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Abstract: Given water pollution increases in aquatic ecosystems resulting from industrialization and
rapid urbanization, appropriate treatment strategies to alleviate water pollution are crucial. The
spatiotemporal distribution, sources, and potential risk of heavy metals and organic compounds were
determined in surface water from the Han River watershed (n = 100) in wet and dry seasons. The
inductively coupled plasma mass spectrometer (Cr and As), mercury analyzer (Hg), and ultra-high
performance liquid chromatography tandem mass spectrometer (organic compounds) were used to
analyze the target compounds. Total concentration and detection frequency were in the order: Cr
(2.375 µg/L, 100%) > As (1.339 µg/L, 100%) > Hg (0.007 µg/L, 100%) for heavy metals, and carbofuran
(0.051 µg/L, 75%) > bisphenol A (0.040 µg/L, 47%) > quinoline (0.020 µg/L, 32%) for organic
compounds. The target compounds showed the highest concentration in the area near industrial
facilities. High concentrations and risk levels of all target compounds, except quinoline, were
observed during the wet season. Principal component analysis indicated anthropogenic activities
were the primary source of pollution. Cr showed the most prominent environmental impact in the
wet season, suggesting its ecological risk. Additional monitoring is required for clear risk pollutant
assessments in aquatic ecosystems to aid policy implementation.

Keywords: pollution; risk assessment; heavy metals; endocrine disrupting chemical; compounds;
anthropogenic; agrochemical

1. Introduction

There has been a rise in the environmental levels of anthropogenic pollutants as a
result of industrialization and rapid urbanization; this has resulted in increased awareness
of aquatic ecosystem crisis caused by water pollutants [1–4].

Pollution of environmental matrices such as water, soil, and groundwater are primarily
caused by heavy metals, pesticides, and hormone disruptors. These toxins are released
as a result of anthropogenic and industrial activities such as emissions from coke furnace
plants [5]. The appropriate treatment strategy must, therefore, be selected to restore these
matrices without causing long-term damage to the existing environment.

Pollution by heavy metals (Cr, Ag, and Hg) is critical because of their potential toxicity
to both the environment and humans [6,7]. Some metals are required as micronutrients
to support the life processes of animals and plants, whereas others have no recognized
physiological implications [8,9]. Metals are non-biodegradable and can accumulate in the
human body, damaging the neurological system and internal organs [6,10]. They enter
rivers in a variety of ways, including mine discharge, runoff, chemical weathering of rocks
and soils, wet and dry fallout of air particulate matter [11–13], and discharge of untreated
industrial effluents from mining sites [14].

Pesticides are also identified as hazardous water pollutants. These are employed
to kill certain target organisms; however, they also pose unintended risks to non-target
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organisms, such as soil bacteria, birds, and humans [15]. Pesticides have been reported to
cause cancer, chronic renal disease, male and female sterility, genotoxicity, and reproductive,
physiological, neurological, behavioral, and endocrine defects [15,16]. In addition, owing to
their widespread agricultural and non-agricultural applications, they have been detected in
a variety of environmental matrices [17]. In particular, quinoline may have adverse effects
on human health such as insomnia, abdominal discomfort, and cancer while carbofuran
has relatively high toxicity among pesticides and causes irreversible neurological damage
and developmental disorders in fetuses and children [18–20].

An endocrine-disrupting chemical (EDC), Bisphenol A (BPA), has been found in a
number of aquatic habitats, including surface and groundwater, industrial effluents, landfill
leachates, and stream water [21]. EDCs interact with the human endocrine system and dys-
regulate it by replicating or affecting the functioning of natural hormones, therefore posing
major risks to human health [22]. In particular, BPA is extremely hazardous to aquatic and
native flora and fauna [23]. It is a commonly used chemical in the manufacturing of epoxy
resins and polycarbonate-based polymers [24]. The broad distribution of BPA in nature,
including land, aquatic resources, and sediments, as well as human tissues, is caused by
the direct or indirect discharge of industrial and domestic solid wastes and effluents into
water resources or landfills. Furthermore, BPA being one of the most persistent organic
chemicals, remains undegraded for decades after being released into water or soil [25].

