 180 was the major conge-
ner in both the sediment (4.49 ng/g, 16.50%) and the 
soil (1.68 ng/g, 19.18%) samples. The profiles of the 
PCBs in all the samples were dominated by hepta-, 
hexa- and penta-CB, which accounted for > 70% of 
the total PCB concentrations. These results suggest 
that Aroclor 1260 and 1262 had been used or pro-
duced in the past. The high chlorine components in 
the study area PCBs were considerably higher than 
in the domestic PCB products, which may be due 
to the input of foreign PCBs and the enrichment of 
high chlorine components. It may also be related 
to the linear distance between the research site and 
the local refuse incineration plant, which is less than 
7 km. Studies have shown that PCB homologues are 
mainly substituted by high chlorine monomers in fly 
ash from refuse incineration (Zhao 2015). PCB 28 was 

Figure 3. The percentages of the composition of hexachlo-
rocyclohexanes (HCHs) (A) and dichlorodiphenyltrichlo-
roethanes (DDTs) (B) in the soil and sediment samples
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the second major congener in the soils and accounted 
for 1.62 ng/g (18.50%) of the total PCB concentration. 
Generally, the PCB mobility increases as the number 
of chlorine atoms decreases. Lighter PCBs may get 
transported over longer distances in the atmosphere 
(Wang et al. 2016b). Therefore, the origin of the PCBs 

in surface soil may be attributed to the historical ap-
plication of commercial PCBs and the combustion 
sources from the atmospheric deposition.

Principal component analysis. The PCA was used 
to identify the possible sources of the OCPs and PCBs 
in the soil and sediment. In this study, the detection 
rates for heptachlor epoxide B, heptachlor epoxide 
A, aldrin, dieldrin, g-chlordane, endosulfan I, and 
endosulfan sulfate in the soil samples and endosulfan 
sulfate in the sediment samples were low (all < 30%), 
and less residual (all the mean concentrations were 
< 0.5 ng/g). Therefore, these OCPs were not included 
in the PCA.

Figures 6A, B show the PCA loading plots for the 
soil and sediment, respectively. The soil analysis 
showed that three factors explained 88.91% of the 
data variance in the chlorinated compounds. The 
first principal component (PC 1) explained 64.31% of 
the total variance, and was highly loaded by PCB 101 
(0.969), PCB 138 (0.969), PCB 52 (0.968), PCB 118 
(0.963), PCB 180 (0.954), PCB 28 (0.930), and PCB 
153 (0.925). The results implied that the PCBs were 
the major pollutants in the soil and that they had 
originated from similar sources. Cis-chlordane 
(0.927) and heptachlor (0.922) also had high load-
ings on PC 1. This might be explained by the fact 
that these compounds and PCBs have high logKow 
values, which means that they may both have come 
from the deposition of the particulate matter in the 

Figure 6. The principal component analysis (PCA) for the organochlorine pesticides (OCPs) and polychlorinated biphe-
nyls (PCBs) in the soil (A) and the sediment (B)

Figure 5. The homologue composition of polychlorinated 
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atmosphere. The second factor (PC 2) was clustered 
with p,p'-DDT, p,p'-DDD, and p,p'-DDE. The mean 
technical DDTs was another major component. PC 
3 consisted of β-HCH. Unlike other HCH isomers, 
β-HCH is highly persistent, whereas α-HCH and 
γ-HCH are slowly transformed into β-HCH.

The distribution pattern of the sediment was similar 
to the soil, which verifies the results shown in Fig-
ure 6B. Principle component 1 (33.34%) was mainly 
associated with PCBs, whereas DDTs and their iso-
mers were associated with PC 2 (23.86%). Finally, 
PC 3 explained 23.15% of the data variance. It was 
highly loaded by heptachlor epoxide A, heptachlor 
epoxide B, dieldrin, g-chlordane, cis-chlordane, and 
endosulfan I. The cluster can be defined as containing 
OCPs with lower logKow values (logKow = 3.5–6.26) 
and these pollutant compounds were probably derived 
from the same sources.

