
This article was downloaded by: [Yantai Institute of Coastal Research for Sustainable
Development]
On: 29 November 2012, At: 22:35
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered
office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH, UK

Aquatic Ecosystem Health & Management
Publication details, including instructions for authors and
subscription information:
http://www.tandfonline.com/loi/uaem20

Levels, spatial distribution and sources
of selected antibiotics in the East River
(Dongjiang), South China
Ruijie Zhang a b c , Gan Zhang a b , Jianhui Tang a , Weihai Xu d , Jun
Li b , Xiang Liu b , Yongde Zou e , Xiaoxiang Chen e & Xiangdong Li f
a Yantai Institute of Coastal Zone Research, Chinese Academy of
Sciences, Yantai, 264003, China
b State Key Laboratory of Organic Geochemistry, Guangzhou
Institute of Geochemistry, Chinese Academy of Sciences,
Guangzhou, 510640, China
c Graduate University of the Chinese Academy of Sciences, Beijing,
100039, China
d South China Sea Institute of Oceanology, Chinese Academy of
Sciences, Guangzhou, 510301, China
e Nanhai Entry-Exit Inspection and Quarantine, Foshan, 528200,
China
f Department of Civil and Structural Engineering, Hong Kong
Polytechnic University, Hong Kong
Version of record first published: 11 Jul 2012.

To cite this article: Ruijie Zhang, Gan Zhang, Jianhui Tang, Weihai Xu, Jun Li, Xiang Liu, Yongde Zou,
Xiaoxiang Chen & Xiangdong Li (2012): Levels, spatial distribution and sources of selected antibiotics
in the East River (Dongjiang), South China, Aquatic Ecosystem Health & Management, 15:2, 210-218

To link to this article:  http://dx.doi.org/10.1080/14634988.2012.689576

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-and-conditions

This article may be used for research, teaching, and private study purposes. Any
substantial or systematic reproduction, redistribution, reselling, loan, sub-licensing,
systematic supply, or distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation
that the contents will be complete or accurate or up to date. The accuracy of any
instructions, formulae, and drug doses should be independently verified with primary

http://www.tandfonline.com/loi/uaem20
http://dx.doi.org/10.1080/14634988.2012.689576
http://www.tandfonline.com/page/terms-and-conditions


sources. The publisher shall not be liable for any loss, actions, claims, proceedings,
demand, or costs or damages whatsoever or howsoever caused arising directly or
indirectly in connection with or arising out of the use of this material.

D
ow

nl
oa

de
d 

by
 [

Y
an

ta
i I

ns
tit

ut
e 

of
 C

oa
st

al
 R

es
ea

rc
h 

fo
r 

Su
st

ai
na

bl
e 

D
ev

el
op

m
en

t]
 a

t 2
2:

35
 2

9 
N

ov
em

be
r 

20
12

 



Levels, spatial distribution and sources of selected
antibiotics in the East River (Dongjiang), South China
Ruijie Zhang,1,2,3 Gan Zhang,1,2,∗ Jianhui Tang,1 Weihai Xu,4 Jun Li,2

Xiang Liu,2 Yongde Zou,5 Xiaoxiang Chen,5 and Xiangdong Li6
1Yantai Institute of Coastal Zone Research, Chinese Academy of Sciences, Yantai 264003, China

2State Key Laboratory of Organic Geochemistry, Guangzhou Institute of Geochemistry, Chinese Academy
of Sciences, Guangzhou 510640, China

3Graduate University of the Chinese Academy of Sciences, Beijing 100039, China
4South China Sea Institute of Oceanology, Chinese Academy of Sciences, Guangzhou 510301, China

5Nanhai Entry-Exit Inspection and Quarantine, Foshan 528200, China
6Department of Civil and Structural Engineering, Hong Kong Polytechnic University, Hong Kong

∗Corresponding author: zhanggan@gig.ac.cn

Eleven selected antibiotics in the East River, South China, were measured using high performance liquid
chromatography-electrospray ionization tandem mass spectrometry (HPLC-EI-MS-MS). Erythromycin,
roxitromycin, azithromycin, clarithromycin, sulfadimidine, sulfamethoxazole, sulfadiazine and trimetho-
prim were detected with frequencies of more than 75%, and average concentrations ranging from 0.9 to
67.4 ng l−1. The other three compounds’ (sulfathiazole, sulfacetamide and spiramycin) concentrations
were below detection limits. In general, the concentrations of sulfonamides and trimethoprim were higher
than those of macrolides. The concentrations of macrolides showed a spatial distribution pattern of delta
> lower reach > middle reach (or urban area > agriculture area), while sulfonamides and trimethoprim
did not have a significant spatial pattern. Principal component analysis and comparison with wastewater
were further used to explore source information of the antibiotics. The results suggested that macrolides
in the East River were mainly associated with domestic sewage, while sulfonamides and trimethoprim may
be more related to agriculture wastewater, especially livestock industrial wastewater. It is suggested that
to ensure/improve the drinking water quality in the region, a better pollution control of livestock industry
in the lower and middle reaches is of critical importance.

