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Abstraet: Antibiotic resistance genes (ARGs) in municipal wastewater pose a potential threat to the environment. In this study, the

change in absolute and relative abundance of ARGs, metal resistance genes ( MRGs), and mobile genetic elements ( MGTs) were

investigated during an emergent municipal wastewater treatment by the magnetic separation process. Results indicate that all the

concentrations of targeted ARGs, MRGs, and MGTs decreased significantly in the primary and secondary stirring tank. However, the

absolute abundance of some ARGs and MRGs increased in the effluent, which is likely caused by the presence of ample MGTs, in the
order of intl (2.00 x 10" copies-mL™") >in2 (1.91 x 10°* copies-mL™") > Tn916/1545°(5.38 x 10® copies+mL~"). The results

obtained from network and PCA analysis showed that the removal of ARGs and MRGs were significantly associated with variations in the

microbial community and common pollutants in urban wastewater,

such as suspended solids, phosphorus, and COD, which are

important factors for affecting the removal efficiency of antibiotic resistance genes and metal heavy resistance genes. These results show

that magnetic separation can effectively reduce common pollutants in urban wastewater and might further restrict the transmission and

transfer of ARGs. Moreover, it is necessary to strengthen the subsequent management of magnetic separation effluent and dehydrated

sludge by disinfection technologies to lessen the risk of antimicrobial contamination.

Key words: magnetic separation; antibiotic resistance genes ( ARGs); heavy metal resistance genes ( MRGs) ;

elements (MGTs) ; sludge
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Fig. 1 Diagram of magnetic coagulation and sampling points
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Table 1 ~ Water quality of influent and effluent in magnetic coagulation treatment

e TCOD TN NH," -N TP whE
s /mg-L"! /mg-L"! /mg-1,"! /mg-L"! /NTU pH
Bii 3 304.0 +133.6 50.40 +2. 83 47.68 +1.15 2.20 0. 47 46. 80 7.22
— R 435.0 £121.0 47.95 £3.74 45.40 £1.23 2.22+0.34 105.0 7.12
B/ Z 7S 266.0 £97.2 48.20 £1.97 44.64 +2.05 1.99 +0. 12 56.5 7.08
=2 d P 112 £101.7 50.02 +2. 14 48.44 £0.97 0.89 +0.58 15.5 7.09
ok 111.0 +86.9 49.92 £1.94 44.64 £2.90 0.87 +0.42 14.9 7.15
JatEm B T - 20C ~AF, 1% F— 2 E & PCR (copies-mL™").
o 0. 1.4 BRI 5T

% H PCR(Bio-Rad, C 1000 Touch, USA) fjifi i
HFRHUPEREA . PCR A FR J 20 pL: 0.5 pL F R
519, 10 wL 2Tag PCR Master Mix [0.1 U Taq R5&
fitf, 0.5 mmol-L~' dNTP ( dATP. dCTP. dGTP
dTTP), 3 mmol-L ™" MgCl,, 100 mmol-L~" KCI, 20
mmol -L ' Tris-HC1, pH 8.3 7, 2 wL DNA #iHx , 4
PRBH KRR KM 55 R, 15 B R T i DNA BAR 1)
PCR TR 2 1 A 91 Pk X R 5 4 5 7 7 2640
PR R S BHAAE XS B8 AR 5206 (8 BTRY 51 40 B PCR
BATRFF SO 11]. PCR Fﬁ#%@ﬁﬁl 0%, f)}%ﬂa
BB BT *”45” 1/ 8 !,'r' .Q,/

1. 3= $i- i%l i PCR Kzl 7 °

DIEE ch( qPCR) ny ﬁﬁi’bﬁﬁﬁ ABI *“;‘ﬁm
# PCR 1‘4{5" 1X(ABI StepOneplus, USA) RH-PEXT FE
*Wﬁ%%ﬁﬁ%lﬁ@a3*hi%hﬁ%l
(PR, tetA tetM Fl 1e10); I sul2 FIH
W52 ermB, ermF ; B-PIBENEZ : blay,, ) F1 4 FhE 4
JEPIHEIE (peoA | czeA | arsC Fll merA2) | 3 Fpnl %
BRI Cined | int2 F1 Tn916/1545°) ] ¥4 IR
FEM TR ARAS P A B TA SoRE S b B & f
B R HERYUER E. coli DH5 H (pEASY-T1 Simple
Cloning Kit, Transgene, China) , 73470 P Kz 6. K
JOAE s 85 A R S e A D 45 i PR - 42 T s o f 2
BEFIMERE(R) KT 0.999, ¥ HRCRAE
85.4% ~99. 5% ZIf], YL W] % & PCR M4 R EA
AfHE M. qPCR IR & 1K & ffi /1 SYBR Premix Ex
TagTM %% )¢ & & ik 7 & (T LiRnaseH Plus,
TAKARA).