The introduction of anthropogenic pollutants into water poses a potential threat to hu-
man health and the aquatic ecosystem [6,15]. The distribution characteristics of hazardous
compounds have been reported to vary according to seasons and geographic locations,
as assessed via multivariate statistical techniques, such as factor/principal component
analysis (FA/PCA) and cluster analysis (CA) [26,27]. Traces of heavy metals, pesticides,
and EDCs have been detected in surface water, drinking water, and sewage treatment
plant effluents of India [9,16], China [6], Japan [28], Bangladesh [19,29], Romania [11], and
Pakistan [30], indicating incomplete removal of these compounds in sewage treatment
facilities. Therefore, to improve existing sewage treatment processes, alternative techniques
such as biological treatment, and adsorption have been adopted [17,21–23].

Among the four major rivers in South Korea (Han, Nakdong, Gum, and Yeongsan),
the distribution and risk assessment of three heavy metals were performed in the Nakdong
river watershed [31], and only 11 heavy metal concentration studied were conducted in
the Yeongsan River watershed [32]. Therefore, it is necessary to investigate not only the
distribution of heavy metals, but also the risk assessment in the Han River watershed, the
largest water source in South Korea.

Our study was conducted on twelve selective organic and inorganic compounds
detected in the Han River watershed, the largest water source in South Korea. The study’s
objectives were to: (1) analyze the spatiotemporal distribution patterns of the selected
compounds, (2) explore their sources using multivariate statistics, and (3) assess the risk
posed by these compounds on algae, invertebrates, and fish, using hazard quotient (HQ).
The study’s results can be applied to increase water management efficiency to help protect
water resources and prevent contamination of the environment caused by hazardous trace
elements through water sources.

2. Materials and Methods
2.1. Description of the Study Area

This study focused on the Han River watershed, which is the largest watershed in
Korea with an area of 26,219 km2 and provides drinking water to 26 million people residing
in the surrounding area [33]. The Han River watershed is located in Seoul, the capital of
Korea, which has a high population density, and Gyeonggi-do, where population inflow is
steadily increasing. Based on its geographical characteristics, the Han River watershed is
divided into five areas: the Nam Han River (NH), Buk Han River (BH), Han River (H), Imjin
Hantan River (IH), and Ansancheon Stream (A). A constant and systematic assessment of
river water quality is essential, as it may be largely affected by anthropogenic activities in



Agronomy 2022, 12, 3022 3 of 13

industrial, densely populated, agricultural, and livestock areas. Representative points were
selected for each of the five areas and the surface water samples were monitored four times
in 2014 from 10 to 15 June, 7 August to 11 September, 8 to 16 October, and 29 October to 6
November. A total of 100 samples were obtained from 25 sites. A map of the Han River
watershed and its collection sites are shown in Figure 1.

Agronomy 2022, 12, 3022  3  of  13 
 

 

of Korea, which has a high population density, and Gyeonggi‐do, where population in‐

flow is steadily increasing. Based on its geographical characteristics, the Han River water‐

shed is divided into five areas: the Nam Han River (NH), Buk Han River (BH), Han River 

(H), Imjin Hantan River (IH), and Ansancheon Stream (A). A constant and systematic as‐

sessment of river water quality is essential, as it may be largely affected by anthropogenic 

activities in industrial, densely populated, agricultural, and livestock areas. Representa‐

tive points were selected for each of the five areas and the surface water samples were 

monitored four times in 2014 from 10 to 15 June, 7 August to 11 September, 8 to 16 October, 

and 29 October to 6 November. A total of 100 samples were obtained from 25 sites. A map 

of the Han River watershed and its collection sites are shown in Figure 1. 

 

Figure 1. Description of study area and sampling sites in the Han River watershed. 

