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Distribution of Antibiotic Resistance Genes in Wastewater Treatment
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Shanghai 200082, China)
Abstract: Antibiotic resistance genes (ARGs) pose a serious threat to public health. Wastewater
treatment plants (WWTPs) are hotspots for ARGs, and their operational conditions significantly
influence the removal of ARGs from wastewater. However, research on the effects of hydraulic
retention time (HRT) in different wastewater treatment units on ARGs remains limited. In this study,
two pilot-scale AAO (Anaerobic-Anoxic-Oxic) systems with advanced treatment and disinfection
processes were designed with different HRTs to investigate the concentrations and distributions of
ARGs at various treatment stages. The correlations among ARGs, water quality parameters, and
microbial communities were also analyzed. The results showed that in the long-HRT group, the ARG
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group. When considering the concentrations of ARGs in the activated sludge, the retention of ARGs by
sludge was found to be similar in both groups. Therefore, it was speculated that the sludge in the long-
HRT group had a longer contact time with the ARGs, promoting their biological degradation. The
concentrations of ARGs in the sand filtration effluent of both groups showed no significant decrease
compared to those in the secondary sedimentation tank effluent. After disinfection, the concentrations of
blargy, sull, tetX, ermB, intll and 16S rDNA in the long-HRT group decreased to 4.26><103, 2.31X105,
7.15x10°, 7.29%10°, 4.64x10", and 3.61x10 copies/mL, respectively, all of which were lower than those
in the short-HRT group. Overall, the removal rates of blay,,, sull, tetX, ermB, intl] and 16S rDNA in
the long-HRT group reached 2.55, 2.60, 3.23, 2.99, 2.77, and 2.97 log, respectively, indicating that the
long-HRT group exhibited higher removal efficiencies of ARGs than the short-HRT group. However, it
is worth noting that the ARGs/16S rDNA ratio after disinfection in the long-HRT group was
significantly higher than that in the filtration effluent. This indicates that although prolonged
disinfection reduces ARG concentration in the effluent, it also significantly increases the ARGs/16S
rDNA ratio. This phenomenon may be due to horizontal gene transfer of ARGs, whereby excessive
disinfectant dosage damages bacterial cells, increasing the frequency of ARG transfer to non-resistant
bacteria. This may affect the microbial community in the receiving water body. In addition, both the
biological and disinfection stages reduced the abundance of pathogenic genera such as Aeromonas,
Desulfovibrio, and Pseudomonas. However, in both the long and short-HRT groups, the relative
abundance of these genera was higher in the disinfection effluent than in the filtration effluent.
Redundancy analysis revealed that genera such as Nitrospira, Dechloromonas, and Ferruginibacter had a
high correlation with ARGs, and both 16S rDNA and suspended solids (SS) were highly correlated with
ARGs. This study provides theoretical support for WWTPs to better control the risks associated with the
release of ARGs.

Keywords: Antibiotic resistance genes; Wastewater treatment plant; Hydraulic retention time;

Biological treatment; Disinfection
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Table 1 Operating parameters of experimental

wastewater treatment reactors

24 KHRT4  #HRTZH
HEYBHRT/h 38.4 22.0
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Table 2 Conventional water quality concentrations at different stages

it T2B COD/(mg-L ") TN/(mg-L ") NH; (mg-L™) TP/(mg-L ) SS/(mg-L ™ HEE/NTU
BEK — 351 273 20.12 521 143 87.02
Ttk 21 13.9 0.31 1.41 9 2.08
KHRTH s ik 10 13.1 0.19 0.06 5 1.97
THEEK 8 12.9 0.15 0.05 5 1.95
Zitib ik 22 10.3 0.18 2.62 8 1.95
JEHRT4L WUk K 10 9.2 0.16 0.11 6 123
THAE K 8 9.0 0.13 0.10 6 1.20
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Table 3 ARGs/16S rDNA ratios at different
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215 TEB
blargy,  sull tetX ermB  intll
i\ — 0.45 27.08 3.56 2.10 8.03

