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Abstract; Antibiotics are widely used owing to their high efficiency. However, the discharge of antibiotics into the

ambient environment resulting in them as a category of emerging contaminants, causing potential human health
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risks which are attracting increasingly attention in recent years. To date, antibiotics have been detected in a variety
of environmental matrices, whereas there is still a lack of data on antibiotic contamination in drinking water sources
in Hainan Province. In this study, water and sediment samples were collected from five typical drinking water
sources in Hainan Province, the pollution levels of five classes of antibiotics, including sulfonamides, quinolones,
tetracyclines, macrolides and others, were analyzed, and the potential health risks were assessed. The results indica-
ted that nine antibiotics were frequently detected in the water, with total concentrations ranging from 248 to 112.87
ng - L™'. The main pollutants were sulfamethoxazole, fleroxacin and doxycycline. Twelve antibiotics were detected
in the sediments, with concentrations ranging from 3 .46 to 28.92 ng * g”'. The major pollutant was fleroxacin. The
ecological risk assessment results of antibiotics in water showed that the risk quotient (RQ) value is less than 1in all
water samples, and no antibiotic is found to have high risk in each water source. The results of human health risk

assessment showed that the health risk quotient (RQ,;) value of antibiotics detected in each water source is far less

than 0.01, and the damage to adults and children can be neglected.

Keywords: antibiotics; drinking water sources; water; sediments; ecological risks; human health risks

H AT, P B AAETG KA B )M B B F sk
FEFRIE P K R B AR R TR T 4
ASKIE P Z e E R R s bk R
1Y E IR R K AE S RGN R, O ag i T
TS W OCHE, BT AR A A Al = —
BRI E T ™ ;2022 47 R E A A T G5 3
TRHEATEN )  SEEXS TS Y i Wi S5 iR 3, i
PUERVIRAE D ARSI K 8 A R
i R A KRB LR 2 — , IR /K U5
P Z 5% BRI BT 25 R FE A, A DG Y L FEAE AR
b DX i T AR R AR X R A K U b A
INBUER . 1R AL P b 2, DU T PR, A
MRS, TR E B A kb, Wlb A&
ol 2 AR T & T i =l , ARG & B 24 Tl |
B O SRR R T ZORIE, P AR 2 7 3 )
FAR AT gl AT AR R A RS HERC ™, FLAR B ) AR 25
2R, AHJ2 EH AT i = A DG R A TR K I8 M b A=
RIS YT . AT 3 B 7 I R A B ALK K
VAT A AR KRR VR TR T i 5% B 7KF- | 9490
PP AR A 2N A 2SR AR ) XU

1 ## 57 % (Materials and methods)
1.1 SEgebrkl
11,1 SEE{UER

AB SCIEX API4000 = # P 4% T i 3% 1% (Ap-
plied Biosystems , 5% ) Agilent 1260 ¥ AH (%4 (%
FE(S, L E) 2600 TH #H HL(_E L 1S L e B, v
&) N-EVAP 112 Z& M {¥ (Organomation, 3% [#)  Sor-
vall ST 40R E5.0HL(FEER K, 3 H])  Visiprep DL 12 4
B 52 S5 G A A O (I 5t S 2R A R i),

1.1.2 &#

AHFFE R HER LA P AE B 1 iR,
LG4, B oe) . CNWBOND LC-C18 SPE ok}
(40 ~ 63 pm, %L FHY) . CNWBOND PSA
PAEs QUEChERS & FHUEL40 ~63 wm, b2 s
BRHE) KPR 2% A (0.1 mol + L™, HIGUR
A YR A FRA ) TEK R A (=99% , [ 2454
Ak 220 A BR S | SR (gl BB T
AR A BRA R R (=98% , L2 g s0
KRR 2 eV 2 —51(99% ~ 101% , i
SEMAABIEAT R 7)) B AR s e i AR Az
FARUE A d,-SMR |, d;-LIM , d,-SMX ., d,-TMP | d,-
CFX.d,-TBD(>98% , | R &R A BRAF]),

