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A B S T R A C T

Antibiotics have adverse effects on human health and aquatic ecosystems in water environment, which is the
main pool. In this study, antibiotics in the aquatic environment of China, containing both surface water and
groundwater, were first systematically reviewed. That is essential for surface water and groundwater guideline
and industry management. 128 articles were reviewed, containing 116 papers on surface water and 12 papers on
groundwater. 94 antibiotics were detected at least once in the aquatic environment of China and most of the
studies were in the eastern areas of China. The median concentrations of most antibiotics were below than
100 ng/L in the surface water and 10 ng/L in the groundwater. The concentrations of most antibiotics in China
were similar or a little higher than in other countries. According to risk assessment, three antibiotics (enro-
floxacin, ofloxacin and erythromycin) and three regions (Haihe River, Wangyang River and Taihu Lake) should
be given more concerns. Strengthened policy and management are needed in these regions. In the future, more
studies on groundwater and a priority list of antibiotics in the aquatic environment was needed.

1. Introduction

Antibiotics are emerging environmental pollutants, and due to the
overuse and misuse, the prevalence and persistence of antibiotics have
been an issue of global concern. However, 70%–90% of antibiotics are
excreted unchanged or in active metabolites (Masse et al., 2014). Due to
limited removal rates of wastewater treatment plants, large amounts of
antibiotics have been transferred from effluent into surface water,
groundwater, and even drinking water (Jurado et al., 2019; Sharma
et al., 2019). The residual antibiotics in the environments were po-
tentially serious threats to human health and ecosystems (Fekadu et al.,
2019) and lead to the generation and spread of antibiotics resistance
genes and antibiotics resistance bacteria, which could transferred into
pathogens and transmit from the natural environment to human bodies
(Perry and Wright, 2013), causing more serious threats.

Currently, researchers have carried out plenty of studies on the
detection methods, occurrence, fate, ecological toxicity andremoval of
antibiotics. Firstly, in the last years, many reviewers have compiled
data on the distribution of antibiotics in wastewater (Szymanska et al.,
2019), surface waters (Bilal et al., 2020; Danner et al., 2019), lakes
(Cheng et al., 2018; Liu et al., 2018a), seas (Li et al., 2018b), ground-
water (Dong et al., 2018), soil (Rusu et al., 2015), food (Done and
Halden, 2015) and so on. Aquatic environment is the major pool for

antibiotics. The antibiotics will recharged into aquatic environment by
effluent discharge after treatments, surface runoff and other ways.
Secondly, some researchers summarized antibiotics in aquatic en-
vironments for different kinds of antibiotics, for examples, fluor-
oquinolone antibiotics (Riaz et al., 2018; Taveira Parente et al., 2019)
and cephalosporin antibiotics (Ribeiro et al., 2018). Thirdly, these re-
views were accounted for global regions (Cheng et al., 2018), specific
regions, such as European (Carvalho and Santos, 2016) and African
(Fekadu et al., 2019), specific countries and even major rivers (Guan
et al., 2017). China is the largest producer and user of antibiotics in the
world (Zhu et al., 2013). The usage of all the antibiotics in most of
China in 2013 was 162, 000 t (Zhang et al., 2015).

In the past five years, three reviews were carried out on the dis-
tribution of antibiotics in aquatic environments of China. Liu et al.
(2018b) had summarized the occurrence of antibiotics in water, sedi-
ment and aquatic organisms of typical lakes and quinolone antibiotics
pose the greatest risks. Li et al. (2018b) had reviewed 94 antibiotics in
seven China's major rivers and four seas from 2005 to 2016 and the
highest median concentrations were found in water and sediments of
Hai River. Zhao et al. (2016) had discussed the pharmaceuticals and
personal care products (containing antibiotics) in the surface water and
sediments of China during 2012–2015. Also, groundwater is an im-
portant source of drinking water for most of the regions of China. Sui
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et al. (2015) had reviewed the pharmaceuticals and personal care
products (containing antibiotics) in the groundwater of all over the
world during 2012–2014. However, no comprehensive review of anti-
biotics in surface water and groundwater of China was conducted.

