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Abstract The recycling of reclaimed wastewater for irriga-
tion and road cleaning is an important strategy to minimize
water scarcity in megacities. However, little is known regard-
ing the potential accumulation of antibiotics contained in
reclaimed wastewater in urban soil. We investigated the oc-
currence and distribution of eight quinolones (QNs), nine sul-
fonamides (SAs), and five macrolides (MLs) antibiotics in
urban surface soil in Beijing and Shanghai, China. QNs, es-
pecially norfloxacin (NOR), ofloxacin (OFL), and ciproflox-
acin (CIP) were the predominant antibiotics in urban surface
soil, and NOR revealed the highest average concentration of
94.6 μg kg−1. The antibiotic concentrations in urban soil in
our study were higher than those detected in agricultural soils
after long-term wastewater irrigation and manure fertilization.
The concentrations of antibiotics in Shanghai urban soil
showed a significant negative correlation with soil pH and a
positive correlation with total organic carbon (TOC),
reflecting the effect of speciation and soil organic matter con-
tent on sorption and retention. In addition, antibiotic concen-
trations in the urban soil were positively correlated with heavy
metal contents, likely due to their coexistence in reclaimed
wastewater and the promoting effect of metals on the sorption

of antibiotics. In several soil samples, NOR, OFL, CIP,
enrofloxacin (ENR), and fleroxacin (FLE) showed higher
concentrations than the trigger value of 100 μg kg−1 in soil,
indicating a potential risk for the environment.
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Introduction

Antibiotics are the most important drugs to treat human and
animal infectious diseases, and to promote the growth of live-
stocks and aquaculture products (Kümmerer 2009; Martinez
2009). Several studies have documented that antibiotics are
not completely metabolized in the body and thus are excreted
as the unchanged or transformed components into environ-
ment via urine and feces (Jjemba 2002; Kümmerer 2009;
Sarmah et al. 2006). Antibiotics have been detected in various
environments, such as surface water (Jiang et al. 2011;
Tamtam et al. 2008; Zou et al. 2011), ground water and drink-
ing water (Hu et al. 2010;Watkinson et al. 2009; Yiruhan et al.
2010), sediment (Kim and Carlson 2007; Luo et al. 2011;
Zhou et al. 2011), soil (Golet et al. 2002; Hu et al. 2010; Shi
et al. 2012; Tamtam et al. 2011), and biological samples (Li
et al. 2012; Love et al. 2011; Zhao et al. 2010).

Antibiotics often enter into soil via wastewater irrigation,
manure and sludge fertilization, and soil is usually considered
as the primary sink of antibiotics. Some antibiotics can be
biodegraded within a few days in soil (Burkhardt and
Stamm 2007; Kotzerke et al. 2008), while some other antibi-
otics can be persistent in soil with the half-life time of several
months (Marengo et al. 1997; Rosendahl et al. 2012). The
antibiotics, such as tetracyclines and quinolones (QNs), exhib-
it high adsorption properties to accumulate in soil on the
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surface of either mineral or organic soil constituents (Tolls
2001). On the other hand, they have additional risk for con-
taminating groundwater resources due to the migration water
containing antibiotics (Heberer et al. 2008; Siemens et al.
2010; Ternes et al. 2007). Moreover, antibiotic residues in soil
can result in the emergence of antibiotic resistance genes,
which will be a new threat to public health (Knapp et al.
2010). So, the occurrence and environmental fate of antibi-
otics in the terrestrial environment have gained a growing
concern in recent years.

Wastewater irrigation may be an important source of anti-
biotics in soil owing to their incomplete elimination by sew-
age treatments (Gao et al. 2012; Leung et al. 2012; Li and
Zhang 2011; Wei et al. 2011). Some antibiotics, such as
NOR and OFL, have been detected in the secondary effluents,
and even detected in the tertiary effluents with high concen-
trations (Gao et al. 2012; Li et al. 2013). So far, municipal
wastewater recycling is one of the effective methods to resolve
water resource scarcity and meet growing demands for water
all over the world, especially in China, where water resource
scarcity is a more serious problem. Besides the application of
wastewater irrigation on agriculture soil, the reuse of
reclaimed water for road greening and washing in cities has
developed rapidly in recent years. However, to some extent,
such management may result in negative consequences such
as organic or inorganic contamination of soil. Several studies
have been conducted to explore the occurrence and fate of
antibiotics in the agricultural soil after long-term wastewater
irrigation or fertilization using animal manure (Dalkmann
et al. 2012; Hamscher et al. 2002; Hu et al. 2010; Karcı and
Balcıoğlu 2009; Kinney et al. 2006; Ostermann et al. 2014;
Shi et al. 2012; Siemens et al. 2010; Tamtam et al. 2011;
Ternes et al. 2007). However, the studies on the occurrence
and distribution of antibiotics in urban soil are still less
reported.