1.2 FEECREE

2021 4F 4 JREMRA 5 MBI K I
Wb R KL U I W AA R TR RE & . 2 LR S R
8RR K U M P 43 A A7 10 0 L AR | AR 5 e R T
5 A A TS TR K R L — A 47 X (L1 . ST HI
DI . Y1); ZZf#4P X (L2 .S2 \H2 . D2 . Y2); HEAR- 7 X
(L3.S3 \H3 D3 Y3) BB RAE AT, SRAFEN S A e+
ARG BC R 1 R, KEE R T IR — K F 1
0.5 m LAN ;i IR A R K A8 RAE 3 A 50KFE
HIRA, B L& T OB b 7, (A
P RS ASAE AR R AE 2535 PRl 45 1 2 SR AR TR
FES BT 3 AR AIR A A RS Wi
IKBRZR BT kg 24 B AR AT H B, 55
PSR, FERR PG M SR = KEETE 4 C
UKREARAE , DURRIRE S AR -80 °C T T, I 1
/INBURL IS R T 20 °C VKRR ARAT,
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Table 1 Basic information about the target compounds
AR YLK faAK 43 F Gy Fit
Chinese name English name Abbreviation CAS No. Molecular formula Molecular weight togKon*
Tk 25404 & (Sulfonamides, SAs)
Tk g g Sulfadiazine SDZ 68-35-9 CyyH,(\N,0,8 25028 -0.09
itk e i e Sulfapyridine SPD 144-83-2 C,,H;,N;0,8 24929 035
i i R s Sulfamethoxazole SMX 723-46-6 C,oH; N;058 25328 0.89
ik e ) B 4 s I Sulfamonomethoxine SMM 1220-83-3 C, H|;N,0;8 280.30 —
il e S A 14 Sulfachloropyridazine SCP 80-32-0 C, H,CIN,0,S 284.72 —
(LR AN Sulfaquinoxaline SQ 59-40-5 C,H,;,N,0,8 30034 —
ik e — FR s Sulfamethazine SMZ 57-68-1 C,H,N,0,8 27833 0.80
itk e it Tk Sulfacetamide SCT 144-80-9 CyH,(N,05S 21424 —
sk e Sulfanilamide SA 63-74-1 C¢HgN, 0,8 17220 -0.62°
il P 1 s Sulfathiazole STZ 72-14-0 CyHyN; 0,8, 25532 0.05
ik Jhie o] P G g g Sulfameter SMD 651-06-9 C,,H,;N, 0,8 28030 042°
itk e — S ks Sulfadimethoxine SDM 122-11-2 C,,H,N,0,S 31033 —
M7 2351 4= Z (Quinolones, QNs)
LT A Marbofloxacin MAR 115550-35-1 C,;H,,FN,0, 36236 —
B R Fleroxacin FLX 79660-72-3 C;;H g F3N; 05 36934 —
HEV R Ofloxacin OFX 82419-36-1 CisHyFN; O, 36137 039
R Norfloxacin NEX 70458-96-7 C,sHgFN; 0, 31933 0.46
SIS Ciprofloxacin CFX 85721-33-1 C,,HsFN; 0, 33134 028
R A Lomefloxacin LOM 98079-51-7 C,;H,,F,N,0, 35135 ~030°¢
Bt & Enrofloxacin EFX 93106-60-6 C,oH,, FN; 0, 359.39 0.58
WL £ Sarafloxacin SAR 98105-99-8 CyH,;F,N, 0, 38536 —
TR E Difloxacin DIF 98106-17-3 Cy HigF,N; 04 399.39 —
BT AR Danofloxacin DAN 112398-08-0 C,oH,, FN; O, 35738 1.85°
Kb 2 Pefloxacin PEF 70458-92-3 C,,H,,FN; 0, 33336 —
e~ Arbadox CAR 6804-07-5 C, H;(N,O, 26222 —
PU R 2 J5(Tetracyclines, TCs)
L Oxytetracycline oTC 79-57-2 Cy,Hyu N, 0, 460 43 -090
[UIEZSE 3 Tetracycline TC 60-54-8 CyHyN, Oy 444 43 -137
ENLETSN Chlortetracycline CTC 57-62-5 C,,H,; CIN, O¢ 478 .88 -0.62
R Doxycycline DC 564-25-0 C,, Hyy N, Og 444 43 063
K EESE (Macrolides, MLs)
Wik EE Erythromycin-H, O ETM-H,0 23893-13-2 Cy,HgsNO,, 71591 —
BAFR Roxithromycin RTM 80214-83-1 Cy HigN, Oy 837.05 1.70
tkER Oleandomycin phosphate ODM 7060-74-4 C;sH NO (P 78585 —
HAh2(Others)
MAT R Lincomycin LIN 154-21-2 CsHyy N, 04 S 406.54 020
4 Trimethoprim TMP 738-70-5 C,4H;gN, O, 29032 091

. — B H I BRI T SCHk[14];° B A I8 T 3CrRk[15];© Bk T Semk[16],

Note: — means there is currently no reference dose; * data from the literature [14]; © data from the literature [15]; ¢ data from the literature [16].
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Fig. 1

Distribution of sampling sites

Note: According to the data from the National Basic Geographic Information Center Global Land Coverage
Data Product Service website (DOI: 10.11769).