The results from Figures 6A, B show that the PCB 
and DDT data followed the aggregation trends in 
the soil and sediment samples. Combined with the 
previous analysis, the PCBs and DDTs were the ma-
jor components of pollution in the study region. In 
addition, the sources of the OCPs in the sediments 
were more complex and may have been contaminated 
by various industrial wastewaters.

Ecological risk assessment. There are no relevant 
standards for freshwater sediments in China. There-
fore, the ecological risk was assessed by comparing 
the concentrations to the Interim Sediment Quality 
Guideline (ISQG) and the Probable Effects Level 
(PEL), which are found in the Canadian Sediment 
Quality Guidelines for the Protection of Aquatic Life. 
When the concentration is below the ISQG, the com-
pounds are rarely associated with adverse biological 
effects. When the concentration is above the PEL, then 
they are frequently associated with adverse biologi-

cal effects (Smith et al. 1996). Table 3 shows that the 
γ-HCH, p,p'-DDE, and total DDT concentrations in 
all the sediment samples exceeded the ISQG, which 
suggested that they were occasionally associated with 
adverse biological effects. Furthermore, the γ-HCH 
concentrations were all above the PEL, which suggests 
that γ-HCH exposure may represent a high ecologi-
cal risk to the neighbouring benthic organisms. The 
dieldrin, chlordane, and total PCB levels were not 
above the PEL values. However, 15.38% of the sites 
in the study area were higher than the ISQG value, 
which indicated that the aquatic organisms living 
in the area may be negatively affected by dieldrin, 
chlordane, and the total PCBs.

CONCLUSIONS

In this study, 18 OCPs and seven PCBs congeners 
in the surface sediments and soils around the Baojia 
ditch (a previously seriously polluted river) drain-
age area were investigated. The PCBs and OCPs 
were ubiquitously distributed in the samples. The 
sample of contamination order from high to low 
was downstream sediment samples > midstream 
sediment samples > upstream sediment samples 
and the soil samples > the most upstream points of 
the Baojia ditch. The OCP and PCB residue levels 
in the study area were moderate compared to other 
studies. However, the PCBs and DDTs were the main 
pollutants in the study area. The proportions of the 
different pollutants in the soils and sediments were 
similar, which suggested that the pollutants may have 
originated from the same source. The risk assess-
ment indicated that γ-HCH could pose the highest 
risks for benthic organisms, followed by DDTs and 
heptachlor epoxide. However, the ecological risks 
from PCBs are potentially low.

Table 3. The comparison between the persistent organochlorine residues in the sediment samples and the guideline values

Chemical Range (ng/g) ISQG PEL ≤ ISQG (%) ISQG–PEL (%) ≥ PEL (%)
γ-HCH 2.8–6.93 0.94 1.38 0 0.00 100
p,p'-DDE 2.08–16.79 1.42 6.75 0 30.77 69.23
p,p'-DDD 1.32–10.77 3.54 8.51 30.77 53.85 15.38
DDT1 2.08–20.95 1.19 4.77 0 7.69 92.31
heptachlor epoxide 0–10.26 0.6 2.74 15.38 7.69 76.92
dieldrin 0–5.62 2.85 6.67 84.62 15.38 0
chlordane 0–8.73 4.5 8.87 69.23 30.77 0
Total PCBs 13.53–46.25 34.1 277 69.23 30.77 0

ISQG – Interim Sediment Quality Guideline; PEL – Probable Effects Level; 1the sum of the o,p' and p,p' isomers
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In summary, although the government has cleaned 
up the polluted Baojia ditch and shut down the pol-
luting enterprises, the accumulation of previous pol-
lutants continues to affect the current environment, 
and may cause lasting damage to the environment 
and human health via the food chain. Therefore, 
routine monitoring of persistent organochlorine 
residues in the area is needed and the health risks 
to local residents should be assessed.
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