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a b s t r a c t
The occurrence and spread of multi-drug resistant bacteria is a pressing public health problem. The
emergence of bacterial resistance to antibiotics is common in areas where antibiotics are heavily used, and
antibiotic-resistant bacteria also increasingly occur in aquatic environments. The purpose of the present
study was to evaluate the impact of the wastewater treatment process on the prevalence of antibiotic
resistance in Acinetobacter spp. in the wastewater and its receiving water. During two different events (hightemperature, high-ﬂow, 31 °C; and low-temperature, low-ﬂow, 8 °C), 366 strains of Acinetobacter spp. were
isolated from ﬁve different sites, three in a wastewater treatment plant (raw inﬂuent, second efﬂuent, and
ﬁnal efﬂuent) and two in the receiving body (upstream and downstream of the treated wastewater discharge
point). The antibiotic susceptibility phenotypes were determined by the disc-diffusion method for 8
antibiotics, amoxicillin/clavulanic acid (AMC), chloramphenicol (CHL), ciproﬂoxacin (CIP), colistin (CL),
gentamicin (GM), rifampin (RA), sulﬁsoxazole (SU), and trimethoprim (TMP). The prevalence of antibiotic
resistance in Acinetobacter isolates to AMC, CHL, RA, and multi-drug (three antibiotics or more) signiﬁcantly
increased (p b 0.01) from the raw inﬂuent samples (AMC, 8.7%; CHL, 25.2%; RA, 63.1%; multi-drug, 33.0%) to
the ﬁnal efﬂuent samples (AMC, 37.9%; CHL, 69.0%; RA, 84.5%; multi-drug, 72.4%), and was signiﬁcantly
higher (p b 0.05) in the downstream samples (AMC, 25.8%; CHL, 48.4%; RA, 85.5%; multi-drug, 56.5%) than in
the upstream samples (AMC, 9.5%; CHL, 27.0%; RA, 65.1%; multi-drug, 28.6%). These results suggest that
wastewater treatment process contributes to the selective increase of antibiotic resistant bacteria and the
occurrence of multi-drug resistant bacteria in aquatic environments.
© 2009 Elsevier B.V. All rights reserved.

