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7.5 5N SRTHEF  HELAW I, R A Y
REffR L BRDY . iR R A S 58
Hi A 200 BH S B R SR A ALY i E S
et G 5 5 o T B 1Y T R BR Y ShE—
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Fig.1 Diagram illustrating the operational mode of constructed wetlands

®1 ATEMERYIEMER

Tab. 1 Physical properties of the substrate used in constructed wetlands

SFERALRGT HERIER

FA
I EEYTALR fLa R Average  Specific
. o . Diameter/ . .
Substrate Main composition Porosity/% . micropore size/  surface area/
nm (m*/g)
W47 Zeolite 94% ALO,.5% SiO, 36 4~8 14.8 6.6
A= W) BE KL Bio-ceramic 65%AL0;.19%8Si0, .6%Fe,0,.4%Ca0 49 5~10 6.9 22
UL Volcanic 43%A1,0, ,15%Si0, . 12%Fe,0, ,10%Ca0 73 5~10 90.9 13
F2 PETKKE
Tab. 2 Artificial wastewater concentrations
BIRERRE _
NH}-N/ NO;-N/ COD,, / SDZ/ NEX/ DO/
Nutrition TN/(mg/L)  TP/(mg/L 4 3 Mn H
o (mg/l) - TPAmeL) oy gLy (mgll) wgl)  (gl)  (mgn) P
ik Low 3.0+0.2 0.6+0 1.5+0.1 0.2+0.1 23.0+£3.0 100.0£2.0 100.0+2.0 5.0+1.0 7.7+£0.2
1 Middle 10.0+£0.5 3.0+0.1 7.6+£0.2 0.6+£0.2 99.0+6.0 100.0+£2.0 100.0+2.0 5.0+1.0 7.9+0.2
= High 20.0+0.7 6.0+0.1 15.0+£0.5 1.2+0.3 206.0+20.0 100.0+£2.0 100.0+£2.0 5.0+1.0 8.0+0.3
HODY P0SE 0 45 SRR W, K i fE R E 1.2 HEmREMEN
. . . N N b4 D
(Hydraulic retention time, HRT ) 1% & & 72 h i A 1.2.1 KRR AT R
TR B R SRR AL T 24 P48 ho I ENTRRHIE AR TSI (A

AW A TSR EA S R R 72n,  Z P RARPIE R YSI Pro Plus) I fir 7
YE RE Vo< i S =AY % £

A RECEAT 72 bR A K AR RS ﬂ%i}giﬁgﬁ (E‘;;j“ffi EET” gp) f

- . - 280 B 5KEFREE 1T L
AT A A8 0.16 mY () 935 G TR L AR L
Ty T CHRRBIEEE BT MR
o S G N & g S S
e oA ARSI S (TN BB (TP) U (NHN) (i 25
ET7TH2H—20214E8 24 H . SE5G AR, # A

(NO;-N) | (o 5 iR #7 £ 75 0 (COD,,, ) M fitfh Jiig 1 g
TR DY B (T 2 T X RO B RY E  SE (SDZ) ISP B (NFX) M

SO DR B S B AR B T 94> Bk BB I - A FHFLAS H 0.45 pm (3
AT BRGSO MM AR ORI mor el i 1 Lk AR, LIk bR e 44
HARERE T DL IR —2 J5i 4 CCHAT T IR TAZ R A . H300 mL
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IR TEAT T0AL RS RO 3 )
(HPLC, 2 [ Agielnt1100 system ) Xif 7K £ 47 i)
E o il E I 2 S8 C18 (A5 AT (150 mmx
4.6 mm, 5 um) , i 3 AH & i - B R = 60: 40
(0.017 mol/L) , %i ¥ 1.0 mL/min, %48 #M 6 I i K
287 nm, i 40 °C, A SR 10 L, WR D
B E S50 B AH 0.1 mol/L A7 BEIR i i (=
W pH = 4.5): O = 75:25, % 1.5 mL/min,
e K I 7 1 B RN K B K 43 ) Sk 280 A
450 nm, H:Jf 40 °C, #EFERE 10 pLo %05 I A4
i W WE A D A B A (Bl 3R 4353 ok 78.9%~
82.3% F184.3%~113.2%, iHHIZ )7 R0  n] T
SRR . A KT BRI E S IR E AR