Keywords: pharmaceuticals, macrolides, sulfonamides, trimethoprim, Pearl River Delta

Introduction

Antibiotics have been used for several decades
in both human and veterinary medicine for their
antibacterial properties, as well as for animal
growth promoters. Their consumption is gradu-
ally increasing in most countries. However, many
of these antibiotics cannot be thoroughly metab-

olized, absorbed or eliminated in a biotic body
and thus a high percentage of them will be ex-
creted into the ecosystem via urine and feces
(Hirsch et al., 1999; Li et al., 2009). Therefore,
the occurrence, fate and potential toxic effects
of antibiotics have become a focus of research
in environmental science because of their poten-
tial influence on the spread and maintenance of
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resistance in bacterial pathogens and post-
therapeutic effects.

In China, it has been estimated that the annual
usage of antibiotics is about 180,000 tons (includ-
ing health and agricultural use) (Tian, 2010). This
means that each person consumes 138 grams of an-
tibiotics every year, which is ten times the amount
used in America (Tian, 2010). Considering the large
consumption and the lack of effective management
of antibiotics in China, especially in metropolitan
areas, the occurrence and potential negative effects
of antibiotics and personal care products on aquatic
ecosystems and human health deserve detailed mon-
itoring and investigation (Xu et al., 2009). However,
to date, few data on the residues of antibiotics in
aquatic environment are available from China (Minh
et al., 2009; Peng et al., 2008; Xu et al., 2007, 2009).
In these recent investigations, some antibiotics were
detected in the aquatic environment in the Pearl
River Delta with maximum concentration close to
several µg l−1 level (Peng et al., 2008; Xu et al.,
2007), and in the Yellow River and its tributaries
with maximum concentration up to hundreds of
ng l−1 (Xu et al., 2009). According to these studies,
it is obvious that the aquatic environment in China is
more heavily polluted by antibiotics compared with
that of Europe and other developed countries.

The East River (Dongjiang) is one of the ma-
jor tributaries of the Pearl River, which is the
third largest river in China in the context of wa-
ter flow. It is 435 km long, with a catchment area
of 31,840 km2. Along the river are important cities
including Heyuan, Huizhou, Dongguan, Shenzhen
and part of Guangzhou which together form the east-
ern part of the Pearl River Delta (PRD), one of the
most important economic engines in China and the
largest industrial manufacture base in the world. The
East River is also the most important source water of
the eastern part of the PRD, as well as Hong Kong.
Rapid industrialization and urbanization during the
last three decades in the catchment has led to a de-
terioration of water quality, in particular in the delta
of the East River. In view of the importance of the
East River as source water, both mainland China and
Hong Kong governments have paid great attention to
its water quality. It has been selected as a nationwide
demonstration field venue for catchment-scale wa-
ter quality protection/management by various fund-
ing bodies including the central government. Be-
sides conventional water pollutants (e.g. N and P),
micro-pollutants such as persistent organic pollu-
tants (POPs) and pharmaceuticals and personal care

products (PPCPs) were included as target chemical
pollutants in the studies. The water quality and river
sediments of the East River have been investigated
for heavy metals and some POPs (Ho and Hui, 2001;
Luo et al., 2008a,b; Ren et al., 2009). There has been
no research yet on the occurrence of antibiotics in
the East River.

The objectives of the study were to assess the
levels, distribution and sources of common antibi-
otics in the East River. Eleven target compounds
from the groups of macrolides (MLs), sulfonamides
(SAs) and diaminopyrimidines (DMs) were selected
owing to their wide use and occurrence in the en-
vironment (Tamtam et al., 2008; Xu et al., 2007).
Statistics tools such as principal component analysis
(PCA) were used to explore the source information
of antibiotics.

Materials and methods

Sampling

A total of 63 river water samples were collected
from the middle and lower reaches (14 samples) of
the river, as well as twelve waterways of the river
delta (49 samples) during July 15–26, 2009, when it
was high water level season (Figure 1). Meanwhile,
two wastewater samples from two outfalls to the
river were collected for comparison purposes. One
wastewater was discharged from a chemical factory
and the other from domestic sewage.

The river water samples were collected (about
50 cm below the surface) using a stainless steel
bucket in a fishing vessel at the centre of flow.
Wastewater samples were obtained from the outfalls
at the river bank. Water samples were immediately
transferred to a 5-litre pre-cleaned amber glass bot-
tle and each bottle was rinsed with sample water
three times prior to sampling. The samples were
kept at 4◦C in a cold storage room before further
treatment and analysis in laboratory.

