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Study on the influence of surface water-groundwater interaction in hyporheic
zone on Sulfamethoxazole migration and transformation process
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250022, China

Abstract: As a widely used antibiotic, sulfamethoxazole (SMX) is being increasingly
detected in aquatic and soil environments, where its residual concentrations continue to
rise. It is imperative to investigate the fate of SMX in the hyporheic zone, as it is critical
for safeguarding river ecosystem health and ensuring water security. This study
collected hyporheic sediments and conducted simulation experiments to investigate the
migration and transformation processes of SMX within the hyporheic zone under
various hydraulic gradients. The results demonstrated that dynamics of sedimentary
environmental factors in the hyporheic zone, driven by surface water-groundwater
interactions, were initiated by successive shifts in microbial diversity and community
structure, which in turn modulated the migration and transformation processes of SMX.
Hydrolysis, desulfonation, and biodegradation served as the primary pathways for SMX
transformation in the hyporheic zone, with the dominant attenuation mechanism
transitioning over the course of water interactions. Proteobacteria and Firmicutes were
the primary microbial groups in the hyporheic zone and the key drivers of SMX
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biodegradation. The removal efficiency of SMX varied with hydraulic gradients in the
hyporheic zone, with a more significant removal observed under the lower hydraulic
gradient condition.

Keywords: Hyporheic zone, Surface water-groundwater interaction, SMX
transformation, Bacterial groups
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HEE S E R ORI PIA = A E A A E (Kaandorp et al., 2018) , Hiitk
R AR AT A) @52 B4k 22 K. HET, PR CAEMEIK. T K
Bk, LR B AR [ T O BRI ST AR CRIARERSE, 2024; Wuetal.,
2025) . ffERPUA R AR HAE | IE YRR H B AR PR A A AR X
i) — A £ A28 (Baietal., 2019; Dongetal., 2021) , fifffig %M (SMX)
St B &z P AE R 2 — iaetal., 2017; Wang et al., 2018)
H ARG A 0 RS H VR P o s 0 1 P AR 7K A R /KRR AR BRI 45 2R
A5, SMX 78 H: A S R 50 510 A 100%411 81.25%, k% i KAH =ik 4.0 pg/L Al
1.3 ug/L (Maetal., 2015) .

VB R 7K 55 1R 7K AR BLAE B DG AT, 380 A8 K SCIB 3 AN AR 4 1
BRALZEAE IR P A 0 (FE584E, 2017; Wen et al., 2024) . MR K-H R
KIS HL SR R 7K o3 A2 e F FEBE A 7K 3l 70 56 APt BRAL 2R AR 1)
Ak, K EREE S e . FACRIETE (Schibletal,, 2021) , 1EH
SR E R BN ELRER E 2 (Harvey and Gooseff, 2015) , Tty
ANWrEEGN & A e, Feh 3 RS e b Al 2 R R e DARR AR AE s i s
RETS 37 A T 247 T RV T 245 05 DR S5 AR R, 0o A AR i SRR A 265 2 4 AT ) ol 7 2 U T
%% 3% (Zhangetal., 2021) . fEHLR/K SHE R /KA B #E i, MRk e
B2 AT AR B B, B2 T LA A (Zhang et al., 2021; Chabilan et
al., 2023) , BB &R AT REREA Hh R K 53 T /K BUAZ Bl REHE A T /K. W
N B IRNKB e AWPER . YBR[ NS B A I RS, 3 A
T BBEUS AL S R0 AE KR, T SRS 4042 3R 58 15 e M) PR B A= P kA 24T

CRFHESE, 2021) , FFREVRTEH PRV 17 ARk .

R A A 273 5% T A W B it e 0 3R O SE BT 9T 3R B, B e i AR 3R AE
MR, FERAKAE. FAb. IR aRSEIRE, i R EMAEYIR)
YRR AL, B Al ot IR 58 70 3 1 P AR Uit 7 ) SO#Fl NH4* (Jiang et al., 2014)
RENE R AE A AR R, Bz 2R R R, S8 IE R 2 A =2 5E i SMX
B CBR 2R 2 —, BT I, SMX [ ISR AN B = BR T A DR Ak 1, ]
FEIFEI kA (Kassotaki etal., 2016; Liuetal., 2017) , ®IHF 78 2 57K sh
T 25 A B BE S S TR I Air DA T U R Vs 0 AT s K AT BRI TRD | IR R SR
FEVIRIE, RETRENES BB AR RO (54, 2018; Quetal.,2025) , {HZ
ANTF) 7K B 73 25 A R T e RSB M 7% 2 A LU S Al 26 P T 5 A O S i i AN 2 . H
B G T Ay AL 3= B R e fh = AR th R BT AMATe T, SR, B MRS %2
B HAR R A AT R R R A o AHELZ T, 28 NARADLSIHG RE % 76 3245 26 A1 TS0
B AR R, AT SE VR A A B RS AR AL, HERR S
T G255, 2024) .

