é
- water

Article

Distribution and Risk Assessment of Toxic Pollutants in
Surface Water of the Lower Yellow River, China

Zhi-Hua Li, Ze-Peng Li, Xue Tang, Wen-Hao Hou and Ping Li *

check for

updates
Citation: Li, Z.-H.; Li, Z.-P,; Tang, X,;
Hou, W.-H.; Li, P. Distribution and
Risk Assessment of Toxic Pollutants
in Surface Water of the Lower Yellow
River, China. Water 2021, 13, 1582.
https:/ /doi.org/10.3390/w13111582

Academic Editor: Lorenzo Proia

Received: 6 May 2021
Accepted: 1 June 2021
Published: 3 June 2021

Publisher’s Note: MDPI stays neutral
with regard to jurisdictional claims in
published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

Marine College, Shandong University, Weihai 264209, China; lizh@sdu.edu.cn (Z.-H.L.);
zepeng@126.com (Z.-P.L.); xuetang@126.com (X.T.); wenhao@126.com (W.-H.H.)
* Correspondence: liping2018@email.sdu.edu.cn; Tel.: +86-631-5682526; Fax: +86-631-5688303

Abstract: The lower reaches of the Yellow River is known for the rapid development of industry
and agriculture, which has also led to some pollution. However, information about the level of toxic
contaminants in the surface waters is lacking in this area. Therefore, five sampling points were set in
the lower Yellow River to investigate the distribution of various pollutants and analyze the potential
risks. The presence of heavy metals (Heavy metals tested for in this study were: Mercury (Hg),
Arsenic (As), Copper (Cu), Chromium (Cr), and Zinc (Zn)) and antibiotics (Antibiotics tested for in
this study were: Enrofloxacin (ENR), Ciprofloxacin (CIP), and Norfloxacin (NOR)) in water samples
taken from the lower Yellow River were measured to reveal the spatial distribution and risk potential
of the compounds. Various water quality parameters (Water quality parameters used in this study
were: chemical oxygen demand (COD), biological oxygen demand (BOD:s), total phosphorus (TP),
and total nitrogen (TN)) were also tested. Study results showed the main surface water pollution
components were COD, BODs, TN, and TP. The average levels were 37.79 mg/L, 16.64 mg/L,
414 mg/L, and 0.42 mg/L, respectively. Among the detected metals from the water samples, Hg
(LOD-0.1 pg/L) levels were only in line with the surface water class III or worse. Both fish and water
samples contained antibiotics. According to an ecological risk assessment conducted along the river,
the distribution of pollutants in the waters exhibited a spatial relationship with the land-use pattern
in the study region and the Kenli site was the most polluted. Research shows that up-to-date data
on the residual levels and distribution characteristics of pollutants in the lower Yellow River could
provide valuable baseline data and technical support for relevant government departments and their
management going forward.

Keywords: lower Yellow River; ecological health; heavy metals; antibiotics; potential risk assessment

1. Introduction

Rapid economic development contributes to deteriorating ecological environments in
many countries and regions. With the increasing intensity of human activities, increased
discharge of environmental pollutants, such as heavy metals and organic pollutants, ex-
acerbates this problem in natural water bodies [1-3]. Although some pollutants are not
widespread, and therefore do not pose the risk of acute toxic effects, many of these water-
borne pollutants have characteristics of bioaccumulation, which are harmful to both the
biological and human population [4,5]. The presence of pollutants is a cause for serious
concern as they can have lasting impacts on the aquatic environment, which has become
an important issue that influences ecological quality and the sustainable development of
the social economy.

Heavy metal pollution is a well-known problem because of its accumulation through
the food chain [3,6]. Once heavy metals enter water bodies they settle in sediment, slow-
ing degradation and prolonging their lifespan [2]. In addition to heavy metals, antibi-
otics are a major threat to the ecological integrity of natural water bodies. At present,
pharmaceuticals—especially antibiotics—are widely used throughout the world. Because
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of the generalized nature of antibiotics, adverse effects on ecological health have gradually
attracted more attention [7]. The spatiotemporal distribution and potential environmen-
tal influences of antibiotics in surface water were not clearly understood until recently.
Also, these pollutants—including, but not limited to, heavy metals and antibiotics—may
negatively affect the surface water of irrigation and drinking water sources. This process
contributes to the bioaccumulation of pollutants that ultimately spread through the entire
length of the human food chain. Elevated levels of these surface water contaminants
raise serious concerns for aquatic ecosystem health and, potentially, human health via the
consumption of contaminated aquatic products, which has been an urgent environmental
concern [2,5,8,9].

In China, the pollution in the Pearl River, Liaohe River and Yangtze River in China
has attracted widespread concerns since the end of the 1980s [10-18]. The types and
concentrations of pollutants in water may also change with the spatial distribution pattern
of urban and rural/suburban areas [19]. Therefore, various risk assessment methods have
been established to determine the potential risks of pollutants to the ecosystem as well as
to support the subsequent management/mitigation of these risks [3], which include the
Nemerow pollution index, the geo-accumulation index (Igeo) and potential ecological risk.

The Yellow River, located in the north of China, is one of the longest rivers globally
with a total length of 5464 km and a drainage area of 752,443 km?. The lower Yellow River
is one of the most prosperous areas in China [20,21] and there are many urban areas along
its banks. The lower Yellow River basin has experienced rapid industrial and agricultural
development in recent decades, supporting 12% of China’s population. Therefore, the
regular/increasing use of pesticides and fertilizers and the increasing intensity of human
activities has seen large volumes of wastewater, containing heavy metals and other con-
taminants, discharged into aquatic systems. This urbanization has led to an increase in
environmental exposure to pollutants [22]. A prime example of this was in 2017; the Yellow
River was the source of pollution dumped in the Bohai Sea, which feeds into the North
Pacific Ocean. The pollutants included 1.7 x 10° tons of chemical oxygen demand (COD)
and 300 tons of heavy metals [20]. Although recent environmental protection measures
have alleviated some of the aggravation and harm from such events, the baseline challenge
of water pollution has not yet been addressed. Pollutants in the Yellow River damage the
entire river’s ecological service function, directly threatening drinking water sources and
the industrial and agricultural water supply [5,22]. Currently, there is a gap in research
on the investigation of pollutant toxicity in the lower Yellow River. Consequently, there is
limited data and knowledge on the impacts of antibiotics and heavy metals in the basin.

