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Abstract ;' Sediment is the main storage medium of antibiotics in a water environment, and a growing hody of research has focused on the distribution hehavior of antibiotics in
water-sediment. However, most of the previous studies were based on laboratory simulation, and less attention was paid to the distribution behavior of antibiotics in a natural
water environment and its correlation with environmental factors. Thus, the surface water and sediment in Shijiazhuang were taken as the research object for this study. The
temporal and spatial distribution characteristics of quinolone (QNs) antibiotics in Shijiazhuang water were analyzed by using high performance liquid chromatography-tandem
mass spectrometry (HPLC-MS), calculating the distribution coefficients of quinolone ( QNs) antibiotics in water and sediment, and confirming the main environmental factors
influencing the distribution coefficient in natural water. The results showed that; () the content of Z (Ns in water and sediment ranged from 8.0 to 4.4 x 10° ng-L ™" and
16 10 2.2 10 ng=g ™" in Shijiazhuang water, whereas the primary QNs in water and sediment were enrofloxacin (ENR) and ofloxacin ( OFL) , respectively. @) The total
concentrations of Z (ONs in Shijiazhuang water showed a tendency of heing higher in December (1.0 x 10* ng-L™") than in April (5.5 x 10’ ng-L™"), and QNs in
sediment were also higher in December (7.8 x10° ng+g™") than in April (6.2 x 10° ng g™"). () The distribution coefficient of QNs in Shijiazhuang water varied from 34
102.9 x10° L-kg ™" and showed a trend of being greater in December than in April. (@ The results of correlation analysis showed that total nitrogen (TN) , nitrate nitrogen
(NO, -N), nitrite nitrogen (NO, -N), and ammonia nitrogen (NH," -N) were significantly correlated with most distribution coefficients of QNs [ OFL, norfloxacin (NOR) ,
ENR, difloxacin (DIF) , and oxolinic acid (0XO) ], whereas temperature (T), total organic carbon (TOC), and total dissolved solids (TDS) were significantly correlated
with individual distribution coefficients of QNs [ marbofloxacin (MAR) and DIF]. Therefore, the eutrophication level of water affects the distribution hehavior of antibiotics in
water-sediment.

Key words; urhan aquatic environment; quinolones ((QNs) antibiotics; characteristics of spatial and temporal distribution; distribution coefficient; environmental parameters
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D100 25K g R A AR HDER A, Red ek Uy i 720 | ¥
= - " ¥V e ] y { 5
F 4 f‘ |

1.3/ QNs PUAE R BL R AT ' Y .
" WG B e kB 2 g
W R A K, AT R AR T

& i 'K, = C/C,
rp e, FOR B A FAE VR R A Y 8
(ng-g™"), C, FrRPUA TR AE KM P i1 T 5 vk 2
(ng+ L") 8370 SRIAT K 2 ep b A R AR KRN
VU AR — 8 b F — A sh A A RS (2 4
Bl 5 K, (A e Fm Hi g B A 2 45 F A 5L IR 71
VEFITS 76 7K A8 A1 AR o 43 B AT O 09— A E 2 07
U Sl — ek AR A A RS 2B A 1 B R
EYUMESL A e S Z DU b R AR, TR
5T B SR OK 2 FP i Az ZEAE KR AN AR 22 1 (443 1
B B E
1.4 BdlEmbrirk

IKPRBEAL 5 BCREAE R0 A4 R 5 5 R H Origin
2018 BBl RAF S HLIER F ArcGIS 10. 6 2l
AZ LT KA T QNs A 45 5L 1BM
SPSS Statistics 25 #A4 ot (1 LU AL #EAT 43 H7. R A
IBM SPSS Statistical 25 {1 147 5L R 2 7 22 46 46
(One-way ANOVA) | P <0.05 KU E/ERE LR,
QNs ZMC 72 80 5 B 5% R 1 22 8] (9 4H 56 2R F 1BM
SPSS Statistical 25 #4417 Spearman FRAH /4T

o

2 EREHHL

P01 RPN P E LS B T

HR A5 DX T 3 FHZK PR il T B i AR B 1
4328 HOR VIR, A FIETT KRS b #2480 5]
2 iR, KRR S E0H, p(TN) (5.2 mg-L~")
p(NH, -N) (2.1 mg-L™") ¥J{E 3 48 ) 2% K b o
(1.5 mg-L™"f11.5 mg-L"") (GB 3838-2002).