1.3 FEA T AL
1.3.1  ZKAREESR

1L KEEFRAIIA 0.5 ¢ & WU 2R 4
(Na, EDTA) & NARIR G . FH 10 mL H SR 46
KA TE AL HLB /N, R K B b A, B 58 i
J&i , H 10 mL BB Sl IMESEATIRGE , 2 B2 T 1
hJ&, FH 10 mL FF e 6 HLB /NVEE 05 v I v 2=
BB ES B B WGE T, BRI, IRt
022 pm JENEHL RS AR IR, HROAE 0 5T 3%
I A (LC-MS/MS)i#E4T_EHLAG
1.3.2  DiBWIRES,

2 T LIAEAF ST 0T 18 A 32 5 p e A= A i
P BRELS g DURIAE AL IMA 04 g Na,EDTA |
5 mL FPIERENZE thR B AR B VIR, B 4 CUKAE
S, WHIA 10 mL 5% W1k 2, iR %
J&i #7515 min, 4 g TOKERRREA S 1 g &L,

WEYE T 3 min, L 8 000 r + min™',4 C, B0 5
min, % IR HHE G B TR E ECE A 50 mg PSA
150 mg C18.900 mg JC/K B R & i AL A8 v | i i
2% 3 min J5,LL 5000 r - min~' 4 °C, .0 5 min,
B i 2, AWGE T 5 In AR s sh A 2
WO 022 pm MRS AR ORI, A
3% B F (LC-MS/MS)HEAT EHLE I
1.4 AXEFHr it

O S . (3% 4l Poroshell 120 EC-C18(4.6
mmx50 mm, 2.7 pm), FEE K 40 C, RS uL,
W 03 mLe-min™' . JishAH A NG, WA B N
0.05% R AT 2 mmol - L™ Z WMz, 1 shAH Bk 28 Uk
254 A 2 min B SIAH A IR shAH B A9 H ] A
15/85 447 40/60 ,4 min B 44 60/40 ,7E 9.1 min A
o 15/85 , e 2 13 min B 4%

i S5 R B TR S5 1E 85 T-(BSIY), £ ¢
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N WS (MRM)BE B8 F-IRRLEE 325 °C 5 B 155
HLE 5 801 V,
1.5 Rk 54l
FE G 28 o3BT R AR BE AT 10 i i
KOE M2t 7 2, brifEth 260 0.2.,0.5.2.5,
10 .20.,50 ,100 200 F1 500 pg-L™", £ 3 T 44 Al £k
PEX R (1>0.995), BB A %5 FINAS R BN
PRUERSIN 5 2 B AT A1, 3 ) 2R FH 5 7K AR R AR
FESAH B 52504 3 A28 FUIARAE i fn 3 S BE ot
TBRFE S o KEEFIUTR % B AR 5 SR 53 51
45% ~145% F140% ~141% , AWF5EH, PEF H [0l
WCRIE 141% , PN A i 1z 458 47 AHL [0 s o 7 g 41K , =%
eI RN B P AR R 0 EICR R . KRR
ORI At BR S 1L 43591 24 0.008 ~6.83 pg - L™ Al
0.002 ~7.09 pg-g'.
1.6 AU PEAL
1.6.1 AEBXEPEASL
A ARG RS VAl B AR 48 T S0 3B T
DRSS T (92 (RQ) X g T 42 ML TR R R K R iR A A 2
DUBSEPAR Y THRAZ IR
MEC
RQ™pNEC
. MEC SR BRIk B (ng - L"), e B S B0 A=
ZFUTE (0 e K AH ., PNEC A 150 JC 8% 17 & (ng -
L), B4 ok U5 T SOk i 2 B s ORI AN
PNEC &2 By T MAR .FLX Fl SMM %kt = #5451
i, T 3RS PNEC B, AR TAE S KU IPAL . AKX
B 7K F:0.01 <RQ<0.1 5 AU K F- . 0.1 <RQ<1 5 15
KUK RQ=1P7
1.6.2  fEFE RS ITAL
ARG DA T B 4 LR K IR b K AR e A 2
AN [ AT 2N ) e R RIS | 2 22 55 SRR OK i A2 5%
A5 G i B XU T, DA s AR P PAl K AR e AR 3R
15 YA RIAF S 2 AR RR A 52 13X R
MEC
RQu=pwEL
FH . MEC b A & B I e B (g - L), % i
i R IR A il B 0], AT ahb e 26 S I 0 A 2R 1) i R ik
JE{H , DWEL MR FHK K AR R Y B (g -
L™"), DWEL itH AR TF:
ADI x BW x HQ
DWI x AB x FOE