Chemicals and standards

Sulfadiazine (SDZ), sulfamethoxazole (SMX),
sulfadimidine (SDM), sulfathiazole (STZ), sul-
facetamide (SAAM), erythromycin (ETM), spi-
ramycin (SRM), azithromycin (AZM), clar-
ithromycin (CTM), roxitromycin (RTM) and
trimethoprim (TMP) were purchased from Sigma-
Aldrich Co. (St. Louis, MO, USA). 13C3-caffeine
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Figure 1. Sampling sites in the East River (Dongjiang). (Color figure available online.)

solution was obtained from Cambridge Isotope
Labs (1 mg ml−1 in methanol, USA) and used
as a surrogate standard. All antibiotic compounds
were dissolved in methanol and stored in a freezer.
Erythromycin-H2O (ETM-H2O), the major degra-
dation product of erythromycin, was obtained
by acidification using the method described in
McArdell et al. (2003). Methanol (HPLC grade)
was obtained from Merck (Darmstadt, Germany).
Formic acid and ammonium acetate were purchased
from CNW (Germany). Disodium edetate dihydrate
(Na2EDTA) was analytical grade and obtained from
Tianjin Chemical (Tianjin, China). Ultra-pure water
was prepared with a Milli-Q water purification sys-
tem (Millipore, Bedford, MA, USA). Unless other-
wise indicated, chemicals used in the analysis were
analytical grade or above.

Sample extraction and analysis

Antibiotics in water were concentrated through
a solid-phase extraction (SPE) by an Oasis HLB
cartridge using the method described in Xu et al.,
2007. In summary, water samples (2 l river water or
500 ml wastewater) were filtered through 0.45 µm
glass fiber filters and then was acidified to pH =

3.0. The HLB column was then rinsed with 10 ml of
ultra-water (pH 3.0), and dried under nitrogen gas
for 1 h. After drying, the cartridge was eluted with
methanol.

The extracted antibiotics were analyzed us-
ing high performance liquid chromatography–
electrospray ionization tandem mass spectrometry
(HPLC-ESI-MS-MS) with multiple reaction moni-
toring (MRM). The conditions of liquid chromatog-
raphy and mass spectrometric were described in pre-
vious studies (Tang, 2009; Tang et al., 2009; Xu
et al., 2007).

For the recovery experiments, 2 l of filtered river
water fortified with 100 ng of target analytes were
treated in the same procedure as the field samples.

Identification and quantification

Quantitative analysis of each compound was
performed using HPLC-ESI-MS-MS with MRM
mode using two of the highest characteristic
precursor ion/product ion transitions. Together
with retention times, the characteristic ions were
used to ensure correct peak assignment and peak
purity. The 13C3-caffeine was added as a surrogate
standard to all samples prior to enrichment and the
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control to compensate possible losses during the
analytical procedure.

The limits of quantification (LOQ) for each com-
pound in river water, obtained using the method
described in the reference (Tang, 2009; Xu et al.,
2007), was from 0.2 to 1 ng l−1. And the recovery
rates of these spiked antibiotics in river water were
from 68% to 82%.

Results and discussion

Occurrence of the selected antibiotics
in the East River water

The analytical results are presented in Table 1.
The concentrations of antibiotics detected in the
East River water ranged from nd (not detected or
less than LOQ) to 475.8 ng l−1 with high detection
frequencies of more than 75%. ETM-H2O, SMX
and SDM were detected in all of the samples.
TMP, AZM and RTM also exhibited high detection
frequencies of more than 90%, followed by CTM
(85.7%) and SDZ (77.8%). SAAM, STZ and SRM
were below detection limits in the samples. It
should be noted that erythromycin was detected as
its dehydration product erythromycin-H2O (ETM-
H2O). It was reported that ETM-H2O was the
predominant form of ETM in aquatic environment
(McArdell et al., 2003).

In general, the MLs antibiotics concentrations
were lower than SAs and TMP. The concentra-
tions of ETM-H2O in river water ranged from 2.5
to 37.3 ng l−1 with a mean value of 16.8 ng l−1,
which was the highest among four targeted MLs
compounds. The maximum concentration of ETM-

H2O in this study was comparable to the levels in
Ebro River in Spain (nd–30 ng l−1) (Gros et al.,
2006) and Elbe River in German (30–40 ng l−1)
(Wiegel et al., 2004). It was less than the reported
levels in Pearl River in China (13–636 ng l−1) (Xu
et al., 2007), Yellow River in China (nd–102 ng l−1)
(Xu et al., 2009), streams in the United States (max:
1700 ng l−1) (Kolpin et al., 2002), Tyne River in
England (4–70 ng l−1) (Roberts and Thomas, 2006)
and Youngsan River in South Korea (0–450 ng l−1)
(Kim and Carlson, 2007), but was higher than those
measured in Victoria Harbour in Hong Kong, China
(Xu et al., 2007).