ARSI I R AT ALV UL ORI JEOTR AR it T e 2 P BEADASE 56, PR i iy
Hh K -3 R KA BAE R YT SMX 03B RS S5 40 AEE DA R A Wt T 2H



PR R HT M 2 K -3 R /K AS BAE B FE A SMX IR R AL, DU AR bt
A BTG YR A B TR TR R AR
1 R5AEZE
1.1 LB S5tk
1.1.1 LI E

PO S 658 B FVB VA AP B KA 2 3 dlak (D), BN ER
~F100ecm (K) X80cm (&) X20cm (55) , HEREN 15 mm (KA HLIE IS
BRI o AR S WA 56 5 om BE KA,  TRRWIAE fh 2 b 0 36 e A 7K )
IKFL S HE K RSB, A KGR T 2] 58 & 200 HILEME B M, Bhikis
TRE TR 2 . PRIIZKAE RS9 20em () X20cem (%8) X20cm (&)
B Fa e E N 20em () X18cm () X20cem (&) MR FAELIX .
FEAE AR E T AR 3 M =k T KRR .
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Fig.1 Simulation experimental device for the process of water exchange in hyporheic zone

1.1.2 ¥ Ui

KH PVC & K4E 80 em [ i i i i DUAR RS &, BRI T AR R 12647 IR
T, BB, SRR IRYIRE A . R JIEN IR+ 4#E, KA
L IRSCHOCRLE G e TRk R, S (R AAR. WHEREEA . MERIEEA
I e EALBRERBR B -4 66 VR ) HI 634—2012 I 5E DA R ) NH4* Al
NOs & o K F [ AH A% B — i ROBUAH G i3 58 DR R i) SMX. e 45 SR 3%
i, HONRMEL, TAREN 1.79g/cm®, JIAYIH NOs. NH A SMX )4 &
23928 20 mg/kg. 0.58 mg/kg A1 18.6 ng/g.

1.1.3 LW 51817

BUVBICRERT, VB R R K AR TECE D R R IR RAZ 0 0.5~1 cm 1
WKL B8 2 B AL TR %, FFAE IS TRl A BE S SRR PL AR DL S B i
PWEEP AR el BEJAEB TR A 70 2 HE 7S 80 em UURRIRE i, SR SERS, AE
VORI THER 2 TR 2 om & RE R BRARAT LY 5347 7K 5 B3 L BE /KRR M 2 1T 3 A
Mhilr. HIETERA, ERHHMTE M AR ANSvE, R B N LRy SR



M LB K, B N LRSS MR B ACIRES, BERBRE T A
K, PREFRFEAEK 72h R4 ABK, HERERK. MESC B B R tK, Xt
BIRAERTIE L, SR Z) 6 B, HEBRAEIEEHKF NOs. NHa A1 S04
W TR BRI R, 23524 0.08 mg/L. 0.025 mg/L A1 5 mg/L, MR8 IS bl
N

T T R /K - R /KA AR G R AT SEIG BT, AT ADL X I
e K AR AT M 2R A R R KGR, IS TR T A8 3R KA AEL
FEADLHE T 7K R 3R K R o S o R Hh ol o T B B 4 KA PN KA v B DA it
BAFEIKIIEEE, T FRAFK BT SMX FEE R TR R T2 74k
. SIS B K TR FE R I8 (HLD ATs K i EE (H2) , H2 4
SIS SRR HL S5 5 TF R, 75 UK I B 2 /T, B A — D7 o v e 72,
BRAK J12AEATR], H2 LIS 5% B HL fRIF—5 A SRI0 R amt 7]
30d, & 5d FHHAE T, Rk, SZE6 A MG = AN 3K -3 R K 3E BAE F E
W, 3R — AR K- R KA BEAE R A (0~10 d) 2B = AMHERK-HL TR
KAZEAER R (10~20 d) FEE =Mt /K-#h /KA EAERE S (20~30 d)
£ 1~2 d RE—VOKEE, PRUK BRI AR LR 1. SLIRHE B RS
TRE, DUBLRL B VIR Ry (A S, SOOI iR I 7 25~30°C,