FHADI JE H T2 | A B (pg-kg ™' -d™), B

DWEL=

RUE T SCHR 28 -291; HQ A& fw i MUK, 4% 1 11585 AB
=B W 1% 1 35 FOE /& 22 BE AT %4(350 d -
a™),#% 0.96 15 ; BW & Ak i it (kg) ;DWI /&
HokE(L-d™"), BW Hl DWI #0395 F
ANBERBESHF M, 4 RQ, <0.01 AF, KUK 7K
SER] ZME AT 24 0.01 <RQ,<0.1 B, SRS K 5
140.1<RQy<1 B, AP A& XK RQ,>1 B, 2k
i RS 7K B2
1.7 it

fdi Jl IBM SPSS Statistics 26 #1774 M43 T,
12 T R IR ST 56 R B, WA R IR B A i R pi Ak
W Z (A OC R AT IS

2 Z5E (Results)
2.1 BUAERMIGYKF

ARWFEITAHI 33 P R e IR I 9
FPp A RS A W& 2(a) T, 446 1 F
HAthZE 1 B MLs 3 A QNs. 1 F TCs DL K& 3 Fh
SAs, MM EETLH Ky 2.48 ~112.87 ng-L™", SF14 4k B
413392 ng-L™", HF{l N 2047 ng- L', ARBFIEAKMA
ok R B R B AR E AR K SMIX | FLX A
DC, £ 35351 K 52% ,100% F1 22% , 5 Fe = H
fth /K PR HAH EE, W3 2 JF 7, AR BF 5 7K U6 b K 44 rp
SMIX A e i 7K S48 6 4R b X K R T = A K
VARG, BT 73 5% 381 37 el /K TR M | K T HR i K U S
15 s FLX PV BE 7K T35 e st 7K b =7 DC A Ik K
SRV Ui i X TR AR T, A AR K AL, 1H
B HOKIE R, P AR A AR P S A
VR K- 5 [ D 1 EC At K U5 b AH e, S Yok SR Ak
T SRR, HLH AL T [ N ST vk B K-

TEDUR LA 12 R 2, & 2(b) fir
7N, B35 6 Ff QNs 3 Ff TCs. 1 Ff SAs. 1 F MLs LA
Lo 1 M HAWSE A R SRl 3.46 ~28.92 ng
g AR R VS ND ~ 1033 ng- g,
SR E 1492 ng-g”' ,HEH M 1285 ng- g, A
WFFE TR b AR 2 MR P 7K T 235 SR v [ LAY
WIACI R e 2R Z Wk BEYE IS ND ~ 2 663 ng -
g™') . & [H Cache La Poudre ] P(FAFhF A K 1k BEYE
Fl b 1 ~102.70 ng-g™") . BE Msunduzi ] I(CAFpHT
HE R WREEVEE A ND ~ 12535 ng-g™"), 15 HERE
(AP ZUE IS ND ~ 52.89 ng- g )Pl A
FEEE AR, R AR B 55 DA vh B A 2R TS e ik
TR, Kt P A2 Pk R 8 Tl 6T 50%
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Fig. 2 Concentration levels and detection rates of antibiotics in water bodies (a) and sediments (b)

{4 FLX .EFX ,OFX .CFX NFX .DC fl ETM-H,0,
ifif MAR , OTC, CTC, SMX I LIN Ay ¥ Hi A% T
50% . FoHt QNs MUk B8 FLX MR FE K
-d e, YRRV FE g ND ~ 1033 ng-g™", AUk Ny
5.66 ng-g ™', 5 EVETEN BB EE RAHIE
2.2 PUERMNIG YRR