The average concentrations of RTM, AZM and
CTM were 2.1, 1.8 and 0.9 ng l−1, respectively, ob-
viously lower than that of ETM-H2O. This agreed
well with a previous study showing the highest con-
centration and detection frequency of ETM-H2O
followed by RTM and CTM in Chinese rivers (Peng
et al., 2008; Tang, 2009; Xu et al., 2007). The con-
centration level of RTM in this river studied was
less than that in Pearl River in South China (mean:
20 ng l−1) (Xu et al., 2007), Yellow River in North
China (nd–95 ng l−1) (Xu et al., 2009) and Elbe
River in German (<30–40 ng l−1) (Wiegel et al.,
2004). The level of CTM in Arc River, Southern
French (Feitosa-Felizzola and Chiron, 2009) and in
Po River, northern Italy (Calamari et al., 2003) was
generally found to be in the several µg l−1 levels,
which was noticeably higher than that we observed
in the East River.

SDM, SMX and TMP were measured at nearly
100% detected frequency. The concentration of
SDM ranged from 17.4 ng l−1 to 475.8 ng l−1, with
a mean value of 67.4 ng l−1. It is the most abun-
dant species among all the analytes. Compared with

Table 1. Summary results for the selected antibiotics in the East River water and sewage water.

Macrolides Sulfonamides

(ng l−1) ETM-H2O CTM AZM RTM SDZ SMX SDM TMP

River water DFa (%) 100 85.7 96.8 93.7 77.8 100 100 98.4
Meanb 16.8 0.9 1.8 2.1 1.0 14.9 67.4 5.6
STD 7.6 0.6 1.1 1.4 1.2 4.9 68.4 2.5

Range 2.5–37.3 ndc–2.7 nd–4.7 nd–8.4 nd–8.2 7.9–30.4 17.4–475.8 nd–15.5
Sewage water W1 5.6 nd 0.6 nd nd 1.0 5.4 nd

W2 145.7 6.2 15.2 6.2 33.8 2.6 14.5 16.0
W2/River waterd 8.7 7.3 8.4 3.0 2.3 2.5 0.2 2.9

aDetection frequencies. bMean values were calculated using the measured values if above reporting limits, or the reporting limit value
if below; cnd presents no detected or below LOQ; dratios of selected antibiotics concentrations in W2 to those in the river water.
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reference data, the level was higher than those in
the Pearl River in China (4–179 ng l−1) (Xu et al.,
2007), Yellow river in China (nd) (Xu et al., 2009),
Victoria Harbour in Hong Kong (nd) (Xu et al.,
2007), Seine River in France (<10 ng l−1) (Tamtam
et al., 2008), Elbe River in German (<30 ng l−1)
(Wiegel et al., 2004) and Youngsan River in South
Korea (10–20 ng l−1) (Kim and Carlson, 2007) . As
SDM was exclusively used in veterinary medicine
(Tamtam et al., 2008), the occurrence of SDM with
a high level in the East River may indicate a sig-
nificant contribution from livestock industry by the
river. The concentration of SMX (range: 7.9–30.4 ng
l−1; mean: 14.9 ng l−1) was lower than SDM concen-
tration. Its level was lower than those in many other
rivers, such as Pearl River in China (2–165 ng l−1),
Seine River in France (40–140 ng l−1), Elbe River
in German (30–70 ng l−1) and Youngsan River in
South Korea (0–110 ng l−1), but comparable to those
measured in Yellow River in China (nd–56 ng l−1),
and higher than those detected in Victoria Harbour
in Hong Kong (nd), Ebro River in Spain (nd), Arc
River in South France and Ebro River in Spain (nd).

The synergist TMP is often prescribed in combi-
nation with SAs, notably SMX (fixed ratio of 1/5),
has similar properties to SAs. TMP occurred at a
mean concentration 5.5 ng l−1, with a TMP/SMX
ratio higher than 1/3. This may suggest that either
they are subjected to different metabolism path-
ways and environmental fates, or SMX was used
with other SAs compounds. The extensive coexis-
tence of SDM, SMX and TMP further demonstrates
that these chemicals in the water were from common
sources, for example, livestock industrial wastewa-
ter. There is a great concern for these molecules as

they are mobile in soil and therefore may contami-
nate the groundwater (Batt et al., 2006). In addition,
their relatively weak sorption ability into particulate
phase leading to a low removal rate in wastewater
treatment plant (WWTP) treatments (Gobel et al.,
2007; Lindberg et al., 2005; Tamtam et al., 2008).
The extensive applications and high potential to re-
sist degradation have led to a wide occurrence of
these antibiotics in environment.

