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Fig. 1 Bitmap of the sampling point area
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ABFFEILA 8 A RAE A, Horp 3 A RAE KU TS
JKAb PR )T HE K 1T ( waste water treatment plant,
WWTP) , FA KA ARIE Ny W1 W2 (W3, 5 -ReApf:
FCEL 1) AT FR A2 K A B 52 1 R K e
(groundwater, GWT) , 43 Hil#Ric 2l G1 (7K A7 25.04 ~
25.29m) . G2 ( /K37 28. 70 ~29. 20m) . G3 ( /K fii
17.50 ~20. 24m) G4 (/KL 17.99 ~23.08m) ,G5
(7KA0 17.88 ~20.05m) , #E 4R AE T 2020 4E 3 A
( =Mar) 9 H M4 H G (- Sept) , FRPHE N 15
AN 95 5 W1 — Mar, W2 — Mar, W3 — Mar,
G1 —Mar G2 — Mar,G3 — Mar,G4 — Mar, G5 — Mar,
W1 - Spet, W2 - Spet, W3 — Spet, G1 - Spet,
G3 - Spet G4 — Spet ,G5 — Spet (9 15 G2 o 5 £} ]
KRR

FER R R AR SR (L), A RAE
FA RS 10L JKEE CHerp ST T 3L A 723047, 31
T RCEYIRE i s 4 2L AR AE N A ) o R 4R
S AR s T IR PR TRAR TP 12h B ik B
= TR 4 CUKAE
2.2 PR BT 5 ik

AR TR X R AR Al #E AT BRAR I 3, BRI R

AR AR S — AR AT i I £, DASRAEAE i 1Y pH
i A EAIR I L A R 38, S U E FR AR
FEAFEIALA P & 7 SR My R, Hh el
AT FRALSE, SR B 7K' Na® [ Ca®" Mg™" |
NH, ;387 :F~ [Cl7 S0, \NO5 \NO, 4; i mia
WOAR AT — BT I P AR I BT A B Ak SRR
2.2.1 JCHLBAE 7 s P S = A

(1) &JEPHEF (K" Na® Ca®" Mg*" %) il it
HL SR & 4 2 AR SR (75, SPECTRO )
ATE R, BB (F7 €17 .S0;™ \HCO; (€037 ) i i
BT O E ] 1CS - 90 B 1 8 35X (R,
Dionex ) Ml o ERECH 3 U, 25 HFER R 0, Hrp
K* Na® Ca® Mg it B4 4 :0. 15.,0. 02
0.02.0. 02 pg/mL, it & 45 il i AH X f 22 7% 0. 07 ~
0.19Z[f],

(2) 55 OB 15, AL ] HP 8453 42 4b
ARG 06 B T (56 B, Hewlett — Packard ) 351 72
220 ~ 275nm, 540nm F 420nm % KAL) 2 NO; |
NO, HINH, ¥EE, iR Eh B ARA ik 0 0. 08
mg/L, & FFRy 4me/L PR #h 2, bRk ik 3
$70.0.2.0.6.1.0,1.4.2. 0mg/L; .45 R £h A F MK
K i B2 4 0. 003mg/L, M i FFR 2y 0. 20mg/L iIF.
AR R A, PR 2 B 43 551 O 0,0. 02,0. 06,0. 1,
0.14 0. 2mg/L; E A e K # Bk F -~ 0. 025me/L,
M ERR N 2me/L 2R, bRek ik 70 5 2 0.0, 1
0.2.0.6.1.1.4 2mg/L,