A FETIK G KA pH 5[ 7.2(4 A H2)
~9.5(12 H K2); TDS fx KfE 4 6.0 g-L7' (4 H
W1), J&/ME N 2.0 x 107" g-L7" (12 A L1);
p(TOC) W KAE I PAE 4 AR W1 (24 mg-L7"),
B/MEHIAE 12 AAY X1(2.4 mg-L™"); p(TN) .
p(NO; -N) . p(NO, -N) Fll p( NH, -N) 71 Bl 43551 Ay .
1.1(12 A K1) ~13 mg-L™' (4 A X2).6.5x10""
(4 AX3) ~5.4mg-L7' (4 AX1),3.1x107°(4
HH3) ~4.0x10 'mg-L™"(4 A X1)M 1.1 x10""
(4 HL1) ~11 mg-L~"'(4 A X3). gzs a2 ki =,
TN, NO; -N., NO, -NHINH,’ -N7E 53] 52 BAs i /K
-1 TOC 1 TDS ZETE VA o S B R K5 iR
[B]48 4L 5, TOC, TN, NO; -N, NO, -N, NH, -NAl
TDS 2B 4 HRT 12 Anyias.

FIARTEFEIAE 2 wm < GR <50 pm Z[a] A TR
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Fig. 2 Spatial and temporal distribution of physical-chemical parameters in Shijiazhuang water

R KR 5 o 51% ~88%, GR >50 wm Y E0k: 5
oM 4. 0% ~47%, 1M GR <2 pm B 0R B0 (5 HAY
H1.4% ~8.3% . W LI A KB T KRR iR
Yk AR EE A AE 2 wm < GR <50 wm Z[H].
2.2 QNs B RTIEA R ETKIREE h iy & mE Rk

TEA FE T K IREE FOK AR R P AR i s
11 Bl QNs AR R RSN 2 B,

R QNs FUAER M &, KRR T 8
Fh QNs PTAE 2 B DIF, SAR £ 0XO 4b, Hi4x 5 Ff
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T s (b2)
% 10 EZ NOs-N
= g 3 NOy-N
= e
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T 6
Z
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% 2JidnldA AR . n AL
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= 0.4 H EH"EE[.— rﬁ j..rE,
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o 5] 524 239 (5 Jas9 R34 R%° o 48 23 559 1223 |
W1 W2W3 HI H2 H3 X1 X2 X3 KI K2 K3 L1 L2 L3
FhEaL
B & 00K R 44 100%, QNs 195 5 8.0 ~
4.4 x10°ng-L™". LR [H QNs S0 5, K 2

ENR > OFL > DIF > SAR > FLU > MAR > NOR > 0X0O
e, o ENR A B i, 3658 1.7 x 10°
ng-L~™"; HKON OFL, @& A 1.1 x10°ng- L7

MR P LR 9 B ONs $T2E &R, Hi DIF E’W‘
RN 33% , Hodx 8 i RIWKL 1 R 38 100% .
DI ONs LXMW & RN 3 ~2.2 x 10°
ng-g”' SEXE S OFL > ENR > NOR > DIF > FLU
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> CIP > MAR > PIP > 0XO0 4%, Hrh OFL i &5 &
HF5.2~1.3x10°ng-g™", 5 QNs B & H 1 39%.
KZER QNs HLAE R &, KRR IR H 6 F
ONs A= . Hrpb | PIP A1 ENO B4 H 3 K 100% , H:
a4 P A R A RV 33% ~ 92% . K K
AR QNs &4 10 ~1.6 x10°ng-L~". 5t QNs & &
Mms, FHEE PIP > ENO > 0XO > ENR > OFL >
FLU A#a % 8t QNs BT 5 EL 1 7, PIP & & 5 QNs
T 45% ,ENO 18 i QNs & 119 32% . IK DT
B T 6 Fl QNs BiAE 2, K R 8 100%,
HAG L E 16 ~ 86 ng-g ™' Z 0], I {H & ENR >
OFL >NOR > CIP > FLU > OXO (¥ &%, Hh ENR

AOKEH B B, 5 %) 48 ng-g', 5 ONs B EN
31%.

Wt QNs LRI & , J i KR Fh 3252 QNs Ptk &
4 ENR il OFL, 439l 5 QNs & & i 1) 26% 1 23%,
MUY h T2k th A= 2 OFL il ENR £ ) o
i QNs B 39% M123%; K JE KA H T2 QNs
i E N PIP Al ENO, £ 2 47 5k 3.4 x 10°
ng- L7 A12.4 x10°ng- L', ULAW b £ AL R
4 ENR 1 OFL, £ i 5 5 QNs &% 5 1Y 31% #
22% . LA FIETT B E 2 QNs $14: N ENR
A OFL, Ifif 7K g/ £ ZL QNs 1 E 4 PIP, ENO,
ENR Fil OFL.