Beijing and Shanghai are two of the largest and developed
cities in China, with total dimensions of 16,410.54 and 6,
340.5 km2, respectively. Beijing is located in the northern
China with a huge population of 20.693 million, and has a
typical northern temperate zone climate, with an annual aver-
age temperature of 14.0 °C and annual rainfall of 483.9 mm in
2007. Shanghai, located in the eastern China, is also a densely
populated city with a population of 23.8043 million. It has a
subtropical climate, with an annual average temperature of
18.1 °C, relative humidity of 78 %, and annual rainfall of
1162 mm. The highly dense population results in the shortage
of water resource in the two big cities. Beijing and Shanghai
have applied the reuse technology of reclaimed water for land-
scaping irrigation and road cleaning. Thus, some pollutants
may be introduced into urban soil together with reclaimed
water. The different locations and climate conditions of both
cities may lead to different application patterns of antibiotics
in general population, which may further cause different

pollution characteristics and behaviors of antibiotics in urban
soil. Additionally, some location and climate closely depen-
dent environmental factors, such as heavy metal concentra-
tions, pH, and total organic carbon (TOC), may play an im-
portant role in the environmental behavior of antibiotics.
Therefore, it is necessary to investigate and compare the pres-
ence, distribution, and factors of antibiotics in urban soil in the
two cities in China.

The aims of this study are (1) to investigate antibiotic con-
tamination and distribution in urban soil in Beijing and
Shanghai; (2) to explore the relationship between physico-
chemical characteristics of soil and antibiotic concentrations;
and (3) to evaluate the risk of antibiotics in urban soil in
Beijing and Shanghai. To the best of our knowledge, this is
the first paper to explore the contamination of antibiotics in
urban soil in big cities in China.

Materials and methods

Materials and reagents

Eighteen antibiotic standards including norfloxacin
(NOR), ofloxacin (OFL), ciprofloxacin (CIP), fleroxacin
(FLE), sarafloxacin hydrochloride (SAR), lomefloxacin
hydrochloride (LOM), enrofloxacin (ENR), difloxacin hy-
drochloride (DIF), sulfadiazine (SDZ), sulfadimethoxine
(SDM), sulfamerazin (SMR), sulfamonomethoxine
(SMM), sulfisoxazole (SIA), erythromycin A dehydrate
(ERY), roxithromycin (ROX), tylosin tartrate (TYL),
josamycin (JOS), and spiramycin (SPI) were purchased
from Sigma-Aldrich (USA). Other three sulfonamide stan-
dards including sulfamethoxazole (SMX), sulfathiazole
(STZ), and sulfapyridine (SPD) were provided by Tokyo
Kasei Kogyo Co., Ltd. (Tokyo, Japan). Sulfamethazine
(SMZ) was provided by Acros Organics (USA).
Surrogate standards such as norfloxacin-d5 (NOR-d5),
ofloxacin-d3 (OFL-d3), and sarafloxacin-d8 (SAR-d8)
were obtained from Sigma-Aldrich. Other four surrogate
standards such as sulfamethoxazole-d4 (SMX-d4), sulfa-
methazine-d4 (SMZ-d4), spiramycin I-d3 (SPI I-d3), and
erythromycin-13C-d3 (ERY-13C-d3) were obtained from
Toronto Research Chemicals (Canada). The physicochem-
ical properties of the targeted antibiotics are shown in
Table 1. All these antibiotics were prepared in methanol
and stored at −7 °C in a light free environment. Methanol
and acetonitrile with HPLC grade were provided by
Fisher Scientific (New Jersey, USA). Ammonium formate
(99 %) and ammonium hydroxide (50 %, v/v) were ob-
tained from Alfa Aesar (USA). Formic acid (98 %) was
obtained from Fluka (USA). Ultrapure water (H2O) was
produced by a Milli-Q water purification system
(Millipore, USA).
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Sampling

A total of 69 urban surface soil samples were collected from
Beijing in July, 2010, and 55 urban soil samples were collect-
ed from Shanghai (Puxi area between Huangpu River and
outer ring road) in December, 2006. These samples were col-
lected from different functional areas includingmain roadside,
greenbelt, park, residential and commercial districts, and the
detailed sampling sites were shown in Fig. 1.