2.2.2  HUAERSSE CERY) BTN 2 3 nds
DS ) e i ik

PiA: 2 R A ZEHL(SPE ) 5 8 i S50 AR (3%
- B3 (36, UPLC - MS/MS) 1y J5 ¥k
W HUAE R AU A 3l A A A (Auto SPE
-06C, 3 E , Reeko Instrument) F1 Oasis HLB SPE £
(6mL,500mg, 5 [E , Waters ) kA B T K FE & v 1Y
BiAER . i SPE AL ] 6mL HIEEFI 6mL £ —
J1% VY Z R (Na, EDTA 0. 1g/L) i SPE £, 7E
IL L K A & P s 6. Og By Na, EDTA, £
Na, EDTASE A5, 8 F 6mmol/ L 1 R 1 A Ak
VIR TR S pH AR 4.3 ~ 4.5 JEEIN . AR
At I 1O WL B ARARETR & W [ 4ng/ L 1 4098
W R - D, FBE R AP WO M BE - D,
( sulfadimethoxione ) fi%) B RV L , 75 [ , Witega | , 7 DA
6mL/min (3 B 1% 1k SPE #E J5 P 2F 17 [ A0 2 1
L 3R 7K AL i o8 2 2 UTE SPE #E 5, ¥ SPE 41 1]
10mL 4l 7K 2§, I & 2l & ST % 30min,
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SR 6mL K/ HIEE (S 2 95, V/V) IS UL . #%
J& B GEEBOT B 22 /N T T, i T —
KW (L 1, V/V) BB E 2 2 1. OmL,
FEm 1.0 mL 3% B o A 10pl W AR IR & 9
[4ng/ WL IRV AL — D, BEILIE - C, RS
Bk - " Co LLHEC - D, M AH & HF
( demethylchlortetracycline ) 1 H W% V& W&, 12 H,
Witega | .

JESEXHUAE R HATINE RS EAN T . A
#: Waters ACQUITY UPLCBEH CI8 2. Imm x
50mm; sl A A:0. 1% H R KW Wi sl A3 B: H
B/ CfE (1 1, V/V, 8 0. 1% WRR) s i i B E N
0. 2mlL/min , FEFEEBOE Ny 1L, R 40C, 4T
FEWNIHH, — LR EEH DR ES M
B s A AT R A — A ol R O AR AR Dy S =
JEpt it o SEG % A R HUAE R IR AR T AR 7
BRI FR ( method detection limits, MDL) |, 55 % 28 4%
FIIAR A [BLSCRYE E 76.50% ~92.25% |, HE 5
B SR B oy 85. 17% ~103.75% , HAnfb &4
AR AR R IR (U3 R B IS R Y e
HEHEN (50% ~150% ) o AWEFEH, LA R IT
At BIR A B Y T (1. 82ng/mLL) | il K Wk BE
(0.81ng/mL) \FLPG ¥ A (0. 94 ng/mL) HRHV R
(3.95ng/mL) G TP A (3. Olng/mL) | i TP A
(1.08ng/mL) ,
2.2.3 AW T AN

fHEATETA 0. 22 pm PRI (32 [, Millipore ) I 4
JKARRE il (L) W AR ) 1T T 42 3 DNA, )1
E.Z.N. A.® Soil DNA Kit( 32 [E, Omega Bio - tek)
-3 DNA $2 IR & #E 174 i DNA 421, S IUS
Bt DNA fEAE7E - 80°C N, #¥# PE ()% & Illumina
MFE . ffi i NEXTFLEXRapid DNA - Seq Kit 3477
P2, A A Mlumina 2y &) B9 Miseq PE300 & #4700 %
( RS A R RHEA RAF]) o
2.3 Bdionbriiik

{iff F FASTP B0 S5t i 1 e 1) R AT o 42, ff
F FLASH #1547 9 4%, {1l UPARSE 3, fR 45
97% B AHBLEE X e 51 47 OTU R 2&. # A RDP
classifier XJ 4 5% 7 91 #EAT W) Ff o3 R E B, LEXT Silva
16S rRNA (4 i (v138) I E LU I E S 70%

ffi H R H Vegan fJ ( https://github. com/
vegandevs/vegan ) 715 {3 A W) BE & 10 D
Simpson 1§ %% . 75 2= /7 f#% /3 #7 ( variance partitioning
analysis , VPA ) A L4 43 ¥ ( analysis of similarities ,
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ANOSIM) . J5 22 % K ] T 4> #1 ( variance inflation
factor, VIF ) Z&; fii | R 1 ape £ ( http://ape —
package. ird. fr/) PEAT AR B 1 2 U 43 Ay (Non —
metric multidimensional scaling, NMDS) ; fi|f] R i&5
1 CCA £ (https://CRAN. R - project. org/package
= CCA) AT IREE A 1~ 55 3l A= W A v = 3 =[] 1) it
78 X% B 43 #7 ( canonical correspondence analysis,
CCA) ; #]H R i F Hmisc 1 (https://github. com/
harrelfe/Hmisc/ ) 7155 ) Fit 55 4 Ff 22 18] F1 490 b 5 36
B - Z T8 i AR G, BiC & Gephi H 4 ( Version
0.92) S A= Wy AL B W9 45 Y T AL

