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a b s t r a c t
This research evaluated the occurrence and distribution of 28 antibiotics from the sulfonamides, 
tetracyclines, macrolides, fluoroquinolones, β-lactams and the others in drinking water in upper 
reach of Three Gorges Reservoir, China. With three types of eight kinds of antibiotics detected, the 
concentration in the range of 0.4–140.0 ng/L includes sulfa sulfamethoxazole (SMX), sulfamethazine 
(SMZ), macrolide erythromycin, roxithromycin (ERM), roxithromycin (ROM), tylosin (TYL), linco-
mycin (LIN), chloramphenicol amine benzene alcohol (CAP), florfenicol (FF). In addition to CAP, 
the remaining seven kinds of antibiotics are poultry drugs, and the usage rank of FF and LIN are the 
top five in the antibiotics list of China. According to the analysis of different water sources, ecolog-
ical risk level (RQsum) from high to low were T-R-CK > C-R-BB > T-L-JM > C-R-DY > T-R-GQ > T-L-Z
J > C-L-GSQ > C-R-LT > C-R-FSB, the RQsum of T-R-CK water source up to 1.981, indicating that the 
corresponding aquatic organisms in the water source exhibit higher toxicity risk. The detection of 
antibiotics in C-R-FSB and C-R-LT water source were at low risk, indicating that both were affected 
by human activities at minimal interference. According to the analysis of the detection of antibiotics, 
SMX, TYL, ERM and ROM showed moderate risk level, the potential impact on ecological should 
be paid more attention. In view of the risk of antibiotics are major livestock and poultry drugs, the 
Three Gorges Reservoir area should further regulate the use of antibiotics in livestock and poultry 
breeding.
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protection

1. Introduction

With the development of medical and diagnostic levels, 
as well as more attention to the human health, more and 
more antibiotics have been widely used for clinical, veteri-
nary, agricultural, food, and industrial applications [1–4]. 
Most antibiotics used for humans and animals are excreted 

in the form of drugs, metabolites, or other ways, which have 
been proved to perform high performances to treat various 
bacterial infections and inhibit the infection of pathogenic 
microorganisms [5,6]. However, most of the antibiotics were 
finally moved to the water systems including surface water, 
seawater, groundwater, and even drinking water through 
the discharge of domestic sewage, aquaculture wastewater, 
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agricultural manure, and irrigation runoff, revealing high 
risk for human living. The situation of the excessive use of 
antibiotics is extremely serious in China [7], and the anti-
biotic usage in 2013 was about 162,000 t. After the use by 
human beings and livestock, antibiotics were excreted from 
the body by the ways of primary or metabolic product, and 
finally about 53,800 t antibiotics entered into the natural 
environment [8].

Antibiotics may have some acute or chronic toxicity to 
aquatic organisms. While inhibiting or killing pathogens, 
they may also kill some beneficial microorganisms in the 
environment and disturb (or even destroy in some degree) 
the ecosystem cycles [9,10]. Therefore, it is highly necessary 
for precise determination and risk assessment of antibiotics 
in every water system. Previously, many studies have been 
performed to understand the distribution of antibiotics in the 
systems including surface water, groundwater, river water, 
and sea water [11–18]. For instance, Zin and Nail [11] and 
Richardson et al. [12] studied the distribution and ecological 
risk of antibiotics in the river of north China and Hongkong, 
respectively, with the liquid chromatography-tandem mass 
spectrometry (LC-MC/MS) technique; Zhang et al. [13] 
reported the profiling of antibiotic resistance genes in drink-
ing water treatment plants with high-throughput quantita-
tive PCR technique; and Sufiyan and Magaji [14] investigated 
the occurrences and regional distributions of 20 antibiotics in 
groundwater with LC-MC/MS. However, only less amount of 
studies have been done to know the distribution and risk of 
antibiotics in concentrated drinking water [19–21]. Therefore, 
there is still some space and significance for measuring trace 
level antibiotic in drinking water system and evaluating their 
risk to human living around.

As the largest strategic freshwater resource in China, 
the Three Gorges Reservoir (TGR, center of China) plays 
important roles in the Yangtze River Basin and strategic 
resource allocation. With the economic development, the 
increasing number of pollutants in the water environment 
poses a potential threat to the drinking water safety of urban 
residents in the TGR area [22,23]. In addition, it has been 
found that the detection of antibiotics in the water envi-
ronment was significantly affected by the usage habits of 
antibiotics in various regions.

