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ZHOU Hai- dong, HUANG Li-ping, CHEN Xlad' meng, LI Dan-yan, LI Xin, CUI Jin-yu
(Se h&)ol off Environmeént and Architecture ,| Unlverslty 0f Shanghau for Science and Technology, Shanghai 200093, China)

Abstract : Four antibiotics [amthromycm (AZM) , sul'fameﬂlongole (SMZ) , ciprofloxacin ( CIP) , and tetracycline (TCY) ], and the
antibiotic fésistance genes ( ARGs) [ sulfonamides (sull® and sul2 ), tetracyclines (tetX and tetM), quinolones (gnrS and gnrD) ,
macrolidlesu (ermB) , and 16S rDNA] were selected as target compounds. Artificial ecosystems were constructed with combinations of
two emergent plants and Microcystis aeruginosa ( Acorus calamus + Cordyceps, algae + Cordyceps, algae + Acorus calamus, and algae +
Acorus calamus + Cordyceps) in an indoor-simulated river system. Throughout the artificial ecosystems, changes in antibiotic
concentrations and other pollution indicators (i. e., COD, NH,-N, TP, and TN) were monitored in different media ( the aqueous
phase, sediment phase, and in plants), and the distribution and removal of ARGs in aqueous and sediment phases were explored.
Removal of the target compounds was calculated based on mass balance, and the correlation between ARG abundance and
environmental factors in the aqueous and sediment phases was analyzed. The results showed that the constructed artificial ecosystem
achieved removal rates of COD, NH, -N, TP, and TN ranging from 60.2% to 74.8%, 63.4% to 77.4%, 64.0% to 73.2%, and
46. 8% 1o 54. 8%, respectively. The antibiotics in the aqueous phase were notably removed and the artificial ecosystem ‘ algae + Acorus
calamus + Cordyceps’ achieved the best removal efficiency for the four antibiotics. Removal rates of the antibiotics in the sediment
phase were ranked in the order TCY > CIP > AZM > SMZ; the removal efficiency of TCY in the *algae + Acorus calamus + Cordyceps’
system reached up to 53. 5% . The total removal rates of antibiotics obtained by the ecosystems were ranked in the following order:
algae + Acorus calamus + Cordyceps > algae + Cordyceps > algae + Acorus calamus > Acorus calamus + Cordyceps. Removal of the four
ARGs was very efficient and was higher in the aqueous phase than in the sediment phase. Correlations between the ARGs, the other
pollution indicators, and the antibiotics were variable; tetX and environmental factors were correlated in the aqueous phase, while AZM
and its corresponding ARGs were not significantly correlated in the sediment phase. The results showed that ARGs can be targeted
under corresponding antibiotic pressure and other types of environmental pressure. In the study system, the concentrations of antibiotics
did not directly affect the transmission of ARGs. Overall, this study shows that artificial ecosystems constructed with emergent plants
and Microcystis aeruginosa can be effective at purifying water and reducing the environmental risks of antibiotics in urban rivers.

Key words: emergent plant; antibiotics; antibiotic resistance genes; Microcystis aeruginosa; redundancy analysis; urban rivers
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Fig. 1 Mass concentration changes of four conventional pollution indicators in different planting environments
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Fig. 2 Changes in antibiotic concentrations in the above-water and submerged parts of emergent plants



234

JAMEARAE . NT ARG HiA R A ARGs (9 R

855

A A A B, DTG [ 22 1 iR A T A
Wfige. ARSI , FEAE P 78 W6 hr J (4l 3l 1
NZEFI | 5 A 40 200 0 i ol T B R 1
TR SR PR R AR R AR B — 2
FBR T DAEYIK B AE R SRR B
TAEE + KSR A RGN SMZ(7.9% ~8. 6% )
CIP(2. 6% ) I EBRFCRESS s Bl + KT REFI%E +
Bl + SN A RGN AZM (2. 8% ~2.9% ) Al
TCY (4.2% ~5. 0% ) (1) & O B4, R WA [F] 1)
TP AS [l HAE 3R SR AR — Y.
2.4 PiAERMLERARRSR

Wt PR A TS S SR N T AES R Gt
i Z A SLhR LB, K 3 TR, SEE AT 4 Fh
PiAE R R R R N 43, 1%, 58255 4 25. 7% 1Y
FBRRIETET 40. 4%, LMY M AN TR
BRGAEARAR P AEZ W LB, Hd s + B
+ I A AN TS RGN 4 Rtk KRR
T AL 3 AL, AN SR AZM , SMZ fY
LBRFRE T 58. 0%, KU KIF BRI LY UER