F 1 SKE K IR B

Table 1 Design of experimental hydraulic gradients

HZR KN A L T K iR K HNE HFR K
SIS H H i H
?%mm mem Kk ?ﬁmm ?Tmm Kb
i Cem) i Cem) fr Cem) £z Cem)
H1 75 525 0.225 62.5 75 0.125
H2 80 48.5 0.315 57.5 80 0.225

T e S SR AN E AT B KA T, 25 IR R AR T 7K % 2H 70 SE B
AT S, SIS I B A oy SR ISR 2 Ak 3 iR
R 2 HIFKBAIB I B H 7> Sk

Table 2 Composition and concentration of constituents in simulated surface water

Y5t CeH12056 NH,CI KNO; KCI
WIE (mg/L) 3.64 1.34 11.59 18.39
Y Ca(HCO3), NaCl CaCl, SMX
W (mg/L) 330 3.33 18.34 0.5

3 MR KSR ) I B A 0y SR
Table 3 Composition and concentration of constituents in simulated groundwater
)i CsH120s NHiCl KNO3 Ca(HCOs); NaCl SMX
W (mg/L) 13.44 0.475  30.3 630.87 895 05

1.2 PRI

IKFEMERFEAR L HE SMX, pH. %A (DO) . SO+ F1 NH4*o A, NH4*
KA Y E T, SO KRB LLhi%, pH. DO KA AL E . SMX
IR WU 5 R FH ] A 26 B — 1 B8O AE 855 (SPE—HPLC %) o ik A
Agilent 1290 Infinity Il &R GIE 25, FCE XDB C18 KAHM ISR (150
mm>4.6 mm, 5um fifR) o EEEFERAE R E N 30°C, R R Y S
B EMPIMEAER, A7 BEREE. BELBCRH SMX br#ERES (C10H11N303S)




2l [5>99.5%, X 4> i &8N 253.27, HE = RO g A R s AH U EE . IR N
T B R 2, 86 FH /K N 25 B8 17K o 76 P 20 S 56 46 Wi AN 45 515 40 5313l i B
FEFLREDTE AL B AT EY I, KA m@EENFEA, TR A
BT, DERE S SETT 4 40 16 MEEAS, H1 &4 T2 e i REMid h CO, K
WA A EFEICN CL, H2 200 FEBRFuRaT 455 #E o mlid v C2. C3,
g A AN FER PR E (15,30, 45,60 cm), 431 ic A C01~C04.C11~C14.C21~C24,
C31~C34. Eimint SMX £ FRZ, & X Atk FE 55 AH R #E A 2
WL E ] SMX BRI B 2 2 Rl E KR FE I L AE - AR H R FE L i R
FOIRRHEE AR A PR A = AT E o

2 GRS
2.1 BRH ISR 75 SMX REAHE=WRIAE
2.1 1 B IR DA B N 7 A AL LA

SEOGHAN],  PARRAS[E K D3RR R Ay 154 30, 45 Fi1 60 cm RETTARIFL
B K pH {E Bl TR 2 2PN ES, HERK-HR KA BEAE 45 R (30 d)
H1 21N &R ALK o pH (B M 7.7~7.8 FI%5] 7.0~7.2 Z[f], H2 %41 &%
FEFLIK S pH B 7.7~7.9 TR 7.0~7.1 2 [a], ¥4k FRE, PRk IEET
AT FLERK T pH (EEE, MR K-Hb R 7K 38 B AR i R v It A U R A2 ANk
PR IR S5 020 7 A8 Sy AR P AR