In this study, we focus on the trace level determination 
and risk assessment of various antibiotics in the drinking 
water of the upper reach of TGR by using LC-MC/MS tech-
nique. Based on the types and characteristics of various 
antibiotics that are used in China and the relevant infor-
mation of antibiotics that is provided by the Food and 
Drug Administration and the Department of Health, six 
types of 28 categories of antibiotics were selected as the 
analysis objects [24–30]. The purpose of this study is to 
understand the distribution characteristics of antibiotics in 
nine centralized drinking water sources, to evaluate their 
potential ecological risks towards reservoir, and to explore 
the possibility by using large-scale urban sewage treatment 
plants for removing antibiotics from the drinking water 
system. It is expected that this study will be useful to supply 
the basic database of regional distribution of antibiotics in 
drinking water sources of China in one way, meanwhile to 
develop new treatment methods on reducing the pollution 
of antibiotics towards the drinking water sources.

2. Materials and methods

2.1. Chemicals and materials

28 standard antibiotics were purchased from Dr. Ehren-
storfer GmbH (Germany). 1,000 mg/L standard stock solu-
tion were prepared by using methanol as solvent. Then the 
standard stock solution was used to prepare the mixed stan-
dard solution of 1,000 μg/L with methanol. Water is used as 
solvent to dilute the mixed standard liquid, and six series of 
standard solutions of mass concentration are prepared. The 
concentrations were 0.8, 4, 10, 20, 100 and 200 g/L, respec-
tively [31–38]. 28 kinds of target components are in the range 
of 0.9975–0.9996. 10, 50 and 200 ng antibiotic standards were 
added into 1 L of water. The antibiotic content of the blank 
component was determined and the classification rate of 
recovery rate was calculated. Three parallel samples were 
set in each group; the result shows that the recovery rate of 
antibiotics range from 89.2% to 105.8%, the relative standard 
deviation is less than 5%.

2.2. Sample collection

In May and October of 2016, nine typical centralized 
drinking water samples were collected in the reservoir area. 
Six river-type water sources were set up monitoring sec-
tion by water intake location. Each section set three hori-
zontal sampling points in the left, middle and right [39–45]. 
The collection and preservation of water samples shall be 
carried out in accordance with the general provisions of 
GB/T 12999-1999 “Technical Regulations for the Storage and 
Management of Samples for Water Sampling Samples” [46]. 
After the water samples are collected, the pH is adjusted 
to 3 and the samples are kept in a brown glass sampling 
bottle, and are treated by solid-phase extraction enrichment 
as soon as possible. As shown in Fig. 1, C-R is urban river- 
type water source, C-L is city lake-type water source, T-R is 
town river-type water source, T-L is town lake-type water 
source.

2.3. Sample extraction

One-liter sample was filtered by 0.7 m pore diameter 
glass fiber membrane, and then 0.5 g ethylene diamine 
tetra acetic acid disodium and 8.7 g dipotassium phosphate 
were added into the sample, then stirring and using ultra-
sonic dissolved. The HLB solid-phase extraction column 
was activated in 10 mL of methanol and 10 mL of ultrapure 
water before use. The water samples were passed through 
an HLB solid-phase extraction column at a flow rate of 
3 to 5 mL/min [47–49]. After extraction of the water sample, 
the extraction column was dried under vacuum for 30 min, 
eluted with 10 mL of water, and finally eluted with 5 mL of 
pure methanol, 10 mL of 5% (by volume) of aqueous ammo-
nia. The eluate was collected at 40°C water bath, slowly 
with nitrogen blowing to near dryness to 1 mL 20% (by 
volume) aqueous. The residual acetonitrile was dissolved 
and filtered through a 0.22 μm filter.

2.4. Quantitative determination

Liquid chromatography-mass spectrometry/mass spec-
trometry (LC-MC/MS) model Shimadzu LC-20A+ AB Sciex; 
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automatic solid-phase extraction apparatus model Reeko 
FOTECTOR; HLB solid phase extraction column models 
6 mL, 1,000 mg, waters Oasis HLB WXH; micro vortex mixer; 
ultrasonic cleaner; DC-12 nitrogen concentration; 0.7 m glass 
fiber filter; 0.22 m syringe filters. 

2.5. Risk assessment

The method of pollutants risk assessment based on the 
EU environmental risk assessment method, using RQS (risk 
quotient) to assess its ecological risk:

RQS = PEC/PNEC (1)

Or

RQS = MEC/PNEC (2)

In this formula: PEC is pollutant prediction environmental 
concentration, ng/L; MEC is pollutant monitoring environ-
mental concentration, ng/L; PNEC is a predicted no-effect 
concentration that can be obtained by collecting antibiotics 
data for acute and chronic toxicology of some species in 
literature, ng/L.