Based on previous data and literature on the lower Yellow River [23-26], pollutants
were selected as key investigation targets. These pollutants include the heavy metals
Mercury (Hg), Arsenic (As), Copper (Cu), Chromium (Cr), and Zinc (Zn) and the antibiotics
Enrofloxacin (ENR), Ciprofloxacin (CIP), and Norfloxacin (NOR). Water quality parameters
to test against pollutants were also selected based on previous studies, therefore, “pollution
parameters” for this study include chemical oxygen demand (COD), biological oxygen
demand (BODs), total phosphorus (TP), and total nitrogen (TN).

The main aims of this study were as follows: (1) investigate and confirm the residual
levels and spatial distribution of pollutants, and (2) analyze and evaluate the potential
ecological risks of these pollutants. The resulting, up-to-date and relevant pollutant data
provided by this study will provide a critical reference for relevant government agencies
to make environmental protection policies that protect the ecological integrity of water
systems in the lower Yellow River basin.

2. Materials and Methods
2.1. Sample Sites and Sampling Methods

Five sampling sites were selected between the estuary of the Yellow River and the city
of Zhengzhou—a metropolis situated along the river—which is ~780 km from the estuary
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(Figure 1). Figure 1 shows the location of Zhengzhou concerning the estuary, including the
Kenli District, Changqing District, Liangshan County, and Lankao County.
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Figure 1. Map of the study region and sampling sites.

In July 2019, a water sample collector (GLPS, Beijing, China) was used to obtain
three water samples at each location. Each sample was taken from 30 cm below the
water’s surface. During the sampling process, the sample container was rinsed with
distilled/deionized water twice to ensure there was no sample cross-contamination. At
each sample site, a water multifunctional parameter analyzer measured the temperature,
pH value, and dissolved oxygen level (WDC-PCx, Shanghai, China; Table 1). And some fish
tissues were sampled for bioaccumulation analysis (the basic information of fish samples
is seen in Table 2). The white muscle was taken from the fish’s back and rinsed with
distilled /deionized water; tissues were then freeze-dried. After this, 0.5 g of homogenized
freeze-dried tissue were acid-digested with a mixture of nitric acid (HNO3)—68% alcohol
by volume (v/v), and hydrogen peroxide (HyO,)—30% v/v.

Table 1. The basic information about the water samples along the lower Yellow River.

Temperature (°C) Dissolved Oxygen (mg/L) pH

Kenli 27.2 7.07 7.90
Changging 25 5.81 7.93
Liangshan 25 5.73 791
Lankao 25 5.73 7.89

Zhengzhou 25 5.36 7.81
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Table 2. The basic information about the fish samples along the lower Yellow River.

Common Carp Grass Carp
Sex Length (cm) Weight (g) Sex Length (cm) Weight (g)
? 42.0 707.8 d 46.3 1028.7
Kenli d 39.0 573.4 d 42.0 726.2
? 45.5 758.8 d 46.0 1005.3
d 45.1 1102.8 d 57.0 2367.1
Changging o4 43.5 1092.3 d 53.0 1894.6
Jd 42.0 957.9 ? 45.2 9724
d 30.2 419.1 d 46.3 1198.3
Liangshan Q 28.9 268.8 d 49.5 1339.4
d 25.5 243.6 d 51.0 1938.1
Lankao & d 343 4412 d 44.6 912.0
Zhenezhou ? 35.1 394.8 d 51.5 1402.3
& d 34.5 574.8 d 46.5 1241.4

Note: The fish samples of Lankao & Zhengzhou were collected from the junction of Lankao and Zhengzhou, so
they can represent the fish samples from two sampling points.

2.2. Reagents

Potassium dichromate (K,Cr,O7) and other chemicals were obtained from Sinopharm
Chemical Reagent Co., Ltd. (Beijing, China). Standard reagents of three antibiotics were
obtained from Sigma-Aldrich Co. (New York, NY, USA). All chemicals were chromato-
graphically pure.

2.3. Water Quality Parameters and Pollution Indexes Analysis

Water quality parameters (COD, BODs, TP, and TN) and heavy metals in water and
tissues (Hg, As, Cu, Cr, and Zn) were determined by the corresponding measurement
methods recommended by Environmental Quality Standards for Surface Water (EQSSW;
Table 1). COD was determined using the potassium dichromate oxidation method with
Hach DRB200 and Hach DR1010 analyzers (Hach, Ames, IA, USA). TN was determined
using ultraviolet spectrophotometry with alkaline potassium persulfate digestion. TP was
determined using the ammonium molybdate spectrophotometric method (SEPA, 2002). Cu
and Zn concentrations were determined using atomic absorption spectrophotometry, with
Cr determined using an inductively-coupled plasma mass spectrometer (ICP-MS, Kunshan,
China). The As and Hg concentrations were determined by cold atomic fluorescence
spectrometry.

After completing the concentration, liquid chromatography-mass spectrometry (LC-
MS) was used to detect the levels of antibiotics in water and tissues [27]. After filtering
through 0.45 um glass fiber filters (Millipore, MA, USA), solid-phase extraction was sequen-
tially preconditioned with 6.0 mL methanol, 6.0 mL distilled /deionized water, and 6.0 mL
of a 10 mmol/L Na2EDTA buffer (pH 3.0). It was then dried under nitrogen gas for 1 h.
Analytes were collected in a 10 mL brown glass vial for further analysis. The LC system
used was an HP 1100 (Agilent Technologies, Palo Alto, CA, USA) controlled gradient
system. MS measurements were performed on a Sciex API 4000™ (Applied Biosystems,
Foster City, CA, USA) equipped with an electrospray ionization source.

Recovery ratios using this analytical approach ranged from 61% =% 10% to 86% =+ 4%
for antibiotics; detection limits were 5.0-10.0 ng/L. Also, sampling errors were assessed by
obtaining water samples in triplicate at each site to analyze sample extracts.