In our study, we gathered the occurrence and distribution of anti-
biotics in aquatic environments of China, containing surface water
(rivers, lakes, reservoir and pond) and groundwater. The objectives
were to (1) understand temporal and spatial distributions of all pre-
vious work; (2) identify antibiotics with high concentrations through a
meta-analysis and prioritize antibiotics with potential ecological risk;
(3) examine the spatial distributions of representative antibiotic and the
difference in surface water of China and other countries.

2. Methods

2.1. Data collection

This study was based on reports carried out in China and published
until 31 July 2019. The literature survey was conducted via searching
in the Web of Knowledge using “China”, “occurrence * OR determina-
tion * OR detection * OR distribution *”, “water” and “antibiotics * OR
antibiotic *” as the topics. Publications were checked individually to
eliminate any irrelevant articles and also which failed to provide spe-
cific values were abandoned.

2.2. Statistical analysis

The mean and maximum concentrations of antibiotics were either
collected from the publications or calculated using the data provided in
the publications. The concentrations those were reported as “not de-
tected” or “below detection limit” were assigned a value of zero (Li
et al., 2018d). Referred to the meta-analysis methods (Cheng et al.,
2018), the concentration values from the same sites in two years were
considered as different data entries and from different seasons in a
successive year were calculated for the mean value.

2.3. Risk assessment

Ecotoxicological risk was assessed based on the risk quotients (RQ)
value, as shown in Equation (1). Worst case assumptions were con-
sidered and the highest concentration of the antibiotic was adopted as
the values for the measured environmental concentration (MEC). The
predicted no-effect concentration (PNEC) of antibiotic was estimated
using the acute half maximal effective concentration (EC50) or half
maximal lethal concentration (LC50) divided by a default assessment
factor (Li et al., 2015).

=RQ MEC / PNEC (1)

where,

=PNEC (EC or LC ) / 100050 50 (2)

3. Occurrence and concentrations of antibiotics in aquatic
environments of China

3.1. Overview and scope

Reports were searched in the Web of Knowledge and 539 publica-
tions were got. These publications were examined individually and
further eliminated the irrelevant articles, such as the reports focusing
on sea water, drinking water and tap water. Finally 128 articles met the
requirements, 116 of which were on surface water and 12 were on
groundwater, listed in Tables 1S and 2S

Due to degradation and adsorption behavior of antibiotics in waters,

the antibiotics in waters may vary and the articles in the past five years
(2014–2019) were overviewed for the concentrations and risk assess-
ment of antibiotics in waters. Data was extracted from these articles to
develop a database, including compound name, sampling location,
concentration, and reference information. Articles which failed to
provide specific values were abandoned. However, due to different
measurement techniques used, there were data errors induced by the
numeric or measurement techniques, which were not considered.

There were 94 antibiotics reported in more than one article in the
past five years. As shown in Table 1, these 94 antibiotics were classified
as sulfonamides, quinolones, telracyclies, macrolides, β-lactam, chlor-
amphenicols and other antibiotics. Sulfonamides and quinolones were
the most commonly investigated antibiotics in the surface water and
groundwater of China and that may be related to the degradation and
adsorption behaviors of antibiotics in water (Cheng et al., 2018). Also,
among sulfonamides and quinolones, more antibiotics were contained
and 27 sulfonamides and 23 quinolones antibiotics were reported in the
surface water, while 16 sulfonamides and 15 quinolones antibiotics
were studied in the groundwater, respectively. Telracyclies (8) and
chloramphenicols (5) antibiotics contained in these articles were least.
However, telracyclies were reported in 68.66% articles about surface
water. In the groundwater, sulfonamides, quinolones, telracyclies and
macrolides antibiotics were the four most commonly investigated an-
tibiotics. β-lactam antibiotics had not been reported in the groundwater
of China in the past five years. Sulfonamides and quinolones antibiotics
were more extensively contained in the groundwater, which was the
same as in the surface water.