3. Results and discussion

Table 1 have shown that after 28 kinds of six categories 
of antibiotics in nine typical centralized drinking water 
sources were analyzed, eight kinds of three categories of 
antibiotics were detected, and the mass concentration range 
is 0.4–140.0 ng/L. Detection of antibiotics including sulfa-
methoxazole (SMX), sulfamethazine (SMZ), erythromycin 
(ERM), roxithromycin (ROM), tylosin (TYL), lincomycin 
(LIN); chloramphenicol (CAP), florfenicol (FF).

Research shows that tetracycline antibiotic is a strong 
chelating agent, which has an excellent adsorption abil-
ity on the surface of the solid particles. More tetracycline 

antibiotic was detected in the sediment and fewer in water. 
Fluoroquinolones have some adsorption ability, and it has 
higher removal rate in the sewage treatment plant. For four 
lake-type centralized drinking water sources, the water 
is relatively closed and has longer residence time which 
facilitates the deposition of fluoroquinolones and tetra-
cycline antibiotics in suspended matter; β-lactam is easily 
degraded in environment, usage is high, but less detected in 
the water body.

As shown in Fig. 2, the detection rate of LIN and FF 
was the highest among the eight detected antibiotics, and 
the detection rate reaches to 100%; the detection rates of 
ERM, ROM and CAP were above 60%; the detection rate 
of SMZ was lowest only 10%. The detection rate of LIN, 
FF, ERM, ROM and CAP is higher, which means that these 
antibiotics are main residual in the centralized drinking 
source water.

Antibiotics in the environment are mainly from the use 
of medicine, livestock, poultry farming, aquaculture, phar-
maceutical industry and wastewater discharge. Among the 
eight antibiotics detected, seven antibiotics were the main 
livestock and poultry drugs (that is SMX, SMZ, ERM, ROM, 
TYL, LIN and FF). In 2016, there were about 5,600 livestock 
and poultry farms in the studied area, which included 
3,556 pig farms (55% intensive farms), 248 cattle farms 
(15% intensive farms) and 920 chicken farms (broilers, hens, 
31% intensive farms). The above three types of farming basi-
cally cover more than 90% of the total amount of aquaculture, 
the amount of manure produced also covers more than 90% 
(estimated by the amount of perennial stock). Antibiotics in 
animals cannot be completely metabolized and are excreted 
directly into the water through animal feces and urine, or 
into the soil by utilization of sewage irrigation and fertil-
izer manure, with surface runoff and other ways entering 
the water environment. The usage of LIN and FF ranks 
top five in the antibiotic drugs of China. LIN has a strong 
antibacterial capacity and inhibition on anaerobic bacteria 
and Gram-positive bacteria. Conventional sewage treatment 
process is difficult to degrade it. Attentions should be paid 

 
Fig. 1. Distribution of sampling sites in drinking water sources of the Three Gorges Reservoir upper area.
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to the high level of concentration and detection rate of LIN 
and FF in nine typical centralized drinking water sources; 
Sulfa drugs are the earliest synthetic antibacterial drugs. 
Although the detection rate of SMX and SMZ is not high, but 
the quality and concentration of them are both high. Studies 
show that sulfonamide antibiotics are the dominant compo-
nent in swine manure supernatant. Macrolides are easy to 
be hydrolyzed or adsorbed in soil and destroy soil ecologi-
cal balance, which affect soil nitrification and plant nutrient 
intake. The highest concentration of ERM (max = 9.2 ng/L), 
ROM (max = 32 ng/L), TYL (max = 19.5 ng/L) was low, but 
the detection rate was above 40%. The detection rate of 
CAP (amine alcohol) in the study area reaches 88.9%, which 
widely used in the diseases prevention and treatment of 
human, livestock and aquaculture, but due to the serious 
side effects on the human body, China has banned the use 
of CAP in livestock, aquaculture or as raw materials for the 
product.

As shown in Fig. 3, the average concentration of anti-
biotics in the Three Gorges Reservoir upstream drinking 
water sources from high to low is the ρ̄(T-R-CK) > ρ̄ (T-L-JM) 
> ρ̄(C-R-BB) > ρ̄(C-R-DY) > ρ̄(C-R-LT) > ρ̄(C-L-GSQ) > 
ρ̄(T-R-GQ) > ρ̄(T-L-ZJ) > ρ̄(C-R-FSB). The concentration of 