For each sampling site, five subsamples were harvested
from the same area (at the depth of 0–10 cm in 100 m2 area),
and mixed thoroughly to form one composite sample. Soil
samples were collected in polyethylene bags and immediately
freeze-dried after being delivered to the laboratory. Then, the-
se samples were ground and sieved to smaller than 0.44 mm,
and then stored at −20 °C until analysis.

Characterization of soil samples

A total of 124 soil samples were characterized for differ-
ent parameters to explore the relationship between antibi-
otic concentrations and soil characteristics. These charac-
teristics include pH, TOC, and Fe, Ti, Mn, Zn, V, Cu, Cd,
and Pb contents.

The TOC content was measured as CO2 in acid-treated
samples with a Solid TOC Analyzer (O.I. Analytical Co.,
USA). The soil pH was measured with H2O (1:1 ratio, dry
weight/v). The heavy metals in soil were extracted by micro-
wave digestion (MARS 6, CEM,USA). Briefly, 0.1 g samples
were added into the PTFE pressure bomb and then 6 mL of
HNO3 and 2 mL of HCl were added. The vessels were incu-
bated in microwave at 150 °C for 1 h. After cooling down to
the room temperature, the samples in the vessels were subject-
ed to shaking for 1 min and digestion with the same time
procedure again. After the evaporation of the acid, the super-
natant were decanted, diluted to 25 mL with H2O and filtered
through 0.45 μm filter membrane, and finally determined by
inductively coupled plasma mass spectrometry (ICP-MS,
Aglient 7500a, USA).

Methods

Totally 1.0 g of dry soil samples was weighed, and 50 μL of
200 μg L−1 methanolic surrogate standards was added in soil
samples. After mixing and aging for 24 h (Schlusener et al.
2003), the soil samples were extracted with 15 mL of the
mixture of acetonitrile and EDTA-McIlvaine buffer (pH 4.0)
(2:1) in the presence of ultrasonic treatment, and then

Table 1 The physicochemical
properties of targeted antibiotics

n.a. not available
a (Zorita et al. 2009)
b (Babić et al. 2007)
c (Feitosafelizzola and Chiron
2009)
d (Park and Choi 2008)
e (Sanderson and Thomsen 2009)
f (Tolls 2001)
g (Lutzhoft et al. 1999)
h (Diaz-Cruz et al. 2006)
i (Kan and Petz 2000)
j (Jacobsen et al. 2004)
k (Yang et al. 2011)
l (Kim and Tanaka 2009)
m (Calza et al. 2009)
n (Skinner and Kanfer 1992)
p (Chee-Sanford et al. 2009)
q (Suárez et al. 2008)

Group Analytes Molecular weight

(g mo1−1)

Water solubility

(mg L−1)

pKa Log Kow

QNs NOR 319.3 540a 6.27; 8.3b −1.03c

CIP 331.3 700a 5.90; 8.89b −0.73c

DIF 399.4 n.a. 5.66; 7.24b n.a.

ENR 359.4 849.7d 5.86; 8.24b 1.1d

FLE 369.4 n.a. 5.46; 8.00b 1.08e

OFL 361.3 230a 5.97; 8.28f −0.70c

LOM 351.4 n.a. 6.56; 8.47b −0.3e

SAR 385.4 100 6.0; 8.6f 0.84g

SAs STZ 277.3 373h 2.08; 7.07b 0.72h

SMX 253.3 1,382d 1.83; 5.57b −0.43c

SIA 267.3 300h 4.7i 1.01h

SPD 249.3 270 2.90; 8.54b −1.18c

SDM 332.3 343d 2.4; 6.2b 1.63d

SMZ 278.3 1,500d 2.28; 7.42b 0.89d

SDZ 250.3 77 2.10; 6.28b −0.092j

SMR 286.3 n.a. 2.17; 6.77b 0.21e

SMM 280.0 4,030k 2.0; 6.0k 0.7l

MCs SPI 842.4 20m 8.0i n.a.

JOS 827.3 n.a. 7.1n n.a.

