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Occurrence and ecological risks
of organochlorine pesticides and
polychlorinated biphenyls in a
semi-enclosed urban watershed
Liberty Chidewe, Rongrong Zhang, Xizhi Shi
and Zeming Zhang*

State Key Laboratory for Managing Biotic and Chemical Threats to the Quality and Safety of Agro-
products, School of Marine Sciences, Ningbo University, Ningbo, China
Organochlorine pesticides (OCPs) and polychlorinated biphenyls (PCBs) are

pollutants of global concern due to their toxicity, bioaccumulation, and long-

term ecological consequences in marine ecosystems. Their presence and

associated hazards were investigated in the water–sediment system of the

Xiangshan Harbour Watershed, a zone influenced by both industrial and

agricultural activities. Samples were obtained from 19 key locations during

autumn (October 2020) and summer (July 2021). OCP concentrations ranged

from 0.03–231.52 ng/L in water and 0.28–804.27 mg/kg in sediment, while PCBs

ranged from 0.01–7.35 ng/L in water and 0.35–3.77 mg/kg in sediment. The lower

section of the XianXiang River (XX-DOWN) was the hotspot for OCPs, and the

Huangduan Harbor lower section (HDG-DOWN) was the hotspot for PCBs.

Temperature and salinity were positively correlated with pollutant

concentrations. Source identification using diagnostic ratios indicated OCPs

mainly originated from lindane and technical DDT, while PCA–MLR analysis

showed PCBs were sourced from e-waste (15.3%), thermoplastics (57.1%), and

pigments (27.6%). Risk quotient (RQ) analysis revealed ecological risks from

hexachlorobenzene, PCB 138, and DDT metabolites. Total non-carcinogenic

hazard quotient (TnHQ) values remained below 1 for all assessed age groups—

infants, children, teens, and adults—indicating low risks. Continuous surveillance

along with targeted pollution control strategies in the watershed are encouraged.
KEYWORDS
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1 Introduction

The presence and bioaccumulation of environmental pollutants in marine ecosystems

is a growing global concern (Pescatore et al., 2025). Among these, organochlorine pesticides

(OCPs) and polychlorinated biphenyls (PCBs) are especially problematic because they

resist degradation and are widely detected in marine environments long after their use has
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been banned. These pollutants have been linked to endocrine

disruption, immune system dysfunction, neonatal health

complications, and neurotoxicity (Encarnação et al., 2019; Li

et al., 2006). Despite global regulatory efforts under the

Stockholm Convention, these pollutants persist within

environmental matrices worldwide, such as the sediments of

Paranagua Bay (Rizzi et al., 2017), the Karun River (Behfar et al.,

2013), and the Shanghai river network (Qadeer et al., 2019).

China, with its rapidly urbanizing coastal zones, faces

intensified risks from such pollutants, especially in semi-enclosed

and economically strategic areas like the Xiangshan Harbor

Watershed (Zhang and Ning, 2024). This watershed supports

vital mariculture and agricultural activities but is increasingly

affected by pollutant loads from industrial and domestic sources

(Chen et al., 2018). While studies have assessed POP contamination

within the inner bay (e.g., Wang et al. (2022a)), the rivers feeding

into the bay remain understudied.

These pollutants are persistent and can travel long distances

through urban runoff, ultimately reaching riverine ecosystems. For

example, Abdulnaser and Ibrahim (2009) detected DDT in three

rivers in Southern Thailand, which was linked to historical vector

control usage. Ogola et al. (2024) found aldrin in the Kibos-

Nyamasaria River due to agricultural runoff, while Cui et al.

(2020) attributed PCB contamination in the Yangtze River to

historical residues. A previous study on the inner Xiangshan Bay

(Wang et al., 2022a) identified sources of Aroclor mixtures. Yet, the

specific sources in the rivers flowing into the bay, remain

unexplored. Furthermore, there is a significant knowledge gap

regarding the source contributions within riverine ecosystems.