PR 86 BE T I m A TR LR ZK o DO R FE AR AL AR an il 2 B, HHIE
2 ATHN, 1E HL &R, MHRKAAH T KIFIE (5d) FIHLER K- KAE BAE
250 (30 ), ERATUTRRIFLER K+ DO WM 7.63~10.95 mg/L, T FEZ|
2.08~6.47 mg/L; £ H2 251, DO ¥ & M. 6.63~10.8 mg/L, %%l 1.26~5.7 mg/L .
FEPFHFIK 186 B 46 1F R iR A FLBR /K DO e AR AL a5 AL, H. DO I 5 3244
R R K- R KA BAE SRR T 2T RS . MR K- R OKZE BAEH
SR, AT IR N S DO VR RE 521 /AT 2R D0 H BE TR 4 o v s ek Y R
B, XA OK 1SRRI, m K TR A TN IR A DUAR LR K H DO K

(a) HI1ZHDO (b) H24HDO
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Fig.2 Concentration changes of DO in sediment interstitial water at different depths under
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2.1.2 WA IR SMX IR E AL o3 #r

PRARIK J180 FE R I DT AR FLBR 7K SMX IR BEAR AR AR 4n P 3 7. HH
Kl 3 (a) AI%l, 78 HL AT, SCIowli, HhakKabgsh NG RE R iy Uik
PFLBR K o SMX M BE 3L ETFa, SMX B A 7 GBI [
AT IR H, AR AT TR FLBR K R SMX R FETE 0.12~0.41 mg/L Yi 4,
B KRN R AT RS (10 &), B A TR LB K FR SMX ik
FE IR T, P 2 SMX ¥R ) 298N, SRR FLERK R SMX ik
FELE 0.19~0.43 mg/L yEEI N, & KME AN 0.43 mg/L, HIBLLEH R KKK AR .
AN =R K- R KA B BRI SMX LR T UURR ) R R RS A
58— AL 55 =ANE 455 (30 d) B, ENE R TR FLER /K A SMX
WIEEAE 0.22~0.43 mg/L Ju[E . SLI0niAHE, 208 =AM hER K- R 7K AS B
WJE, HL %4 NALBKH SMXOKREEA B FHE IR TR SMX IR, v L
SMX R EEAEHWRIK-H R K BHAEA T R4 TR MEERAER, HL &0 FigR
ikt SMX [P 88 % N 56%. M3 (b) A%, 7 H2 &4, $£—. A
=N HER K- R K AS B R IZE S, FLBRZK H SMX R BE 23 il AE 0.23~0.40 mg/L,
0.27~0.45 mg/L F1 0.3~0.45 mg/L Yo N, H2 Z4F Rt SMX 1-F3 2Bk
2N 40%.

GEIR I, ARV H R R K- R KA A R T B0 R A KIS
DO WERIZESR (B 2) , HETiERE R P 3 i 25 R A AE RV 4544
LRRIIAE, NTEmE R SMX BB AEAFE (B 3) o BRI
IKAIBEEET, VA IR YIFLBR K b SMX KR E T B A L. 5 9206 T A8 i 41
b, kiR K-t KA BAER G, TURPIFLERKH SMX KB B
FHINMIREAIR SMX 3K, H SMX IKEEER W =2 H_ LM afma T8, X
& TR N TR A 0 FLRR K R K 23 1 AT IR S5TR & o LB — M hERK
- R KA EAE B BN, (R KRN R K AR KRS N N R, Hh
FOK#EH SMX Fl DO HERERIIRM IR ETRYIER, T8 SMX Fl DO # B
A L RIE s MR ARRHE, SHR/Kh SMX Fl DO ¥ & AH LL AT
Hl, SMX FEZAZ H AN KA T 30, i TR SMX K EEAE 0.12~0.41
mo/L JuFE N, BARME N 0.12 mg/L. 7R R KAMA MR KT FE T, BT K E
AN AR I HoK IR ZEE, SMX Al DO FEE R TR FLI K h kSt /s, 3
B, SMX IR EE I N KM B =, A ]S 0 e AR K 0 AR AR, BB A Ay DU AR
Y SMX K EAE 0.19~0.43 mg/L JulH N, &ARMEAN 0.19mg/L, XL ppghes T
B35 T B SEIR S5 SR vT DRI, Hh R KA i R 7K 2% 4 ST LT X SMX ) 3 0k
R R K AN H 2R /K S48 T S i