2.4. Quality Assurance

All samples were analyzed in strict accordance with corresponding national standards.
Besides reagent blanks and standard references, each sample was measured at least three
times to reduce the risk of analysis error and to ensure data accuracy. Quality standards
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referred to included GB 11914-89 (COD), GB 7488-87 (BODs), GB 11893-89 (TP), GB 11894-89
(TN), GB7475-87 (Cu, Zn, and Cr), GB 7485-87 (As), and GB 7468-87 (Hg).

2.5. Potential Ecological Risk Assessment and Data Statistics

Based on the measured values of water samples in the lower Yellow River, the surface
water quality of each sampling site was classified, with reference to the EQSSW (Table 1).
By using the methods of a single factor pollution index and pollution sharing ratio, the
potential risk assessment of COD, BOD5, TN, TP and of heavy metal pollution of the
surface water samples was calculated. The calculation formula is as follows:

CPI—liCPI—liQ 1)
L — l L —) Si
CPI; o
where:
e  CPIis the comprehensive pollution index;
e  CPI; is the single factor pollution index;
e  (;is the single pollutant tested in surface water;
e  §S;is the evaluation standard of corresponding pollutants (i.e., EQSSW);
e 1 is the number of test samples;
e  K;jis the pollution sharing rate;
e  irepresents the parameters of COD, BODs, TP, TP, and heavy metal pollutants.

Based on common standards widely used in water pollution risk assessments, the
potential risk levels of sampling sites in this study were classified [4,28,29]. SPSS 22.0
software was used for all data processing.

3. Results and Discussion
3.1. Surface Water Contaminants in Lower Yellow River

Table 3 lists the measured selected water quality parameters and heavy metals tested
in the surface water sampled from the lower Yellow River. Ranges of COD, BODs, TN, and
TP levels were 11.00-86.00 mg /L, 4.40-42.40 mg/L, 2.50-10.90 mg/L, and 0.24-1.05 mg/L,
respectively; with average concentrations at 37.79 mg/L, 16.64 mg/L, 4.14 mg/L, and
0.42 mg/L. All heavy metals tested for in this study were found at sample sites. However,
Zn was only detected at the Kenli site. The maximum levels of Hg, As, Cu, Cr, and Zn
tested across the sites were 0.13 ug/L, 2.70 ug/L, 2.52 pg/L, 7.60 pug/L, and 2.34 ng/L,
respectively. Except for Hg, residual levels of heavy metals in all water samples were lower
than the specified value at class I or II. At all sites, Hg concentrations were only close to
surface water class III (i.e., Changqing and Lankao sites) or worse (i.e., Kenli site). Results
showed heavy metal levels from each sample site met the common surface water standard
(Class 111, see Table 1), Hg levels should be continually observed in the future. Compared
to other rivers in north China (Cui et al., 2019; Huang et al., 2019), the low content of
heavy metals in the lower basin responded to the local industrial production layout and
environmental protection measures in place by the local government.
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Table 3. Levels of COD, BODs TN, TP and heavy metals in surface waters.
Comp COD BODs TN TP Hg Cu Zn Cr As
mg/L mg/L mg/L mg/L ug/L ug/L ug/L ug/L pug/L
Max 86 42.40 10.90 1.05 0.13 2.52 7.60 234 2.70
Kenli Min 83 42.40 10.80 1.04 0.10 251 7.50 226 2.20
eni Mean 84.67 42.40 10.83 1.04 0.12 252 7.57 2.30 243
SD 1.53 0 0.06 0.01 0.02 0.01 0.06 0.04 0.25
Max 27 10.30 2.80 0.29 0.10 2.42 ND 2.30 1.20
Chansain Min 26 10 2.62 0.28 0.07 2.25 ND 214 1.20
8N Mean 26.67 10.17 271 0.29 0.08 236 ND 221 1.20
SD 0.58 0.15 0.09 0.01 0.02 0.10 ND 0.08 0
Max 27 10.80 2.55 0.29 ND 2.05 ND 1.98 0.90
Liangshan Min 26 10.70 2.50 0.27 ND 1.90 ND 1.87 0.80
& Mean 26.67 10.77 2.52 0.28 ND 1.99 ND 1.92 0.83
SD 0.47 0.05 0.02 0.01 ND 0.06 ND 0.05 0.05
Max 44 15.60 2.86 0.25 0.09 1.65 ND 1.41 1
Lok Min 39 15.40 2.77 0.24 0.09 1.61 ND 131 0.90
ankao Mean 41 15.47 2.82 0.24 0.09 1.63 ND 1.38 0.97
SD 2.16 0.09 0.04 0 0 0.02 ND 0.05 0.05
Max 11 4.40 3.24 0.25 ND 231 ND 2.06 1.1
Zhenezhou Min 11 4.40 3.12 0.24 ND 218 ND 1.95 1.1
& Mean 11 4.40 3.19 0.24 ND 2.25 ND 2.02 1.1
SD 0 0 0.05 0 ND 0.05 ND 0.05 0
EQSSW I < 6~9 15 0.15 0.02 0.05 0.01 0.05 10 0.05
EQSSW 11 < 6~9 15 0.5 0.1 0.05 1 1 50 0.05
EQSSW III < 6~9 20 1.0 0.2 0.1 1 1 50 0.05
EQSSW TV < 6~9 30 1.5 0.3 1.0 1 2 50 0.1
EQSSW V < 6~9 40 20 0.4 1.0 1 2 100 0.1

Min: minimum; Max: maximum; SD: standard deviation; ND: less than the limit of detection; EQSSW: Environmental Quality Standards
for Surface Water; I: mainly suitable as a general source of water, state reserve; II: mainly suitable for centralized drinking water, surface
water source, primary reserve, rare aquatic habitats, etc.; IIl: mainly suitable for centralized drinking water, surface water source, secondary
reserve, fishing and swimming areas, etc.; IV: mainly suitable for general industrial water use and recreational water areas with indirect
contact with the human body; V: mainly suitable for agricultural water and general landscape water.