Accordingly, the formulated questions are as follows: (1) What

are the spatial and seasonal patterns of pollutants within the

watershed? (2) What are their major sources? (3) What ecological

and human health risks do they pose?

To answer these questions, we employed land-use pattern

analysis, diagnostic ratios, together with Principal Component

Analysis–Multiple Linear Regression (PCA–MLR) to apportion

sources (Liu et al., 2023; Rachdawong and Christensen, 1997). We

examined 50 OCPs and 34 PCBs in a semi-enclosed watershed

known for aquaculture, agriculture, and shipbuilding, yet lacking

centralized wastewater treatment. The study focuses on the water–

sediment system to assess pollutant occurrence, identify sources,

and evaluate ecological and human health risks.
2 Methodology

2.1 Reagents

Chromatography-grade solvents such as methanol, acetone, as

well as dichloromethane were sourced through Sino-pharm

Chemical Reagent Corporation (China), while n-hexane came

from Merck Co. (Germany). A total of 50 OCPs and 34 PCBs

with a purity of at least 97% (listed in Supplementary Table S1) were

acquired from o2si (USA). Internal standards, including 13C12

decachlorobiphenyl (13C12 PCB 209) and 13C6 hexachlorobenzene
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(13C6 HCB), were provided by Supelco (USA), with a purity of ≥

97.6% and 99%, respectively. Florisil (1 g, 6 mL) along with C18 (1

g, 6 mL), were acquired from Waters (Milford, USA).
2.2 Sampling

River water and sediment samples were systematically obtained

from 19 key locations across the watershed (Supplementary Table

S2, Supplementary Figure S1) during autumn (October 2020) and

summer (July 2021). These locations exhibit potential for OCP and

PCB emissions, including aquaculture sites, Tianming Gate,

industrial areas, textile factories, pesticide storage barrels, orange

groves, sewage outlets, and scenic spots. Detailed sampling

procedures are outlined in Section S1: Sampling and

Sample Treatment.
2.3 GC–MS/MS analysis

OCP and PCB residues were quantified using a gas

chromatograph coupled with tandem mass spectrometry (GC-

MS/MS, 7890B-7000D, Agilent, USA), incorporating a DB-5 MS

UI capillary column (30 m × 0.25 mm i.d., 0.25 mm film thickness).

The column temperature program started at 80°C for 1 min,

elevated to 150°C at 20°C/min, then raised to 300°C at 5°C/min,

and held at 300°C for 5 min. An inlet temperature of 280°C was

used. Acquisition and quality control parameters followed routine

methods from our previous research (Wang et al., 2022a), with

minor adjustments.

Target analytes were determined through the internal standard

peak area method (n = 8). Matrix spike recoveries (n = 6) were also

used to assess method accuracy, as outlined in our previous research

by Wang et al. (2022a). The limits of detection, with a signal-to-

noise ratio of 3, were 0.01-0.15 ng/L for river water and 0.02-0.31

mg/kg for sediment. OCP recoveries ranged from 85.5% to 102.4%

in river water and 81.5% to 115.4% in sediment. PCB recoveries

varied from 78.5% to 103.2% in river water and 82.1% to 116.4% in

sediment. The relative standard deviations for river water and

sediment analyses were below 7.8% and 9.1%, respectively.
2.4 Source analysis methods

Diagnostic ratios (DRs) are widely applied in source

apportionment (Pokhrel et al., 2018; Zhang et al., 2021). They

provide a simple, straightforward, and effective method for

distinguishing between different pollutant sources based on their

relative concentrations (Dvorská et al., 2011). HCHs primary

sources were identified using the following ratio in Equation 1:

DR1 =
a −HCH
b −HCH

(1)

where 3< DR1< 7 indicates the presence of technical HCHs, and

DR1 ≤ 1 suggests lindane usage (Qiu et al., 2019).
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The sources of DDT were distinguished based on the following

ratio in Equation 2:

DR2 =
 o, p 0 −DDT
 p, p 0 −DDT

(2)

A 0.2< DR2< 0.3 reflects technical DDT, while DR2 values near

7.0 suggests dicofol usage (Fujii et al., 2010; Wang et al., 2022a).