TYL 917.1 5,000p 7.5b 1.63j

ERY 733.9 1.4q 8.9b 2.5–3.0q

ROX 836.4 0.02q 9.2b 2.1–2.8q
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centrifuged at 4,000 rpm. The extraction process was repeated
twice. The extract was combined and concentrated to 15 mL
by rotatory vaporization, diluted to approximately 100 mL
with H2O, and then purified using AutoTrace SPE 280
(Thermo Fisher, USA) with an Oasis HLB cartridge (6 mL,
200 mg; Waters, USA). The HLB cartridges were conditioned
with 5 mL of methanol and 5 mL of H2O. After loading the
samples, cartridges were washed with 15 mL of H2O and
vacuum-dried for 20 min. Then, the cartridges were eluted
with 6 mL of methanol containing 5% ammonium hydroxide.
All eluates were concentrated to 1 mL with a stream of nitro-
gen at 35 °C, and 15 μL of this solution was injected into the
HPLC-MS/MS system for analysis.

The extracted antibiotics were analyzed by an HPLC sys-
tem consisting of a P680 pump and an UltiMate 3000

autosampler (Thermo Fisher) coupled with an API 3200 triple
quadruple mass spectrometer equipped with an electrospray
ion source (ESI) (Applied Biosystems-Sciex, USA). The sep-
aration of analytes was carried out on XTerra MS C18 column
(2.1mm×100mm i.d., 3.5 μm) (Waters Corp., USA) at a flow
rate of 0.2 mL min−1. Mass spectrometric analysis was per-
formed in a positive ion mode with multiple reaction monitor-
ing (MRM). The detailed information was listed in the sup-
plementary materials.

Quality control

Calibration curve constructed for 22 antibiotics ranging from
0.05 to 1,000 μg L−1 with the linearity of R=0.9847–0.9991.
Using pre-diluted methanolic stock solution of 10 mg L−1,

Fig. 1 Sampling sites of surface urban soil in Beijing and Shanghai, China
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calibration standards were prepared independently in water,
and constant 50 μL of 200 μg L−1 methanolic surrogate stan-
dards were added in each calibration standard. The limits of
detection (LODs) of this method defined as the lowest con-
centration with a signal-to-noise ratio (S/N) of 3 were 0.002–
0.05 μg kg−1 for soil samples.

Mixed standard solutions (100 ng dissolved in methanol)
were spiked in 1.0 g soil for the testing of recovery, and con-
stant 50 μL of 200 μg L−1 methanolic surrogate standards
were also added. After mixing and aging for 24 h, the soil
sample was extracted and analyzed. The recovery rate of the
analytes was defined as follows: Recovery rate=[(Cs−Cb)/
Ct]×100 %, where Cs is the concentration measured in the
extract from a spiked soil sample; Cb is the concentration
measured in the extract of a non-spiked fraction of the same
soil sample; Ct is the concentration of a standard solution with
the same spiked amount. Surrogate standards were used to
compensate for the loss of analytes, and the recovery rates
ranged in 53.3–112.3 % for the spiked antibiotics in soil sam-
ples with the standard deviations of 2.5–16.7 %. The detailed
information was listed in the Supplementary material
Table S2. During the analysis of each batch of samples, at
least one procedure blank and one independent check standard
(1 μg L−1) were run in sequence to check for background
contamination and system performance.

Statistical analysis

All statistical analyses were performed with IBM PASW
Statistics 18.0 (SPSS Inc., 1993–2007). Comparison of anti-
biotic concentrations was performed using Kruskal-Wallis
nonparametric tests. The statistically significant difference
was considered at p<0.05. Pearson correlation analysis was
applied to explore the relationship between antibiotic concen-
trations and soil characteristics.

Results and discussion

Occurrence of antibiotics in urban soil

Table 2 showed the contents of 17 kinds of antibiotics in the
urban surface soil samples. Eight kinds of antibiotics from the
quinolone group were detected; especially NOR, OFL, and
CIP were detected with the frequency of 98, 97, and 82 %,
respectively. Compared with QNs, only five sulfonamides
(SAs) and four macrolides (MLs) antibiotics were detected.
Moreover, the concentration of ∑QNs accounted for approx-
imately 99 % of the total concentration of antibiotics. NOR
revealed the highest average concentration of 94.6 μg kg−1