Figure 2 presents pollutant share rates. The main components of water pollution
in the lower Yellow River was TN (23.51-42.65%), followed by BODs (14.71-31.79%), TP
(10.15-16.27%) and COD (7.35-17.12%). The lower Yellow River is one of the most prosper-
ous areas in China (Fu et al., 2004, Han et al., 2020), which has experienced rapid industrial
and agricultural development in recent decades, supporting 12% of China’s population. In
recent years, large-scale livestock, poultry, and aquaculture farms developed very quickly
in the area. The effects of these industries, combined with the direct discharge of domestic
sewage from urban and rural residents, have led to rapidly increasing eutrophication of the
lower Yellow River. The present results confirmed the excess chemical nutrients occurred in
this river, and TN and TP were found to be the important factors affecting the water quality
as they were always the worst-rated factor in water quality ratings [30]. These pollutant
characteristics showed that the main contributing sources for this were the discharge of
industrial and domestic wastewater and farmland irrigation, which was closely related to
the relatively developed industry and agriculture sector in this area [4]. Other main rivers
in China, such as the Yangtze River, Haihe River, Pearl River and the Minjiang River, share
a similar eutrophication pattern [30-33].
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Figure 2. Pollution share ratios of different contaminants in surface water in the lower Yellow River.

Based on the calculated CPI value (Figure 3), sample sites were classified as follows:
three sites (i.e., Changqing, Liangshan, and Zhengzhou) as class III, one site (i.e., Lankao)
as class IV, and one site (i.e., Kenli) as class V, which showed the extreme pollution site
occurred in Kenli. The pollution is mainly caused by livestock and poultry breeding,
sewage discharge from small chemical plants, especially the production and domestic
wastewater discharge from Shengli Oilfield Development Zone. Additional pollution may
be due to these areas being located in the Yellow River Delta, whether the water pollution
in the Kenli area is affected by the sea also needs to be further studied.

Kenli

Zhengzhou Changqing

Lankao Liangshan

Figure 3. Comprehensive pollution index (CPI) value in the lower Yellow River.

All tested antibiotics were below LOD in the surface water of sampled sites, which
was lower than that in the other rivers of China [34-39] and also lower than the previous
survey results of the middle and lower reaches of the Yellow River [5]. The possible reason
is that the sampling season took place during the wet season, in addition to the strict
control of antibiotic emissions.
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3.2. Contaminants in Fish Samples

Besides analyzing the contaminants in surface water, tested pollutants were discovered
in fish samples (Table 4). Baseline information about the fish samples is outlined in Table 2.
Two antibiotics, ENR and CIP, were detected in fish samples; however, NOR concentration
was lower than LOD concentration in all samples. The two antibiotic (NOR and LOD)
concentrations in the fish samples tested lower than the water sample LOD levels, at
3411.00 £ 10.15 ng/kg. ENR was found in 75% of the water samples with levels from
54.67 £ 0.58 ng/kg to 3411.00 £ 10.15 ng/kg; CIP was found in 62.5% of the water samples
with levels from 22.67 + 1.53 ng/kg to 52.67 & 9.50 ng/kg.

Table 4. The residual contents of the selected pollutants in fish along the lower Yellow River (Mean + SD).

Kenli Changgqing Liangshan Zhengzhou
Hg (ug/kg) 8.24 +0.21 1.16 £ 0.02 21.00 & 1.00 14.80 £ 0.10
As (ug/kg) 5.67 +0.20 17.07 £ 0.55 14.10 £ 0.62 7.86 £+ 0.06
Cu (ug/kg) 411.33 £ 4.51 2156.67 + 75.06 1883.33 & 11.55 363.00 £+ 1.00
Common carp Cr (ug/kg) 313.67 £+ 4.04 375.00 £ 7.81 1156.67 &+ 5.77 313.33 £5.77
Zn (ug/kg) 4310.00 £ 10.00 4783.33 £5.77 4810.00 £ 20.00 3806.67 £ 5.77
ENR (ng/kg) ND 1190.00 £ 45.83 ND 94.00 £ 2.00
CIP (ng/kg) 51.67 £ 4.51 52.67 +9.50 ND 38.67 £ 3.51
NOR (ng/kg) ND ND ND
Hg (ng/kg) ND 33.90 & 1.37 9.55 £0.15 732 £0.11
As (ug/kg) 3.63 £+ 0.08 3.29+0.18 3.86 & 0.06 217 +£0.11
Cu (ug/kg) 415.00 £ 5.57 356.67 £ 5.77 2883.33 £ 11.55 1753.33 £ 5.77
Grass carp Cr (ug/kg) 327.00 £ 4.36 356.67 £ 11.55 343.33 £2.52 435.33 £1.53
Zn (ug/kg) 4940.00 £ 0 2536.67 £ 5.77 3446.67 £ 5.77 3280.00 £ 0
ENR (ng/kg) 54.67 + 0.58 164.67 £ 4.16 93.33 £ 1.53 3411.00 £+ 10.15
CIP (ng/kg) 22.67 £1.53 ND 26.00 £ 1.00 ND
NOR (ng/kg) ND ND ND ND

Note: the fish samples were not collected at the Lankao site. SD: standard deviation; ND: less than the limit of detection.

According to study results, higher antibiotic concentrations were in Changging (a
district of Jinan, the capital of Shandong Province, China) and Zhengzhou (the capital of
Henan Province, China). These locations are the provincial capital cities and consequently
have a highly concentrated population and greater industrialization [5,8]. These observa-
tions are consistent with other studies [40]. This study’s results indicated that the main
source of antibiotics in the surface water is municipal wastewater; e.g., high residue levels
of the antibiotic fluoroquinolone in the Luohe River came from wastewater discharge from
Luoyang City, a large urban center with a population of more than 6.4 million people [5,40].
In addition, human and animal wastes containing high concentrations of antibiotics may
be used as soil amendments in this area. Therefore, antibiotics may also enter surface water
or groundwater through non-point source pollution, and farmland in the lower Yellow
River may be an important source of antibiotics [5].

As a new class of synthetic antibiotics, the use of quinolones has increased rapidly
and the production of norfloxacin, ciprofloxacin and enrofloxacin accounts for 98% of the
total production of quinolones in China. Based on our results, NOR, CIP and ENR, as
representative quinolone antibiotics, were detected in fish samples from the lower reach
of Yellow River. In line with the other studies [41,42], the results showed that quinolone
antibiotics are easily accumulated in freshwater fish.