To assess DDT degradation conditions, the following ratio was

used in Equation 3:

DR3 =
 DDD
 DDE

(3)

A DR3< 1 reflects aerobic conditions, while a value greater than

1 reflects anaerobic conditions (Hiller et al., 2011). Additionally,

PCA-MLR was applied for PCB source apportionment, following

methodologies outlined in previous studies (Rachdawong and

Christensen, 1997; Xu et al., 2013). PCA-MLR was chosen over

other multivariate tools due to its ability to handle large, complex

datasets with multicollinearity, and its superior accuracy in source

apportionment, making it more suitable for analyzing overlapping

pollutant sources in the water-sediment system (Fahmi et al., 2011).
2.5 Evaluation of ecological and health risk

The ecological risk of target contaminants in water was assessed

via the risk quotient (RQ) approach in Equations 4, 5:

RQ =
 MEC
PNEC

(4)

PNEC  =
NOEC (LC50 or EC50)

AF
(5)

Here, MEC  signifies the ambient level of OCPs or PCBs in the

river water sample, while PNEC  is the predicted non-effect

concentration (Liu et al., 2024b). AF denotes the assessment

factor (Gan et al., 2024). RQ values of<0.01; 0.01–0.1; 0.1–1; ≥1,

denote insignificant; low; moderate; and severe hazard, respectively

(Liu et al., 2024a; Wu et al., 2022).

Given that the watershed includes human activities such as

boating, fishing, tourism, and orange farming, the non-carcinogenic

human health risk from oral ingestion of target pollutants was

evaluated. The risk was evaluated through average daily intakes

(ADI) coupled with chronic reference dose (RfDo) pertaining to

four age groups, based on data from published literature (Li et al.,

2023b), as detailed in Supplementary Table S3. Additionally, the

watershed’s proximity to populations relying on groundwater for

drinking and irrigation further justifies the need for this health risk

assessment, as the potential for contamination of groundwater

could pose significant risks to human health.
2.6 Data analysis

Graphs were generated by Origin 2022. Kriging interpolation

maps were generated using ArcMap 10.8.
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3 Results and discussion

3.1 Occurrence and levels of OCPs and
PCBs in river water

The statistical data and detection frequencies of OCPs and

PCBs detected during autumn as well as summer can be found in

Supplementary Tables S4 and Supplementary Tables S5. Individual

OCP levels varied from 0.03 to 98.91 ng/L (average = 10.00 ± 0.09

ng/L, n = 15) in autumn and from 0.04 to 231.52 ng/L (average =

21.81 ± 2.41 ng/L, n = 19) in summer. Individual PCB levels varied

between 0.01 and 1.83 ng/L (average = 0.13 ± 0.01 ng/L, n = 1) in

autumn, and from 0.10 to 7.35 ng/L (average = 1.06 ± 0.04 ng/L, n =

4) in summer. Dicloran, hexachlorobenzene (HCB), and PCB 8

were detected at 100% frequency in both seasons, reflecting their

ubiquity in the watershed.