7 AT 67.0%, Ih T wE S hiE B
LR \ﬁ%ﬁ%%@@m,f~¢%?
{

SR BT ,%’é—'ﬁﬂ(iﬁ%éﬁiég
E

%Tm%ﬁiﬁﬁﬁm.i%ﬁﬁfw$@>*'

4376% i+ ia41. 2% ) H - HIALE (B
oy ﬂ e i :
+ rL‘) 1.38. %l) Hgﬁﬁ%l%%ﬁ,

RYAPIUE F 0 BB ACR ™ . T IF R A 2
AL 1 55 R S 7 0 M LR
WA % , HOR % AR BB 1E A T A %5 R 5
FPXE 4 IV 260 2% B e ) B TR, 11 K
BRI TG 486 X152 2 0 22 A0 T B
NI T 0 30 AR TSR 7 1

70
—a— AZM

—e— SMZ
60 F & CIP

— v TCY

WBREBRA %
8 & & &8

HH O EWHERE ECTNE SR TR
PR ERHL
B3 AEMERE 4 IRERNRERE
Fig. 3 Total removal rates of four antibiotics

in different planting environments —

LT A o/ 13
2.5 ARGs AR A st /S

5ﬁg$ﬁsﬁﬁ&%ﬁﬁmmﬂ§ﬁﬁ%q

A (it

4

F
&

1M Y 4 B e hgic St |
T AN, TR LB B A ARG,y
i%ﬁ%ﬁim@Wﬁﬁ%&m@ﬁmﬁggﬂﬁi
BER T < AR 1169 165 ADNA fig269
AT T ARCE P FRBE11H 168 WONA S
| RHIXREE i HAESAE SR e 2028 0 500, B

WA AT . LAl 7 0 ARGs th A RI VR AR D
e AP @&%ﬁﬁmmwmﬁwﬁyﬂﬁgﬁ

sull A1 sul2 PR EER. X A(Sa4) , 434 4
AR PP EE AL BE | sull Fsul2 HHE—ERIE
BRECR, 15 d LUS B 20F1 E 20X sull Al sul2 2355
BRI T C AL D 5280 4H VR e i i 2
gnrS , A5 X FE PR T sul2, B U EAHXT C M D 4
BARLE 2015 d ARG I 332 5L B 38 B AS ] ok 2R
X ARGs B ZRBRAE —ER 2. teX | tetM LK

lg(4a Rt £ 1) — —_— - lg( 4t )
tetX /eopies-mL™! retX fcopies-g™!
6.2 - 8.7
tetM tetM
; 48 7.5
sul2 sul2
34
sull sull 6.2
% %
gnrs % % = gnrs 5.0
nrD 0.49 nrD // / EN
q q A )
ermB -0.94 ermB 2.5
V2 7
168 rDNA HHEME 165 DNA RN
TR TR

0d 15d-A 15d-B 15d-C 15d-D 15d-E
K

0d 15d-A 15d-B 15d-C 15d-D 15d-E
et

B4 KigFuRERAEEES S

Fig. 4 Distribution of antibiotic resistance genes in aqueous and sediment phases



856 7D 53

B 42 %

qnrD FEKH S AL —2E 78 15 d A4axt 3 A
b0 d BIFEAR— B 2, Horf E A M K BRAL
RIS ermB AEKA P = BE R A

PAR T sull Fl sul2 45 3 5 fe sy, A3k
PR, HL¥ i ok v ) F d R R s v T AT O B 2R
2 ARGs, ermB - J& 5K, AHX T3 AL, 5256 20 %t
3 PR B sull | sul2 FN qnrS A B0 2 BRAL
HD 4XFiX 3 F ARGs 7 ¥ 25 15 R K
75.5%, E 41 66.0%, B 4 64.7%, C 4 2B % A
i 4 DR terX | tetM -3 F K 52. 6%,
Xt ermB SF-Y2BRF K 39. 9%, qnrD ALAE C LK
|, RM T gD FEBAL. SR EJRAM T ARGs
F AR KA N 2 ~ 4 DNECER.
2.6 ARGs TEURAH R A A9 K BREICR