2.2. Chemicals, Sampling, and Analytical Procedure 

Three heavy metals (Cr, As, and Hg) and nine organic compounds (aldicarb, metho‐

myl, molinate, 2‐methyl‐4‐chlorophenoxyacetic acid (MCPA), carbaryl, 2,4‐dichlorophe‐

noxyacetic acid (2,4‐D), carbofuran, BPA, and quinoline) were selected. These target com‐

pounds were chosen based on their detection frequency in water in South Korea [34]. A 

multi‐element  standard  (environmental  calibration  standard  5183‐4688, Agilent,  Santa 

Clara, CA, USA) was used for the heavy metal analysis. The analytical standard of nine 

organic compounds (purity > 99%) was obtained from Sigma‐Aldrich Co. (St. Louis, MO, 

USA). 

Water samples were collected in polypropylene bottles at 4, 6, 9, and 11 h from 25 

sampling sites in the Han River watershed (Figure 1). Samples were collected from the 

center of the stream to obtain representative stream specimens. One part of the sample 

was immediately acidified with dilute nitric acid to adjust the pH to <2, and transported 

to  the  laboratory  below  4  °C.  Filters were  used  to  remove  suspended  solids  prior  to 

Figure 1. Description of study area and sampling sites in the Han River watershed.

2.2. Chemicals, Sampling, and Analytical Procedure

Three heavy metals (Cr, As, and Hg) and nine organic compounds (aldicarb, methomyl,
molinate, 2-methyl-4-chlorophenoxyacetic acid (MCPA), carbaryl, 2,4-dichlorophenoxyacetic
acid (2,4-D), carbofuran, BPA, and quinoline) were selected. These target compounds were
chosen based on their detection frequency in water in South Korea [34]. A multi-element
standard (environmental calibration standard 5183-4688, Agilent, Santa Clara, CA, USA)
was used for the heavy metal analysis. The analytical standard of nine organic compounds
(purity > 99%) was obtained from Sigma-Aldrich Co. (St. Louis, MO, USA).

Water samples were collected in polypropylene bottles at 4, 6, 9, and 11 h from
25 sampling sites in the Han River watershed (Figure 1). Samples were collected from the
center of the stream to obtain representative stream specimens. One part of the sample was
immediately acidified with dilute nitric acid to adjust the pH to <2, and transported to the
laboratory below 4 ◦C. Filters were used to remove suspended solids prior to analysis. To
maintain the accuracy and precision of the analysis, procedural blanks, sample duplicates,
and repeated experiments were performed to ensure quality control and detection. The
concentrations of Cr and As were determined using inductively coupled plasma mass
spectrometry (ICP-MS 7900, Agilent, Santa Clara, CA, USA), and the Hg concentration was
determined using a mercury analyzer (Hydra IIAF Gold, Teledyne Leeman Labs, Hudson,
NH, USA) (Table S1). The pesticides were subjected to solid phase extraction (SPE) and
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analyzed by ultra-high-performance liquid chromatography tandem mass spectrometry
(UPLC-MS/MS, Agilent, Santa Clara, CA, USA) (Table S2).

The detection limits for Cr, As, Hg, aldicarb, methomyl, molinate, MCPA, carbaryl,
2,4-D, carbofuran, BPA, and quinoline were 0.02, 0.024, 0.00012, 0.003, 0.0018, 0.0014, 0.0011,
0.0027, 0.0017, 0.0012, 0.0015, and 0.0022 µg/L, respectively (Table S3). These data produced
satisfactory results, with analytical errors ≤20% for each element. Linearity of the standard
calibration (R2 > 0.99) and the equation of the target compounds are presented in Table S4.

2.3. Risk Assessment

A deterministic approach was used to compare environmental exposure and toxicity.
In this approach, the risk quotient (RQ) is defined as the measured environmental con-
centration (MEC) divided by predicted no-effect concentration (PNEC) [35]. The aquatic
risk assessment of the heavy metals (Cr, Ar, and Hg) and agrochemicals (molinate, car-
bofuran, and quinoline) was performed using the RQ method presented as Equation (1).
Risk characterization was divided into four levels: negligible risk (RQ < 0.01), low risk
(0.01 ≤ RQ < 0.1), medium risk (0.1 ≤ RQ < 1), and high risk (RQ ≥ 1) [4].