1. Introduction
Bacterial resistance to antibiotics limits treatment options,
increases morbidity and mortality, and increases the risk of antibiotic-associated adverse events. Resistance is common where
antibiotics are heavily used, and additionally antibiotic resistant
bacteria are present in wastewater, surface water, ground water,
sediments and soils, and increasingly in aquatic environments
(Baquero et al., 2008; Klare et al., 1995; Kummerer, 2004; Martinez,
2008; Zhang et al., 2009). Antibiotic use selects for existing resistance
mechanisms and for novel resistance mutations (Bywater, 2004,
2005; Finch, 2004; Wassenaar, 2005). Resistance can also be acquired
through horizontal gene transfer via uptake of resistance determi-
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nants via conjugation, transduction and transformation (Davison,
1999; Lorenz and Wackernagel, 1994; Thomas and Nielsen, 2005).
Wastewater treatment plants (WWTP) are important reservoirs of
commensal human and animal bacteria in which antibiotic resistant
organisms, and/or, determinants persist in the ﬁnal efﬂuent and are
released to the environment (Davison, 1999; Lorenz and Wackernagel,
1994; Thomas and Nielsen, 2005). By linking different environmental
compartments including municipal sewage and surface water, WWTP
may facilitate spread of antibiotics, antibiotic resistance genes, and
antibiotic resistant bacteria between these compartments (Schluter
et al., 2007). Furthermore, the high microbial density and diversity of
bioﬁlms and activated sludge may facilitate genetic exchange in
WWTP (Schluter et al., 2007) and antimicrobial agents are found
present wastewater (Kummerer, 2003). These conditions may lead to
a selection of antibiotic resistant bacteria in WWTP.
In recent years, many researchers have investigated the effect of
the wastewater treatment process on the prevalence of antibiotic
resistant bacteria in WWTP or its receiving water body (Goni-Urriza
et al., 2000; Guardabassi et al., 1998, 2002; Silva et al., 2006, 2007), but
to the best of our knowledge, no studies have investigated the
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antibiotic resistant pattern in both the WWTP and its receiving water
simultaneously.
Bacteria of the genus Acinetobacter are found in many environments, including water, soil, sewage and food. At least 0.001% of the
total culturable, heterotrophic, aerobic bacterial population in water
and soil is estimated to be Acinetobacter spp. (Baumann, 1968; Berlau
et al., 1999). Acinetobacter spp. have a remarkable ability to develop
resistance to antimicrobial agents, and a prodigious capacity to
acquire new determinants of resistance, thus making this genus
particularly suitable for monitoring antibiotic resistance in the
environment (Bergogne-Berezin, 1995; Bergogne-Berezin and
Towner, 1996; Guardabassi et al., 1998; Juni, 1978; Towner, 1997).
Although there are reports on antibiotic resistance among Acinetobacter spp. from aquatic sources, vegetables, sewage, and the hospital
environment (Berlau et al., 1999; Dhakephalkar and Chopade, 1994;
Guardabassi et al., 1998, 1999; Hujer et al., 2006; Perez et al., 2007),
little is known about the antibiotic resistance of Acinetobacter spp. in
WWTP and their receiving water body.
In our study, we investigated: (1) the effect of wastewater treatment
process on the prevalence of antibiotic resistance in Acinetobacter spp.;
and (2) the possibility of the spread of antibiotic resistance from WWTP
to the receiving water body. We also explored the mediating effects of
seasonal changes in temperature and river ﬂow rate.
2. Materials and methods
2.1. Study area and sample collection
The study area was the tertiary wastewater treatment plant in Ann
Arbor, Michigan, USA and the Huron River receiving the wastewater
discharge. The plant was designed in 1995 for a population of 210,700,
and the average daily ﬂow is 29.5 MGD. The plant mostly treats
domestic wastewater, with only limited amounts of industrial waste;
hospital waste comprises a very small percentage of total raw inﬂuent
and is not pretreated. Agriculture is not extensively practiced in the
area. The receiving water has a pH value around 6.8 and BOD5 value
around 5 mg O2/L.
Liquid treatment consisted of (i) preliminary treatment (screening
and grit removal), (ii) primary treatment (gravity sedimentation
tanks), (iii) secondary treatment (activated sludge process utilizing
anoxic/oxic biological nutrient removal in aeration basins (ferric
chloride added as required to polish efﬂuent for soluble phosphorus)
followed by secondary sedimentation), (iv) tertiary treatment (rapid
sand ﬁltration of secondary efﬂuent to remove particulates) and
(v) disinfection (UV light). About 45% of BOD in the raw inﬂuent was
removed after primary treatment, 95% after secondary treatment, and
99.5% after tertiary treatment.
Samples were collected from three sites in the plant, namely raw
inﬂuent (RI), secondary efﬂuent (SE), and ﬁnal efﬂuent (FE) (after UV
disinfection and ready for discharge). Samples were also collected
from river sites 300 m upstream (U) and 100 m downstream (D) of
the wastewater discharge point. There was no other discharge to the
river between the two sampling sites.
In order to consider the effect of environmental temperature and
river ﬂow, samples were collected on two occasions, April 2007 (lowtemperature, low-ﬂow, 8 °C) and August 2007 (high-temperature,
high-ﬂow, 31 °C).
At each site, four samples were collected at the same time. Each
sample consisted of 1000 mL water collected in a sterile bottle, which
was then kept in an ice bath during transportation to the lab, and
processed within 12 h of collection.
2.2. Heterotrophic plate counts (HPC)
The heterotrophic bacterial number in the water was determined
by heterotrophic plate counts (HPC). A 100 mL aliquot of water from
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serial ten-fold dilutions for each water sample was ﬁltered through a
