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Ecological Rlsk Assessment of Qumolones Antlblotlcs al;nd the Correlation Analys1s

Between QNs and Physncal Chemlcal "Pa‘i'ameters in Groundwater ShlJlazhuang Clty

CHEN, Hui', JU Zefﬂa ZHAO Xin-yu', FUNu' €UI 1an- sheng 2 ZHANG Lulu'2* / —
(1. College of Environmental Sc1ence and Engineering Hebel Umvemty of Science and Technology, Sln]lazhudjng 050000, China 2. Biotechnology Laboratory, for Po]lutlon
Controt'in Hebei Province, Shl]lazhuang 050000, Chma) /

Abstraet; Most studies on antlbloucs in groundwater have focused on pollutlon chagacteristics, whereas less attention has been paid tosthe ecological risks of antibiotics and the
correlation 1o envifonsiéntal pdrdmetels In this study, the groundiater=ifi S_}_l_l.}lﬂlumg City was selected as the research area. Through high performance liquid
chl‘oma'lographf-fandefn mass spectrometry (HPLC-MS), the concentratioof ?jlﬁnolones (QNs) in the groundwater was analyzed. Correlation analysis was conducted between
ONs concenftfations and physical-chemical parameters. The results showed that; (D) the detection frequency of flumequine (FLU) was the highest (100% ), followed by
enoxacin (ENO) (80.0% ) and ciprofloxacin ( CIP) (75.0% ). @) The concentration of QNs ranged from 3. 02 t0 98. 5 ng+L.~
concentration of ONs appeared at $4 (98.5 ng-L™"), whereas the lowest concentration was exhibited at $19 (3.02 ng+L™"). @) Temperature (T), chemical oxygen
demand (COD), total dissolved solids (TDS) , total number of colonies (BCTC) , and pH were significantly correlated with QNs (P <0.01 or P <0.05) based on correlation
analysis. (@ For the spatial distribution of ecological risk, the results showed that the ecological risk at $4 was high, whereas the risks for other sites were low. For the type of

"+ in terms of spatial distribution, the highest

ONs, ciprofloxacin ( CIP) was at a medium-high risk level, whereas the other QNs were at a low-risk level. Thus, in order to guarantee the ecological safety of groundwater in
Shijiazhuang City, more attention should be paid to the risk management and control of antibiotics in groundwater in the future.

Key words: quinolone antibiotics; groundwater; spatial distribution; environmental factors; ecological risk
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~5610 ng-L ™" F1 ND ~1 740 ng-L™~" (ND F/R Ak
), E B LIRSS, KFR A TR 2 A i I 26 O
I AR SER AR R AR T 31 Rl R,
Horp QNs 28K 70 & (enoxacin, ENO) | RV 2
(enrofloxacin , ENR ) F1%8 357> &2 (ofloxacin,, OFL) A
A IA 1009% 7 AN, 785 45 L T K b
TS R TR BE 22 4KOT i b A: e ™l [ P i
&, AT K IR TP AG Y 29 R R R
N 0.5 ~ 1995 ng-L™', Htp 3§ ¥ &
( ciprofloxacin, CIP) fJ £ i W& & & &, & 317
ng- L™ FEAUEURIAL Oy SR i BE M R K R QNs 26
K R B (100% ), b CIP A i R Vb A
(norfloxacin, NOR ) £ 1 534 7E 70. 0% VI I, H 2375
THEDXCHD T 7K AR 2R MR B (3 v /K U5 A [T XY
SIARREAE O R, M VRSP A A R MR UK ER
B AR DU E R A2 B E R E R I G
Zi LRk, HATE N SN R KSR R BT 2
G TS YRR Iy T, B0 S HE M T K SR8
F LA KBS B H 5 R B N F B AR S AL 4 1R

R EHL AR A AR 22— AE P R R 2 A

37 7 T 24 R G 32. 0% )./ W:%E
1 S e 240 o A e 25
LB foll, H i SR g Uk

SRR R ok g i %

LB 2 2 P 13 A ST K, et
THRP T £ TS
AT T K R 4, EHL QNs K H i

Yy, iz JH B A WA 1 AR BB 1% % (high

performance liquid chromatography-Mass spectrometry ,

HPLC-MS) . #5841 Z LT HU T 7K QNs A9 25 [8] 4
AHFIE, B QNs W B2 5 32 B2 B AL IR 7~ A AH G

I FH RS BB 25 (risk quotients, RQ) 318 QNs 4=

AU, LU A 58 FE T /K SR8 vh b 2B 2R KU
PN AR A2 A R AR (IR 2 SCHE

1 #R5E7EE

1.1 WFFRIX AR

YAl 8 R Am R (s Rl O 0 S R Y [
AT RS R K EZIIATHA X, 2T £
AESE 4 R K BE R BN 21,2 42 m® |, Hod R K BE
PRIt IA 14,8 42 m’. A LT HL T 7K /) 43 A LA 2
A PEAL R RS . AR IR AR 0 Z T LR K
(RRAT 25 1 RN B K A T FLBR AR A, 4 1 7K 40 =
KRB EIKED R — IR S I A KA 4,
TG AR I B BRI X, B UK 27N F 200
m’+ (h-m) ™' 5 TAONIHCE BALBK Sk A 4,