KU Hb 1 — R AR AP X UK 1 il 5 B AR )
K, HT RIS D KA — AR X UL
FESH RIA Y H LS Al L /K P b 0 — 2 A 31X
PEEFA M. N 3 R KA G H AR R A R
T UURR Y b e, (ARG R R TR rp /D
KAEF TCs (UK T DC, LY % T DC, ik
ity OTC, CTC, fH ¥k B K K T K ik, KAk,
SMX RS HH R B e v (BAE LR Hh R A i, R R
4 AR, QNs TEiX 2 FhIREE A BTk B K SF- AR, (5
DU R b BRI LKA £, FLX 7R 4%
KR YA G A R R R ) v v B K- 2
FHAbHUE . HR OFX 754 /K I H T A4 vh
BRI

XFPUAE R Z A R AH M HEAT T Ge it #r,
F3 MR 4 PR, Kotk B EGR HY SMX | OFX Al
DC FEZK AR F TR i (R AH DGR AN TR] . #E K A4 v
SMX 5 HAh 2 A 2 ICAHCHE 1 DC 5 FLX 2
BV ) (r=-0.552, P=0.003, P<0.01), 7EITHH
Yy ik 3 A A 222 B TCA e B [F] A5
BB AR R Z A G, XK R P 2
SR P R Z B P E AT T St
B, ange s pis, sk sSMX 53+ OFX A

A AHKME(r=0.659 , P=0.038, P<0.05), SMX 71E/K{K
R KPR, H S OFX —#E
JIEBURA 2y, A T R RGP %R
J T DRI 2 BR D A B I BTR R . AR R
B, OFX M RESXT SMX AU G b 2E 364k i A 5 ™)
2.3 MERGA KA IR K A R A 2 R XU DA
2.3.1 B PEAL

PIEA IR KR i e A= R 58 J T e 4
YRS RGN S5 F AT RE = A2 R im0 | 5 i —
E KA BB A S KA W S Fios,
27K R SDZ . TMP Fl1 SMX #J RQ #7<0.01, %
AH LA B A 28 00 AR 2 1l B 0 U 1] 2208 N
OFX 7E Y .S 1 D i s H (1 RQ<0.1,>0.01, & H3ixX 3
AR K R L 5 OFX 15 YL A TR XU /K-, L
AIUH Pz DC i RQ<1,>0.1, AT rh a5 Kk, %
AT BRI 2 /K U i A 285 KU 0 2 B BTk
2.3.2  fEFEXE TN

KSR AR E LR A, X AR
fat R B TR D, WA K TR P A R
NI RS AT A 2R L, T MAR,
FLX .SMM ETM-H,0 . TMP = ADI %, kit
55 DWEL B, AN H A7 B KU P74k, K 4
FRT AR G A e R B A5 K R b X A A i
) RQy, 18, 4n &l 6 Fr 7, 2% K I b rh A H Y SDZ |
SMX .OFX #1 DC ) RQ,, $Ji£<0.01 , F WA 7E 4% 7K I
Hi 3k 4 P AR ZERT A AT IR 2N TRE AR 8 A ) IR
K] 2206 IRZE R SRR REETE | =k
JE DXV 455 4 [ R A R 7K e B JRUGS: T A4 1140 465 R A
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Fig. 3 Concentrations of antibiotics in water bodies and sediments in primary protection areas of drinking water sources
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Fig. 4 Concentrations of QNs in water bodies and sediments in primary protection areas of drinking water sources

#3 KEFAREREZZEHERXE
Table 3 Correlations between different antibiotics in water bodies
SDZ SMM SMX TMP MAR FLX OFX DC ETM-H,0
SDZ 1.000
SMM 0.468" 1.000
SMX 0.820°" 0292 1.000
TMP 0.115 0.084 -0.010 1.000
MAR -0326 -0224 -0333 0012 1.000
FLX -0.124 -0.150 0.061 0.025 0.005 1.000
OFX -0212 -0.145 -0.126 -0.071 -0.151 0.079 1.000
DC -0364 -0.050 0.097 -0015 0018 0552"" 0.105 1.000
ETM-H,0 0.526"" -0.023 0.624"" -0286 -0251 -0.205 0.170 -0.280 1.000

% 7E 0.05 ZUNBUR) , FHICHE B2 5% * 7E 0.01 ZUN(BUR), FHOCH: B 2

Note: * at the 0.05 level (two-tailed), the correlation was significant; * * at the 0.01 level (two-tailed), the correlation was significant.
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Table 4 Correlations between different antibiotics in sediments