3 g
3.1 BB e bid: FMEALE R (e S
LB R

XF3 A9 F I AKAE I BH RS 2547 20 b A R
(F1),Ca® Mg™" 78 3 H 1) 55 i We B 43 31 oh
127.35mg/L.81.93mg/ L, 7E 9 H 14y 0t o v & 4351
A97. 11mg/1L. 31. 34mg/L, 0] WL 3 AWESE T 9 A
By, AT 3 O it v K B Al 8 Y S8 1 9 ) K s
WERE, K* Na® W BEEAE 9 H RS A i B0 5 K AE
(20.91mg/L.120. 30mg/L) , 4 39 /K B F 1) 728 f 55
MR E. WNBE ot as R vl LRI, C1 W
TEP AL JC W S ok B A8 Ak, (2 G K b B
HEAKARHFE A CL™ e B Bt 7Kk i 5, P RE R A TS
TKALFR ™ RE BRI AR KR B B fa — 2P i I A s 7
TR K AR R R R A FT UHCO; |
CO3™ 1 SOL™ 4 B W 76 W0 1A & b O JC 4 [vl
BEZES. =& (NH, NO; HINO, ) 7EA[F] 2=y
PRALIRI 26 S 07 A B 35, HAEA NS bt A Bl e,
HAR =R TR W HJE NOy 7EHE T /KA
i Gl AL AV B = W B2 (3 H A1 9 H KR & 43 51l oy
79.07mg/L.54.27mg/L) ,UiBH T Gl Kb n] BEfEAER
HoA A TCHL AR

A FEBEA RAE S IURE & SRR A,
ANFE S ERI = U AT I E BT 5218, 3 A
R (R B — D3 Fse i — FH AR s g —
D6) 1y B A-51k 54.75% ~81.75% 1 54. 17%
~118.08% ,9 J fi kit & AW 1Y 111 e 52 53 531 Ky
92.58% ~118.25% %1 76. 08% ~90. 17% , 43 ¥r 45
R R ZOR . e, 6 R RAE & RAE
R RHER T 50% (£ 2), EE BRI R
( Norfloxacin ) . fiffi 1 it BE ( Sulfapyridine ) . fil§ & B bk
(Sulfacetamide ) \ZL 4 ¥ & ( Moxifloxacin) R ID E
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Table 1  Physical and chemical factor data of each sampling point

B & (mg/L)
EaE A
K* Na* Ca®* Mg * NH, F- cl- S0;~ NO; NO, HCO; (ofor

W1 - Mar - 12.44 72.52 48.14 0.63 0.34 179.00 108. 00 23.30 0.19 - 216.98
W2 — Mar - 13.58 127.35 81.93 1.26 0.42 165.00 71.90 7.52 0.16 - 330.06
W3 — Mar - 12.62 99.49 61.64 0.07 0.60 76.40 63.00 9.48 0.02 - 255.49
Gl — Mar 6.50 47.81 97.24 30.61 4.05 0.21 47.38 120. 15 54.27 0.15 259.77 -
G2 - Mar 7.95 73.52 82.87 28.29 0.62 0.37 68.29 122.90 9.19 0.10 265.88 -
G3 - Mar 1.34 16.06 14.48 11.13 0.14 0.55 13.16 18.59 1.96 0.03 79.46 -
G5 — Mar 2.48 80.27 42.32 17.12 2.01 0.35 25.06 21.78 2.00 0.07 319.06 -
W1 - Sept 20.12 104.40 97.11 27.88 0. 66 0.35 193.10 139.30 3.36 0.02 305. 60 -
W2 — Sept 15.45 120.30 80.21 25.98 0.37 0.64 166.20 72.60 31.21 0.21 287.30 -
W3 — Sept 20.91 93. 65 46. 66 20. 15 0.09 - 62.01 50.38 3.15 - 273.60 -
G1 - Sept 7.00 61.44 95.63 31.34 0.87 0.24 88.91 96.76 79.07 0.34 252.40 -
G3 — Sept 1.78 16.35 22.40 11.41 0.09 0.42 21.83 24.32 5.54 - 96.57 -
G4 — Sept 1.61 13.36 38.09 11.14 0.05 0.39 16.35 24.87 6.08 - 138.70 -
G5 - Sept 3.60 86.61 54.64 22.84 3.08 0.49 90. 62 28.04 1.16 0.01 313.50 -