PR FI K IBE BE T 5 S ARIE I TR LB 7K H SMX IR B3 SO AR LA,
B BoEE S HRSRA T ZER (B 3) . AWFRENBR /KRESITREZ
HOZR K AN T 7K KA 22 [P SE IR, T 420 5 AE T8 AL s (1) /K AL 5 B B 1) = ke T U
WK J1KE S (Gartneretal., 2012; Xiaetal., 2023) , A58 A g AT FLE /K
SMX IRELEPIFANEK IR T 2 T A FEIRE R S = R . S 3
(@) « (b)) FATRLRIN, =K Aush R s6AF T i ar UIAR M FLBR /K SMX ik i %
R RS TR, KRB TR IBET, B /K s e EK,
SRR L RNE, —J7 2 BU5 R A rh e im0 B8, I FLBR /K
H SMX R 23 (B AR AN B R, 7 — 7 T RE K /K 45 B ) () A R T35 G i 78



I (RS, 2016) , SECHL W) SMX KRBT H2. i iR £LIs
KT SMX HHR B 25 [A] 70 ATAFAE 5 DO AR —H, 5 I BEAG VR B2 A8 0y
@y, Huli e H1 N — B TUFEA 8, H2 40T U8 . SESEAE I3
5, WHAURET, HERK SR KRS B F RENS S BUE i IR AL UK R A
Al AL IR SR, BETTSZ M SMX TR FAL I RE . AR IIRR B2 e 4 S 308
FAr TR SMX HIZERBCR A, SR EIR, KRR N iR SMX
2 BRBCRIL T K BB R 26 AF

0.46omg/L 80 aeomg/L

)

0 . . 0.000
0.000 0 51015202530 0 5 10152025300 5 1015202530
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3 ANRIKIIHREE T UTRRIFLER K SMX 2L RFALE
Fig.3 Concentration Changes of SMX in sediment interstitial water at different depths under
different hydraulic gradients

TERIAL T )RR B S5 SR S A P 7 AT AE TR A S I A R R A E i 1 A i
F& (Cooketal., 2020; Jinetal., 2020) . 43 /KR pH (E7E 7~8 JLHE NI,
KM SMX EZLIE TR AL, 5EIBENFERER A BRAHF, A% 5
e B, IEAERE 9 (Sarkeretal., 2023) , PiRK JIBEE&ME T, HIFRK-HF
IKAZ HAE AR s R T S IR DT ALK pH (B2 0 T Ry, HAREk
AE 7~8 18], DRI, HEMNE R DURRPI0T SMX IR B FH 55 - il 3 o,
S N SMX W EAEAHEL, PRI K JoBR R S FLER /K H SMX W 24 i o5
FKGH KA HAE SRR RIRNE S, XY SMX ER R R 7Ty
B, T Re R AR K RV AR 45/E I (Borsetto et al., 2021; Chabilan etal., 2023) ,
B2 B SMX BIIE 8 B

2.1.3 WA UURRPIH NH4 FD SO42- K B AR AL REAE

FARR K TR R R R A DU FLBR /K NHa A SO&2 ¥R Ak b P 4 BT, i
Kl 4 LR, S5HAHRKZ AT FLER /K H NHa YR (/T 0.025 mg/L) AL,
PAFRZK IR EE T FLBRK T NHARFEERAR B3y 2 B G FRERES . HE 4
() WA, 7 HL &R, 8. ZHM=/AMuERKH KSR RE, fL
FRK F NHa K B4y BI7E 2.1~9.5mg/L, 2.0~8.1mg/L 1 1.9~8.6 mg/L JulE N, *F
B4y 504 5.9 mg/L. 5.0 mg/L A15.1 mg/L. H&E 4 (b) "%, #£ H2 &4,
F— A=A N K B E IS R S, FLBRK A NHa IR EE 43 il 7
1.61~8.33 mg/L, 2.35~7.56 mg/L A 2.03~7.65 mg/L JEE N, “FHMESHIN 4.9
mg/L. 4.8 mg/L F1 4.5 mg/L. ZEREIR, PIFKIIHEEE T UIRPIFLIR K NHa
FEY HOE AL, HbZK-H0 T 7K 22 BAE 45 A S 7K 6 BE T i T NHa ik
JEE BEARAR TR K JIB6 B 261
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Fig.4 Concentration Changes of NH4" in sediment interstitial water at different depths under
different hydraulic gradients
PIAIZK 6 B RV A DU AL IR /K SOZ2 IR BEAR Ak &) 5 P, Aok
JIREE N YRR FLIRK SO2 IR FEY Hika % —5. HIE 5 (a) ATRLEH, 7£ H1 %
PET, BB— A=K R K BRI RE, EmAar v LR K
SOZ U JE 43 HI7E 1.26~5.01 mg/L, 2.56~6.66 mg/L 1 3.45~7.54 mg/L Ja A . H
K5 (b) ATLAEH, £ H2 9, 55—, M= RK-H N KA B S S,
TEIR AT DU FLBR K R SO#% 3 43 1 #E 1.56~7.32 mg/L, 2.13~7.56 mg/L F
4.03~7.85 mg/L Y N o SR NHa WK 3 A AR, 7K 2986 B2 264 T TR
#ZLO%LK:%UKEP SOl 5 TR AK FIBE FE S
i