0.22 μm-pore membrane (Millipore, Billerica, MA) which was then
placed on R2A agar (Remel, Lenexa, KS) plates. Four replicates were
examined for each sample (total 16 replicates). Plates were incubated
at 35 °C for 72 h, and then at room temperature for up to one week to
ensure the growth of the slow-growing organisms prior to counting
colony forming units (CFUs).
2.3. Isolation and identiﬁcation of Acinetobacter spp.
A 100 mL aliquot of water of serial ten-fold dilutions for each
sample was ﬁltered through a 0.22 µm pore membrane (Millipore,
Billerica, MA) which was then placed on the Acinetobacter spp.
selective agar LAM (Jawad et al., 1994). Four replicates were examined
for each sample. After incubation at 30 °C for 48 h, countable plates
containing at least 20 colonies were used for colony counting and
Acinetobacter isolation. Around half of the colonies on each plate
were picked, and re-streaked onto LB agar (Fisher Sci, Houston, TX) to
obtain pure cultures.
Acinetobacter spp. isolates were identiﬁed by colony PCR using an
Acinetobacter spp. speciﬁc 16S rRNA primer set Ac436f and Ac676r,
the speciﬁcity of which has been evaluated by Vanbroekhoven et al.
(2004). Single colonies grown overnight were suspended in 100 µL
sterile MQ water, and this suspended bacterial solution was used as a
PCR template. PCR reactions were carried out in a 25 µL volume
reaction, including 1× PCR reaction buffer (Promega, Madison, WI);
0.1 mM dNTPs (Promega Madison, WI), 0.2 µM primers, 1.75 units of
Taq DNA polymerase (Promega, Madison, WI), and 1 µL of template.
Acinetobacter spp. strain Ac811 was used as a positive control. Acinetobacter sp. AC811 is a derivative of an environmental isolate of Acinetobacter sp. ADP1. The strain belongs to the newly described species
Acinetobacter baylyi (Vaneechoutte et al., 2006). Escherichia coli K12
and all the reagents without any template were used as negative
controls.
The ampliﬁcation program consisted of initial denaturing at 95 °C
for 5 min, followed by 30 cycles of 15 s at 95 °C, 30 s at 58 °C, 40 s at
72 °C, and a ﬁnal extension step at 72 °C for 4 min. Aliquots of 5 µL of
each reaction solution were analyzed by electrophoresis on a 2.0%
(wt./vol.) agarose gel (Invitrogen, Carlsbad, CA). For those colonies
that showed positive results, colony PCR was performed again to
verify the results and exclude the false positives. Two PCR amplicons
were randomly selected, cloned and sequenced. The sequences were
more than 99% homologous to the Acinetobacter 16S rRNA gene. The
number of positive Acinetobacter isolates was recorded for further
calculation of Acinetobacter spp. number, and its proportion of the
total bacteria.
2.4. Antibiotic susceptibility test
Antibiotic susceptibility tests were performed using the disc
diffusion method (BD, Franklin Lakes, NJ) according to the
recommendations of CLSI (CLSI, 2006); E. coli ATCC 25922 and
Pseudomonas aeruginosa ATCC 27853 were used as quality control
strains. Eight antibiotics were selected as representative of commonly used antibiotic classes (abbreviations and disc concentrations
are shown in brackets): amoxicillin/clavulanic acid (AMC, 30 µg),
chloramphenicol (CHL, 30 µg), ciproﬂoxacin (CIP, 5 µg), colistin (CL,
10 µg), gentamicin (GM, 10 µg), rifampin (RA, 5 µg), sulﬁsoxazole
(SU, 250 µg), and trimethoprim (TMP, 5 µg). After 18 h incubation at
30 °C, isolates were deﬁned as resistant when the inhibition zone
diameters were less than 18 mm for AMC, 13 mm for CHL, 16 mm for
CIP, 8 mm for CL, 13 mm for GM, 17 mm for RA, 13 mm for SU, and
11 mm for TMP. The quality control strains were tested every time,
and the variations of inhibition zone diameters among different tests
did not exceed 1–2 mm.
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2.5. Statistics analysis
The Chi-square test was used to compare the prevalence of
antibiotic resistance in Acinetobacter isolates among the ﬁve sampling
site, however in the case where any count was less than 5, Fisher's
Exact Test was performed. p-values b 0.05 were considered to be
signiﬁcant.
Raw inﬂuent samples were compared with second efﬂuent and
ﬁnal efﬂuent samples, respectively, and upstream samples was
compared with downstream samples. Statistical analysis was performed using SPSS 16.0 software (SPSS, Chicago, IL).
3. Results
3.1. The presence of Acinetobacter spp. in wastewater and its receiving
river water
The wastewater treatment process decreased the population of
total bacteria (HPC) and Acinetobacter spp. on both sampling dates,
the numbers being about 3 orders of magnitude lower in the ﬁnal
efﬂuent than in the raw inﬂuent (Fig. 1). The ﬁnal efﬂuent had a
signiﬁcantly lower concentration of total bacteria and Acinetobacter
spp. than did any of the raw and ﬁnal efﬂuent samples.
The concentration of total bacteria and Acinetobacter spp. was not
signiﬁcantly different between upstream and downstream samples
collected at both dates (Fig. 1).
A total of 366 isolates were identiﬁed as Acinetobacter spp. by
colony PCR, including 173 isolates from the low-temperature, lowﬂow event and 193 isolates from the high-temperature, high-ﬂow
event. The percentage of Acinetobacter spp. in the total HPC was
higher in the wastewater (RI, SE, and FE samples) (0.07%–0.09%) than
in the river water (U and D samples) (0.02%–0.05%), and was about
two times higher in downstream (0.04%–0.05%) than in upstream
samples (0.02%–0.03%).
3.2. Antibiotic resistance of Acinetobacter spp. isolates
When all samples were considered together, the Acinetobacter spp.
isolates were most resistant to TMP (97%), followed by RA (74%), CHL
(40%), AMC (20%), TET (X%), SU (8%), CIP (6%), and GM (2%) (Fig. 2).
All Acinetobacter isolates were susceptible to CL.
Most isolates were resistant to one or two drugs (98% and 78%
respectively); resistance to three (45%) or four (19%) drugs was
common, with resistance to TMP, RA, CHL, and AMC tending to go
together. Resistance to ﬁve (2.5%) or six (1.1%) drugs occurred more