R2 AREWARERENAROPRERSEREMHE

Table 2 Content and detection frequencies of antibiotics in surface water and sediments in Shijiazhuang water

W K =
A% AR KR i SFHIME « b 1 3 AR =P E2R
/% /ng-L~! /ng-L~! /% /ng-L"! J /ng;lf;:ul'| !
PIP 0 ND ND 100 2.6~98 28 <40
MAR 10 L5x107'~1.5x10> (45 37240 0 D AD =
OFL 100 31~11x10°  1.9x10* 2.7 x 10° 33/ NDH 11 8.9 #4.2
ENO 0 N ND 100 73,2448 20 34174 4
NOR 100 0.5~ 1,1 %102 #26£31 0 . ND | ND
K= e 0 ND 7y /Y & ND ol ND ND .
/ f ENpF AT 1o 0.5~1,7 x10%/ " 28 10° £4.3 x 102 4 Nb -T2 8,039
DIFL. | 67 ND 9.2 £100 /2. 4'x 10 £3.5 x 102 o 4 ND ND
saR- |67 ND -4l 6 X108 1 7K107 £1.8 x 107 o W “ND ND .
X0 83 -2 | 3.2442 92" ND - 12 482504
= | IFIU 100 1.4 ~5.7 x10° 84 +1,8 x 10? 75 ND ~5.7 2.3x1.7
AT - W L | KPE
Gy PUER iR A SEITE = b2z LSHEES Y EHIE + brifE2E
4 " /% /ng-g’1 /ng-g’1 /% /ng-g’1 /ng-g’1
PIP 100 2.9x10°" ~1.1x10? 19 £32 0 ND ND
MAR 100 5.0x1072 ~1.3 x 10 34 £42 0 ND ND
OFL 100 5.2~1.3x10° 2.9x10% £3.2 x 10? 100 3.3~16 7.5+3.5
ENO 0 ND ND 0 ND ND
NOR 100 4.2 ~2.9x10? 79 £90 100 5.0~9.1 6.2+1.2
niRY  cIp 100 2.8 ~1.8 x10? 37 £48 100 2.2~6.5 3.6+1.2
ENR 100 4.2 ~6.5x10? 1.8 x10% £2.2 x 10? 100 2.0 ~48 10 +13
DIF 33 ND ~3.1 x10? 1.9 x10% =1. 1 x 10 0 ND ND
SAR 0 ND ND 0 ND ND
0X0 100 1.0x1072 ~16 2.7%4.0 100 2.0x1072~5.9 2.5£2.5
FIU 100 5.3x107" ~2.5 x 10> 47 86 100 3.0x1072~5.6 2.9£1.9
ND i A Ky

2.3 QNs PrA:= RAEKRPTEY) o A s 25 43 A R

QNs P4 R TR A R T KA AR AR
(RIS Jr A R AE N 3 F146 3 FIrzs, QNs B35 2
ng+ L~ Flng-g ™' KW, RIEIKIFEE QNs & EAF7E R
FER(P<0.05).

A E T, K QNs SEHIME 12
H S ITEFER > JEVE > Wil (il 3 fe K
E WL, &4 4 x10°ng- L', Fe/IMA 1 IAE X3,
A 98 ng- L' M4 HEIIEHRL > KW > 0%

TEITRY G e KB BAE W1 (2.5 x10°ng-L7"),
B/ME R AE H3 (8.0 ng-L™"). 12 H 3 &ML
I QNs SFIE 7350 IR 1.4 x 10°ng-g ™" |
VEIEM 7.5 x 10°ng-g ™ LM 3.6 x 10°ng-g ™", H
R HIAE W1(2.1 x10°ng-g "), He/IME H BLLE
X3(1.6 x10°ng-g ") ; MMi4 AT QNs 55
)57 S BEFEI > 0] > PB4 Hoh i
FKAB AR/ ME HBAE W1 (2.2 x10°ng-g ") 1 H3
(23 ng-g™"). BRB AR AR 5, BR IS0, 12 H
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Fig. 3 Spatial and temporal distribution of antibiotic content in water and sediment in Shijiazhuang water