RQ = MEC/PNEC (1)

where PNEC is the predicted no-effect concentration, and MEC is the mean concentration
of heavy metals detected in the environment. According to Wang et al. [21] and ECJRC [35],
the PNEC was calculated by dividing the hazardous concentration by the evaluation factor
(AF = 5). Based on supporting evidence, such as multispecies data, non-native species, and
the presence of field data, a five-point assessment factor was chosen. Laboratory toxicity
data are more accurate because of the assessment components. The US EPA ECOTOX
database [36] was used to acquire information on heavy metal toxicity, such as effective
concentration (EC50) and lethal concentration (LC50), as indicated in the Supplementary
Materials (Table S4).

2.4. Statistical Analysis

Mathematical calculations were performed using Microsoft Excel 2019 (Microsoft Co.,
Redmond, WA, USA). Multivariate statistical analyses, such as PCA and one-way analysis
of variance (ANOVA), were carried out using the Statistical Package for the Social Sciences
(SPSS 22, IBM Corp., Armonk, NY, USA) and Minitab 15 (Minitab Inc., State College, PA,
USA). Significance was set at p ≤ 0.05 and 95% confidence intervals. Relevant figures
were plotted using SigmaPlot 12.0 (Systat Inc., Point Richmond, CA, USA) and Microsoft
PowerPoint 2019 (Microsoft Co., Redmond, WA, USA). ArcGIS 9.2 (ESRI, Redlands, CA,
USA) was used for map plotting.

3. Results and Discussion
3.1. Spatiotemporal Distribution of Organic and Inorganic Compounds

The concentrations and detection frequency of the chosen heavy metals and organic
compounds in the samples are shown in Table 1. The undetected compounds and those
with a detection frequency < 10% were excluded from the results of this study. As shown
in Table 1, the total concentrations of the analyzed metal and organic compound contents
at the sample sites were ranked in the following order: Cr (2.375 µg/L, 100%) > As
(1.339 µg/L, 100%) > Hg (0.007 µg/L, 100%), and carbofuran (0.051 µg/L, 75%) > bisphenol
A (0.040 µg/L, 47%) > quinoline (0.020 µg/L, 32%).

Quantitative differentiation of the target compounds in the investigated sites was indi-
cated by the spatiotemporal concentration-dependent distribution of the three heavy metals
and three organic compounds. Figure 2 summarizes the target compound concentrations
in the samples collected from the study area.
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Table 1. Summary statistics for target compounds detected in tributaries of the Han River watershed.

Classification
Mean
Conc.
(µg/L)

Min
Conc.
(µg/L)

Max
Conc.
(µg/L)

Frequency
Detected

(%)

Cr 2.375 0.120 42.220 100
As 1.339 0.120 5.580 100
Hg 0.007 0.001 0.045 100

Aldicab ND ND ND ND
Methomyl ND ND ND ND
Molinate 0.001 0.002 0.030 5

MCPA ND ND ND ND
Carbaryl ND ND ND ND

2,4-D ND ND ND ND
Carbofuran 0.051 0.002 0.560 75
Bisphenol A 0.040 0.004 0.644 47
Quinoline 0.020 0.003 0.388 32
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Figure 2. Mean concentration of (a) heavy metals and (b) organic compounds in the Han River watershed.

In addition, in the five groups according to the sampling location, the concentration
of the organic compounds was in the order IH > A > NH > H > BH, and that of the heavy
metals showed a trend of IH > A > H > NH > BH, as presented in Figure 3. Both the organic
compounds and heavy metals were detected at the highest concentration at IH-2, attributed
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to nearby factory wastewater and non-point pollution sources. The IH-2 site area consists
of Paddy fields (193 km2), Forested land (132 km2), and Cropland (203 km2), and there are
three WTPs (total 110,000 × 103 m3/day) upstream of the IH-2.
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Figure 3. Concentrations and detection frequencies of (a) heavy metal and (b) organic compounds in
five areas of the Han River watershed.