i VB Ab P45 25T H A ik R Y R AT 9O E
PCR A, 7 35 PRUAE X 1 1 7K 9 25 Bk 3R O] 1 35
PR i 5 ARG R . e A BB 35 DR e B A A o 4
LERL IS5 log” o , Bl I R A HE

FH i BEBRE = log(C,/C.)
Kb AREEREFE R BAREEN ; C) R BARFER @ 7EiE
KB LR HE DL (copies-mL™") 5 € A HARIEA i
2ok WG EE AL PR T oo B9 R BB DL 8K

SEYA(E AR U fm 22 2K FH Origin 8. 0 15 1 1l
. TR SPSS 19.0 XF A [l ZE %! ARGs
e Xt 4% D & &E 5 COD |, TP, STP Al NTU %P;—:ﬂ
f6hr, MRGs 1 ] % 2 5t 1% o 1 48 X & & i 17

Pearson #H 45047 _ ;
) HR5HE | mﬁfl

21 R R o R
2.1.1 )?ﬁirl“h%%h@ﬁlﬂlﬁ/\)ﬁhﬁ%}ﬁ
Mafm a0 ¥ &V 7

7 i AHGS q blaT é'rmB ermF | sul2 | tetA-
tetM Fil ter0)) mm@mﬁﬁm$mﬁhm%”
ARGs 4% &40 317, 51 10°, 4,05 x 10°, 2435
x10°, 7. 64 10°  1.22 x 10°, 1.29 x 10°, 9. 14 x
“10°copies-mL ™", Lk ermB . ermF Fl sul2 AL HPi4
REPUESE . M A S5 R S T g K b B
ARGs WFFEA5 R — 2, #EK h bt A= Ry k3 i
oot Fr i RATE 108 ~ 10800pies-mL_1 (12,13] , HL Al g
KBTS R e B A v

OIFTAERAHT HEK b 4 e 4 R PR R R 1Y
FRGE A 246 X6 5 KNG BIA peoA (2.90 x 10°
copies-mL_l) > merA2 (1.55 x 10° copies-mL_1 ) >
czeA(8.75 x 10° copies-mL™") > arsC (7.10 x 10°
copies-mL ") | T AAHTHERE R (peoA ) 4%} 55 e 1.
XATRESE M Tz N TR Tl Al FREE
ATl 2 TR I &, BB bl
i ) 4 S T SR R AR K AR
FRPUMERE DR R E 4 S B i PR ) 246 %) B A
2.1.2 Eﬁ/w{saﬁﬁni?h VIR 2 JEE A R )

WP 2 (a) JT7R, — SR Z G0 34 P 3t
ARGs #%f & B HREA, (H— i A ARGs Bk
RORAET et , Horp — 4 #i i b ARGs %66

R BB T 0.56, 0.82,0.10, 0.24, 0.25,
0.49 1 0.32 log ( 43 5l X . blay,, . ermB.,
sul2 | tetA | tetM F tetQ) . TERE IR GES 2 P A A
oAt TR 0 oy S UKL BE ML 43, TC W o 2R AR A

ermkF .