Fig. 2. The prevalence of antibiotic resistance in Acinetobacter spp. isolates from all the
water samples. n, the number of Acinetobacter spp. isolates. TMP, trimethoprim, 5 µg;
RA, rifampin, 5 µg; CHL, chloramphenicol, 30 µg; AMC, amoxicillin/clavulanic acid,
30 µg; SU, sulﬁsoxazole, 250 µg; CIP, ciproﬂoxacin, 5 µg; GM, gentamicin, 10 µg; CL,
colistin, 10 µg. R1, R2, R3, R4, R5, R6, resistant to one or more, two or more, three or
more, four or more, ﬁve or more, six or more antibiotics.

rarely and exclusively in wastewater (RI and SE samples), and was
associated with resistance to TMP, RA, CHL, AMC, SU, and CIP.
Similar resistance proﬁles were observed for both dates; however,
the Acinetobacter strains isolated from the low-temperature, low-ﬂow
event exhibited more resistance than those isolated from the hightemperature, high-ﬂow event (Fig. 2).
The frequency of antibiotic resistance in Acinetobacter spp. to RA,
CHL, AMC, and multi-drug (three drugs and more) consistently
increased from raw inﬂuent (RA, 63.1%; CHL, 25.2%; AMC, 8.7%; multidrug, 33.0%) through second efﬂuent (RA, 77.5%; CHL, 35.0%; AMC,
20.0%; multi-drug, 46.3%) to ﬁnal efﬂuent (RA, 84.5%; CHL, 69.0%;
AMC, 37.9%; multi-drug, 72.4%) (Table 1). The level of resistance to
those three antibiotics was signiﬁcantly higher in the ﬁnal efﬂuent
than in the raw inﬂuent (RA, p b 0.01; CHL, AMC, multi-drug,
p b 0.001). Furthermore, a signiﬁcantly higher proportion of Acinetobacter isolates were resistant to RA (p b 0.05), AMC (p b 0.05), SU
(p b 0.01), and R4 (p b 0.001), R5 (p b 0.05), and R6 (p b 0.05) in the
second efﬂuent than in the raw inﬂuent. Acinetobacter isolates
resistant to some antibiotics, such as SU, and R5, and R6, were not
detected in the ﬁnal efﬂuent.
Increased resistance was also observed when comparing the sites
upstream (AMC, 9.5%; CHL, 27.0%; RA, 65.1%; multi-drug, 28.6%) and
downstream (AMC, 25.8%; CHL, 48.4%; RA, 85.5%; multi-drug, 56.5%)
of the wastewater discharging point, and the differences were
statistically signiﬁcant (AMC, CHL, p b 0.05; RA, multi-drug, p b 0.01).
Resistance to GM, SU, and CIP in Acinetobacter spp. was detected
exclusively in wastewater (SE; RI and SE; and RI, SE and FE
respectively); no Acinetobacter strains resistant to these agents were
isolated from river water.
The proﬁles of antibiotic resistance in Acinetobacter spp. isolates
from different sites were similar at April and August, but the antibiotic
resistance level was generally higher at the April low-temperature,
low-ﬂow event in comparison with that at the August hightemperature, high-ﬂow event.