TETUR YT QNs SRS 12 H/NT 4 A ias,

I ALY T QNs 72 12 A M4 A 1Az fk

LSRN

WA TR, K PER A QNs 5 A

BCFR I H AL, 12 & 50 10 ~49 ng- L7 HE
b SR B e I R T RE LK s 4 A
IK KA QNs S EEFH 50 ~ 1.6 x 10°ng- L', H
LK H QNs SEXI{E A 58 ng- L', A 1L 4 7K 22 v
QNs “FHIME K 1.5 x 10° ng-L™"; 12 A 03k K ER
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BEILIE K ZESTRR A h ONs “F340E 53 51y 55 ng-g ™
138 ng-g ™", M4 APNKPEH QNs SFEM 22 A
K, 5094 18 ng-g ™ Fl 21 ng-g ™. WA ] 25 4k ifi

5 RPEARMAA QNs SR 4 HRT 12 AR
He MmUY QNs F RSB 12 AT 4 AR
.

£3 ARENARERENARYPRERSEREHHY

Table 3 Spatial and temporal distribution of antibiotic content in water and sediment in Shijiazhuang water

H 1 T H TEFE EATAD) s} WP/ 1 L0 7K 2
2 A Ik /ng-L! 2.7x10% £1.5 x103 4.8 x10% £3.0 x 10? 1.8 x10%2 69 40 = 14 1m=+l.1
ViR /ng-g ™! 1.4 x10% £6.9 x 10° 7.5 x10% £4.3 x 102 3.6x10% 1.8 x 102 55 £27 38+3.8
4 KA/ ng-L! 1.2x10% 1.1 x103 17 13 3.9x10% £1.3 x 102 58 £6.8 1.5x10% =18
VB /ng-g ! 1.5x10% 7.3 x 102 34 +11 4.7 x10% £2.6 x 10? 18 £2.2 21 4.7
1) B HME + brifi2:
2.4 QNs Btk RTEK-TURY) Hh 3 Bie 2R 500 i 25 4 #4 TF QNs AERM(K,)
%ﬁ%ﬁ Table 4  Distribution coefficients (K, ) of different QNs
. EIAE T ko) B i T o1 AR /T okeo —
AT s K, (e K, SR Rk R PRI
o > A e > 71> N h - X -0 X
BV FELZ P, LS H 0 R e/ T ] oL 30x10° 6810 2. 31T
i K, (ERH TAFZE. AN QNs P 0 K, (Hungk 4 ir NOR 3.3x10° | 1.6 x10° 310
7w, ATUE AR ETT KA QNs JTAERIPK, H ENR b 4.1x10* i 0. 6% I
R R s DIF 2. 85102 1.9 x10° 74><1o2
AR AR K, 2 34 (FLU) ~ 2.9 x 10° (0X0) 0X0 Lsxior | Y20 gkl
Lekg ™" A RIRGIEIT & , 47 28 FE T Ui - ONs Ht FIU f G | 1L6x10° | 4 s ><1()7‘" ;

HER K, E 2 BN 4 Jos, 8 LA

[T QN mﬁ%m K, (7K, U\ﬂ@k{dﬂéﬁ =

12 0 S QN i % 10 K, (A AL
VE P BT QNs Hi/k 20K, {ET 12 H 7FH 4
HAEAR O, T i QNs Fichk: 3600 K ik 12

H%ﬂﬁﬁrﬁw A. ok, FTLAE H WLAT W3 Wiﬁms’

K, {Ef 12 A 4 A R AR, jtj%\ QNS«
hfém K, E458 BT ONs {1 TR HHE DU
Yy b 52 AT A a8
2.5 HFET KIS/ 5505 FREE R 74 1
53R

A FE T KA EE QNs Bt A W 4 e R 50K E

90 000
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Fig. 4 Spatial and temporal trends of QNs distribution

coefficients (K, ) in the Shijiazhuang water

S I%Faaétiéﬂ‘f 5’&%‘%@%( #5) Kd(MAR)
5 TOC, T?E‘IJTDS E%*Haé(f’ <0.05 /P<0-01 Fil
P<0.01), K, (OFL)I 5 NH, -N i ZFMHK (P
0.05), K,(NOR) 55 TN, NO; -N, NO; -NHINH, -N
B FEHM K (P <0.01, P <0.05, P <0.01 fl P <
0.01), K,(ENR) 5 TN, NO, -NFINH, -N & &%
(P<0.05, P<0.05 F1 P <0.01), K, (DIF) 5
TOC, NO; -N, T F1 TDS . ZF XK (P <0.05, P <
0.05, P <0.01 flP<0.01), K,(OXO) 5NH, -N i,
FAHL(P <0.05) 1 K, (FLU) S#EE 70 B 3
AR, TR, DU AR 5 QNs HLA4: 2 2 it &
BOC i A OCE