818 7D 53

L 41 %

2L
&

5 Y [E] A0 AR R AN PAC B, HE BB SR 4K HL A
RN S A PAM BB W KA 2 A1 [H ik,
o Sk L A RN A WO NER 0 SER S
i LR AR, 8 T W B 5 A ARGs B9 LR T A9 3%
‘r@wﬁ{ﬁﬁ;ﬁﬁ PAM J& T B 45 ¥4 14 755 50 1 B gk
F A e A AT G LA, 55 ARG B 21 1 3% 1T 114 B vl
ﬁlﬁﬂfﬁﬁiﬁiﬁ HETT ) 55 155 B H fr 2 18 40 P okt
AW RIZE AR . RETR S AR P R — Rl b A AR
[0 5 PR 2 R A 454 FRER Y 2 S R A T, o —
M i P ermB EBRR L ermF ZB5RF55H
15 66. 9% F1 75. 5%, X 0 GES& T ermF | {ZAFAE
TREBANHARN , 1B ermF 0225 X 22 Rl
BRI — g SR U W R B R ) 2 R
HERTRE E R P L R R AR R ER R Z
000 W gE R | K ARGs 4% AR
ATR], AN ermB 48 % & m B T 0.52 log_‘,_ HAx
ARGs 435 & B35 SERIIN RS 35 ARGs L BRARAR T
U 9 PAC A PFS SEEERE ARGs )2 B
SR T B S B A 2 ﬁiﬂ%%ﬁﬁﬂf‘
ISE R/ ﬁnﬂ—@% pH . TR#&E Ui‘&ﬁu@ AL}E}
*ﬁ% i, ztvﬁ??fﬂlﬂ/w«sa% FBE IR “zymgfi 1
PAC il ~0. 2mg L PAM)E%&?‘?%H%’?&L

tetQ
s rerM
] ted
B 2
ermfF
B o
blayep

EN IS ST

(a) ARGsHa A5 fi

1 1
2010 40x10"

1
0 1X10"  2x10"
ARGs#ixf & fit/copies-mL™!

itk H
Bt Q
A arsC
Fee2 § E merd2
1; m c':f.u:
peo.
= mm Of X
=
B ik
iz
S iR
ik E (c) MRGs#ax B it
0 1100 210" 3x10'0 4x10'0 5100 6x10'
MRGs#fa %} % fit/copies-mL™!

(BN L (400 mg-L™') .

WEZRBEIR AR (5) ML REFD (6) T ARGs 44
X Er R o BT S R B, j b 2 i M i 2R BRI
d1 ARGs 4657 & 87E 10° ~ 101000pies-mL_1 1=
T K ARGs 26X & £, 3 1 B b ml 8 2 3 v
PR B2 i DA B 58 o A B0 70 14 7 Je ARGs. T TR B3
FHTTAL PR R pH ZEHFAE 7.0 ~ 8.0 Z 1] (R
1)@ THU W& S A (pH 2.0 ~5.0) g4k
WEBS ARGs Z i H 7 (pH 2.0 ~5.0) " Kt iR
EELL TR TS 24 T AU AME 25 ARGs PR 45 T Bk, 7
TREERIRE B EZ R K Fe, O, , HoE S HLA7 o pH
8.0 ~9. 0, FFEALBHE T F5 i 2 3 Ay 1 FEL 4 1 o e e Ak
s e IR R E ALY o E SR . L, AP S
ARGs ZI‘ETJE’JXXEE}:'F%E(EDL)%H%EP%M’EFHT“
JEMREEAN P AR EE A ARGs BRIl

M ARGs M F: BE R , K o ARE’ mxﬂa
J3E 5 LA b R AR H AR [ [ ] 2(b)] ﬂ ermB
*ﬁﬁif“ﬁﬁﬂﬂp <0.05), F W& 744 78. 994, 1t
A ARGS PP 1 5 I8 a3y *ﬁxﬁﬁ@fﬁy
4.01 x 10‘*,~2 83 X107 sermB . ermF . sul2 ) fetA
Fil tetMl T~£Xi%ﬂ‘ﬁﬁ#ﬂﬁ$ﬁ%ﬁﬁ$ﬁi@ﬁ%
WEE(P<0 (,}i) é:‘ja'liftz 54 x 107> ~ 4218 ><10“2

et
B rertM
] tetd
B su2
erml”
B o
blares

e i
Beft3
e [EEEE G

2Ol

ik (b) ARGsHI*F = HE
0 0.02 0.04 0.06 0.08 0.10 0.12 0.14
ARGsHH R % JiE
Bl
zz arsC
2 E merA2
. m B coed
o =
e [
SRR @
ik E (d) MRGs#IR £ JE
0 0.04 0.08 0.12 0.16 0.20
MRGsHRS F: fiE

E2 &AIEHIT ARGs F1 MRGs Xt &8 R A EE

Fig. 2 Absolute and relative abundance of antibiotic and heavy metal resistance genes in each unit
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