Y =T FRE TR s G4 — Mar RIS B T OB SR ARSI 5 G2 — Sept M FRAE mIBT AT, FE AR AR AR , BUB I Kt

( Ofloxacin) F1 ¥ 5 ¥ & ( Ciprofloxacin ) , # H 285 5
TR EEE 5 R BRI R =AU E R
I R LA R . RE IR ER,3 H
PP RS T 9 H BT R, F2 R
IR Sy b fe IS T R B PR 0 R )R Ml v o A SCHEY
SEFPE 9 Ak T, K 3R S 3 i A Rk
JERA, T 3 453 7K 2 55 /0[] I b T 7K 32 2y 4R
KM, FECREAR E BT R AR e X i
B T K TP A RS Qe T BE 20k B THAEK.
F— TR R S R AT R A G,
H T2 T PR U T 1T 5 [ REE T A 2 {6l P A 388 o DA i
SPHORTTH T K A A B RN [l B
AR R PETERE S R AE A AE 22 5, 15 K AL J T HEK
Hh AT A 2R R 0 T R UK X AT RE R
AP R WA KR 5 3T K S Z mi A A
i S ) R R O S T i e A P A KR
R, B T KB R A A P

XA R A R AR, AR T B A T K Ak P
T HE KRR b s Ay, MR e =y iR 3 1 1210ng/1
(W1 — Sept) ; Bt e B PE7E 3 H 13 A B b v vk B 5
5, B ik F) 269. 40ng/L (W2 — Mar) ; RN B 1E
R KR Gl G3 G5 4L %%  , dr i 5 Fl] 340ng/L
(G3 — Mar) ; #5900 B FOARA I B S AL, #RAE T 7K Ak
PR HEARRE oA B VR A H s BP9 0 B AN AE
TG /KA BRT HE K A 4 o Y [l 75 3T 7K G1 Al
GS WA K. Has RS Z HIfTSE b & LAY IR
WETA TS A R (AR N TP R SRR D AL 55 ) i

Wi B AT KA HE ) KR DL Rt R A S s 3
SEARMLY o MR KBRS, G G3 G5 iR E &R
PR, G i o ST I K AL BT, T2 K HE
i TEEES Gl SR, w5 B s e A2, B DA
Gl mifi s iRPi A R EE R R, i G3 Fil G5 A2
b B s e W i P/ = W VA il e 5o 2 AN G B
AR IR HEG 1 AR R IR A A e, L
PRI 5% 5 S S 7R 30 T ¥ K HEORN 3 0Ll S5 %) b F 7K
AR 20 A A B R R I O 3 ST S
SEMA A ST X T K e W L — &

2 BRFERDUERWIL

Table 2 Antibiotic concentration in each sampling point
B BRMERAEE BALIE SOV SRNTRE SRR R A

(ng/L) (ng/L) (ng/L) (ng/L) (ng/L) (ng/L)

Wl -Mar 267.50 47.03 21.43 30.57  438.33  111.17
W2 -Mar  269.40  16.97 0.94 12.03 57.20 13.03
W3 -Mar  196.53 11.67 9.45 36.30  106.33 19.71
Gl -Mar  202.70  4.77 10.95  158.23 3.57 12.57
G2 -Mar  209.20 3.73 0.95 31.97 3.04 1.36
G3 -Mar  212.60 0.89 0.94 340.17 10.63 15.47
G4 -Mar  196.97 0.83 0.99 37.27 3.23 1.77
G5 -Mar  204.53 0.97 10.53  212.37 3.68 15.40
W1 - Sept - 81.20 15.60 22.70  1210.00 100.00
W2 - Sept - 9.70 - - 43.70 11.40
W3 — Sept - 14.00 - - 144.00 12.80
G1 - Sept - 7.97 - - 7.20 5.30
G3 - Sept - 0.88 - - 3.05 -
G4 - Sept - 1.01 - - 3.19 1.14
G5 - Sept - 1.22 - - 3.22 7.33

P =" FORAETAR R G2 - Sept i TRASN, PRI HLBLIR
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3.2 PAEVIRER S