In recent years, people have focused on the ecological and environmental problems
caused by quinolone antibiotic pollution [43]. Quinolone antibiotics with different concen-
tration levels have been detected in surface water, groundwater, drinking water, medical
wastewater and urban sewage [44]. Trace elements of antibiotics in river water pose a great
risk to the health of both human and ecological systems [45,460]. Present concentrations of
antibiotics in the lower Yellow River are unlikely to cause acute toxicity to organisms. How-
ever, some antibiotics may have cumulative effects on lower aquatic organisms in response
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to their non-targeting properties [5]. Although previous studies have shown that exposure
to antibiotics could lead to serious and harmful influences on aquatic organisms [47-49],
the data on chronic effects of low-dose exposure to antibiotics are very limited. This gap
extends specifically to the toxic nature within the molecular mechanism of these antibiotics.
The residue left behind after using a single antibiotic is considered low; however, the com-
bination of multiple antibiotics sharing the same target may have synergistic effects [50].
Therefore, environmental residue and potentially adverse influences related to antibiotics
are among the major environmental concerns in this century.

The content of heavy metals in fish muscle samples is generally higher than that in
surface water samples of the lower Yellow River (Table 2), proving that heavy metals have
a bioaccumulation effect in aquatic organisms. This is in line with other research and
publications [2]. Also, contaminant levels in muscle tissue of common carp (Cyprinus carpio)
are higher than that of grass carp (Ctenopharyngodon idellus). This variation may be related
to the habitats occupied by the two fish species [51,52].

4. Conclusions

This study investigated the residual levels and spatial distribution of various
pollutants—including heavy metals, antibiotics, and other pollutants—in the lower Yellow
River. Based on these findings, the study assessed the ecological risks associated with the
targeted contaminants. Results showed the main pollutants present in sampled surface
water were COD, BODs, TP, and TN. This finding was related to industrial and agricultural
development in the region. Among heavy metals, Hg should be focused on going forward
as it has harmful and potentially catastrophic bioaccumulation effects. Antibiotics were
detected in all sampled surface water; however, their accumulation in fish samples proved
that antibiotics are widespread in the lower Yellow River. Through this study, novel re-
search was conducted to provide new literature that can be used as a reference for studies
of pollutants in natural water bodies. Specifically, studies and resulting data on pollutants
present in the lower Yellow River can assist the national, regional, and local governments
to make informed and up-to-date policies for ecological preservation. Due to the rapid
economic development within the study region, ongoing research and monitoring are
necessary to assess pollutant content and their risks in water bodies.

Author Contributions: Conceptualization, P.L.; methodology, PL.; software, Z.-P.L.; validation,
Z.-PL., X.T. and W.-H.H.; investigation, Z.-H.L., X.T. and W.-H.H.; resources, P.L. and Z.-H.L.; data
curation, Z.-H.L.; writing—original draft preparation, Z.-H.L.; writing—review and editing, Z.-H.L.;
supervision, P.L.; project administration, P.L.; funding acquisition, P.L. and Z.-H.L. All authors have
read and agreed to the published version of the manuscript.

Funding: This research was funded by the National Key R&D Program of China, grant number
2018YFD0900905 and 2018 YFD0900902; the Natural Science Foundation of Shandong Province, China,
grant number ZR2019MCO011.

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: Data available in a publicly accessible repository and the field survey
data by our group.

Acknowledgments: The authors wish to thank all who assisted in conducting this work.

Conflicts of Interest: The authors declare no conflict of interest.



Water 2021, 13, 1582 10 of 12

Abbreviations

mercury-Hg, arsenic-As, copper-Cu, chromium-Cr, zinc-Zn, enrofloxacin-ENR, ciprofloxacin-
CIP, Norfloxacin-NOR, chemical oxygen demand-COD, five-day biochemical oxygen demand-BODS5,
total phosphorus-TP, total nitrogen-TN, Environmental Quality Standard for Surface Water-EQSSW,
high-performance liquid chromatography-mass spectrometry-HPLC-MS, limit of detection-LOD.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Zeng, H.A.; Wu, ].L. Heavy Metal Pollution of Lakes along the Mid-Lower Reaches of the Yangtze River in China: Intensity,
Sources and Spatial Patterns. Int. J. Environ. Res. Public Health 2013, 10, 793-807. [CrossRef]

Huang, X.X,; Luo, D.G.; Zhao, D.Y,; Li, N.; Xiao, TF,; Liu, J.Y.; Wei, L.Z; Liu, Y.; Liu, L.R.; Liu, G.W. Distribution, Source and Risk
Assessment of Heavy Metal(oid)s in Water, Sediments, and Corbicula Fluminea of Xijiang River, China. Int. J. Environ. Res. Public
Health 2019, 16, 1823. [CrossRef]

Cui, S.; Zhang, FX.; Hu, P; Hough, R;; Fu, Q.; Zhang, Z.L.; An, LH,; Li, Y.F; Li, K.Y,; Liu, D,; et al. Heavy Metals in Sediment
from the Urban and Rural Rivers in Harbin City, Northeast China. Int. ]. Environ. Res. Public Health 2019, 16, 4313. [CrossRef]
Liu, J.; Liu, Y.J.; Zhang, A.N,; Liu, Y.; Zhu, Y.; Guo, M.; Zhang, R. Spatial distribution, source identification, and potential risk
assessment of toxic contaminants in surface waters from Yulin, China. Environ. Monit. Assess. 2019, 191, 293. [CrossRef]

Xu, WH.; Zhang, G.; Zou, S.C; Ling, Z.H.; Wang, G.L.; Yan, W. A Preliminary Investigation on the Occurrence and Distribution
of Antibiotics in the Yellow River and its Tributaries, China. Water Environ. Res. 2009, 81, 248-254. [CrossRef] [PubMed]
Zhang, G.L.; Bai, ].H.; Xiao, R.; Zhao, Q.Q.; Jia, J.; Cui, B.S.; Liu, X.H. Heavy metal fractions and ecological risk assessment in
sediments from urban, rural and reclamation-affected rivers of the Pearl River Estuary, China. Chemosphere 2017, 184, 278-288.
[CrossRef]

Wu, J.J.; Su, Y.L.; Deng, Y.Q.; Guo, Z.X.; Cheng, C.H.; Ma, H.L.; Liu, G.F; Xu, L.W.; Feng, J. Spatial and temporal variation
of antibiotic resistance in marine fish cage-culture area of Guangdong, China. Environ. Pollut. 2019, 246, 463-471. [CrossRef]
[PubMed]