5 FIR RN ARGs AR BRACE , R M R
[ R FE FR88E 4 25 ARGs 125 [ 3547 — 5 A A0
¥, B D R E 4165 ARGs (1 5 BRBCRA B R,
Bl 4 T JRMTTR sull 1 sul2 FREIER D A
TR ST 61.0%, B 41 E A4 suld 6 sul2
mzﬁzwm$mo%0@ﬁ%%£@17ﬂ
21. 0% E%iﬁf‘ o, HR R T B SR gﬁ—qﬂ
RO E:é)%%fxﬁn é[z—slfﬁi?’*%hifij A2
#Thﬁﬁ&lﬂﬁﬁ%%m Hﬁj‘%%wﬁaﬁﬁﬁtm*
e S R iﬁléﬁﬂ%'ﬁﬂﬁﬂn/\ﬂf

%aﬁ%ﬁ%ﬁﬁ?ﬁﬁﬁ S FIAIRE qnel) % e 537

T 10075 T R Ry JE0mk gnrD 1y 5 REBEE

S IR TR SRR A e U R
BIANRIZEVERT, AT LASE e R BRpr S . iR
tetX Fl tetM 253 5 PP AER RGN, 396 — 1)
RS, D ZACI S F RN T 2 MRS, B AME
MY LR AR 45. 0%, A 057 £ ARG F &
SR A A RS UIA OC. JeAH R ermB a8 X%}

100 -

80 F

40 | (/4

al 77+ sma \ /

¢ [ —e— ermB

\ !
0k / —d— gnrl) \ },-‘f
; —w— qnrS \.J.l
/ —— sull
—4— sul2

—— tetM H

."II{ —— fetX

LBRA%

A B c D E

F AR (1. 53 x 10 copies-g '), D L XF H LR
e, HHA BN AES RGN ARCs 1Y LB R i
U, 5 R EZSFREEJRA T ARGs EFRFIKIK A D >E
>B>A>C,RUTINF S TH ARGs & & H| A
AF T S ORI 98 RE 2 1 T RRURE X Ak 2 1 I B AR
FAROT BRI ARGs #9256k, U2 ARGs Y-
LB F T2 ARGs (49. 5% ) > PUFR &K
ARGs(48.9% ) > i}t 2% ARGs (45.7% ) > KN
2% ARGs(27.2% ) , ¥ RIFIBEZE ARGs [ LBRR
B, A 9T 3 I R T B B ) A B PN i 26
ARGs A fb Y B L [H .

5 FE S KA 4 28 ARGs 19 £ R R
PEARBI . HAXT S 4L, 4 DX ARGs 5Bk
R RIETE, sull T sul2 SEXARTET 69.3%, tetX
1 tetM 48. 6%, qnrD *I] gnrS 17. 4%, ermB 174. 5%
ARGs E’JQEXHET“W‘T 1 ~2 MY, ﬁﬁﬂﬁyki
R A (02 25 2050, RR% A it J3E W (R K o
ARGs F i , [k 1 i 2% %‘%Ei%ﬁﬁ%ﬁﬂ@ﬂﬁ
ARGs (140 Ji1 , B 75 Y b 1Bt %, 7Kk o ARGs 3t
B 2 FEAR ﬁﬁﬁﬁt“‘”&%ﬂﬂ *E%E’J*E%Eﬁbﬁi&ﬁc%
i, Mﬁﬁiﬂﬁhﬁ%’f&/ﬁ%%mﬁﬂﬁ %ﬂﬂfﬁﬁﬂ?
ARGs (238 KA ARGs E’Jfﬁﬁa@%?dﬁﬁ
%‘z%k%ﬁ%%n@gﬂﬁbn/\ S22 BRI 37 ARGS i
Kk B, € DI E 41X ARGs T 5
“71.5%. 72. 1% 57. 8% 1 86. 0%, E 20 LW Ff .
BN+ AT + WA AT RS RS, A
SR RPIRR 4= B, SR ARGs B EBRAT —E 13
Wi, SR 9T W, ARGs 7EBEHA 5 52 1A 40
Z RIS AR g R BRSO UL, K AR
ARGs ZBRRE TURAH, X BRI AT ARGs (& 5
HF, 4 SN ARGs FYSF- 15 22 6 I e M vk
. E(43.3%) > C(36.1%) > B (36.0%) > D

100 +

50 F

=30

=100

T

Bs5 skiEFEAXIEEEERE

Fig. 5 Removal rates of antibiotic resistance genes in the aqueous and sediment phases
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