In autumn, the aggregate OCP concentrations were

approximately two times lower (p< 0.05) (144.76 ng/L) than in

summer (310.71 ng/L), while the aggregate PCB concentrations

were about eight times lower in autumn (1.83 ng/L) compared to

summer (14.80 ng/L). This seasonal difference is likely attributed

not only to increased riverine input and the desorption of pollutants

from suspended particles into the water column during the summer

months, but also to several biogeochemical processes. In summer,

higher temperatures and increased microbial activity may accelerate

the degradation of certain OCP and PCB compounds (Leigh et al.,

2006), yet their net concentrations may still rise due to enhanced

pollutant release from sediments and reduced adsorption under

lower dissolved oxygen conditions (Defeo et al., 2024). Conversely,

in autumn, cooler temperatures, reduced biological activity (Alver

et al., 2025), and enhanced particle settling may contribute to lower

concentrations. Wang et al. (2022b) also noted that monthly

fluctuations in pollutant concentrations entering the bay region

were driven by river runoff. Similar seasonal patterns for OCPs have

been observed in Izmir Bay (Odabasi et al., 2008) and for PCBs

within the Chahe River (Zhao et al., 2016). The OCP hotspot was

located in the XianXiang River (XX-DOWN) region during

summer (219.41 ng/L), associated with industrial parks and textile

factories, while the PCB hotspot was in the XX-UP region during

summer (2.87 ng/L), linked to a sewage outlet and a pond bank, as

indicated by land use patterns (Supplementary Table S2).

Dicloran concentrations were significantly higher in summer

(231.52 ng/L) compared to autumn (98.91 ng/L), reflecting its

widespread use as a fungicide and in dye production (Figures 1a, b).

Its percentage contributions were 74.51% in summer and 68.32% in

autumn, showing a clear seasonal variation. The dominance of

dicloran in this region is likely linked to its historical and ongoing

use in local agriculture, particularly for controlling fungal diseases in

vegetables, wheat, and melons, which are widely cultivated in the

surrounding areas (Fu et al., 2022). Additionally, dicloran may have

been used in textile and dye manufacturing processes by upstream

industries such as Ningbo Sanyou Printing and Dyeing Co., Ltd.,

which remains active and may contribute to environmental levels

through industrial discharge (Wang et al., 2022b). This dominance of

dicloran was also observed by de Oliveira et al (2009) in the Cristais
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River. For chlorobenzenes, HCB concentrations were higher in

summer (1.95 ng/L) than in autumn (1.17 ng/L), with HCB being

used as a fungicide before its global ban in 2004 (Mahalingaiah et al.,

2012). PCB 149, which was heavily used in industrial mixtures before

its ban in 1979, dominated in summer (49.66%) with a concentration

of 7.35 ng/L, although PCB 8 was detected at 100% in both seasons.

Further investigation into the contamination levels and associated

risks of dicloran, HCB, and PCB 149 is recommended.

The locational trends of OCPs and PCBs in river water

exhibited seasonal differences (Figures 1c, d). In autumn, OCP

hotspots were identified at industrial parks and residential sites such

as XX-DOWN and Dasongjiang River (DSJ-UP) (92.01 ng/L and

14.04 ng/L, respectively). During summer, hotspots shifted to

industrial parks and dumping sites like XX-DOWN and

Huangduan Harbor (HDG-DOWN) (219.41 ng/L and 12.10 ng/L,

respectively). Summer PCB hotspots were found at sewage outlets

and industrial sites, such as XX-UP (2.87 ng/L) and DSJ-DOWN

(2.43 ng/L). The pollutant gradient was found to correlate with

proximity to industrial emissions, similar to findings in

Baiyangdian Lake (Dai et al., 2011).

The comparative analysis of pollutant levels between watershed

rivers and the inner bay revealed significant differences (p< 0.05)

(Supplementary Figures S2, S3). In autumn, dicloran concentration

in the watershed rivers was about 14 times higher (98.91 ng/L) than

in the bay (6.73 ng/L), while HCB was about 35 times lower in

watershed rivers (1.17 ng/L) compared to the bay (41.43 ng/L). In

summer, dicloran concentrations were about 111 times higher in

watershed rivers (231.52 ng/L) than in the bay (2.08 ng/L), while

HCB levels were about twice as high in the bay (4.2 ng/L) compared
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to the rivers. These differences may be influenced by several factors,

including the bay’s semi-enclosed morphology, the dominance of

the semi-diurnal M2 tide, stratification patterns, and

biogeochemical cycling processes, all of which can significantly

affect pollutant mixing, distribution, and residence times (Kong

et al., 2022; Li et al., 2023a; Pimenta et al., 2023; Shaikh et al., 2024).