(dry weight, dw), which was followed by OFL and CIP with
the average concentrations of 36.6 and 9.44 μg kg−1 dw, re-
spectively. These concentrations were lower than those in the

sludge-treated soil in Switzerland (Golet et al. 2002), but
higher than those detected at organic vegetable bases and sub-
urban areas in Tianjin, China (Hu et al. 2010), as well as
higher than those in peri-urban agricultural soil after long-
term wastewater irrigation in Tianjin, China (Shi et al.
2012), Paris (Tamtam et al. 2011), and Mexico City
(Dalkmann et al. 2012). In addition, Ostermann et al. (2014)
have detected the maximum ENR concentration of 63μg kg−1

in peri-urban agricultural soil from Beijing, which was also
lower than that of 128 μg kg−1 in our study. An important
reason for the high concentrations found in the urban soil is
probably that these soils are not mixed regularly by plowing.
If reclaimed wastewater is continually added on the topsoil
and there is no mixing, the concentrations will be the highest
near the soil surface and decrease exponentially with increas-
ing depth. In agricultural soils, the high concentrations at the
soil surface are reduced bymixing the top 20–30 cm of the soil
in regular intervals (Kinney et al. 2006; Tamtam et al. 2011).

Compared with QNs, SAs and MLs showed low concen-
trations and detection frequency in urban surface soil in our
study. Among five detected SAs, SMX revealed the highest
average concentration of 0.57 μg kg−1dw and detection fre-
quency of 44 %. This result was consistent with several pre-
vious reports with the low concentration of SAs in the surface
soil (Karcı and Balcıoğlu 2009; Tamtam et al. 2011), whereas
Ostermann et al. (2014) have found significantly higher SAs
concentration (110μg kg−1) in the topsoil of agricultural fields
in the peri-urban region of Beijing, China. As for MLs, much
lower concentration and detection frequency than SAs in the
urban soil was observed, and ROX was detected with maxi-
mum detection frequency of 26 % and average concentration
of 0.06 μg kg−1 dw. The concentrations of SMX and ROX in
our study were higher than those in the agriculture soil after
long-term wastewater irrigation in Paris (Tamtam et al. 2011)
and in the agriculture soil fertilized with poultry or cattle ma-
nure (Karcı and Balcıoğlu 2009), but lower than the SMX
concentration of 4 μg kg−1 determined in peri-urban agricul-
tural soil after approximately 20 years irrigation with untreat-
ed wastewater in Mexico City (Dalkmann et al. 2012). In
contrast, (Ostermann et al. 2014) have found a maximum
SMZ concentration of 110 μg kg−1 in peri-urban agricultural
soil from Beijing, while SMZ was only detected with the
maximum concentration of 2.8 μg kg−1 in urban soil from
Beijing and Shanghai in our study.

The reclaimed water used for irrigation may be an im-
portant source of antibiotics in the urban soil. Our previ-
ous studies have shown that QNs were frequently detected
in wastewater, and OFL revealed the highest concentration
in secondary effluents and tertiary effluents from sewage
treatment plants (STPs) (Gao et al. 2012; Li et al. 2013).
In this study, QNs especially NOR, OFL, and CIP were
also found to have high concentrations and detection fre-
quency in the urban soil, indicating their transfer from
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reclaimed water into the urban soil. Although SAs and
MLs were frequently detected in the STPs effluents, they
were not detected in most urban surface soil from Beijing
and Shanghai. The difference in chemical properties of
QNs, SAs, and MLs may be a major reason responsible
for the low levels of SAs and MLs in soil. QNs displayed
high Kd values of 260–6,310 L kg−1 (Tolls 2001) and a
strong combination with soil particles, suggesting that
they were relatively stable and not easily migrated in soil,
whereas the Kd values of SAs and MLs were much lower
in the range of 0.6–128 L kg−1 (Tolls 2001). Thus, SAs
and MLs have relatively strong water solubility and pres-
ent a high tendency to be leached down to deep soil ho-
rizon than QNs (Ostermann et al. 2013). Moreover, SAs
adsorption has the tendency to decrease as the extension
of time during long-term irrigation, while QNs reveal the
continuously strong adsorption (Dalkmann et al. 2014).
Therefore, much slower dissipation/degradation of QNs
in comparison to SAs is likely another important reason
for explaining high concentration and detection frequency
of QNs in urban soil.

Distribution of antibiotics in the urban soil

In the present study, no significant difference between the
distribution of total antibiotic concentrations in urban soil
from Beijing and Shanghai was observed (p>0.05).