In this study, the concentration of Cr varied from 0.120–42.220 µg/L, with a mean value
of 2.375 µg/L (Table 1). The highest Cr concentration (25.268 µg/L) was recorded in IH-2,
contributing 42.55% of all sites (Figure 2). In addition, the mean Cr concentration during the
wet season (2.495 µg/L) was 1.1 times higher than that during the dry season (2.255 µg/L)
(Figure 4a). It appears that Cr was introduced into a nearby river as a non-point source.
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Figure 4. Wet and dry season variation of target compounds (a) Cr, (b) As, (c) Hg, (d) quinoline,
(e) carbofuran, (f) bisphenol-A in the Han River watershed.
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As a dietary supplement and necessary nutrient for humans, Cr (III) is frequently prescribed
with vitamins. It is comparatively less harmful than As; however, it is toxic at high concentrations.
It has been widely acknowledged that Cr (VI) may cause cancer in humans [37].

The concentration of As ranged from 0.120–5.580 µg/L, with a mean value of 1.339 µg/L
(Table 1). The maximum distribution of the metal (9.54%) was observed in A-1 for all the selected
sites (Figure 2). Additionally, the highest concentration of As contributed 9.54% (2.113 µg/L)
of the total distribution of all sites. The mean As concentration in the wet season (2.055 µg/L)
was 3.3 times higher than that in the dry season (0.623 µg/L) (Figure 4b). The concentration
difference between the two seasons may be attributed to a higher influx impact of non-point
sources during the wet season rainfall compared to that of the associated dilution effect [38].

The point sources of metal intrusion are typically industrialization, mining, and
improper management of ores and fertilizers containing As [29,39]. The non-point sources
comprise alterations in bedrock composition, intense rainfall, hydrolytic modification, and
ecosystem change [1,40]. In its inorganic form, As can prove to be toxic to humans and
cause a fatal disease, arsenicosis. It also has carcinogenic potential and has been reported
to cause skin, lung, and bladder cancers [41].

Hg is a hazardous element that enters the environment as a result of both natural and
anthropogenic activities [42]. Methyl-Hg (Me-Hg) is toxic and when consumed, is absorbed
in the digestive tract at levels of 1–10%. The absorbed inorganic Hg comprises 7–15% of the
ionic form, which quickly spreads to the blood and organs [43].

Hg compounds can harm the growing fetus, kidneys, and brain. Additionally, in-
creased exposure to Hg can negatively impact neurological functioning and cause tremors,
irritation, and changes in vision and hearing [42].

In this study area, the Hg concentration ranged between 0.001–0.045 µg/L, with a
mean value of 0.007 µg/L (Table 1). The highest concentration of Hg (0.027 µg/L) was
recorded in H-6 contributing 14.59% of all the sites and accounting for 0.2% of all metals
(Figure 2). The Hg concentration was the highest at HR-6; however, the Hg levels recorded
for all sites were at an overall low range and the site-based differences were insignificant.
The mean Hg concentration in the wet season (0.009 µg/L) was 1.5 times higher than that
in the dry season (0.006 µg/L) (Figure 4c).

At the IH-2, Cr was present at the highest concentration, followed by As and Hg.
This may be because the Cheongsan Daejeon General Industrial Complex (188, 218 m2;
textile product manufacturing) is located 500 m upstream of this point and neighbored
by five gas stations, one auto repair station, Dongducheon General Industrial Complex
(262, 160 m2, textile product manufacturing), Dongducheon 2 General Industrial Complex
(186,228.7 m2, electrical equipment manufacturing) and Sangbongam General Industrial
Complex (54, 521.6 m2). High metal concentrations in this area may be due to the location
of the food manufacturing and electrical equipment manufacturing industries, and it was
considered that point and non-point pollution sources acted in a complex way.

One of the recently identified pollutants is quinoline, a heterocyclic aromatic com-
pound. It is frequently used in the pharmaceutical industry as an antibiotic, antimalarial,
antibacterial, or antiseptic [44]. Quinoline and its derivatives contribute to environmen-
tal contamination owing to their poisonous, carcinogenic, and teratogenic properties.
Quinoline can negatively impact the environment and also causes headaches, nausea, and
insomnia in humans [45].