For instance, previous studies conducted in Xiangshan Bay have

shown that the fast and turbulent tidal currents in the central

section play a key role in shaping pollutant distribution. Higher

concentrations have been observed near river mouths and estuarine

zones, where the interplay between freshwater inflow and marine

dynamics enhances mixing and retention of contaminants (Wang

et al., 2022b; Xu et al., 2023). Although HCB and PCB

concentrations remained below China’s surface water guidelines

of 5000 ng/L and 20 ng/L, respectively, assessing riverine inputs and

the marine dynamics driving these patterns is warranted (Bao et al.,

2012; Wang et al., 2016).

Among local watercourses, Liu et al. (2015) detected OCPs in

autumn (16.7–249.2 ng/L) and summer (118.0–188.9 ng/L) in the

Sichuan Basin, with higher levels than those found in the Xiangshan

Harbor Watershed. Zhou et al. (2006) reported OCP levels in the

Qiantang River (28.30–238.7 ng/L during autumn, alongside 9.61–

269.4 ng/L over summer), which were also higher. Zhang et al.

(2011b) detected PCBs within Yangtze River Delta (1.23–16.6 ng/

L), which exceeded the levels in this study. On a global scale, Yahaya

et al. (2017) observed OCP levels in the Buffalo River (autumn:

<LOD–313 ng/L, summer:<LOD–4403 ng/L), which were higher,

and Oliveira et al. (2011) detected PCBs in Lake Ontario (0.31–

42.75 ng/L), also higher than in this study.
FIGURE 1

Concentrations of OCPs and PCBs in river water during autumn (a), n = 16) and summer (b), n = 23). Seasonal variation of OCPs (c) and PCBs (d) in
the rivers that flow into the Xiangshan Harbour Watershed.
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3.2 Occurrence and levels of OCPs and
PCBs in sediment

The statistical values for sediment pollutants in autumn are

presented in Supplementary Table S6. Individual OCP

concentrations ranged from 0.28 to 804.27 mg/kg (average =

186.53 ± 633.26 mg/kg, n = 16), while individual PCB

concentrations spanned 0.35–3.77 mg/kg (mean = 1.03 ± 0.01 mg/
kg, n = 10). Although we did not measure pollutant concentrations

in benthic organisms, elevated levels of p,p’-DDT and PCB 156,

could lead to their accumulation in the food web, affecting

ecosystem health. This has been observed in similar studies (Qin

and Yan, 2006; Voorspoels et al., 2004). Future research measuring

bioaccumulation in benthic organisms would provide a more direct

link between sediment contamination and ecological impacts.

The detection frequencies of OCPs (0.18-100%) and PCBs (42-

100%) ranked higher (p< 0.05) in sediment relative to water. To

better visualize the data spread and minimize the impact of outliers,

boxplots were constructed to show the distribution of pollutant

concentrations (Figure 2a). The OCP hotspot was identified at XX-

DOWN (914.07 mg/kg), linked to industrial park emissions. OCP

contamination resulting from industrial activities has also been

noted within the Olt River sediments (Ciucure et al., 2023). The

PCB hotspot was located at HDG-DOWN (2.23 mg/kg), associated
with dumping activities. Similar PCB contamination from dumping

has been reported in the Pilica River (Urbaniak et al., 2019).

The sediment OCP profiles revealed that p,p’-DDT dominated,

accounting for 35.93%, with p,p’-DDD as well as o,p’-DDT being

significant compounds (Supplementary Table S6). The p,p’-DDT
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levels peaked at 804.27 mg/kg. Due to their hydrophobicity and high
log KOW (6.02-6.91), DDTs tend to strongly adsorb to sediment

particles, making them less bioavailable in the water column

(Placencia and Contreras, 2018). However, under certain

environmental variations in temperature and salinity, or through

bioturbation, these pollutants can be desorbed from sediments and

re-enter the water column (Zeng and Venkatesan, 1999).