Beijing

QNs were the main class of antibiotics in soils from all three
site classes (residential, park and commerce; Fig. 2). Among
eight kinds of QNs, NOR was the major component in urban
soil from three different functional areas, which accounted for
more than 50 % of ∑QNs concentrations, even more than

Fig. 2 Composition of antibiotics in the urban soil in different functional
areas of Beijing, China

Table 2 Concentrations of
targeted antibiotics in urban soil
samples (μg kg−1, dw)

n.d. not detected

Groups Analytes Maximum Minimum Mean Median Frequency (%)

QNs NOR 2,160 n.d. 94.6 33.2 98

OFL 898 n.d. 36.6 7.09 97

CIP 286 n.d. 9.44 1.03 82

DIF 21.5 n.d. 0.37 n.d. 6

ENR 128 n.d. 2.35 n.d. 30

FLE 559 n.d. 6.02 n.d. 7

LOM 93.6 n.d. 2.32 n.d. 38

SAR 9.06 n.d. 0.22 n.d. 6

∑QNs 2,592 n.d. 152 52.8

SAs SMX 22.9 n.d. 0.57 n.d. 44

SPD 0.70 n.d. 0.01 n.d. 0.8

SMZ 2.80 n.d. 0.05 n.d. 35

SDZ 7.12 n.d. 0.28 n.d. 33

SMM 0.21 n.d. 0.01 n.d. 6

∑SAs 23.6 n.d. 0.92 0.15

MLs SPI 1.12 n.d. 0.02 n.d. 10

TYL 0.37 n.d. 0.003 n.d. 0.8

ROX 2.15 n.d. 0.06 n.d. 26

ERY 3.82 n.d. 0.05 n.d. 4

∑MLs 4.46 n.d. 0.13 n.d.

Total 2,616 n.d. 153 54.3
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80 % in the commerce area, then followed by OFL (Fig. 2).
Especially, the fraction of FLE in the park soil (10 %) was 1–2
magnitudes higher than that in the urban soil from residential
(0.3 %) and commerce areas (2 %), which may reveal the
different sources of antibiotic contamination in the park soil.

Additionally, Kruskal-Wallis nonparametric test and Fig. 3
showed no significant difference for the total concentration of
antibiotics, and ∑QNs concentrations, in three different func-
tional areas from Beijing (p>0.05). No significant differences
were observed for the frequently detected NOR, OFL, and
CIP, in the three different functional areas (p>0.05, Fig. 3).
High concentrations of NOR and OFL were detected in sev-
eral samples including B11, B15, B34, and B46 (Table S3,

Supplementary material). In terms of geography, the samples
of B11 and B46 were collected from the northern Beijing with
high density of population. So, high antibiotic concentrations
in reclaimed water and soil could be deduced by the heavy
application of antibiotics depending on population. Moreover,
the distribution pattern of antibiotics may be affected by soil
characteristics (pH, TOC, and heavy metals), and these factors
will be discussed in detail below.

Shanghai

Figure 4 showed that QNs were the biggest contributors for
the antibiotics in urban soil from Shanghai regardless of func-
tional areas that they were collected from, and their concen-
trations were far higher than those of SAs and MLs. Among
the QNs, NOR was the major component in urban soil from
four different functional areas (roadside, residential, com-
merce, and greenbelt), and then followed by OFL and CIP
(Fig. 4). However, in park soil, OFL revealed the most pre-
dominant contribution and followed by NOR and CIP, sug-
gesting the different sources of antibiotic contamination be-
tween parks and other areas in Shanghai.

According to the results in Fig. 5 and Kruskal-Wallis non-
parametric test, no significant differences were observed for
the total concentration of antibiotics, ∑QNs, NOR, OFL, and
CIP, in five different functional areas from Shanghai
(p>0.05). However, high concentrations of NOR, OFL, and

Fig. 3 Box-and-whisker plots of antibiotics in the urban soil in different
functional areas of Beijing, China. The horizontal black line in the box
represented the median value and the low and upper edges of the box
mark the 25th and 75th percentiles, respectively. The whiskers extending
from the box show the highest and lowest values. “Asterisk” represents
extreme values, which were beyond the triplication of the difference
between 25th and 75th percentiles, and singular values are represented
by “circles,” which were beyond the 150th percentile of the difference
between 25th and 75th percentiles

Fig. 4 Composition of antibiotics in the urban soil in different functional
areas of Shanghai, China
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CIP were detected in the samples such as S2, S12, S20, S24,
S27, S35, S40, and S47 (Table S3, Supplementary material).
These samples are distributed evenly in five functional areas,
indicating the equivalent contamination of antibiotics in dif-
ferent geographical locations in Shanghai. The different com-
positions and irrigation frequency of reclaimed water may be
possible reasons for the spatial differentiation of antibiotics in
urban soil in Shanghai. Moreover, the impact of the soil char-
acteristics (pH, TOC, and heavy metals) on the distribution of
antibiotics in urban soil will be discussed in detail below.