The measured concentration of quinoline in the river water ranged from 0.003–0.388 µg/L,
with a mean value of 0.020 µg/L (Table 1). The maximum concentration of quinoline (24.48%,
0.124 µg/L) was observed in H-7 and accounted for 18.13% of all the river water organic
compounds (Figure 2). The detection of quinoline in an aquatic environment is attributed to coal
tar, petroleum, and industrial wastewater, which are considered anthropogenic sources [46,47].

Carbofuran is yet another pesticide used worldwide and is known for its toxicity,
carcinogenicity, and mutagenicity [19,48]. Carbofuran-polluted soil and water systems
may negatively affect people, animals, and microbes. Carbofuran in drinking water can
cause irreversible neurological damage in living organisms, resulting in attention-deficit
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hyperactivity and developmental disorders in fetuses and children [19]. In addition,
carbofuran is currently used for intentional poisoning; hence, it can be regarded as a
new environmental toxin [48,49].

The concentration of carbofuran in the river water samples ranged from 0.002 to
0.560 µg/L, with a mean value of 0.051 µg/L (Table 1). NH-4 contributed 13.07% of
the carbofuran of all sites, and carbofuran ranked the highest in terms of concentration
(0.167 µg/L) in all the selected sites (Figure 2). Natural activities in the river basin as well
as polluted waste could account for high carbofuran concentrations.

Polycarbonate plastics and epoxy resins are reported to account for 65% and 30% of
BPA output, respectively. In addition, thermal paper, sulfides, insecticides, leather tanning
agents, and electronic devices are identified as the principal end-uses of BPA [50]. BPA is
an endocrine disruptor that interacts with a range of physiological receptors and negatively
affects the immunological, circulatory, metabolic, neurological, and reproductive systems [51].

In our study samples, the concentration of BPA varied from 0.004–0.644 µg/L, with
a mean value of 0.040 µg/L (Table 1). The maximum concentration of BPA (0.170 µg/L)
was recorded in IH-1 accounting for 36.0% of the concentration all the selected organic
compounds (Figure 2). The attribution of BPA in an aquatic environment from mineral
fertilizers may be considered an anthropogenic source.

The highest cumulative total concentration of organic compounds was recorded in
IH-2, and this was consistent with the trend of heavy metals, as shown in Figure 2, which
may be attributed to nearby industrial facilities. The distributional trends of carbofuran
and BPA were similar to those of the heavy metals, and relatively high concentrations
were observed in the wet season; however, the opposite trend was observed for quinoline
(Figure 4d,f). This may be attributed to its highly volatile nature.

3.2. Factor and Principal Component Analysis (PCA)

PCA was used for composition analysis. Reducing the dimensionality of multivariate
data and the associated issues is beneficial [52,53]. Limiting the number of unimportant
parameters from monitoring stations provides information about the significant parameters
that are present across the entire dataset [28,54].

The number of significant main components was determined according to the Kaiser
criterion, with an eigenvalue > 1 [55] (Table 2).

Table 2. Principal component analysis of three components with the corresponding loading of target
compounds of the study area.

Variables PC 1 PC 2 PC 3

As 0.754 −0.083 0.303
Carbofuran 0.744 −0.020 −0.141
Bisphenol A 0.713 0.415 −0.023

Cr 0.248 0.870 0.074
Quinoline −0.490 0.657 −0.112

Hg 0.010 0.013 0.973
Eigenvalues 1.931 1.368 1.077

% of Variance 32.183 22.800 17.950
Cumulative variance % 32.183 54.982 72.933

* Rotation method: varimax with Kaiser normalization (the significance of Kaier–Meyer–Olkin (KMO) and
Bartlett’s sphericity test was < 0.001).