Song, C.; Li, L.; Zhang, C.; Kamira, B.; Qiu, L.P; Fan, LM.; Wu, W.; Meng, S.L.; Hu, G.D.; Chen, ].Z. Occurrence and human dietary
assessment of sulfonamide antibiotics in cultured fish around Tai Lake, China. Environ. Sci. Pollut. Res. 2017, 24, 17493-17499.
[CrossRef] [PubMed]

Dang, P; Gu, X;; Lin, C.; Xin, M.; Zhang, H.; Ouyang, W.; Liu, X.; He, M.; Wang, B. Distribution, sources, and ecological risks of
potentially toxic elements in the Laizhou Bay, Bohai Sea: Under the long-term impact of the Yellow River input. J. Hazard. Mater.
2021, 413, 125429. [CrossRef] [PubMed]

Song, L.; Gu, D.G.; Huang, M.S; Chen, L.; Huang, Q.C.; He, Y. Spatial Distribution and Contamination Assessments of Heavy
Metals in Sediments of Wenzhou River Network. Spectrosc. Spect. Anal. 2012, 32, 2540-2545.

Lin, C.Y,; He, M.C.; Zhou, Y.X.; Guo, W.; Yang, Z.F. Distribution and contamination assessment of heavy metals in sediment of the
Second Songhua River, China. Environ. Monit. Assess. 2008, 137, 329-342. [CrossRef]

Lin, C.Y,; Wang, ].; Liu, S.Q.; He, M.C,; Liu, X.T. Geochemical baseline and distribution of cobalt, manganese, and vanadium in
the Liao River Watershed sediments of China. Geosci. J. 2013, 17, 455-464. [CrossRef]

Zhuang, W.; Zhou, FX. Distribution, source and pollution assessment of heavy metals in the surface sediments of the Yangtze
River Estuary and its adjacent East China Sea. Mar. Pollut. Bull. 2021, 164, 112002. [CrossRef]

Xiao, H.; Shahab, A.; Xi, B.D.; Chang, Q.X.; You, S.H.; Li, ].Y.; Sun, X.J.; Huang, H.W.; Li, X K. Heavy metal pollution, ecological
risk, spatial distribution, and source identification in sediments of the Lijiang River, China. Environ. Pollut. 2021, 269, 116189.
[CrossRef]

Zhang, Z.M.; Zhang, ].; Zhang, H.H.; Shi, X.Z.; Zou, Y.W.; Yang, G.P. Pollution characteristics, spatial variation, and potential risks
of phthalate esters in the water-sediment system of the Yangtze River estuary and its adjacent East China Sea. Environ. Pollut.
2020, 265, 114913. [CrossRef] [PubMed]

Wu, YJ.; Li, G.Y,; Yang, Y.; An, T.C. Pollution evaluation and health risk assessment of airborne toxic metals in both indoors and
outdoors of the Pearl River Delta, China. Environ. Res. 2019, 179, 108793. [CrossRef]

Li, Y; Fang, J.; Yuan, X.Y,; Chen, Y.Y.; Yang, H.B.; Fei, X.H. Distribution Characteristics and Ecological Risk Assessment of
Tetracyclines Pollution in the Weihe River, China. Int. |. Environ. Res. Public Health 2018, 15, 1803. [CrossRef]

Yang, X.E; Duan, ] M.; Wang, L.; Li, W.; Guan, J.L.; Beecham, S.; Mulcahy, D. Heavy metal pollution and health risk assessment in
the Wei River in China. Environ. Monit. Assess. 2015, 187. [CrossRef]

Ma, J.; Liu, Y;; Yu, G.B; Li, H.B.; Yu, S,; Jiang, Y.P; Li, G.L.; Lin, ].C. Temporal dynamics of urbanization-driven environmental
changes explored by metal contamination in surface sediments in a restoring urban wetland park. J. Hazard. Mater. 2016, 309,
228-235. [CrossRef] [PubMed]

Han, M,; Niu, X.R;; Tang, M.; Zhang, B.T.; Wang, G.Q.; Yue, W.E; Kong, X.L.; Zhu, ].Q. Distribution of microplastics in surface
water of the lower Yellow River near estuary. Sci. Total Environ. 2020, 707, 135601. [CrossRef]

Fu, G.B.; Chen, S.L,; Liu, C.M.; Shepard, D. Hydro-climatic trends of the Yellow River basin for the last 50 years. Clim. Chang.
2004, 65, 149-178. [CrossRef]


http://doi.org/10.3390/ijerph10030793
http://doi.org/10.3390/ijerph16101823
http://doi.org/10.3390/ijerph16224313
http://doi.org/10.1007/s10661-019-7441-0
http://doi.org/10.2175/106143008X325719
http://www.ncbi.nlm.nih.gov/pubmed/19378655
http://doi.org/10.1016/j.chemosphere.2017.05.155
http://doi.org/10.1016/j.envpol.2018.12.024
http://www.ncbi.nlm.nih.gov/pubmed/30583154
http://doi.org/10.1007/s11356-017-9442-2
http://www.ncbi.nlm.nih.gov/pubmed/28593547
http://doi.org/10.1016/j.jhazmat.2021.125429
http://www.ncbi.nlm.nih.gov/pubmed/33618273
http://doi.org/10.1007/s10661-007-9768-1
http://doi.org/10.1007/s12303-013-0036-9
http://doi.org/10.1016/j.marpolbul.2021.112002
http://doi.org/10.1016/j.envpol.2020.116189
http://doi.org/10.1016/j.envpol.2020.114913
http://www.ncbi.nlm.nih.gov/pubmed/32531649
http://doi.org/10.1016/j.envres.2019.108793
http://doi.org/10.3390/ijerph15091803
http://doi.org/10.1007/s10661-014-4202-y
http://doi.org/10.1016/j.jhazmat.2016.02.017
http://www.ncbi.nlm.nih.gov/pubmed/26896720
http://doi.org/10.1016/j.scitotenv.2019.135601
http://doi.org/10.1023/B:CLIM.0000037491.95395.bb

Water 2021, 13, 1582 11 of 12

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

Yao, J.P,; Wang, G.Q.; Xue, W.N,; Yao, Z.P,; Xue, B.L. Assessing the Adaptability of Water Resources System in Shandong Province,
China, Using a Novel Comprehensive Co-evolution Model. Water Resour. Manag. 2019, 33, 657-675. [CrossRef]

Jia, H.L.; Sun, K.J.; Zhang, J.; Luo, X.X. Distribution and Pollution Assessment of Heavy Metals In Surface Sediment In Yellow
River Estuary And The Adjacent Sea Area. Appl. Mech. Mater. 2014, 665, 464—468. [CrossRef]

Ma, G.Y,; Wang, G.M. Heavy Metal Pollution and Wetland Protection in the Yellow River Basin. In Proceedings of the 3rd
International Yellow River Forum on Sustainable Water Resources Management and Delta Ecosystem Maintenance, Dongying,
China, 17-19 October 2007; Volume III, p. 182.