Effect of soil characteristics on distribution of antibiotics
in urban soil

The different concentrations of antibiotics in urban soil may
be affected by soil characteristics such as pH, TOC, and metal

content since these parameters were reported to affect the ad-
sorption of antibiotics in solid environmental matrices (Tolls
2001; Vasudevan et al. 2009; Zhang et al. 2009).

pH

The soil pH has been recognized as an important factor for
influencing the adsorption of antibiotics in soil. It has been
reported that the surface charge and the cation exchange ca-
pacity of soil constituents are dependent on the pH of the soil
solution (Tolls 2001). In our study, the pH ranged from 7.03 to
7.95 which indicated the near neutral soil (Table S5 and S6,
Supplementary material). The correlation coefficients be-
tween the concentrations of antibiotics (NOR, OFL, and
CIP) and soil pH were calculated by Pearson correlation anal-
ysis (Table 3). The NOR content in surface urban soil from

Fig. 5 Box-and-whisker plots of
antibiotics in the urban soil in
different functional areas of
Shanghai, China. The horizontal
black line in the box represented
the median value and the low and
upper edges of the box mark the
25th and 75th percentiles,
respectively. The whiskers
extending from the box show the
highest and lowest values.
“Asterisk” represents extreme
values, which were beyond the
triplication of the difference
between 25th and 75th
percentiles, and singular values
are represented by “circles”,
which were beyond the 150th
percentile of the difference
between 25th and 75th percentiles
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Shanghai revealed a significantly negative correlation with pH
(Pearson correlation coefficient of −0.308). As for OFL and
CIP, the negative correlations were weak as the Pearson cor-
relation coefficients ranged from −0.066 to −0.224. Cation
and zwitterion exchange were two of the major adsorption
mechanisms for antibiotics entering the soil system (Pico
and Andreu 2007; Tolls 2001; Vasudevan et al. 2009).
Therefore, it makes sense that the cationic and zwitterionic
fraction of QNs reveals an increase with the decrease of pH
in soil solution, which in turn can increase the adsorption
through cation and zwitterion exchange.

TOC

Antibiotic concentrations were also found to have correlation
with organic carbon contents in soil. In the present study, the
contents of soil TOC varied from 0.98 to 5.74 % in Beijing,
and from 1.16 to 3.75 % in Shanghai (Table S5 and S6,
Supplementary material). The correlation coefficients be-
tween the concentrations of antibiotics (NOR, OFL, and
CIP) and soil TOC were calculated by Pearson correlation
analysis (Table 3). Significantly positive correlations were ob-
served between NOR concentration and TOC (Pearson corre-
lation coefficient=0.345) in surface urban soil from Shanghai.
This result was consistent with the previous report that antibi-
otic concentrations were correlated with organic carbon con-
tents in the surface horizons with correlation coefficients
higher than 0.9 for QNs (Tamtam et al. 2011). However, no
significant correlation was observed for NOR, OFL, and CIP
with TOC in soil samples from Beijing. Previous studies have
demonstrated that QNs were also prone to adsorb onto soil
mineral and metal oxides (Carrasquillo et al. 2008), which
may interfere with the relationship between TOC and QNs
concentrations in soil.