In this study, as shown in Table 2, three principal components (PCs) were found to
account for 72.9% of the system’s total variance, with PC1 comprising 32.2% of the variance
with a high loading of As (r = 0.754), carbofuran (r = 0.744), and bisphenol-A (r = 0.713);
PC2 comprising 22.8% of the variance with Cr (r = 0.870) and quinoline (r = 0.657), and PC3
accounting for 18.0% of the variance with Hg (r = 0.973). The loadings of the PCs for the
first two components in this study explained 55.0% of the variation (Table 2 and Figure 5).
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Evaluating the relationships between the compositions of variables and their grouping
patterns is helpful.
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The results demonstrated the internal relationships between the metals and indicated
that untreated industrial and municipal waste, as well as other geogenic activities, could be
the possible sources of these elements [56], thus highlighting the role of anthropogenic and
natural activities on heavy metal accumulation in the environment [31,57,58].

3.3. Potential Risk Assessment for Human Health

Figure 6 and Table S5 show the results of an ecotoxicological risk assessment estimating
the utilization potential of the maximum MECs and PNECs of the three heavy metals (Cr, As,
and Hg) and four organic compounds (molinate, quinoline, carbofuran, and bisphenol A) by
aquatic organisms. Most of the RQ values of the target heavy metals and organic compounds
were <1 in both wet and dry seasons. However, among the target substances, Cr showed
the most prominent environmental impact with RQ > 1 in the wet season, demonstrating
the potential risk of Cr on the ecological environment. In addition, the risk level for each
substance was high during the wet season, except for quinoline. Changes in the RQ values of
all substances in the wet and dry seasons followed various trends, with some substances (Hg,
molinate, carbofuran, quinoline) having low RQ values, however, posing amplified risks at
higher tropical levels, on bioaccumulation. RQ assessment should, therefore, not be neglected
as a factor in gauging the environmental impacts of potential pollutants [2].

The major ecological risk to the Han River watershed was attributed to the high anthro-
pogenic activity, as most of the surrounding land use is dedicated to residential, industrial,
and agricultural development. Therefore, management of point (30 WTPs) and non-point
pollutants is required. For a more comprehensive risk analysis, future monitoring programs,
including biota and sediment samples, are needed to identify the seasonal distribution of
target substances and synergistic interactions between these substances [3]. Comprehen-
sive exposure assessments of different matrices can provide a better understanding of the
availability of heavy metals and organic compounds in aquatic ecosystems. Ultimately, Cr
can be considered as a heavy metal that requires the highest level of attention in the Han
River watershed.
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Figure 6. Wet and dry season risk quotients for target compounds in the Han River watershed.

4. Conclusions

Twelve organic compounds (pesticides: aldicarb, carbaryl, carbofuran, methomyl,
and molinate; herbicides: 2,4-D, MCPA; fungicides: quinoline; endocrine disrupting com-
pound: BPA) and heavy metals (As, Cr, Hg) were investigated at 25 sites in the sur-
face water of the Han River watershed. Of the twelve compounds, seven were detected,
of which, one was found at a concentration < 10%, and therefore, excluded from the
study. Heavy metals showed a detection frequency of 100% and a concentration range of
0.007–2.375 µg/L. The concentration and detection frequency of the organic compounds
ranged from 0.020–0.051 µg/L and 32–75%, respectively. The concentration distribution
of the compounds varied among the sites, and the highest concentration of both heavy
metals and organic compounds was recorded in the IH area, while that in the BH area
was the lowest. The detection concentrations of most compounds were higher in the wet
season than in the dry season, which could be attributed to the inflow effect of non-point
pollutants due to rainfall rather than the dilution effect. However, relatively low con-
centrations of highly volatile quinones were detected in the wet season, which may be
due to changes in the chemical properties in response to high temperatures. In addition,
three PCs were identified, which comprised 72.9% of the total variance, indicating that
anthropogenic activities were the major contributors to pollution. Variances in the RQ
values for the six compounds in the wet and dry seasons followed various trends. Cr had
the most pronounced environmental impact in the wet season, with an RQ > 1, suggesting
the potential risk of Cr accumulation on the ecology. Ultimately, Cr is the heavy metal
that has received the highest interest in the Han River watershed. Therefore, this study
concludes that anthropogenic activities contribute to the heavy metal contamination of the
water environment.
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