In summary, the concentrations of most antibi-
otics except SDM in the East River were somewhat
lower than values in other areas in China and other
countries. This may be due to the fact that both
the mainland China and Hong Kong governments
have paid great attention to its water quality in view
of the importance of the East River as source water.
However, this river was polluted by many antibiotics
extensively to a certain degree and these pollutants
may cause potential risk to environment and human
health.

Spatial distribution of the selected
antibiotics in the East River water

The MLs compounds showed a similar spatial
distribution feature (Figure 2). In particular, there
were significant correlation between ETM-H2O and
ATM (r = 0.956, p < 0.01) and between RTM and
CTM (r = 0.933, p < 0.01). The average concen-
trations of each MLs compounds in the delta, lower
and middle reaches of the river showed the same
order: the delta > lower reach > middle reach.

The spatial distribution of MLs was likely re-
lated to the surrounding population and domestic
sewage discharge. The following facts may explain

Figure 2. Macrolides antibiotics concentrations in the East River water.
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the feature. Firstly, as an indicator substance, CTM
is only registered for human therapy and conse-
quently, domestic sewage would be the sole source
of this substance in rivers. It is ingested and excreted
by human body and would show positive correla-
tion with population (Feitosa-Felizzola and Chiron,
2009). Moreover, MLs are the second most impor-
tant antibacterial agents used for human therapy
after the β-lactam family (Feitosa-Felizzola et al.,
2009). Therefore, domestic sewage maybe the pri-
ority source of MLs in the environment. Last but not
least, the population and domestic sewage discharge
spatial distribution in this study shows similar fea-
ture with MLs antibiotics spatial distribution. As
shown in Figure 1, the river delta is mainly located
in Dongguan. By the end of 2009, it is estimated
that there were more than 7 million residents in
Dongguan and the population density of this city
reached nearly 3000 people per square kilometre.
The wastewater discharged into river by Dongguang
in 2008 was 930 million tons (Water Reasearch
Department of Guangdong Provience [WRDoGD],
2009). The lower reach is partly (Z1–Z3) in Dong-
guan and the other part (Z4–Z6) is in Huizhou.
Huizhou has approximately 4 million people and the
population density is less than 400 people per square

kilometre. In 2008, Huizhou discharged 474 million
tons of wastewater into river (WRDoGD, 2009). The
middle reach is partly (Z7–Z10) in Huizhou and
the other part (Z11–Z14) is in Heyuan. Heyuan has
amount of mountains and is with about 200 people
in one square kilometre. Nearly 362 million tons
wastewater were discharged into river in 2008 in
Heyuan (WRDoGD, 2009). It should be noted that
the upper stream of the East River flows mainly
through mountain/agriculture area with much fewer
residents and industrial factories. Therefore, the
MLs concentrations in the upper reaches (agricul-
tural area) were all much lower than those in the
lower reaches (urban area). The MLs antibiotics dis-
tribution presented similar character in the delta. For
ETM-H2O and AZM, their concentrations in Dong-
guan waterway (DG, E9–E13) were the highest in
the delta. This is due to the fact that the DG water-
way received the highest amount of domestic sewage
discharge among all the waterways because it is lo-
cated in the downtown area of Dongguan and the
city’s chief WWTP is located around this waterway.

The spatial distribution of SAs and TMP shows
a different feature from that of MLs (Figure 3).
In general, SDM, TMP and SDZ concentration in
the delta was significantly higher than that in the

Figure 3. Sulfonamides antibiotics and trimethoprim concentrations in the East River water.
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lower and middle reach. However, the difference
in SMX concentration was insignificant among the
delta, lower and middle reach of the East River. Ex-
cluding the two special sites of A9 and C2, a similar
concentration level of SAs and TMP was observed
in the 12 waterways in the river delta. In general,
the distribution character did not closely relate to
surrounding population and domestic sewage dis-
charge. In Dongguan, 707 million m3 water was
for domestic use, 1,003 million m3 for industry and
141 million m3 for agriculture in 2008, while the
corresponding value is 251 million, 537 million and
1,274 million in Huizhou and 195 million, 484 mil-
lion and 1098 million in Heyuan, respectively (WR-
DoGD, 2009). Therefore, we suggest that domes-
tic sewage may contribute the major part of SAs
and TMP residues in Dongguan, while agricultural
wastewater may contribute mostly in Huizhou and
Heyuan.