Chen, J.Y.; Taniguchi, M,; Liu, G.Q.; Miyaoka, K.; Onodera, S.I.; Tokunaga, T.; Fukushima, Y. Nitrate pollution of groundwater in
the Yellow River delta, China. Hydrogeol. ]. 2007, 15, 1605-1614. [CrossRef]

Weng, ].H. Water Environment Monitoring and Water Pollution Status in the Yellow River Basin. In Proceedings of the 1st
International Yellow River Forum on River Basin Management, Zhengzhou, China, 21 October 2003; Volume IV, pp. 283-289.
Xu, W.H.; Zhang, G.; Zou, S.C.; Li, X.D.; Liu, Y.C. Determination of selected antibiotics in the Victoria Harbour and the Pearl
River, South China using high-performance liquid chromatography-electrospray ionization tandem mass spectrometry. Environ.
Pollut. 2007, 145, 672-679. [CrossRef]

Milijasevic, D.; Milanovic Pesic, A.; Brankov, J.; Radovanovic, M. Water Quality Assessment of the Borska Reka River Using the
Wpi (Water Pollution Index) Method. Arch. Biol. Sci. 2011, 63, 819-824. [CrossRef]

Liu, S.G.; Lou, S.; Kuang, C.P; Huang, W.R.; Chen, W.J.; Zhang, ].L.; Zhong, G.H. Water quality assessment by pollution-index
method in the coastal waters of Hebei Province in western Bohai Sea, China. Mar. Pollut. Bull. 2011, 62, 2220-2229. [CrossRef]
Li, X.D.; Chen, Y.H.; Liu, C.; Hong, J.; Deng, H.; Yu, D.]. Eutrophication and Related Antibiotic Resistance of Enterococci in the
Minjiang River, China. Microb. Ecol. 2020, 80, 1-13. [CrossRef]

Chen, Q.; Huang, M.; Tang, X. Eutrophication assessment of seasonal urban lakes in China Yangtze River Basin using Landsat
8-derived Forel-Ule index: A six-year (2013-2018) observation. Sci. Total Environ. 2020, 745, 135392. [CrossRef]

Tang, W.; Cui, J.; Shan, B.; Wang, C.; Zhang, W. Heavy metal accumulation by periphyton is related to eutrophication in the Hai
River Basin, Northern China. PLoS ONE 2014, 9, e86458. [CrossRef]

Huang, X.P.; Huang, L.M.; Yue, W.Z. The characteristics of nutrients and eutrophication in the Pearl River estuary, South China.
Mar. Pollut. Bull. 2003, 47, 30-36. [CrossRef]

Wang, C.; Zhao, Y.P; Liu, S.; Xiao, Q.; Liang, W.X.; Song, Y.M. Contamination, distribution, and risk assessment of antibiotics in
the urban surface water of the Pearl River in Guangzhou, South China. Environ. Monit. Assess. 2021, 193. [CrossRef] [PubMed]
Sun, ].T.; Jin, L.; He, T.T;; Wei, Z,; Liu, X.Y.; Zhu, L.Z.; Li, X.D. Antibiotic resistance genes (ARGs) in agricultural soils from the
Yangtze River Delta, China. Sci. Total Environ. 2020, 740, 140001. [CrossRef] [PubMed]

Ju,HJ,; Li, SJ.; Xu, YJ.; Zhang, G.X.; Zhang, ].Q. Intensive Livestock Production Causing Antibiotic Pollution in the Yinma River
of Northeast China. Water 2019, 11, 2006. [CrossRef]

Zheng, J.; Gao, R X.; Wei, Y.Y,; Chen, T,; Fan, ].Q.; Zhou, Z.C.; Makimilua, T.B.; Jiao, Y.N.; Chen, H. High-throughput profiling and
analysis of antibiotic resistance genes in East Tiaoxi River, China. Environ. Pollut. 2017, 230, 648-654. [CrossRef] [PubMed]

Bai, YW.; Meng, W.; Xu, J.; Zhang, Y.; Guo, C.S. Occurrence, distribution and bioaccumulation of antibiotics in the Liao River
Basin in China. Environ. Sci. Process. Imp. 2014, 16, 586-593. [CrossRef] [PubMed]

Chen, K.; Zhou, J.L. Occurrence and behavior of antibiotics in water and sediments from the Huangpu River, Shanghai, China.
Chemosphere 2014, 95, 604—612. [CrossRef]

Golet, EM.; Alder, A.C.; Giger, W. Environmental exposure and risk assessment of fluoroquinolone antibacterial agents in
wastewater and river water of the Glatt Valley Watershed, Switzerland. Environ. Sci. Technol. 2002, 36, 3645-3651. [CrossRef]
Wu, C.F; Chen, C.H.; Wu, C.Y;; Lin, C.S;; Su, Y.C,; Wu, C.F; Tsai, H.P;; Fan, P.S.; Yeh, C.H.; Yang, W.C,; et al. Quinolone and
Organophosphorus Insecticide Residues in Bivalves and Their Associated Risks in Taiwan. Molecules 2020, 25, 3636. [CrossRef]
Jansomboon, W.; Boontanon, S.K.; Boontanon, N.; Polprasert, C. Determination and health risk assessment of enrofloxacin,
flumequine and sulfamethoxazole in imported Pangasius catfish products in Thailand. J. Environ. Sci. Health B 2018, 53, 108-115.
[CrossRef] [PubMed]