A A A A R UK 3R RS e W RN b A R
TR RBRR, AL ], B —fe T 4 K i
D5 1 YR 3% BT Yl g e 3 R0 HG Al A 5% TR - %0
A, HIBORE I 2 13 5 4 79 4 B 46 FE /K IRE U 1
WP i, SRR A 71K
1.2.2  ZHEREREE KT8 &

SIS A R, R S G W M T N 43 R S
SR A 0 H AT AR R R AT AR R
S B 20 AR S AT I E RN AT . SRR TR MR R
KT 20 g MR B FTREAS | 1645 3 AR A< S5 ) 1Y 2
Bl (IR R BE ST 20 g) , MR KR, #
SRIZMEE AN BN LT AR RS T s
P, A SR R PN A4 T IR R 2% T2 R R SRR A . [
A REATE UK F 204 )CAUETF iz B0 2
HATAERE

HE P AN TR - BEE 20 g BETRREAS 220 W R
2 I TR A IR 35 TR U R A R N R
% PPN A ) TR B TR 48 0 S 0 AR U AR )
0.3~0.5 g, LA AEE hAVE R AL LA A

#R Z& 1 (Rhizoplane ) 41 B : SR 4E 20 g fH YY)
AR TCH A J5 A 0.1 mol pH & 8.0 4 B iR
PRGE U, T VR 2 R, W VR R 5 AR T ik
Tl T B 0 e P P R AT R R R I 3 TR
BRR AR 3 0.22 pm JE IS, B8 BE 1 B v A
AR R R AN R A

R 22 K (Endophytes ) 41 B + 1 K £ 5E HR 35B
T A0 R P R 0 R 2 2o T R AR RS P AR
HPEFE S

JIT A A B R AR I T TR R AT R R A
-80 °C& M T A-AF I T DNA $E 8L, A4k 3

W EE . S8 ZENG 5 5 ik, A
FastDNA® Spin Kit for Soil i #| & (MP
Biomedicals, USA) $#2£ H 0.5 g I& & Y21 B9 FE i o
{i F§ NanoDrop ND-1000 435t 5% & i1 (NanoDrop
Technologies , Wilmington, DE, USA ) i DNA
Y g MR (s T 5 #E4T PCR Y™
5,51 %8 N XAl 16S V3~v4 X E
338F(5'-ACTCCTACGGGGAGGCAGCA-3'), |
JiF & 806R (5'-GGACTACHVGGGTWTCTAAT-
3') . ffi T} DNA #E Jig ol i 26 Ak 38 ) & (PCR
Clean-Up Kit, f1[E g1 4e ) X PCR j= ¥y it 17 24li4k
SR J5 B PCR 7= 9 {#i FH Qubit 4.0 (Thermo Fisher
Scientific, USA) #E47 5t A , #4 IR S A A
JPa Ry R AR EHEITIR G .
NEXTFLEX® Rapid DNA-Seq Kit 4% PE S /% .
¢ |4 DNA $2HUR PCR 3 g B b 647 T 31K
B P X BRODL W 0 2 A pk s gy o il
HluminaMiSeq V- 5 XF 40 & 16S rRNA JEPH 41+
PEATIN o 5B R AFAE NCBL R 55k
PRINA1071004. | J XA i i 7 (Paired-End)
(78 X L I Y Py 5 AT R R U P L 15
FIEALFH . 2T 16S rRNA JEH V3~V4 F7E
AT s B LAk J5 1 P 2 AT 3R 26, L 97%
AAMER] 7 OTU L JFAET] W B B & Tk
AT IR
1.3 SFitoih

W ] SPSS 25 | Origin 2023 %} 5 55 V5 4L ) Fl
PUAE R KBRS IEAT B R 07 22 40 B Aa] B4 73
Mro FF R, “vegan” £ 118 40 1) B 7% 41
B, BEREAR X F BERT 15 BT AT s o Al
“ggtree” £ 1T 5 45 4b # 2] 2 [A] A9 Bray-Curtis [
B R IR TR B2 AR RE o i
A 3 A B5 Z3 1 (Principal co-ordinates analysis,
PCoA) , £:F Bray-Curits A 5 B ffi 145> &b 2 20
21T A S (I A = o SR v £ I /A 3 o
(ANOSIM) , A3 [F] 201 [ 4H P4 3% 2 75 A7 AE
25 ARE AT rE R -1~1, 2 Ry LH,
FEWI2H 8] 22 5 ok