More closely, the highest concentration (476 ng
l−1) for SDM was measured at site C2, which was
much higher than its average concentration (67 ng
l−1) in this study. It may be caused by point pollu-
tion, such as livestock industrial wastewater, hospi-
tal wastewater or certain factory wastewater. And
the second highest concentration (358 ng l−1) for
SDM was observed at site A9. Meanwhile, concen-
trations of SDZ and TMP at site A9 were higher
than the other sites. Concentration of SMX at site
A9 was also higher than the other sites (except A8).
It indicates that river water at A9, where Sha River
pours into the East River, was seriously polluted by
SAs and TMP. This contamination might be related
to the inflow of water from Sha River, which was
polluted by livestock industrial wastewater.

Principal components analysis

A principal component analysis (PCA) was em-
ployed to further explore the source information of
antibiotics in the East River. PCA provides a means
of reducing the complexity of the total antibiotics
data set. Principal component (PC) loading values
provide information about the relationship among
the variables. The PC loading of antibiotics in the
East River water were shown in Figure 4. The result
shows that all SAs and TMP were grouped together
nicely as well as all the MLs. The first two compo-
nents (43% and 31%) account for 74% of the vari-
ance in the data. The first principal component was
largely contributed from all MLs antibiotics. The
second component was mainly related to SAs and
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Figure 4. Principal component analysis (PCA): loading for an-
tibiotics in the East River.

TMP. This may indicate different sources and/or dif-
ferent environmental fate of MLs and SAs/TMP. It
is likely that PC1 is essentially the domestic sewage
factor and PC2 represents the livestock industrial
wastewater.

Occurrence of selected antibiotics
in wastewater and source information

W1 and W2 were chemical factory wastewa-
ter and domestic sewage sample, respectively. Only
four compounds were detected in W1. They were
ETM-H2O, AZM, SDM and SDZ with concentra-
tions of 5.6, 0.6, 5.42 and 1.04 ng l−1, respectively
(Table 1). Their concentrations were lower than the
corresponding average concentrations in the East
River water.

All of the eight antibiotics detected in the
river water were detected in the domestic sewage
as well with concentrations range from 2.6 to
145.7 ng l−1. Their concentrations were higher than
corresponding concentrations in the river water ex-
cept for SDM.

The correlate relationship of some compounds’
concentrations in the river water or sewage may pos-
sibly be used to estimate their source. Ratios of some
compounds concentrations in the possible source to
the river water may serve as an index to estimate
antibiotics’ source of the river water. The ratios of
selected antibiotics in the domestic sewage and river
were shown in Table 1. As CTM is used as a tracer
from human source (Feitosa-Felizzola and Chiron,
2009), the dilution ratio of CTM in domestic sewage
to river water may serve as a index to estimate an-
tibiotics’ source. The concentration ratios of ETM-
H2O and AZM in the domestic sewage and in the
East River are similar to that of CTM in the two
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environments. Therefore, ETM-H2O, AZM and
CTM may come from same source: domestic
sewage. Other compounds, such as RTM, SDM,
SMX, SDZ and TMP, presenting lower ratios, might
be subject to pollution sources other than domestic
sewage in this area. Of course, the discussion above
was based on the hypothesis that these antibiotics
presented similar environmental fate in river wa-
ter and sewage. Therefore, detailed study like mod-
elling is needed for a better understanding of their
sources and fate in the East River.

Implication to drinking water quality in
the PRD

The East River is the most important source wa-
ter in the PRD and adjacent regions. Apart from
Heyuan, Huizhou, Dongguan and Shenzhen, the
river also supplies water to Guangzhou (partly) and
Hong Kong. This may cover a population of >20
million. The feeding points for the regional water
supply system are mostly located at the river seg-
ments upper than Shilong (Figure 1) to avoid tidal
affection, corresponding to the lower reach of the
river as termed in the above description. As dis-
cussed above, our results found that the river seg-
ments serving as the source water receives more
pollution from agriculture wastewater in particular
livestock industrial wastewater in the context of an-
tibiotics, characteristics of high concentrations of
SAs and TMP. Therefore, our results suggested that
pollution control in agriculture wastewater, espe-
cially livestock industrial wastewater, is of critical
importance to ensure/improve the drinking water
quality in the PRD.