4. Discussions
Fig. 1. The concentration of heterotrophic plate counts (HPC) and Acinetobacter spp. in
water samples from a low-temperature, low-ﬂow and high-temperature, high-ﬂow
sampling event. RI, raw inﬂuent; SE, second efﬂuent; FE, ﬁnal efﬂuent; U, upstream; D,
downstream.

To the best of our knowledge, this is the ﬁrst study to investigate
the impact of the wastewater treatment process on the prevalence of
antibiotic resistance in Acinetobacter spp. and the possible spread of
antibiotic resistance from WWTPs to their receiving water bodies. We

Y. Zhang et al. / Science of the Total Environment 407 (2009) 3702–3706

3705

Table 1
The prevalence of antibiotic resistance in Acinetobacter spp. isolates from ﬁve sampling sites.
Sampling site (n = number of isolates)

TMP

RA

CHL

AMC

SU

CIP

GM

CL

R1

R2

R3

R4

R5

R6

RI (n = 103)
SE (n = 80)
FE (n = 58)
U (n = 63)
D (n = 62)

92.2
100
100
100
100

63.1
77.5a
84.5a
65.1
85.5b

25.2
35.0
69.0a
27.0
48.4b

8.7
20.0a
37.9a
9.5
25.8b

8.7
22.5a
0a
0
0

4.9
11.3
6.9
0
0

0
2.5
0
0
0

0
0
0
0
0

96.1
100
100
100
100

66.0
81.3a
87.9a
77.8
85.5

33.0
46.3
72.4a
28.6
56.5b

4.9
26.3a
37.9a
6.3
17.7b

1.0
10.0a
0
0
0

0
4.5a
0
0
0

Prevalence is % of resistant isolates in total isolates.
Note: RI, raw inﬂuent; SE, second efﬂuent; FE, ﬁnal efﬂuent; U, upstream; D, downstream. n, number of isolates. TMP, trimethoprim, 5 µg; RA, rifampin, 5 µg; CHL, chloramphenicol,
30 µg; AMC, amoxicillin/clavulanic acid, 30 µg; SU, sulﬁsoxazole, 250 µg; CIP, ciproﬂoxacin, 5 µg; GM, gentamicin, 10 µg; CL, colistin, 10 µg. R1, R2, R3, R4, R5, R6, resistant to one or
more, two or more, three or more, four or more, ﬁve or more, six or more antibiotics.
a
Signiﬁcantly different than raw inﬂuent.
b
Signiﬁcantly different than upstream.