3.2. Temporal and spatial distribution of studies

Fig. 1 shows the numbers of publications in every year for the oc-
currence of antibiotics in aquatic environments. Compared with surface
water, groundwater was more difficulty to sample and antibiotics were
harder to be detected in the groundwater (Li et al., 2014). So, more
studies were on surface water (90.63%) than those on groundwater
(9.38%) in aquatic environments of China. Also, reports on the occur-
rence of antibiotics in groundwater were posterior to surface water and
as shown in Fig. 1, the studies on the occurrence of antibiotics in
groundwater started in 2011.

Before 2007, no research was on the occurrence and concentrations
of antibiotics in aquatic environments of China. The first study ap-
peared in 2007. Xu et al. (2007) analyzed nine antibiotics in the Vic-
toria Harbour of Hong Kong and the Pearl River of Guangzhou using
high performance liquid chromatography-electrospray ionization
tandem mass spectrometry. During the period of 2007–2010, less than
three manuscripts on the occurrence of antibiotics in aquatic environ-
ments were published in every year and no publication was on
groundwater. From 2011, more attentions were paid and at least seven
manuscripts on the occurrence of antibiotics in aquatic environments

Table 1
The number of studies and detected number of each class of antibiotics in
aquatic environments of China.

Surface water Groundwater

Na nb N n

Sulfonamides 57 27 5 16
Quinolones 50 23 5 15
Telracyclies 46 8 4 4
Macrolides 40 11 5 6
β-lactam 6 11 0 0
Chloramphenicols 22 5 2 2
Others 17 9 1 2

Notes.
a Number of studies.
b Number of studied compounds.
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were published in every year. In 2018, 34 publications were found, 32
publications were for surface water and 2 publications were on
groundwater. Although, the articles published until 31 July 2019 were
search, 18 publications were found. During 2018, 2019, there were 52
articles appeared, contributing 41% of the total researches. The in-
creasing studies were most attributed to the growing attention and in-
vestment in the environmental protection of government and the de-
velopment of sampling and detection technology (Meng et al., 2016).

The geographical distribution of the reported sampling locations
was shown in Fig. 2. Among the 128 studies, except Macau and Taiwan,
all the provinces were covered. As shown in Fig. 2, most of the studies
were designed to detect antibiotics in aquatic environments of eastern
China. The most studies were taken place in Guangdong, Beijing and

Jiangsu provinces, which were 23, 22 and 18 articles, respectively. In
the middle and western provinces of China, less than five studies were
found. That was similar to previous researches on pharmaceuticals and
personal care products in the aquatic environment (Bu et al., 2013a)
and organic contaminants in the sewage sludge (Meng et al., 2016).
That was related to the highest density of population and economic
development. Intensive studies of antibiotics were found in surface
waters of Yangtze River, Pearl River, Songhuajiang River, Liao River
and Taihu Lake.

3.3. Occurrence of antibiotics in the surface water of China

Fig. 3A shows the median and confidence interval concentrations of
antibiotics in the surface water of China and twenty-two antibiotics
whose median concentrations were below zero were abandoned.
Twenty-four antibiotics had median values that were<1 ng/L, the
median concentrations of twenty-eight antibiotics were among 1 and
10 ng/L, eighteen antibiotics were among 10 and 100 ng/L and two
antibiotics (spectinomycin and streptomycin) were more than 100 ng/
L.

3.3.1. Sulfonamides
Table 3S lists the concentration levels of sulfonamide antibiotics

detected in surface water and the NO. of studies for sulfonamide anti-
biotics. Twenty-seven sulfonamides were reported at least once in the
surface water in the last five years. Sulfamethoxazole (SMX) was the
most studied sulfonamide antibiotic in the surface water and had been
reported in 57 articles in the last five years, accounting for 85.07% of
the total studies retrieved. The other three sulfonamides extensively
detected were sulfadiazine (SDZ, 44), sulfamethazine (SMZ, 34) and
trimethoprim (TMP, 34). As shown in Fig. 3 and Table 2, the median
concentrations of SMX, sulfaquinoxaline (SQX) and TMP were higher
than 5 ng/L in the surface water of China. That was similar with the

Fig. 1. No. of publications on antibiotics in aquatic environments of China.