Historically, p,p’-DDT was used as an insecticide in the 1940s

and in malaria control (Persson et al., 2012). a-HCH, at 0.05%, also

played a dominant role, with concentrations up to 1.23 mg/kg. a-
HCH is a degradation product of lindane (Karadeniz and Yenisoy-

Karakaş, 2015). PCB 156 dominated the PCB profile, accounting for

30.53%, with concentrations reaching 3.77 mg/kg. PCB 156 was

historically used in coolants (Chen et al., 2020).

Spatial distribution of SOCPs, mapped by Kriging

interpolation, showed higher concentrations in industrial and

agricultural areas, such as XX-DOWN and Shizikou (SZK-UP)

(914.07 mg/kg and 48.72 mg/kg, respectively) (Figure 2b). For

SPCBs, higher concentrations were found in dumping sites and

electrical appliance factory areas, such as HDG-DOWN (2.23 mg/
kg) and Fuxi (FX-DOWN) (0.75 mg/kg) (Figure 2c). The pollutant
gradients likely correlate with human activities (Zhang et al., 2024).

A comparative analysis between watershed sediments and the

inner bay revealed marked disparities (p< 0.05) (Supplementary

Figure S4). Within watershed rivers, p,p’-DDT concentrations were

approximately 80 times higher (804.27 mg/kg) than in the bay (10.05
mg/kg), while a-HCH concentrations were slightly lower in the

watershed rivers (1.23 mg/kg) compared to the bay (1.55 mg/kg).
PCB 156 levels were approximately 12 times higher in the watershed
FIGURE 2

Boxplot of OCPs (n = 16) and PCBs (n = 10) concentrations in sediments during autumn (a). Kriging interpolation maps showing the distribution of
OCPs (b) and PCBs (c) in the sediments of the Xiangshan Harbor Watershed.
frontiersin.org

https://doi.org/10.3389/fmars.2025.1630605
https://www.frontiersin.org/journals/marine-science
https://www.frontiersin.org


Chidewe et al. 10.3389/fmars.2025.1630605
rivers (3.77 mg/kg) compared to the bay (0.31 mg/kg). Since p,p’-

DDT, a-HCH, and PCB 156 are included in the EU POPs Control

List, it is recommended that their levels be regularly monitored both

inside and outside the bay (Guo et al., 2019).

OCP levels in the Xiangshan Harbor Watershed were higher

than those in Xinghua Bay (1.84-80.46 mg/kg) (Zhang et al., 2011a)
and Lake Gucheng (9.01-35.34 mg/kg) (Kan et al., 2020), but lower

compared to the Niger River (4672-7009 mg/kg) (Unyimadu et al.,

2019). PCB concentrations within Xiangshan Harbor Watershed

were lesser than the Lagos Lagoon (273.46-6757.61 mg/kg)
(Unyimadu and Benson, 2023) and Santos Estuary (0.125-70.6

mg/kg) (de Souza et al., 2018). This study also observed reduced

PCB contamination compared to previous research in the

Xiangshan region (2011–2016) (Lin et al., 2020). The COVID-19

pandemic likely contributed to reduced pollutant emissions owing

to diminished industrial activity (Forster et al., 2020; Xu

et al., 2024).
3.3 Correlation analysis

Pearson correlation analysis (Supplementary Figure S5)

demonstrated a notable association of DDTs and HCHs (p< 0.05,

r = 1). This correlation is likely due to similar sources, such as

historical agricultural applications, as noted by Devi et al. (2013) in

northeastern India. OCPs also exhibited positive correlations with

PCBs, HCHs, and DDTs (p< 0.05, r = 0.17, 1, and 0.2). Olatunji

(2019) suggested that the co-existence of these compounds is due to

their widespread use and resistance to degradation.