observed that the prevalence of antibiotic resistance was signiﬁcantly
higher downstream than upstream of the WWTP.
We observed a higher proportion of Acinetobacter spp. in wastewater than in river water, suggesting that wastewater efﬂuent could
change the distribution of Acinetobacter spp. in the receiving water.
This is consistent with a previous study which reported that the
prevalence of Acinetobacter among total cultivable heterotrophic
bacteria was higher in samples from downstream than those from
upstream of the sewage discharge points of the hospital and the
pharmaceutical plant (Guardabassi et al., 1998).
Although we observed a high prevalence of antibiotic resistance in all
samples, the isolates from all water samples were generally more
susceptible to antibiotics than levels reported for clinical isolates
(Bergogne-Berezin and Towner, 1996; Falagas et al., 2007; Henwood
et al., 2002), which is consistent with other previous reports (Guardabassi et al., 1998, 1999). Since Acinetobacter has a marked ability to
develop antibiotic resistance, together with the fact that antibiotics were
heavily used in clinical environments, it was not surprising that clinical
isolates showed higher level of antibiotic resistance.
Almost all of our isolates were resistant to TMP (97.8%), and most
were resistant to RA (73.8%). The high prevalence of resistance to CHL
(38.5%) and AMC (18.9%) conﬁrms previous studies which observed
that resistance to CHL and AMC were common in Acinetobacter spp.
(Bergogne-Berezin, 1995; Dhakephalkar and Chopade, 1994; GernerSmidt and Frederiksen, 1993). The low prevalence of resistance to SU,
CIP, GM, was also in agreement with previous studies (Guardabassi
et al., 1999). Isolates resistant to these agents were detected only in
wastewater, suggesting that Acinetobacter spp. are not inherently
resistant to these antibiotics, but probably develop resistance under
selective antibiotic pressure or via resistance gene transfer. None of
our isolates was resistant to CL, suggesting that CL might still be an
effective treatment for infection caused by multi-drug resistant Acinetobacter spp. in hospitals (Biancoﬁore et al., 2007; Pantopoulou
et al., 2007).
Previous studies on antibiotic resistant levels in wastewater
treatment plants have obtained contradictory results on whether
wastewater treatment can increase the prevalence of antibiotic
resistant bacteria (Goni-Urriza et al., 2000; Guardabassi et al., 1998,
2002; Silva et al., 2006, 2007), and relatively little has been published
on antibiotic resistance in Acinetobacter spp. in the wastewater
treatment process.
In a study that compared antibiotic resistance among Acinetobacter
spp. from digested sludge and treated sewage, to isolates from raw
water in two tertiary wastewater treatment plants, no signiﬁcant
difference in resistance was observed (Guardabassi et al., 2002). This
is in contrast to our results that wastewater treatment was
accompanied by a generalized increase in prevalence of antibiotic
resistance and multi-drug resistance in Acinetobacter spp. isolates,
although the population of total bacteria and Acinetobacter spp. was
effectively reduced in the ﬁnal efﬂuent (lower than that in the
receiving water body). A similar increasing pattern of antibiotic
resistance after wastewater treatment has been reported previously,