Fig. 2. National distribution of studies on antibiotics in aquatic environments of China.
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Fig. 3. Concentrations of antibiotics in the surface water (A) and groundwater (B) of China (median and 95% confidence interval).
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retrieved results in the bulk water of global lakes and in that review,
and SMX, sulfameter, TMP and sulfamerazine had the higher con-
centrations (median,> 11 ng/L) (Cheng et al., 2018). The concentra-
tions of SMX in China were similar to those in Ghana (13–2861 ng/L)
(Azanu et al., 2018) and Mexico (76–2010 ng/L) (Rivera-Jaimes et al.,
2018). The median concentration of SMZ in China was a little higher
than in Spain (Galicia, 05–2.0 ng/L) (Iglesias et al., 2014). The median
concentration of SMZ in China was similar to those in UK (River
Thames, 3.4–350 ng/L) (White et al., 2019) and Bolivia (0–312 ng/L).
The highest concentrations of sulfonamides were observed in Hai River
(Chen et al., 2018b) and Wangyang River of Hebei province (Jiang
et al., 2014).

3.3.2. Quinolones
Table 4S shows the concentration levels of quinolones detected in

surface water and the NO. of studies for quinolones. Twenty-three
quinolones were reported at least once in surface waters in the last five
years. Ofloxacin (OFL) and ciprofloxacin (CIP) and norfloxacin (NOR)
were studied most frequently and were reported in 50, 45 and 44 ar-
ticles, respectively. The median concentrations of most quinolones were
higher than most sulfonamides. As shown in Fig. 3A and Table 4S, the
median concentrations of elven quinolones (accounting for 45.83% of
the total quinolones) were higher than 10 ng/L, seven quinolones were
among 1 and 10 ng/L and only five quinolones were below than 1 ng/L.
The concentration of danofloxacin was highest, with the median con-
centration of 62.83 ng/L, that was higher than the retrieved results in
the bulk water of global lakes (median,< 1 ng/L) (Cheng et al., 2018).
The median concentrations of the three most frequently detected qui-
nolones were among 10.36 and 11.44 ng/L. The concentrations of CIP
in the surface water of China were similar to those in Ghana
(25–1168 ng/L) (Charuaud et al., 2019) and the concentrations of OFL,
CIP and NOR were higher than those in Vietnam (Thai et al., 2018) and
Europe (Szymanska et al., 2019). The maximum concentrations of OFL,
CIP, NOR and enrofloxacin (ENR) were highest in Haihe river (Chen
et al., 2018b), Yangtze River (Xu et al., 2019) and rural ponds of Hubei
province (Chen et al., 2018a).

3.3.3. Telracyclies
Table 5S shows the concentration levels of telracyclies detected in

surface water and the NO. of studies for telracyclies. Eight telracyclies
were reported at least once in the surface water of China in the last five
years. Among the eight telracyclies, chlortetracycline (CTC), oxyte-
tracycline (OTC) and tetracycline (TC) were the most detected telra-
cyclies in the surface water of China, with the reports of 31, 46 and 45,
respectively. The three telracyclies were frequently used for human and
animals and the total usage of the three telracyclies was 3072 t in 2013
(Zhang et al., 2015). Also, the levels of CTC, OTC and TC were highest,
with the median concentrations of 2.2, 13.88 and 9.00 ng/L and max-
imum concentrations of 68900, 361107.4 and 25537 ng/L, respec-
tively. The highest concentrations of CTC, OTC and TC were observed
in Wangyang River of Hebei province (Jiang et al., 2014). Those in the
surface water of China were much higher than those in Korea (Kim
et al., 2019), Africa and Europe (Fekadu et al., 2019) and Ghana (Azanu

Fig. 3. (continued)

Table 2
Comparative analysis for the concentrations of SMX in other countries.

Country Site Mean Concentrations Reference

China – 35.18 0–4870 This study
UK Thames River – 10–35 White et al. (2019)
Spain Tagus river 9.42 0–5962 Rico et al. (2019)
Malaysia Klang River 0.21 0–0.86 Omar et al. (2019)
France Adour Estuary – 0–6.5 Miossec et al.

(2019)
Malaysia Lui River 51.49 19.25–75.48 Praveena et al.