Nakata, H.; Kannan, K.; Jones, P.D.; Giesy, J.P. Determination of fluoroquinolone antibiotics in wastewater effluents by liquid
chromatography-mass spectrometry and fluorescence detection. Chemosphere 2005, 58, 759-766. [CrossRef] [PubMed]

Le Page, G.; Gunnarsson, L.; Snape, ].; Tyler, C.R. Integrating human and environmental health in antibiotic risk assessment: A
critical analysis of protection goals, species sensitivity and antimicrobial resistance. Environ. Int. 2017, 109, 155-169. [CrossRef]
Zhang, RJ.; Yu, KE; Li, A,; Wang, YH.; Pan, C.G.; Huang, X.Y. Antibiotics in coral reef fishes from the South China Sea:
Occurrence, distribution, bioaccumulation, and dietary exposure risk to human. Sci. Total Environ. 2020, 704, 135288. [CrossRef]
[PubMed]

Rodrigues, S.; Antunes, S.C.; Correia, A.T.; Golovko, O.; Zlabek, V.; Nunes, B. Assessment of toxic effects of the antibiotic
erythromycin on the marine fish gilthead seabream (Sparus aurata L.) by a multi-biomarker approach. Chemosphere 2019, 216,
234-247. [CrossRef]

Varol, M.; Sunbul, M.R. Organochlorine pesticide, antibiotic and heavy metal residues in mussel, crayfish and fish species from a
reservoir on the Euphrates River, Turkey. Environ. Pollut. 2017, 230, 311-319. [CrossRef] [PubMed]


http://doi.org/10.1007/s11269-018-2129-8
http://doi.org/10.4028/www.scientific.net/AMM.665.464
http://doi.org/10.1007/s10040-007-0196-7
http://doi.org/10.1016/j.envpol.2006.05.038
http://doi.org/10.2298/ABS1103819M
http://doi.org/10.1016/j.marpolbul.2011.06.021
http://doi.org/10.1007/s00248-019-01464-x
http://doi.org/10.1016/j.scitotenv.2019.135392
http://doi.org/10.1371/journal.pone.0086458
http://doi.org/10.1016/S0025-326X(02)00474-5
http://doi.org/10.1007/s10661-021-08887-5
http://www.ncbi.nlm.nih.gov/pubmed/33511434
http://doi.org/10.1016/j.scitotenv.2020.140001
http://www.ncbi.nlm.nih.gov/pubmed/32569910
http://doi.org/10.3390/w11102006
http://doi.org/10.1016/j.envpol.2017.07.025
http://www.ncbi.nlm.nih.gov/pubmed/28715769
http://doi.org/10.1039/c3em00567d
http://www.ncbi.nlm.nih.gov/pubmed/24509869
http://doi.org/10.1016/j.chemosphere.2013.09.119
http://doi.org/10.1021/es0256212
http://doi.org/10.3390/molecules25163636
http://doi.org/10.1080/03601234.2017.1388655
http://www.ncbi.nlm.nih.gov/pubmed/29173036
http://doi.org/10.1016/j.chemosphere.2004.08.097
http://www.ncbi.nlm.nih.gov/pubmed/15621189
http://doi.org/10.1016/j.envint.2017.09.013
http://doi.org/10.1016/j.scitotenv.2019.135288
http://www.ncbi.nlm.nih.gov/pubmed/31796281
http://doi.org/10.1016/j.chemosphere.2018.10.124
http://doi.org/10.1016/j.envpol.2017.06.066
http://www.ncbi.nlm.nih.gov/pubmed/28667912

Water 2021, 13, 1582 12 of 12

48.

49.

50.

51.

52.

Zhao, ]J.L,; Liu, Y.S,; Liu, W.R; Jiang, Y.X; Su, H.C.; Zhang, Q.Q.; Chen, X.W,; Yang, Y.Y; Chen, J.; Liu, S.S.; et al. Tissue-specific
bioaccumulation of human and veterinary antibiotics in bile, plasma, liver and muscle tissues of wild fish from a highly urbanized
region. Environ. Pollut. 2015, 198, 15-24. [CrossRef] [PubMed]

Rodas-Suarez, O.R.; Flores-Pedroche, J.F,; Betancourt-Rule, ].M.; Quinones-Ramirez, E.I.; Vazquez-Salinas, C. Occurrence and
antibiotic sensitivity of Listeria monocytogenes strains isolated from oysters, fish, and estuarine water. Appl. Environ. Microbiol.
2006, 72, 7410-7412. [CrossRef] [PubMed]

Hernando, M.D.; Petrovic, M.; Fernandez-Alba, A.R.; Barcelo, D. Analysis by liquid chromatography-electro spray ionization
tandem mass spectrometry and acute toxicity evaluation for beta-blockers and lipid-regulating agents in wastewater samples. J.
Chromatogr. A 2004, 1046, 133-140. [PubMed]

Mangalo, H.H.; Akbar, M.M. Limnological Investigation on the Al-Latifiyah Common Carp (Cyprinus-Carpio) Pond (Baghdad-
Iraq). 2. Food and Feeding-Habits of Cyprinus-Carpio, L. |. Environ. Sci. Health Part A Environ. Sci. Eng. Toxic Hazard. Subst.
Control 1988, 23, 513-524. [CrossRef]

Osborne, J.A.; Riddle, R.D. Feeding and growth rates for triploid grass carp as influenced by size and water temperature. J.
Freshwat. Ecol. 1999, 14, 41-45. [CrossRef]


http://doi.org/10.1016/j.envpol.2014.12.026
http://www.ncbi.nlm.nih.gov/pubmed/25549863
http://doi.org/10.1128/AEM.00956-06
http://www.ncbi.nlm.nih.gov/pubmed/16980425
http://www.ncbi.nlm.nih.gov/pubmed/15387181
http://doi.org/10.1080/10934528809375431
http://doi.org/10.1080/02705060.1999.9663653

	Introduction 
	Materials and Methods 
	Sample Sites and Sampling Methods 
	Reagents 
	Water Quality Parameters and Pollution Indexes Analysis 
	Quality Assurance 
	Potential Ecological Risk Assessment and Data Statistics 

	Results and Discussion 
	Surface Water Contaminants in Lower Yellow River 
	Contaminants in Fish Samples 

	Conclusions 
	References