-‘“"“

FZL5 A T LT 5K L [R] ) 45 Hi Ay, A7 TR K
36.3 m’+ (hem) ~'; 2 =IONFE RABUK FKAE
A, 7204 T BRI E G X LA L X | 27 i
KE/NF10.0 m*« (hem) ~'*,
1.2 FEACREE LI SEL
A FET T A A 1T 5 v o 43

8 A S P 1 N e - W i [N S ) o
BT, AR A 5 T bR K B R 4 A, A P B LK (3
A B JFEHLX (17 AS) 45 DX BSOS 535 55 7
AT 20 S K E A WM RAE A (B 1), a3 5k
TRH(SL) /N (S2) | [ (S3)  ARH(S4) | #EK
BE(SS) , HUIWGE (S6) | WA (S7) | FEXI(S8) | 7
(89) . BREE(S10) | BIE(SIL) | R (S12) | <53k
(S13) , KREE(S14) | IWFHHF(S15) | FEIR(S16) | H
FE(S17) . B 5 (S18) . RIVE I (S19) b FE
(S20). 1] QED(Sample Pro™ FAES ) {7 4
{5 T 2020 4F Q1 G 20 A~ [ETERAE L
G A B ey 4

N

38°30"

38°00"

P4l
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A MRk R

0 40 km

114°00° 11430 11500
Bl1 AREMHTFARESHIERE

Fig. 1 Distribution of groundwater sampling sites in Shijiazhuang
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JHH BRI LK D RS R O A4 (5 L)
th TEBL 2 Y0k ( B TP U AR ) JR
SL BB, K& s 0 S8 % AKAEENAR S 24 h
PIREAT AL 2R, 1 7F 4°C T ORA7, HE L.
P37 & 7K i (temperature, T) . 7K¥K Cheight, H) |
1% B & ( transparency, SD) . ¥ f % ( dissolved
oxygen, DO) Fl pH SF K AR BRAL S50, Fe FEbR 7 i
CHETR R K AR RS 36077 125 ) (GB/T 5750-2006 )
FEFEE & (chemical oxygen demand, COD) . %5 fif P
LB (total dissolved solids, TDS) | fi§ 2% % ( nitrate
nitrogen, NO, ) . &L A & (total hardness, THRD) | &L
KW #E (total coliform, TCG ) Fl B 7% & X ( total
number of colonies, BCTC) Z: 3L %4

1.3
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1.4 PRSP
1.4.1  Aaeitin)

HERHUE R 14 FPE 5 EI S (QNs) | £ G g
I ( oxolinic acid,0X0) | %A F > 2 (ofloxacin, OFL) |
B g vV B ( enrofloxacin, ENR ), & tH ¥ 2
(sparfloxacin, SPA ) | % H ¥ (flumequine, FLU) | 9
B b B (fleroxacin, FLE) | &K i ¥0 & ( enoxacin,,
ENO) . KRV E ( difloxacin, DIF ) | mR YR
(norfloxacin ,NOR) , VP Ji 7P & (sarafloxacin, SAR) |
W ¥ B ( orbifloxacin, ORB) ., ¥ N ¥ &2
( ciprofloxacin, CIP) | MWK iR ( pipemidic Acid, PIP)
3k v B2 ( marbofloxacin, MAR ). #5 #E & g H
Sigma-Aldrich ( steinheim, germany ) , £ J& F 73 #r 4§
(4EE >95% ).
1.4.2  FEGIMHT

TASRAE AL LKFEZ 0. 45 pum BIHLFAEE
B g JE M A 0.2 ¢ & 1k 2R
(Na, EDTA) , i FIBEFRYWE (1 mol L~ ) 4 pH W
3.0 FFIA VIR R F AR ZEBCR B K PR 2 ~

5 mLemin ™ 9 13 A AL R ( ThertSep HLB) .

HLFE PR 10 mL. 185 30110} LA Kk
e, AR B 2 T s PR 60 i, J
10% ( VRBUHE) LK e 522 Y 12 mi, 42
FEEH 30, min A TUERE. VEBEIT40°C AKiRo

LT SO kel 7

I mb AR 10 min, i 0.22 wm B BLS HeREE
ORI, T - 20°C &4 FRA7, LL& B4
BT R R QN I 2 R R v AR T - I
{X (HPLC-MS). HPLC &4t~ Agilent 1200 %1 ({4
BEAE.C18, 2.1 mm x50 mm, 1.8 pm) i3 A H
0. 1% W BRK B, sl Al B S HEEFD 0. 1% 1Y H
PRV, SR 0.3 mLomin ™', #FFERE R 5 pL, T
PSR Sy 350°C . i 25 . w55 25 LR,
1E B BB, R A =X o 22 F R A I
A (MRM), i~ 11 Lemin~", B 7 I I E N
350°C , M HL RN 4 V, BANE RN +3 500 VI,
1.4.3 il