(2018)Gombak River 100.55 95.81–109.34
Selangor River 95.53 84.31–114.24

Bangladesh Brahmaputra River 1.39 0–7.24 Hossain et al.
(2018)

Japan Yodo River
watershed

11 5–18 Hanamoto et al.
(2018)

Vietnam – 259 0–2159 Chau et al. (2018)
Canada Red River 3.49 1.5–7.6 Challis et al.

(2018)
Ghana – – 13–2861 Azanu et al. (2018)
Italy Alpine rivers 22.29 0–106.7 Mandaric et al.

(2017)
India Gomti river 0.59 1–3.5 Hossain et al.

(2017)
Katari Urban area 130 15–218 Archundia et al.

(2017)Katari area 24.2 18–31
Cohana bay 18.8 11.5–26
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et al., 2018).

3.3.4. Macrolides
The concentration levels of macrolides detected in surface water

and the NO. of studies for macrolides are shown Table 6S. Eleven
macrolides were reported in the articles retrieved in the last five years
and the median concentrations of five macrolides were higher than
1 ng/L (Fig. 3A). Erythromycin (ERY) and roxithromycin (ROX) were
paid more attentions than other macrolides, with 40 and 39 related
articles for the occurrence in the surface water of China, respectively.
Also, the levels of ERY and ROX were highest, that was the same as
telracyclies. The median concentrations of ERY and ROX were 7.61 and
5.22 ng/L and the highest concentrations were 4200 and 3700 ng/L,
respectively, observed in Haihe River (Chen et al., 2018b). Those
concentrations of ERY in the surface water of China were lower than in
UK (River Thames, 32–780 ng/L) (White et al., 2019), Iran (Tehran,
18.02 ng/L) (Mirzaei et al., 2019) and Ghana (7.0–1149 ng/L) (Azanu
et al., 2018) and higher than in Bangladesh (Old Brahmaputra river,
0–6.46 ng/L) (Hossain et al., 2018).

3.3.5. β-lactam, chloramphenicols and others
Table 7S shows the concentration levels of other antibiotics detected

in surface water and the NO. of studies. There were eleven β-lactam
antibiotics, five chloramphenicols and nine other antibiotics reported at
least once in the last five years in the surface water of China. Compared
with other groups of antibiotics, β-lactam antibiotics, chloramphenicols
and other antibiotics were seldom reported. However, chloramphenicol
(CAP) and florfenicol were most extensively reported, with 22 and 19
articles, respectively. The median concentration of florfenicol was more
than 10 ng/L (Fig. 3A and Table 7S). The highest concentration of
florfenicol was observed in river of Beijing-Tianjin-Hebei region for fish
farming (Cheng et al., 2019). The median concentrations of part of
antibiotics were more than 100 ng/L, for example, spectinomycin and
streptomycin, that were observed in Pearl river (Li et al., 2018a).

3.4. Occurrence of antibiotics in the groundwater of China

Fig. 3B and Tables 3S–7S show the occurrence of antibiotics in the
groundwater of China in the last five years. The occurrence of anti-
biotics could be got from six articles. Forty-five antibiotics were re-
ported at least once in the groundwater of China, including sixteen
sulfonamides, fifteen quinolones, four telracyclies, six macrolides, two
chloramphenicols and two others antibiotics. Six antibiotics (SMZ, CIP,
ENR, NOR, OFL and ERY) were detected most frequently, with five
articles for each antibiotic, followed by SMX, CTC, OTC and ROX. Those
were similar with the reports for surface water and those antibiotics
reported extensively had also been paid most attentions in the surface
water.

Twenty-four antibiotics were not detected in the groundwater and
abandoned in Fig. 3B. As shown in Fig. 3B, five antibiotics had median
values that were<1 ng/L, the median concentrations of fifteen anti-
biotics were among 1 and 10 ng/L and one antibiotic (CTC) had median
values that were>10 ng/L. The highest concentrations of CTC were
observed in the groundwater of Beijng, Tianjin (Li et al., 2018c) and
Hebei (Jiang et al., 2014), which were influenced by sewage effluent
and pollution from swine feedlots. The maximum concentrations of
other antibiotics were also observed in the groundwater of the three
sites. The concentrations of antibiotics in the groundwater of China
were higher than those in Korea (0 for SMZ, 0–0.52 ng/L for CIP,
0–0.19 ng/L for ENR, 0–1.27 for NOR and 0–0.70 for OFL) (Lee et al.,
2019), Netherlands (not detected for CIP and ERY) (Kivits et al., 2018)
and were lower than in Romania (relation to the proximity of urban
area, 0–126.78 for NOR and 0–586.40 ng/L) (Szekeres et al., 2018) and
Spain (Boy-Roura et al., 2018).