including resistance to ampicillin (AMP), CHL, and multi-drug in
coliforms and resistance to CHL in Acinetobacter spp. (Andersen, 1993;
Guardabassi et al., 2002; Reinthaler et al., 2003).
We found no previous reports in the literature to support or refute
our ﬁnding of a higher resistance level in secondary efﬂuent (after
activated sludge treatment) compared to raw inﬂuent for almost all
the tested antibiotics and multi-drug resistance. Our results suggest
that the activated sludge process can contribute to a generally
selective increase in antibiotic resistance, the acquisition of new
antibiotic resistance, and the occurrence of multi-drug resistance in
Acinetobacter spp. The activated sludge process probably provides a
favorable environment with high microbial biomass and selective
pressure for horizontal gene transfer of antibiotic resistant genes into
Acinetobacter spp. cells.
The observed decrease of resistance to some antibiotics in the ﬁnal
efﬂuent could be due to the UV disinfection process after secondary
clariﬁcation, or to frequencies of resistance to these antibiotics being
too low to detect with our sample size. For example, some strains
resistant to CIP, SU, GM, R5, and R6 showed poorer growth (data not
shown), and may not be easily recovered from the UV treated water.
Although the mechanisms that contribute to selective increase of
antibiotic resistant bacteria in WWTP remain undeﬁned, a number of
studies have showed that the conditions in WWTP favor proliferation
of antibiotic resistant bacteria (Goni-Urriza et al., 2000; Iwane et al.,
2001; Schwartz et al., 2003). A few reports revealed that in WWTP,
bacteria harbor various plasmids associated with antibiotic resistance
genes, which can potentially be transferred to other bacteria and
disseminated among bacteria communities (Schluter et al., 2007,
2008). Some studies also indicated that the environmental condition
in WWTP may increase the likelihood of gene transfer (Kruse and
Sorum, 1994; Mach and Grimes, 1982; Silva et al., 2006). Silva et al.
(2006) reported that a high percentage (89%) of multi-resistant
coliforms isolated from the sewage treatment plant could partially or
completely transfer their resistance patterns to the recipient strain. All
these studies suggested that WWTP provides an environment in favor
of gene transfer, resulting in the selective increase of antibiotic
resistant bacteria in WWTP.
As shown in Table 1, the frequency of antibiotic resistance to RA,
CHL, AMC, three or more drugs, and four or more drugs, was higher
downstream than upstream in the river receiving wastewater efﬂuent
discharges. Guardabassi et al. (1998, 1999) showed the similar results.
Furthermore, the pattern of increased antibiotic resistance in riverwater (D) was similar to that in the discharge water (ﬁnal efﬂuent)
from the WWTP, indicating that water discharged from the WWTP
may contribute to the dissemination of antibiotic resistance in the
receiving water. Thus, it is important to study the fate of multidrug
resistant strains in the receiving water body.
A previous study reported that antibiotic and antibiotic resistance
gene concentration was lower at higher than lower temperatures
during the biological treatment in dairy lagoon (Pei et al., 2007); and a
second study reported lower antibiotic concentrations in river
sediment during high-ﬂow than low-ﬂow sampling (Pei et al.,

3706

Y. Zhang et al. / Science of the Total Environment 407 (2009) 3702–3706

2006). Our results support these observations: Acinetobacter spp.
strains isolated from the high-temperature, high-ﬂow event were
more susceptible to antibiotics than those isolated from lowtemperature, low-ﬂow event. High temperature may be more effective
for the biodegradation of antibiotics, and high-ﬂow can facilitate the
dilution of antibiotics and biomass, which decreases the selective
pressure for antibiotic resistance. Therefore, seasonal temperature
should be taken into account if biological solids from the wastewater
treatment plant are used for land application; similar recommendations have been proposed by others for the use of lagoon water (Peak
et al., 2007; Pei et al., 2007).
In conclusion, the biological treatment process in a conventional
wastewater treatment plant may result in a selective increase of the
antibiotic resistant bacteria population and the increased occurrence
of multidrug resistant bacteria. Furthermore, the discharge of wastewater efﬂuent may contribute to the dissemination of antibiotic
resistance in the aquatic environment.
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