QNs SR AMR i . P EE: K (101, (R
) B BB (1 wg-mL ™) FEHIAL 0.1, 0.5,
1.0, 5.0, 10.0 1100 ng-mL ™' 3% 6 >R ¥ bRk 1
W, 25 HPLC-MS 43 b 4R A5 5 f vk 3 5 e 1 PR A A e
2R, #H2C 2503 =0. 99. FEAH QNs U ZE G [l
R K 70% ~102% .
L5 KBS PEA
1.5.1  QNs A= KU PP

AR RN, ZRP0E R AEAE TR A4

(R PE RN 23 ISR 207 R, A 98 R FH IG5 KL

B RTIEEE (RO ) KRS Z 0K AR A 25 B Y
SR AT
RQ,. = > RQ (1)

RQ = MEC/PNEC (2)
A, MEC b $T 2E R 78 H T /K b 52 i %k &
(ng-L™"); PNEC b T W J& % W ¥ &
(ng-L™") 721 RQ Ay B — Pk R A SRR,
RO, IS AES KBS FT. RQ,,,, H 70 2R HE 0. 01 <
RQ,,.<0.1 NMEXE; 0.1 <RQ,, <1 KT KK
RQ.,., > 1 M A
Al IR ATV TG S0 T R K B IR v
FEAETG e BRA T AP RPE R E N KS
2 ) f R A O TR, AR S R
AT G A Ay SR A ok AT AU DA ﬁﬁiﬁk
[31,32 175508 fit QNs Hii 4 U ADBIEY PNEG fi

o

KA (RT). | J
®1 (ARnAEMERLhERiE
Table 1 Sensitive.“H‘iotoxicnlogical data for different gntibf(')tﬂics 4
vk | dmmae w000 PREGH
il J g & /mg-L /ngh LY
CIP  Escllerichia coli ~ 1000  2.68 x107% ~~"26.80 .
NOR  Ficheifhia ol 51000 143 x107L5 14310
SAR  'Eschierichia coli 1000 5.31x10°? 53. 10°
ENR Esdherichia-coli 1000 5.07 x 102 50.70
OFL Escherichia coli 1 000 8.63 x102 86. 30
ORB Escherichia coli 1000 5.97 x10 2 59.70
ENO  Escherichia coli 1000 2.48x107! 248.0
MAR Escherichia coli 1 000 2.23x1072 22.30

1.5.2  QNs AfAfdRRE RS PEAL
A G AU, B A T AR AR | L A Akt
Btk Z0Y A Al 857 B ADL, SEPEAL /7 5 T # T K
1 QNs X AR XU (RQ,, ), THEARXIT .
RQ, = MEC/DWEL (3)

ADI x BW x HQ (4)
DWI x AB x FOE

A, DWEL H 2k K 448 (pg- L") ; ADI A H
PR AR AR [ ng- (kg-d) 7' 15 BW WA AE
(kg); DWI % H kK (L-d™") ; HQ Ay f i X
W; AB g Jim B WM, FOE O B 4 % (350
dea™'); HfP HQ =1, AB = 1. A[EI4E#H B ABE
BW FI DWI B 2 B PR 55 L 57 350 il 10 4 o (3
2) " RQy M4 bRifE . RQ, <0. 1 AR ; 0. 1
<RQ, <1 FHREL; RQu=1 s KU,
1.6 Fdlathrik

IR B HE B K Origin 2019 AR
i [} IBM SPSS Statistical 24 4t it # A% 847 481143

DWEL =




9 WSS 1 PR T K P v R ST A 3R AR A XU S 5 BRIE TR T B A OGP 4559

BT, 2R FH B2 ZR AR B 7R 2 AH G R B0 B i QNs 5

. S0 @ @ ® ®© ® & & & & & & o O
PRIEIN 5 22 (] B9 AR S A (2 3 K 2050 P < seb , S e e e e
0.05 fil P <0.01) ™ ffi f§ CANOCO 4.5 4 {4k i ¢ o3 s .
ATTCAS T (RDA). sife eooescee "o
%2 AARULETHEERSHOKE = *e o e eees o oo
Table 2 Average body weight and daily water intake % g{gl]: o ® : : : : : ) : : :
for adultsand children 23: ] ] ¢ : [ N ] : :
WA i BWkg  DWI/Led-! Sfe *ocece “eoe
I R IS PEEE R
LS 23.0 0.76 saf ° o ° o ° 0
B ] 66. 1 2.48 P ¢, 29 ¢ 0. 9
& ¥ u 2 O = & = 2 o 2
& 57.8 2.12 "—§ﬁ55205§n;§éd
iy oL B
2 HRE
ARG B2 BERENHTAQNs it A RE

2.1 j,)_-\i /:—E% E‘J@ Hj % Fig. 2 Detection sampling sites of QNs antibiotics

EE%:{E 20 /[\ﬂﬂ—F7J(1‘::|é|:I]:|!]EP’/\ *J_Hj 13 jF‘:F in the groundwater in Shijiazhuang -P_____.
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