4. Risk assessment

Exposure to antibiotics has adverse negative effects to organisms. In
this study, the potential environmental risks of antibiotics to aquatic
organisms were calculated, based on the RQs. Maximum concentrations
of antibiotics in the aquatic environment of China were selected in
order to consider the worst-case scenario. Due to less data of ground-
water retrieved from former studies, the risk assessment of antibiotics
in the surface water of China was only considered. Also, to reflect the
overall risk of antibiotics in the surface water of China, the RQs were
calculated for antibiotics reported frequently. These selected antibiotics
were six sulfonamides (SDZ, SMZ, SMX, sulfamonomethoxine (SMN),
SFP and TMP), four quinolones (CIP, ENR, NOR and OFL), four telra-
cyclies (CTC, doxycycline (DOX), OTC and TC), two macrolides (ERY
and ROX) and CAP. The PNECs of those antibiotics were collected from
published studies and list in Table 8S.

The ranking criterion of RQs was applied (RQ < 0.1, insignificant
risk; 0.1≤ RQ < 1, low risk; 1≤ RQ < 10; moderate risk; RQ > 10,
high risk) (Agerstrand and Ruden, 2010). As shown in Fig. 4, SMN, SFP,
TMP, CIP and CAP showed insignificant risk in the surface water of
China. CTC, SMX, SMZ and NOR posed insignificant risk in 75% of the
sampling sites, but CTC posed high risk, SMX showed moderate risk and
SMZ and NOR showed low risk if considering the maximum con-
centration. For the other eight antibiotics, considering the median
concentrations in the surface water of China, five antibiotics (SDZ,
DOX, OTC, TC and ROX) posed low risk and three antibiotics (ENR, OFL
and ERY) posed moderate risk. Except SDZ and DOX, the six antibiotics
shows high risk in the sampling site with the maximum concentration.
So in the future, we should pay more attentions on ENR, OFL and ERY
in the surface water. The highest risks were observed in the river of
Beijing-Tianjin-Hebei for ENR (Cheng et al., 2019), Haihe river for SMZ,
SMX, OTC, TC, ERY and ROX (Chen et al., 2018b), two rural ponds of
Hubei for OFL (Chen et al., 2018a) and Taihu Lake for DOX (Zhou et al.,
2016). It is obvious that the Haihe River and the Taihu Lake should be
regions of highly concern due to the high risks of antibiotics de-
termined. These results could be used as references to the surface water
and also groundwater guidelines. Furthermore, that could provide a
basis for the industry management.

5. Spatial variation and comparisons of SMX concentrations

Due to the most studies, SMX was chosen as a representative anti-
biotic for the spatial variation of antibiotic nationally. The mean

Fig. 4. Boxplots for the calculated RQs for the seventeen selected antibiotics
detected in surface water of China.
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concentrations of SMX in twenty-one province were calculated and the
spatial variation of SMX in aquatic environments of China is shown in
Fig. 5. The mean concentration of SMX in Hebei province (124.62 ng/L)
was highest, followed by Chongqing (78.55 ng/L), Shanghai (58.01 ng/
L), Beijing (42.58 ng/L) and Jilin (33.49 ng/L) province, that should be
paid more attentions, especially Haihe River. These findings may have
been related to differences in treatment technologies and usages among
regions. Also, these results were similar with those of a previous study
conducted by Bu et al. (2013b), in which higher PPCPs concentrations
were shown to be related to higher population density in the adjacent
cities, such as Beijing and Shanghai. The mean concentrations of SMX in
other provinces retrieved were all lower than 25 ng/L. In Shandong and
Shanxi provinces and Hong Kong, the mean concentrations of SMX
were lower than 5 ng/L and were 3.57, 3.75 and 1.1 ng/L, respectively.