A OTU HEATHH SC I3 B A B AH DCHE [ , 1
‘H [# {H Spearman [r| >0.95 fll P<0.05 (P £ it
Benjamini-Hochberg £ 1F ) #4714 , 15 2] i 2 9
HH S 48 7 R0 45 , 45 R Gephi (v 0.10.0) #£47 1]
AL, % B Spearman 7>0.8 il P<0.05 Jy [H{i , i
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EEPUER LR R ERAAHCWAME . 458
CytoScape(v3.10.1) “#f7rI #1k

2 44

2.1 ARERALEHARTEIEEBE

167 A2 H—8 H 24 HEA S W8], 475
e KRR IR R, N TR TR s
TR SRR B IR e a4 = i
P87 F5 B R AR AN (] 5 Jo ) N T Ml v A A o 2
S(El2a) . TNFEK AL ) 2 BR % (88.18%)
3 (P<0.05) & T A 2H (83.55%) , IN £ 4 W)
Ve ki 2H v i 22 5% (86.75% ) 5 73 Ah 2 TG 1 35 2%
St . TP 1E A W) kL4 (70.07%) B A k1 5 4]
(69.34% ) H (1) 25 B % 1. 25 (P<0.05) & T3 £1 41
(50.11%) H1 A Z< B3 . NH;-N 78 A4 9 i ki 41
(1R BR% K 93.53%, 135 (P<0.05) = T7E 0 A1 41
(88.30%) Fl1 K 111 75 2 (88.96% ) FP I £ B %, 1iif
NO;-N 76 4= 9y B R 2l v 1 2 BB AN 9.37%, 3X
— A 2 (P<0.05) % T~k LA dl iy KB
(56.25%) Fl i £ 41 19 X B % (48.23%) -
COD,,, 7¢ A 9y g R 21 v 119 22 Bk %6 (87.82% ) [ 3
(P<0.05) /= TR A A9 K BR 2 (79.19%) , K
LLI# 20  COD,, [ 2Bk 2 H 82.89%, 5 53 4h 2 41
ZRANDE . SDZIE LY BERLL T J B R A
92.02%, i & (P<0.05) fm T K 11124 41 (59.87%)
] B 2K 1L 41 SDZ 9 25 B ol 2 (P<0.05)
T b A7 2 (52.59%) . NFX f4 22 5 2R 78 A ) B kit
21 ik F1] 99.32%, i 3 (P<0.05) i F Kk 1l A 4l
(98.85% ) Flk 47 4 (98.70%) . A .5 /K 1
AL BRI, KA A S 43 E  pH R SR LA
EAEAN RN TR 2H A7 7 i 22 7 (&1 2b) o 2B
Yy W A4 (40.1% ) 1K 1L A 4 (38.2% ) 4 480
I3 H i 3 (P<0.05) i T3k 144 (29.0%) . A=Wk
R pH(7.5) W3 & T IA41(7.2) . A
K2 ORP f5 55 (73.1) , 835 = Tk A (58.5) Fl k.
2 (64.1),
22 HEBEESEN

AN TR BE T N T b R B A R o A AR R 3R
] FIAR 25 PN 50 180 40 7T 22 3 Tllumina I 17 f5 , 3645
#5939 OTU, J& T 51 117 . 158 4 . 376 4>
H. 6124011 14618 .

FIAKF Bor 2505 B 25 (8] 3a)
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N T i 66 5 3 T 40 TR L B T 2R AR TR T
(Proteobacteria) , 7 21%~42% , FLIR K £k 7 1)
(Actinobacteriota) , 5 18%; %% & 1 [
(Chloroflexi) F1Mf1 & 1% | ] ( Patescibacteria) 5 VAL
PTG 4 A0 B A AR 3 B R A BEE
65% LA b o i b A A AR 2R 2 T8 A A TR VR AR
JE R 1] 5 e 2 %0 A e, HOAR X 32 B2y 60.5%~
92.1%. MiAH YA 2 N 240 B BFE V% v, 3E 1)
(Cyanobacteria) HIZE L & [ TLF F55 1840w
s, HOUA B IR, (5 76.3%~92.1%. FEE
Yy Wi R 2 (%) 5 o e T, AR T TR ) B AR G R R
37.0%~41.9%, 1= T3 A1 2H 19 20.4%~34.8% Fl k.
LA ALY 26.7%~32.5% 0 TEAE W e 4 A AR 2R N
HB AT T AR B8 20.5%~60.1% , 4351l 5
T A LA KL A AR 7.1%~19.1% 1 10.5%~
22.1%. T HbAE Y)AR F2 FRTH 00 20 PR R Vi A UL 5 2
e