Conclusions

This study aimed to investigate the levels, spatial
distribution and sources of common antibiotics in
the East River. Eleven antibiotics from the groups
of MLs, SAs and DMs were measured in water sam-
ples from the delta, lower and middle reaches of the
river. Two wastewater samples were also analyzed
for comparison. PCA was employed to explore po-
tential source information of the antibiotics. The re-
sult showed that 8 selected antibiotics (ETM-H2O,
RTM, AZM, CTM, SDM, SMX, SDZ and TMP)
widely occurred in the East River with detection
frequencies of more than 75%; while the concen-
tration levels may reach hundreds of ng l−1 in the
aqueous phase. Concentrations of SAs and TMP

were generally higher than MLs. Spatially, the av-
erage concentrations of each MLs decreased in the
order of: river delta > lower reach > middle reach
(or urban area > agriculture area). However, 9 the
spatial variations of SAs and TMP concentration
were insignificant. It may be concluded from these
results that MLs in the East River were associated
mainly with domestic sewages, while SAs and TMP
were more related to agricultural wastewater, e.g.
livestock industrial wastewater. Our findings sug-
gested that attention must be paid to better pollution
control of livestock industry in the lower and mid-
dle reaches of the East River, where the regional
drinking water sources are located.

Acknowledgements

This work was supported by the Chinese
Academy of Sciences (KZCX2-YW-Q02-01), the
Open Fund of the State Key Laboratory of Organic
Geochemistry (SKLOG2008a04) and The Hong
Kong Polytechnic University.

References
Batt, A.L., Snow, D.D., Aga, D.S., 2006. Occurrence of sulfon-

amide antimicrobials in private water wells in Washington
County, Idaho, USA. Chemosphere 64(11), 1963–1971.

Calamari, D., Zuccato, E., Castiglioni, S., Bagnati, R., Fanelli,
R., 2003. Strategic survey of therapeutic drugs in the rivers
Po and Lambro in northern Italy. Environmental Science &
Technology 37(7), 1241–1248.

Feitosa-Felizzola, J., Chiron, S., 2009. Occurrence and dis-
tribution of selected antibiotics in a small Mediterranean
stream (Arc River, Southern France). Journal of Hydrology
364(1-2), 50–57.

Feitosa-Felizzola, J., Hanna, K., Chiron, S., 2009. Adsorption
and transformation of selected human-used macrolide an-
tibacterial agents with iron(III) and manganese(IV) oxides.
Environmental Pollution 157(4), 1317–1322.

Gobel, A., McArdell, C.S., Joss, A., Siegrist, H., Giger, W.,
2007. Fate of sulfonamides, macrolides, and trimethoprim
in different wastewater treatment technologies. Science of
the Total Environment 372(2–3), 361–371.

Gros, M., Petrovic, M., Barcelo, D., 2006. Development of
a multi-residue analytical methodology based on liquid
chromatography-tandem mass spectrometry (LC-MS/MS)
for screening and trace level determination of pharmaceu-
ticals in surface and wastewaters. Talanta 70(4), 678–690.

Hirsch, R., Ternes, T., Haberer, K., Kratz, K.L., 1999. Occurrence
of antibiotics in the aquatic environment. Science of the Total
Environment 225(1-2), 109–118.

Ho, K.C., Hui, K.C.C., 2001. Chemical contamination of the East
River (Dongjiang) and its implication on sustainable devel-
opment in the Pearl River Delta. Environment International.
26(5-6), 303–308.

D
ow

nl
oa

de
d 

by
 [

Y
an

ta
i I

ns
tit

ut
e 

of
 C

oa
st

al
 R

es
ea

rc
h 

fo
r 

Su
st

ai
na

bl
e 

D
ev

el
op

m
en

t]
 a

t 2
2:

35
 2

9 
N

ov
em

be
r 

20
12

 



218 Zhang et al. / Aquatic Ecosystem Health and Management 15 (2012) 210–218

Kim, S.C., Carlson, K., 2007. Temporal and spatial trends in
the occurrence of human and veterinary antibiotics in aque-
ous and river sediment matrices. Environmental Science &
Technology 41, 50–57.

Kolpin, D.W., Furlong, E.T., Meyer, M.T., Thurman, E.M., Za-
ugg, S.D., Barber, L.B., Buxton, H.T., 2002. Pharmaceuti-
cals, hormones, and other organic wastewater contaminants
in US streams, 1999-2000: A national reconnaissance. Envi-
ronmental Science & Technology 36(6), 1202–1211.

Li, B., Zhang, T., Xu, Z.Y., Fang, H.H.P., 2009. Rapid analysis
of 21 antibiotics of multiple classes in municipal wastewater
using ultra performance liquid chromatography-tandem mass
spectrometry. Analytica Chimica Acta 645(1-2), 64–72.

Lindberg, R.H., Wennberg, P., Johansson, M.I., Tysklind, M.,
Andersson, B.A.V., 2005. Screening of human antibiotic
substances and determination of weekly mass flows in five
sewage treatment plants in Sweden. Environmental Science
& Technology 39(10), 3421–3429.