Also, as shown in Table 2, we compared the occurrence of SMX in
the surface water of China with other countries. The mean concentra-
tion of SMX in the surface water of China was 35.18 ng/L. Except
Vietnam, Malaysia and India, there was small differences for the mean
concentration of SMX between in the surface water of China and other
countries. That was higher than most of studies in other countries re-
trieved, while lower than in Malaysia, Vietnam and Urban area of Ka-
tari. However, the maximum concentration of SMX in the surface water
of China was much higher than other countries retrieved, except Spain
and Ghana. The maximum concentration of SMX in the surface water of
China was higher than Ghana and lower than Spain, but those were in
the same order of magnitude. However, the maximum concentration of
SMX in the surface water of China was 1–4 order of magnitude higher
than other countries. Therefore, compared with other countries, the
pollution of antibiotics in aquatic environments of China were serious.
More attentions are needed to pay and correlative regulations are
needed to restrict the sewage recharging. Also advanced technology in
municipal wastewater treatment plant should be developed.

6. Needs for antibiotics in aquatic environments of China

The presence of antibiotics in aquatic environments is receiving
increasing attentions. With the development of economics and in-
creasing of population, the antibiotics emission and contamination will
increase, which would pose risk to human being and ecology, therefore
more attentions would be paid to antibiotics in the future, for example,
the occurrence in the environment, transformation, the remove tech-
nology and so on.

Although a significant increase in the reports of antibiotics in the
aquatic environment, four aspects on antibiotics in the aquatic en-
vironment should be paid more attentions. These four aspects were as
follows,

Firstly, many studies have focused on the surface water and less has
on the groundwater. In China, groundwater is the main resource of
drinking water in many cities. Therefore, the quality of groundwater is
much important for the health of human beings. Only 12 articles could
be retrieved on the occurrence of antibiotics in the groundwater. In the
future, the studies on groundwater need more attentions, especially the
national distribution of antibiotics in the groundwater.

Secondly, most of the studies were on the occurrence of antibiotics
in the eastern region and less were in the middle and western areas.
Although the population in the middle and western areas was less than
eastern areas and the development of economic was slower than eastern
areas, studies are still needed.

Thirdly, due to the high risks, Haihe River, Wangyang River and
Taihu Lake should be given more concerns. Also, the restrictions of
swine wastewater and aquaculture sewage need to be strengthened.
More guidelines are needed, such as surface water, groundwater,
aquaculture sewage and so on.

Fourthly, 94 antibiotics were detected in the aquatic environment of
China. However, many antibiotics, such as oxazolidinone and ami-
noglycoside antibiotics, have not yet been investigated in the aquatic
environment of China. Also, the metabolites of antibiotics were not
detected. Those may pose larger risk to human beings and ecosystem.
Furthermore, as the developments of detection and new contaminants
discovered, the database needs to be updated. A priority list of anti-
biotics in the aquatic environment is needed for detection in the future.

7. Conclusion

In this study, the distribution of antibiotics in aquatic environments
of China, containing surface water and groundwater, were first sys-
tematically reviewed. That could provide guidance for the management
of antibiotics in the aquatic environment. 128 articles were reviewed,
including 116 on surface water and 12 on groundwater. 94 antibiotics
were detected in the aquatic environments of China and sulfonamides
and quinolones were paid more attentions with more kinds of anti-
biotics contained and more articles. Beginning in 2007, the studies on
the distribution of antibiotics in the aquatic environment of China in-
creased gradually and in 2018, 34 publications were retrieved. The
median concentrations of most antibiotics were below than 100 ng/L
and the median concentrations of SMX, danofloxacin, OTC and ERY
were highest among sulfonamides, quinolones, telracyclies and mac-
rolides in the surface water, respectively. The median concentrations of
most antibiotics were below than 10 ng/L in the groundwater. Due to
high risk, ENR, OFL and ERY should be paid more attention and Haihe
River, Wangyang River and Taihu Lake should be given more concerns.
In the future, more studies were needed on the groundwater and a
priority list of antibiotics in the aquatic environment is needed.
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