antibiotics in six river-type drinking water sources ranges 
from 13.9 to 188.1 ng/L, and the concentration of antibiotics 
in the three lake-type drinking water sources ranges from 
20.6 to 110.9 ng/L. The average concentration of antibiotics 
in only two water sources (T-R-CK and T-L-JM) was higher 
than 100 ng/L. The water intake of T-R-CK is located in the 
downstream 200 m of the confluence of the Yaoshi River 
and Qiongjiang River, which eastward flow through Anyue 
County, Yuanda, Chengbei, Changhe, Yaoshi and others, 
and the Yaoshi River flows into Qiongjiang River in the 
Chongkan (Tongnan District of Chongqing). The construc-
tion of domestic sewage treatment facilities in Sichuan is lag-
ging behind. Livestock and poultry breeding is developed, 
and the water intake is effected by the downstream reser-
voir series Qiong Jiang. Water flow is slow, causing the con-
centration of antibiotic residues being the highest water in 
the study area (P is = 188.1 ng/L). Seven kinds of antibiotics 
are detected. In addition to CAP, the rest of them are for 
livestock and poultry medicine. The content of LIN is up to 
140 ng/L. T-L-JM reservoir is located in Changshou District 
of Chongqing. It is the controlling reservoir of Longxi 
River downstream basin. The Longxi River originates from 
Liangping County, flows through Dianjiang county and 
Changshou district, and then flows into the Yangtze River. 
The annual average flow rate of 31.7 m3/s and the watershed 
area is 3,302 km2, involving 17 villages, towns and streets. 

Table 1
Concentrations of antibiotics in the drinking water sources of Three Gorges Reservoir upper area (unit: ng/L)

Antibiotics Name of water source

Category Name T-R-GQ C-R-FSB C-R-DY C-R-BB C-R-LT C-L-GSQ T-L-ZJ T-R-CK T-L-JM

Sulfonamides
SMX nd nd nd nd nd nd nd nd~25.5 nd~13
SMZ nd nd nd nd nd nd nd nd nd~14.7

Macrolides

ERM nd~3 nd nd~2.5 nd~2.8 nd nd nd~2.1 nd~9.2 nd~5.1
ROM nd~11.1 nd nd~31.4 nd~32 nd nd nd~1.2 nd~8.7 nd~2.2
TYL nd~8.2 nd nd~13.4 nd~19.5 nd nd nd nd~3.0 nd
LIN nd~4.1 nd~5.4 nd~6.3 nd~8.7 nd~3.7 nd~34.6 nd~13.9 nd~140.0 nd~68.2

Aniline alcohols
CAP nd~0.8 nd~0.8 nd~3.4 nd~2.2 nd~10.1 nd~0.4 nd nd~0.6 nd~0.6
FF nd~7 nd~7.7 nd~8 nd~11.4 nd~25.3 nd~2.5 nd~3.4 nd~1.1 nd~7.1

 

Fig. 2. Concentration level of antibiotics in drinking water 
sources of the Three Gorges Reservoir upper area.

 

Fig. 3. Contamination of antibiotics in drinking water sources 
of the Three Gorges Reservoir upper area.
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Service population are 2,067,000.839 scale livestock and 
poultry farms are within the river basin, mainly feeding pig, 
cattle and chicken. At the end of 2016, 170 thousand pigs, 
3 million 10 thousand poultry and 13 thousand large live-
stock were slaughtered. The level of antibiotic concentration 
in this watershed is up to 110.9 ng/L, and seven antibiotics 
were detected. Except for CAP, the rest are livestock and 
poultry drugs, LIN content of up to 68.2 ng/L. The above 
two water sources significantly affected by livestock and 
poultry breeding should be valued.

There were significant regional differences in the detection 
of antibiotics in the study area. SMZ (ρmax = 14.7 ng/L) only 
detected in T-L-JM. SMX only detected from T-R-CK and 
T-L-JM showed the maximum (ρmax = 25.5 ng/L) only appear 
in T-R-CK. LIN and FF have been detected from nine water 
sources, and the maximum concentration (ρmax = 25.3 ng/L) 
of FF appears in C-R-LT. CAP was detected in the remain-
ing eight water sources except T-L-ZJ, and the maximum 
(ρmax = 10.1 ng/L) appeared in C-R-LT.