AR SO BT INAS R A 16S tRNA I Fr K4k 47
MRl & 3 A, 45 R 27 Shannon 5 i) B il
LG T V-5, U] 1 RPREAS Gl A W0 7 i G L
FREUT AN, H AT I RE S A S AR A Y 4 R
WA ¥ 3 A9 A5 K A BT HEZK Fi
TR A A B 1 B R 81 4 B 97 % AR 2R
KIWAIRIR OTU, 24533 1026 4~ OTU, j% £ OTU 43
J&T 332 5,294 &, 198 B, 119 4~ H,67 4~
LA S 24 AT T PRIBIAE it o o 4l S b 057 1) R 2
I ] ( Proteobacteria ,81. 04% ) , F R & AT B
I'] ( Bacteroidota , 7. 60% ) . J& BE 1 [] ( Firmicutes ,
4.21% ) o LEA[FIHIAE A E], PR3 A B 22 5 01 A
W1, Ho G1 A G4 LB 515 /K A0 B 58 35 i AH
IR o 157K ARFR) HEZK AL T ZKCRAE S BE B A
230 T 7K B )R 2H 80 A — g e . 9 AnTE

BTG KA BT HE KB (A b T ACRAE s AL, B TS
TRALIR ] FRAE K B A, 2 AL b 7K 0 4 4 A
515 KPR b B ARARLRE B 5, RO AR K A8 23
S AR BIF 5T X i KRG SR B T T R AL
3AMG w A #Jm A IR W R ( Sphingobium,
29.27% ) fRH 8 ( Pseudomonas ,14. 50% ) | H1 3&
HANIH & ( Methylotenera ,6. 61% ) ;1 9 H 1y By L
PR A7 A 307 EC TR ( Vogesella, 11. 82% ) | 5 T
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Distribution Characteristics of Typical Antibiotics in Reclaimed Water

Infiltration Area and Influencing Factors of Groundwater Microbial

Community
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(1. School of Ocean Sciences, China University of Geosciences ( Beijing) , Beijing 100083, China;

2. Beijing Key Laboratory of Water Resources and Environmental Engineering, China University of Geosciences

(Beijing) , Beijing 100083, China)

HIGHLIGHTS

(1) The distribution of typical antibiotics in groundwater in a reclaimed water infiltration area presents seasonal

distribution and is affected by human factors.

(2) 3 - nitrogen and antibiotics are the main factors affecting the composition and function of a microbial

community. The effects of different types of antibiotics on a microbial community vary.

(3) Antibiotic pollution has a direct and indirect impact on microbial function, and causes potential simultaneous

ecological risks.
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ABSTRACT

BACKGROUND: Antibiotic pollution carried by reclaimed water infiltration is one of the sources of groundwater
pollution, which has become a problem that cannot be ignored in the safety of urban groundwater resources. The
effects of antibiotics on microbial communities and their functions in complex and fragile groundwater environments
deserve attention.

OBJECTIVES: To explore the differences of groundwater environmental factors in different seasons and the
distribution characteristics of antibiotic pollution, and to explore the influence mechanism of antibiotics on a
microbial community.

METHODS: Based on the high — throughput sequencing method of 16S rRNA gene, the microbial community
structure in urban groundwater in the infiltration area of reclaimed water in March and September was studied.
Combined with field investigation and indoor analysis, the ion (K*, Na®, Ca’*, Mg’*, NH; , F~, Cl~, SO; ™,
NO; , NO, , HCO; , CO;”) concentration in the sample was measured, and the main antibiotic ( ciprofloxacin,
norfloxacin, ofloxacin, moxifloxacin, sulfapyridine, sulfacetamide) concentration was measured by ulira — high
performance liquid chromatography — tandem mass spectrometry.

RESULTS: (1) In the study area, the concentration of antibiotics in groundwater in March was higher than that in
September, mainly sulfacetamide and ciprofloxacin. In addition to seasonal factors, human activities may be
another factor affecting the distribution of antibiotics. (2) The microbial community was mainly composed of
Proteobacteria (81.04% ) , Bacteroidota (7.60% ) , and Firmicutes (4.21% ). 3 —nitrogen (NH,” , NO, , NO, )
and antibiotics were important factors affecting the microbial community structure in the study area. Different
antibiotics had different effects on the microbial community. Among them, sulfapyridine, norfloxacin, ofloxacin and
moxifloxacin had the greatest impact on microorganisms, while ciprofloxacin and sulfacetamide had less impact.
(3) Co — occurrence network analysis found that the two dominant functional groups had a high degree of
connection with antibiotics, namely, antibiotics had a potential impact on the main microbial functional groups and
their functions in the study area.

CONCLUSIONS: The study provides support for understanding the impact mechanism of antibiotics on a

groundwater microbial community and the ecological risk.

KEY WORDS: urban groundwater; reclaimed water infiliration; antibiotics; ultra performance liquid

chromatography — triple quadrupole — mass spectrometry; community structure; community function
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