Luo, X.J., Chen, S.J., Ni, H.G., Yu, M., Mai, B.X., 2008a. Tracing
sewage pollution in the Pearl River Delta and its adjacent
coastal area of South China Sea using linear alkylbenzenes
(LABs). Marine Pollution Bulletin. 56(1), 158–162.

Luo, X.J., Mai, B.X., Yang, Q.S., Chen, S.J., Zeng, E.Y., 2008b.
Distribution and partition of polycyclic aromatic hydrocarbon
in surface water of the Pearl River Estuary, South China. En-
vironmental Monitoring and Assessment 145(1-3), 427–436.

McArdell, C.S., Molnar, E., Suter, M.J.F., Giger, W., 2003. Oc-
currence and fate of macrolide antibiotics in wastewater treat-
ment plants and in the Glatt Valley Watershed, Switzerland.
Environmental Science & Technology 37(24), 5479–5486.

Minh, T.B., Leung, H.W., Loi, I.H., Chan, W.H., So, M.K., Mao,
J.Q., Choi, D., Lam, J.C.W., Zheng, G., Martin, M., Lee,
J.H.W., Lam, P.K.S., Richardson, B.J., 2009. Antibiotics in
the Hong Kong metropolitan area: Ubiquitous distribution
and fate in Victoria Harbour. Marine Pollution Bulletin 58(7),
1052–1062.

Peng, X.Z., Tan, J.H., Tang, C.M., Yu, Y.Y., Wangt, Z.D., 2008.
Multiresidue determination of fluoroquinolone, sulfonamide,
trimethoprim, and chloramphenicol antibiotics in urban wa-
ters in China. Environmental Toxicology and Chemistry
27(1), 73–79.

Ren, M., Peng, P.A., Chen, D.Y., Chen, P., Li, X.M., 2009. Pat-
terns and sources of PCDD/Fs and dioxin-like PCBs in sur-

face sediments from the East River, China. Journal of Haz-
ardous Materials 170(1), 473–478.

Roberts, P.H., Thomas, K.V., 2006. The occurrence of selected
pharmaceuticals in wastewater effluent and surface waters of
the lower Tyne catchment. Science of the Total Environment
356(1-3), 143–153.

Tamtam, F., Mercier, F., Le Bot, B., Eurin, J., Dinh, Q.T., Clement,
M., Chevreuil, M., 2008. Occurrence and fate of antibiotics
in the Seine River in various hydrological conditions. Science
of the Total Environment 393(1), 84–95.

Tang, C.M., 2009. Occurrence and Behavior of Antibacterials in
Aqueous Environment of the Pearl River Delta, South China
Guangzhou Institute of Geochemistry, Chinese Academy of
Sciences, Guangzhou, Guangdong, China.

Tang, C.M., Huang, Q.X., Yu, Y.Y., Peng, X.Z., 2009.
Multiresidue Determination of Sulfonamides, Macrolides,
Trimethoprim, and Chloramphenicol in Sewage Sludge and
Sediment Using ltrasonic Extraction Coupled with Solid
Phase Extraction and Liquid Chromatography-tandem Mass
Spectrometry Chinese Journal of Analytical Chemistry 37(8),
1119–1124.

Tian, Y.,, 2010. Annual average antibiotics consumption per
capita in China is ten times that in United States:
three reasons causing abuse of antibiotics. (In Chinese),
seen on May 04 2011 at http://health.sohu.com/20100205/
n270078813.shtml.

Water Resource Department of Guangdong Province. Guang-
dong Water Resource Bulletin (2008), 2009. Guangdong,
China.

Wiegel, S., Aulinger, A., Brockmeyer, R., Harms, H., Loffler,
J., Reincke, H., Schmidt, R., Stachel, B., von Tumpling, W.,
Wanke, A., 2004. Pharmaceuticals in the river Elbe and its
tributaries. Chemosphere 57(2), 107–126.

Xu, W.H., Zhang, G., Zou, S.C., Li, X.D., Liu, Y.C., 2007. De-
termination of selected antibiotics in the Victoria Harbour
and the Pearl River, South China using high-performance
liquid chromatography-electrospray ionization tandem mass
spectrometry. Environmental Pollution 145(3), 672–679.

Xu, W.H., Zhang, G., Zou, S.C., Ling, Z.H., Wang, G.L.,
Yan W., 2009. A Preliminary Investigation on the occur-
rence and distribution of antibiotics in the Yellow River and
its tributaries, China. Water Environment Research 81(3),
248–254.

D
ow

nl
oa

de
d 

by
 [

Y
an

ta
i I

ns
tit

ut
e 

of
 C

oa
st

al
 R

es
ea

rc
h 

fo
r 

Su
st

ai
na

bl
e 

D
ev

el
op

m
en

t]
 a

t 2
2:

35
 2

9 
N

ov
em

be
r 

20
12

 