® |

; i 0
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Fig.5 Concentration Changes of SO, in sediment interstitial water at different depths under
different hydraulic gradients

VENARYS =1, VR TR FLRR K A 1Y) SO#2 UK FEAE L /K- R 7K 28 HLAE
R BTGB, [T 15 d KN, FEE KRR EE
T, ZREARESE SMX KRR, Bt PSR T
SMX KA T KR AR AR, B il SO#% Tl NHa™45 724 (Cheng and
Zhang, 2024) . 5 SOSWREARAEH AR, 7255 =R K-H K EAEH A
H (20~30d) PUTARDFLIR K H I NHa R EE R I T Bt ds, X2 i TAEm IR
782, DO W T T mg/L B L Tt AR T AVE ] (T 52848, 2024) ,
SR TP FLER K NHa VS BRI A8 DO i EEAN PH B T &
2) o GREVEIRAT LK -1 R K AZ BAE I R SO#% . NHA 8 & DU pH E A



ke, HEMKAR . BB Ae 5 A I R 32 B A A AR W i s ORI I 9 A 3 K -
R KA HAT YIS o
2.2 TR VI A MR VR 4H BURRAIE

2.2.1 Alpha Z #£PE5 4T

AWFFEIEEL Chaol 35 EEHEEUFN Shannon £ FEMEFEER HL AN 6] S 56 sk 17
T DU R A V& R 2 FEVERRAE, 25 R anEl 6 Frs. HIE 6 (a) 1]
Hl, S TARIREA T Shannon 5576 Fl 4> %)y 3.35~9.08, 3.31~9.15,
3.24~8.12 F11 3.00~7.19, Shannon f&%§ C1>C0>C2>C3. Xttb &I, H1 SLis4hR
B AR ) 22 FEPE SRS AR HIA BT i i, H2 S8 45 R AR Wi vk 2 FEvE (e 8
ANSEEG R K. B 6 (b) RTULE W, SAE TR A Y, Chaol 15
¥ C1>C0>C2>C3, %435 Shannon 88—, Cl AWM EEE S,
CO4Hkz, C3 A,

2500

2000

1500 +

haol

2 1000 F

500

. . . ! ; i : ! 1 L L 1 . .
0 5 10 15 20 25 30 0 5 10 15 20 25 30
R (D R D

6 WA UIARYRE & Shannon Fa M RE 4 (a) AT Chaol #54 (b)
Fig.6 Shannon indices and Chaol index in river sediment samples

2.2.2 WAEYIREE Kt

RIEARF D IER (FTIHNERVEMD YRR 2, ik = HE
AT IR AR, BRRIKFEEDF AN “Others” , MRS UTRIIFEARLE
ANV 2RIE G b B R AR S = P ROIR B B B R A DU R ASAE T KT Bk
S HT 10 FIREVR AL 8 AT R HEG AT 30 UBER AL sst RAanid 7 fros. K7

(A LAE Y, ARSI T 1K1 B AR A B i 2 B8 JE 1 1] (Proteobacteria) «
JEBEE [ (Firmicutes) « ZF B} & | ] (Gemmatimonadota) « #0411 [ ] (Bacteroidota) «
B2 #F B 1] CAcidobacteriota )  Jift £k B[] ( Actinobacteriota ) . % 7 B ']

(Crenarchaeota) « ZiBRIE [T (Myxococcota) « ZRZ5 1] (Chloroflexi)  Biifi
FFE T (Desulfobacterota) 2.

XL [TEA FFEARF BT FEA AR, HAF Proteobacteria #ll
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Fig.7 Microbial community members at the phylum level and the genus level in river sediment
samples
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