At present, more than 30 kinds of antibiotics have been 
found in China’s drinking water sources. The differences 
in the concentration of antibiotics in the water environ-
ment reflect the differences of antibiotic use in different 
areas. It can be seen from Table 2 that the concentration 
of antibiotics detected in the drinking water source of the 
Three Gorges Reservoir Upper Area is comparable with 
Shanghai, Shenzhen and Guangdong Province, just with 
ρ(LIN) significantly higher. Jiangsu Province has been 
detected 20 kinds of antibiotics, and this area has the most 
kinds of antibiotics and high concentrations. Especially the 
Gonghu Bay, Except ρ(SMX), ρ(ROM), the rest of the anti-
biotic concentration was higher than past research data, 
The maximum of ρ(TMP), ρ(TC), ρ(CTC) ρ(NFX), ρ(OFX), 
ρ(CFX) more than 200 ng/L. In general, the type and quality 
of antibiotics in drinking water sources in China are sig-
nificantly lower than those in other water bodies, and the 
detected concentrations are mostly in the range of several 
to several tens of ng/L. The main detection of antibiotics 
in the Three Gorges Reservoir Uppr Area is macrolide 
(including LIN), followed by sulfonamides and amines. 
Compared with the lower reaches of the Yangtze River 
(Shanghai, Jiangsu), the rest has same concentration level 

while TYL and LIN are not detected in the literature. With 
the detection of antibiotics maintained in high concentra-
tion, antibiotic pollution in Jiangsu Gonghu Bay water is 
more serious, especially the maximum of ρ(TC) and ρ(CTC) 
is around 1,850 and 4,720 ng/L. Therefore, the antibiotic res-
idues in the water environment in China should be paid 
attention to.

For the worst-case, the calculation of RQS should use 
PNEC method to screen the most sensitive species and use 
the maximum mass concentration of the antibiotic to calculate 
the value. The result is shown in Table 3.

RQS < 0.1 is low risk, 0.1 ≤ RQS < 1 is moderate risk, 
RQS ≥ 1 is high risk, according to the RQS classifica-
tion method proposed by Hernando. The current studies 
have shown that water toxicity can be exacerbated by the 
coexistence of multiple drugs in the water environment. 
According to references, the simple additive model can be 
used to calculate toxicity risk entropy (RQsum):

RQ RQsum =
=
∑
i

n

i
1

 (3)

In formula RQi is the RQ value of compound i and n is the 
number of species of the target compound.

According to the analysis of water sources, Fig. 4 and 
Table 4 show that the RQsum of nine water sources from high 
to low is T-R-CK > C-R-BB > T-L-JM > C-R-DY > T-R-GQ > 
T-L-ZJ > C-L-GSQ > C-R-LT > C-R-FSB. Among them, the 
RQsum of T-R-CK is up to 1.981, SMX, ERM and LIN are in 
moderate risk. SMX (RQS = 0.944) is near the high risk, indi-
cating that aquatic organisms in this water show very high 
risk of toxicity. Followed by C-R-BB water source, RQsum is 
1.077, showing a high ecological risk. But single RQS is less 
than 1 and in a low risk level. The RQsum of five water sources 
(T-L-JM, C-R-DY, T-R-GQ, T-L-ZJ, C-L-GSQ) ranged from 0.1 
to 1 and are at moderate risk, but the values of RQS of anti-
biotics SMZ, FF, CAP, FF were all less than 0.1. The values 
of RQsum of the C-R-LT and C-R-FSB sources are 0.055 and 
0.028, respectively, and the antibiotics are at low risk, indi-
cating the water source is minimally disturbed by human 
activities.

Table 3
Toxicity data for the most sensitive species of antibiotics

Antibiotics Toxicity  
types

Evaluation factors Toxicity data (mg/L) PNEC (ng/L)

EC50 NOEC

SMX Acute 1,000 0.027 — 27
SMZ Acute 1,000 19.5 — 19,500
TYL Chronic 100 — 0.0034 34
ERM Chronic 100 — 0.002 20
ROM Chronic 100 — 0.01 100
LIN Acute 1,000 0.35 — 350
FF Acute 1,000 0.649 — 649
CAP Acute 1,000 1.6 — 1,600

EC50 is the half maximum concentration; NOEC is the maximum no effect concentration.
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4. Conclusions

According to the antibiotic species, the study result can 
be seen from Fig. 5 that the values of RQS of SMZ, FF and 
CAP were all less than 0.1, except that the TL-ZJ water source 
was not detected with CAP and the rest of them have been 

detected with FF and CAP already. It is indicating that these 
two antibiotics are widely used in the reservoir area, but the 
ecological risk is not significant. SMX, TYL, ERM and ROM 
are at moderate risk levels. In addition to CL-GSQ, CR-LT, 
CR-FSB water sources, the remaining water sources are both 
detected with ERM and ROM. It means the potential effects 
of these four antibiotics on ecology should be taken into 
account. From the study of antibiotics limit values in poul-
try manure, we know that the main risk of antibiotics from 
livestock and poultry drugs. The government should con-
trol the usage of livestock and poultry antibiotics in Three 
Gorges Reservoir Area. The specification for anti biotics 
straw- return techniques in livestock and poultry manure 
should be established by government.
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