LIN MAR FLX OTC NFX OFX CFX EFX SMX CTC DC ETM-H,0

LIN 1.000

MAR 0261 1.000

FLX 0.058 0.175 1.000

OTC 0390 0745  -0.130  1.000

NFX 0.058 -0.309 0.123 -0.627 1.000

OFX 0630  -0407 0015 -0373 0512 1.000

CFX -0.160 -0557 0032 -0747" 0655 0512 1.000

EFX 0449  -0529 0228  -0552 0399  0880°" 0556 1.000

SMX -0.390 -0.580  -0499 -0.364 0.157 -0.108 0221 0.018 1.000

CTC 0.092 -0.643" 0.172 -0.383 0485 0.396 0262 0.325 0255 1.000

DC 0380 0059  -0412 -0070  0.111 0.363 0321 0.342 0201 -0370  1.000

ETM-H,0 0.881"" 0309 0318 0.129 0269 0.629 0.062 0.569 -0461 -0.040 0465 1.000
TE:* 78 0.05 U3 BUR)  HOCHE LR =+ 78 0.01 ZUI OBUR) M OCHE i 2
Note: * at the 0.05 level (two-tailed), the correlation was significant; * * at the 0.01 level (two-tailed), the correlation was significant.
x5 KEESRBYHRAEIERZ BHHEXE
Table 5 Correlations between different antibiotics in water and sediments
SDZ(A) SMM(A) SMX(A) TMP(A) MAR(A) FLX(A) OFX(A) DC(A)  ETM-H,0(A)
LIN(B) 0.685" 0.596 0.603 0.830"" -0.615 -0.007 -0.504 -0.266 -0.261
MAR(B) -0.062 -0.357 0.175 0309 0.261 0.174 0214 0262 0.111
FLX(B) 0.389 -0254 0405 0.169 -0.113 0.632" 0352 0.186 0407
OTC(B) -0.175 -0.149 -0.208 0461 0.083 0.104 -0255 0.039 -0.580
NFX(B) 0228 0.072 0.564 0.159 -0.131 0278 0.119 0351 0.557
OFX(B) 0.603 0.770"" 0.659" 0.396 -0.558 -0.073 -0217 -0.110 0.058
CFX(B) 0.048 0.406 0318 -0.338 -0.182 -0.071 0.119 0.139 0433
EFX(B) 0.740" 0778"" 0.609 0.137 -0.498 -0.153 -0.113 -0.347 0.176
SMX(B) -0212 0.064 -0499 -0461 0.093 -0450 -0319 -0.391 -0.166
CTC(B) 0.135 0.028 -0.007 0326 -0.504 0410 -0413 0.042 -0214
DC(B) 0308 0.627 0289 -0.098 -0353 -0.779"" -0.340 -0.513 0.176
ETM-H,0(B)  0.834"" 0.549 0.862"" 0.669" -0.524 0.032 -0215 -0212 0.186

TE % 15 0.05 GO (BUR)  AHSCHE B3 % * 72 0.01 Sl (WUR), G HE 838 5 A R KR BT A 3R B R VR AR &

Note: * at the 0.05 level (two-tailed), the correlation was significant; * * at the 0.01 level (two-tailed), the correlation was significant; A indicates antibiot-

ics in water bodies; B indicates antibiotics in sediments.

B, PR ZTAS ) A7t B 1) JRUBS: DA HE A4 T B 2 444
K, 509 ~24 D HBBNEK, RGRIK,EE15~18 &
IRENAL, feJa M 18 & T I bifi 45 A 4 1 35 4, XU
FIHEARREAZE , AEESAERE SERNER
T K TURM A 28 0 XUSS (B 7 i A AR i AR
FF A [RIAE 4 B B i e B XU 7 932 <0.01, 51
R 114 A B IR 1T 2286

3 112 ( Discussion)

AR AR IE L R R B RS T 2R R 2
ARV AR R G5, EEE N2
PR HE , SMX 7 H Y 7 A S AT 91 4
R AT, TE SAs Y, SMX B MERF A
BRI KT I AR s A BE
Rt AR E KA YT () SMX & T H A A
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Fig. 5 The ecological risk of antibiotics in typical drinking

water sources in Hainan Province
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Fig. 6 Human health risk assessment of antibiotics in typical drinking water sources in Hainan Province
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