Heavy metals

It has been reported that most antibiotics can form complexes
with metal ions (Tamtam et al. 2011; Tolls 2001; Zhang et al.
2009). Previous studies have reported that some antibiotics,
such as QNs and tetracyclines, may undergo complex forma-
tion at aluminum and iron hydroxide surface (Tolls 2001). In
this study, the contents of heavy metals (Fe, Ti, Mn, Zn, V, Cu,
Cd, and Pb) in the surface urban soil samples were determined
(Table S5 and S6, Supplementary material). In urban soil sam-
ples from Beijing, Pearson correlation analysis showed signif-
icantly positive correlation between the concentrations of
OFL and V, OFL, and Cd, as well as the concentrations of
CIP and Pb (Table 3). In addition, significantly positive cor-
relation between the concentrations of NOR and Cu, as well as
the concentrations of CIP and Cu in soil samples from
Shanghai was observed (Table 3). The results indicated that
antibiotic concentrations were related to the contents of heavyT
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metals in soil, but the major factor may be distinctive from
different areas. The complex and electrostatic interactions
with metal ions could increase the stability of antibiotics,
thus increasing their persistence in soil. Positive effects of
Zn and Cu on the adsorption of antibiotics in soil have been
reported in previous studies (Tamtam et al. 2011; Zhang
et al. 2009). However, there is no information regarding
the effect of Cd, Pb, and V on the adsorption of antibiotics
in soil to date. The results from Sithole and Guy (1987)
research groups have demonstrated that the divalent cations
can bridge the clay and antibiotics. Heavy metals such as
Cd, Pb, and V often exist in the form of divalent ions in the
environment. Therefore, the positive correlations between
the concentrations of antibiotics and these heavy metals
may be relative to their valence state in the environment.
Moreover, the occurrence of heavy metals such as Cd, Cr,
and Pb in reclaimed wastewater in Beijing and Shanghai has
been reported in previous studies (Hu et al. 2002; Ma et al.
2007) (Table 4), and these heavy metals may be transferred
to and accumulated in soil due to the reclaimed wastewater
irrigation. So the correlations between concentrations of
QNs and heavy metals may be at least partly caused by their
common occurrence in treated wastewater and their simulta-
neous accumulation in soils.

Risk assessment of antibiotics in urban soil

For detailed environmental risk assessments, the trigger value
of 100 μg kg−1 was suggested for antibiotic in soil by
the Steering Committee of the Veterinary International

Committee on Harmonization (VICH) in June 2000. In our
study, the concentrations of NOR, OFL, CIP, ENR, and FLE
detected in several urban soil samples were higher than the
trigger value of 100 μg kg−1 (Table S3 and S4, Supplementary
material). Although these soils are not used for agriculture,
potential health risk for urban residents, especially for
children and old population should not be neglected because
several soil samples were collected from residential and park
areas. Little is known regarding concentration levels of
antibiotic agents that lead to the selection of antibiotic
resistant bacteria in the environment. However, the studies
from Wang et al. (2014a, b) have shown an accumulation of
a diverse range of antibiotic resistance genes in urban soils
irrigated with treated wastewater. Thus, NOR, OFL, CIP,
ENR, and FLE may have a potential risk for the environment
and human health, and further investigations on environmen-
tal impacts are urgently needed.

Conclusion

Totally, 17 out of 22 antibiotics were detected in urban soil
samples from Beijing and Shanghai, China. QNs, especially
OFL, NOR, and CIP were the most frequently detected anti-
biotics in the surface urban soil samples, and NOR revealed
the highest average concentration of 94.6 μg kg−1 dw. No
significant difference in total concentration of antibiotics be-
tween urban soil samples from Beijing and Shanghai was
observed. Correlation analysis showed that the concentrations
of NOR, OFL, and CIP in the surface urban soil were

Table 4 Heavy metal (mg L−1)
and antibiotic (ng L−1)
concentrations in reclaimed
wastewater in Beijing and
Shanghai, China

n.d. not detected
a (Hu et al. 2002);
b (Ma et al. 2007)
c (Jiang et al. 2008)
d (Gao et al. 2012)
e (Li et al. 2013)

Groups Analytes Shanghai Beijingb

Secondary Secondary Tertiary

Metals Cd 0–0.0054a 0.01b n.d.b

Cr 0.005–0.02a – –

Cu 0.003–0.195a – –

Hg 0.00037–0.0018a – –

Mn – 0.05b 0.03b

Ni 0–0.043a – –

Pb 0.010–0.045a 0.31b n.d.b

Zn 0.061–1.606a 0.13b 0.05b

Fe – 0.36b 0.07b

Antibiotics OFL – 150–1,200d 72.6e

NOR – 9.4–200d 40.1e

CIP – n.d.–55d 1.77e

SMX <5,000c 130–460d 12.3e

SDZ – 120–560d 10.7e

SPD – 36–330d 2.72e

ERY – 51–300d 14.7e

ROX – 54–360d 9.99e
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correlated with the soil characteristics including pH, TOC, and
heavy metal content in this study. Additionally, NOR, OFL,
CIP, ENR, and FLE may have potential risks for the environ-
ment and further investigations on the environmental impacts
of these drugs are urgently needed.
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