In summer river water, temperature indicated a positive

correlation with pollutants (p< 0.05, r = 0.19 for OCPs and r =

0.81 for PCBs) (Supplementary Figure S6). Prokes ̌ et al. (2012)

reported that high temperatures can enhance the desorption of

pollutants, as observed within the Morava River. Additionally,

salinity exhibited a positive correlation with pollutants (p< 0.05, r

= 0.10 for OCPs and r = 0.19 for PCBs) (Supplementary Figure S7).

Wang et al. (2022a) also noted a positive correlation between

salinity and these pollutants in the East China Sea. Our field

investigations recorded dissolved oxygen levels between 4.00 and

8.80 mg/L, indicating good water quality for aquatic life in the

Xiangshan Harbor Watershed (Mainali and Chang, 2021).
3.4 Source apportionment

The use of diagnostic ratios offers benefits such as simplicity and

cost-effectiveness (Dvorská et al., 2011). Several sites showed an a −

HCH=g −HCH ratio of less than 1, including HDG-UP, HDG-

DOWN, XX-DOWN, and DSJ-DOWN, suggesting the presence of

lindane, while SZK-UP (with a ratio of 3 to 7) indicated the use of

technical HCH (Figure 3a). Similar patterns of lindane dominance

have been observed in the Yellow River (Gao et al., 2008) and the

Peshawar valley (Khan et al., 2023). At Residential area (R2-UP)

and DSJ-DOWN (industrial and breeding areas), the o, p 0 −DDT=
p, p 0 −DDT ratio spanned 0.2–0.3, indicating industrial DDT, while
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no values approached 7, indicating the absence of dicofol in the

watershed (Figure 3b).

Several sites, including SZK-DOWN, DSJ-DOWN, R2-DOWN,

and FX-DOWN, exhibited a DDD=DDE ratio surpassing 1, indicating

anaerobic conditions. In contrast, XX-DOWN and XX-UP had ratios

below 1, indicating aerobic conditions (Figure 3c). The dominance of

anaerobic conditions may be linked to eutrophication-related algal

blooms, similar to conditions observed in Taiwan sediments (Chiu

et al., 2004). Additionally, the majority of DDT=(DDE + DDD) ratios

in our investigation were ≥1, suggesting fresh DDT inputs (Figure 3c)

(Hitch and Day, 1992).

The sources of PCBs were determined through PCA-MLR factor

analysis (Supplementary Table S7). PC1 accounted for 18.2% of the

total variance, with high loadings of PCB 28 + 31. Zhao et al. (2020)

noted that these species are predominantly associated with e-waste,

while PCB 31 is also found in industrial Clophen. PC2 explained 43.4%

of the variance, with high loadings of PCB 8, which is commonly found

in thermoplastics, as reported by Megson et al. (2019). PC3 accounted

for 38.4% of the variance, with high loadings of PCB 18, which Anezaki

et al. (2015) identified as a pigment byproduct and a component of

industrial PCB mixtures containing more than 1%. Multiple linear

regression of PCA-derived factor scores against the normalized sum of

10 PCBs revealed their contributions as follows: e-waste (15.3%),

thermoplastics (57.1%), and pigments (27.6%) (Figure 3d). These

contributions were lower than those predicted by the national source

inventory from 2019 (Zhao et al., 2020). Other potential sources of

PCBs in the watershed could include sewage outlets, shipyards, and

fire-extinguishing foams, but further investigation is needed.
3.5 Evaluation of pollutants’ ecological and
health risks

The RQ calculations for the pollutants detected in autumn and

summer are provided in Supplementary Tables S8, S9, respectively.

In both seasons, most pollutants, including pentachlorobenzene, a-
HCH, b-HCH, and PCB 8, exhibited low risk levels (< 0.1) to fish,

crustaceans, and algae. However, hexachlorobenzene showed

moderate risk levels (0.1-1) in both seasons, while PCB 138

exhibited high risk levels (> 1) during summer (Figures 4a, b).