3= R 033 2420 0.82 060 529

ZutuitiK 041 2527 070 1.17  4.74

KHRTZ
gk 025 3237 059 029 598
THEE K 1.18 6391 198 198 12.84
IS5 T 036 2493 115 057 7.04
TPtk 045 2380 1.09 114 635
BHRTH

b g K 023 2145 216 111 652

THEHK 033 1621 088 049 7.0l

0.59% I 7+ % 1.98%, ermB/16S rDNA 1 0.29% I
T+Z 1.98%, intl1/16S rDNA Hi 5.98% K& T+ &
12.84% . X & B AEA I B B[], B AR AT AR AR
K ARGs ¥k B, {H J2& [A] B 1 25 5 3 ARGs/16S
tDNA ) Sl b o i R AT 8 2V B 57 1 44
2 9B HE B M 20 TR AE PN Y S 2 TR A A
{2 i TAAAE ARGs /KSR, o BE 1S e
B 76 BN 3 P 4 e 3G 22, ARG [ AEHi 41

BRI 55 R AR 4R 5, i ARGs/16S rDNA He 651 |
Fho S K HE R B SRR AT B 2352 R 52
KA S E P R, R X — B R 5 | EA
2.3 ARGs SRAEMEE IMEEFRIEX S
23.1 ARGs LA i AFeg48 % 1
ik — L IRER ARGs 5B X R,
AWFFEXHE HRT 2 A1 HRT 4145 T2 B i 7Kk
sV TR A AT T IE Y 2RI B 4 A
T B S AE 8 7K L AR 3 B (Rl e B HE
P WU 200, HerhoAE 6 R R B B T R AL A
Arcobacter., Dechloromonas . Bacteroides . Ferrugini-
bacter % . WRYE SCHRIH 5T, Aderomonas. Desulfovib-
rio. Acinetobacter. Pseudomonas %5 7 J& o5 A BUR
WL HE i 28 32 9 K A 5 R B B il R A B Y
it % 4 gk T E R R A BT 5T
A [R] BE A B g A B . Hd Aeromonas
Desulfovibrio. Pseudomonas ] A % 7K vp A X} =F B
fie e, U0 R K N BE K AR R AR T
K . % HRT 2 Desulfovibrio 1£ — T Hb H /K
HORE T 2 BE AR TR K, T B K R AR
TR o X T 157K A BT 200 s e B0 A
A —E W HIEE R . BN #), 75K HRT
ZHA1%E HRT 4HH, Aeromonas . Desulfovibrio . Acine-
tobacter, Pseudomonas Y5 5 Bl T 18 3¢ Hi 7K o AR X

100
98 -‘ ‘

40 | e

30

X2 /%

20

[ other

V] Chitinivorax

| Candidatus_Renichlamydia

R Aeromonas

L [ Paludibacter
Candidatus_Competibacter

Macellibacteroides

B Prevorella 9

B Haliangium

DN Sulfurospirillum

B388g £llin6067
Denitratisoma
y C39

[__1 Bdellovibrio
Reeess] 1 oLBI7
m [ Tolumonas
[ Nitrospira

[ Ferruginibacter

Bacteroides
Dechloromonas
Arcobacter

T2k

3
S
&
R R

4 K HRT AFfE HRT AR TZERMEERKF LHEX FE
Fig. 4 Relative abundance of bacteria at the genus level in different stages for long-HRT group and short-HRT group



FRE TR KNS . Xl GEEm TRIHE
A TEFEMEAE T, b B i DR HG AR B X S TH 7

HAT BRI RE J1 A U B
VRSB O e R S i o] =197 VMO S Y el o

R4 BIZHRBSBREEBENEXNFE

Table 4 Relative abundance of certain pathogenic bacterial genera at different stages %
5005 TR TR e A X S
20531 TEB
Aeromonas Desulfovibrio Acinetobacter Pseudomonas

BEK — 1.408 0.404 0.611 0.364
5 0.347 0.173 0.139 0.175
Ut K 0.689 0.329 0.147 0.208

KHRT#
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