RISLER (18 3a) 7, F I 2 18 119 40 11 A V%
Bray-Cruits I 25 478 , AR 2 2 1 FIAR 5 9 A9 2
HREVSEE B0 . PCoA 3T H (&1 3b) i
FE TR AT AR ZR PR AR 28 2 1 ) A0 PR A I A R
T B AL 225
23 AERHIHEX

N T 2 PRGEAN [) W 1 o R 5 pi A R
15 7K 2 BRATL R, 356 45 R o 2 1A ) A4 PRI A 9 2R A T
WEVE RS E PERFT o 0 aod 3 A S P 07 3 I ) 3 B
W 25 A W B R ZAATAE 1167 419 15, .73 646 4>
TEE WA ALAFAE 1 148 419 05 .82 744 N IEE
KOLZE ZLAFAE 12754715 45,104 440 4~ 3% 422 (1A
4) , Hrp R R ZE(GR3) . T A RE
FEREE FORF A W B R 2 T A T A T T IO
FINH A A=) X 4, LA B () T ] G R o LR
1, M 42.14% (KR 4) o FESIRFH BT , HEY P
KL OTU 28 TARIE 1] (24.16%) (425
BT (10.03%) JIREZTET1(9.43%) (B 4) , ¥ A Al
KL ZH A OTU 434 1% D Rl A= 49 B s 20 A hy —
o FEFRFNE TS, A W PR 120 A D 26 1)
SEIE R ST X RIS R AL A AL RN il
FU(E3) . W HTIEE SRR, A ) P ki
AT 240 T AR i 10 5 2 0 8 ) i i e S s AR 13
A1 R L T R A S
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Different lowercase letters indicate that there are significant differences in the pollutant removal rates in different groups of constructed
wetlands (P<0.05).
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Fig.2 Removal rate of pollutants and environmental properties in CWs with different types of substrates
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Fig. 3 Bacterial community structure on different substrates
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Fig. 5 Bacterial genera significantly correlated with antibiotic removal rates
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Characteristics of microbial community structure in different constructed
wetland substrates and its relationship with antibiotic removal

WU Junchi', LI Shihao', ZHANG Wei'*, XU Houtao’, LIU Wan', WANG Liqing'*, ZHANG Ruilei"*
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Abstract: To compare the synergistic treatment effects of different substrates in constructed wetlands on
antibiotics and nutrient pollutants in wastewater, this experiment utilized three types of substrates: bio-
ceramic, zeolite, and volcanic rock. These substrates were used to build small constructed wetland, and the
removal rates of different pollutants and the bacterial communities structures in different areas were
analyzed. The results demonstrated that the removal rates of NH);-N, COD,,, and the antibiotic
sulfadiazine in the bio-ceramic group were significantly higher (P<0.05) than those of the other two
groups, but the removal rates of NO;-N were significantly lower (P<0.05). The removal rates of the
antibiotic norfloxacin in different substrates are all higher than 98%. The abundance of bacteria collected on
the surface of the substrate was relatively high, with Proteobacteria, Actinobacteria, and Chloroflexi being
the dominant species. The bacterial communities on the rhizoplane and within root endophytes were
dominated by Proteobacteria and Cyanobacteria, respectively. The microbial community structure collected
on the substrate surface differed greatly among the different groups of constructed wetlands. The removal of
sulfadiazine is primarily achieved through biodegradation. It may not be the diversity of the entire microbial
community in the wetland that affects the removal rate of sulfadiazine, but the abundance of these key
bacteria. The genus with the highest correlation to the sulfadiazine removal rate was Cyanothece, followed
by Craurococcus-Caldovatus. The abundance of these two genera on the surface of bio-ceramic was
significantly higher than those on the surfaces of zeolite and volcanic rock. Additionally, the genus
Acidibacter showed a significantly positively correlation with the removal of both antibiotics. The removal
rate was significantly negatively correlated with the removal of NO;-N. Studies have revealed that
constructed wetlands based on bioceramics exhibit the most comprehensive removal effect on artificial
sewage containing sulfadiazine antibiotics and can be widely utilized for the treatment of such sewage.
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