Overall, the risk levels were higher (p< 0.05) in summer compared

to autumn, likely due to increased aquaculture activities and

riverine runoff. This seasonal variation in risk is consistent with

findings in Lake Vela (Abrantes et al., 2010).

The pollutant concentrations were assessed against the

Sediment Quality Guidelines (SQG) (Supplementary Table S10).

Aldrin concentrations were below the ERL value of 1.98 and the

ERM value of 13.89, indicating low risk. However, the

concentration of endosulfan sulfate exceeded both the ERL (0.19)

and ERM (1.33), indicating potential adverse biological effects.

Levels of DDTs, DDEs, and DDDs exceeded the SQG guidelines,

indicating a high risk, while total PCBs were below the guidelines,

indicating low risk (p< 0.05) (Supplementary Table S10). The

elevated levels of DDT metabolites are likely due to intensive

agricultural activities and historical residues within the watershed.
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High DDT risk has also been documented in the Ortega River

(Ouyang et al., 2003) and Rhône River (Liber et al., 2019).

To assess potential non-carcinogenic risks from oral intake of

pollutants, the total non-carcinogenic risk hazard quotient (TnHQ)

was estimated among four age groups (Supplementary Figure S8).

RfDo data from published sources were used for the analysis,

including 6.3E-0 mg/kg/day for a-HCH (Bradley et al., 2016) and
Frontiers in Marine Science 07
6.56E-1 mg/kg/day for PCB 149 (Ermler and Kortenkamp, 2022;

Eze et al., 2023). PCB 149 had higher TnHQ values (ranging from

2.20E-11 to 2.50E-11) compared to a-HCH (ranging from 3.51E-16

to 1.04E-15) across all age groups, including infants, children,

teenagers, and adults (Supplementary Figure S8). Overall, the

TnHQ values were well below the USEPA criterion of 1,

indicating low non-carcinogenic risk (Sultana et al., 2014). This is
FIGURE 4

Risk quotient (RQ) values for OCPs and PCBs in the river water of the Xiangshan Harbor Watershed during autumn (a) and summer (b).
FIGURE 3

Diagnostic ratio scatter plots showing HCHs (a) and DDTs (b, c). PCA-MLR derived contributing factors for PCBs in the rivers flowing into the
Xiangshan Harbor Watershed (d).
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in line with results from the Chenab River (Siddique et al., 2023)

and Taihu Lake (Wang et al., 2018), where TnHQs of detected

pollutants were also below 1. While the non-carcinogenic risks are

within acceptable limits, further comprehensive analysis of the

synergistic effects of these pollutants is recommended.
4 Conclusion

The research assessed the presence, sources, along with hazards of

pollutants in the Xiangshan Harbour Watershed, influenced by

industrial and agricultural activities. OCP concentrations were

higher in summer, with dicloran being the dominant congener.

PCB concentrations were also higher in summer, with PCB 149

being the dominant congener. Elevated levels of dicloran were found

in watershed rivers, while HCB was lower. In sediments, p,p’-DDT

and PCB 156 were more concentrated in the watershed rivers, while

a-HCH was lower. The XX-DOWN area was identified as the OCP

hotspot in the water phase, and XX-UP as the PCB hotspot, with XX-

DOWN and HDG-DOWN as hotspots in sediments.

The primary sources of OCPs were lindane and technical DDT,

while e-waste, thermoplastics, and pigments were the main PCB

sources. Risk quotient analysis indicated moderate and high risks

for HCB and PCB 138, respectively. SQG guidelines showed high

risks for DDTs, DDEs, and DDDs in sediments. However, the non-

carcinogenic risk to humans was low. Recommendations include

stricter pesticide regulations, promoting e-waste recycling, long-

term monitoring, raising public awareness, and future research on

bioaccumulation and pollutant interactions.
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