3 it

3.1 AZFETKIEE T QNs ik R 15 YV RHIE

K E L F BRI P AN AR B P AE R TS
b/ WE%FF@J(HF&EP ONs HiAE R IR S

EAT AL T3 B BYT5 YLK (2 5) . BN IE]
QNs M5 ,OFL. NOR, CIP, ENR Al FLU 7£A[A]
AR . b A R AA T OFL & i (5
KAEA 1.1 x 10°ng- L") W& 55 T BRI I3 (e KAE
M 7.0 x 10> ng-L~") ") F1 3L 0] i duk (B KAE A

6.3 x 107 ng L.~ ) 150 S i F VT IR |
N SN AT b G L AP AR SN ]

MRWP OFL & (KM 1.3 x10°ng-g ") it
KFHE M ; NOR 78 A1 5 /K8 P Ad F Ak
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GR=>50 um

2 um<GR<50 pm

GR<2 pm
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B 5 E%F'ﬁﬂkﬂ(iﬂ QNs i K, ﬁ'ﬁﬁiﬂlﬂ'? x4
Flg 5 Correlation be{v;_n K, vlah';.c;-.s of QNs and environmental p arpeter‘s/éghljlaz uang water

s To sonwsie | !| \

e %n;i(n b

)5 IR L i (f K fE x 107
# ﬁéﬁﬂfﬁ;(ﬂ‘ﬁ@% 4

23] S HHIT , I T R ( mk@ﬁ
5.8 x10°ng-g ") HEFHEMH; CIP &
A R MR K P A A Y FLAE DR h B R (E
1.8 x10°ng-g ™", Ho B 5 B T I 0] i S DT A
CIP SR (RARME N 1.3 x10°ng-g ") %) 0&
THEM; AFETKIEMITRY) T ENR ¥4k
TR e RKAE 530 R 1.7 x 10°ng- L™ F1 6.5
x107ng-g ™", K i3 T H AW, FLU 7665
KRR AR KA SR 5.7 x10°ng- L7, 5
PRITIER (e KA K 4.6 x 10°ng- L") 94135 Jukf
MOGE o T VLW B (B KN 4.2
S FLU A OB P B R e
H2.5 x 10°ng-g™", B T ERVL I IR (fF K MH M 98
ng-g ')

KRR T QNs HUAE ZAETE TRV T i
T, X SRR TR PRI A SR A R — 2 T
VR T DX oA 3 v TS K AL B 5 A, 0 ) R A
KIEEHHEAR I & XI5 KA H T 2 55 H AR T
KX TG ARALER T PS5 7K Ab BT BR R X 8 1
A TE TG KON BN KR LA 25 0 32 00 Tl K, H:

ng-L

K4ENR)  Ky(DIF)

9 x i 1,ﬁil:§j§ﬂ

‘Tﬁ; I\ L45.46] :.3:3,£HI7J( ‘.J
Uﬁ”%ﬁﬂ NOR E.il(
¥ 4')b

HIF% M
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05110
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K4 OX0) KyFLU)
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ﬁé%ﬂﬁ% M% 6% ~ 80% " Eﬁ”u
#(’J!B/ KHE irn? IQﬁt Ig%ﬁﬁ%ﬁc%
ﬂ%ﬂ*‘ﬁ{k\ ﬁ rk A7 s Téfﬁ?ﬁﬁ@ﬂ

v 125 4, Bk HER 1
A s K HER B 20 A, IR A TS K HER D 18 /l\ﬁkﬁﬁ
AT PR HETS O A 9 &b, X F11603.7 Fit-a ™
B K HECER T 5, AL BERANAE 20% 2 N, Ko
Tl R AKAA TG V5 K B RHEATE PRI A X st
J AT i S B0 PR VA LA R e R TR I RTK
JEH QNs FHZOARTR], ATREZAFT X 3 ZRinl i 3% & 43
Wk | ARG K AL L 35 K HE, 3 26 Y5 /K Ak B
T ANER TS KA TR K . TS K, A G5 K
DL RARA 15K 1A 7K 2 A B A 5 K b 3
H5 7K F B R 0] R S IR GE PR /K A B R A A 1
V57K, X AT RE & 5 BU IR K ZE T QNs B2 R AY
AL

1R BHSGH BRET R, CIP 5 & 2B 6 M, BT
YT CIP HA 1R 58 19 W B B8 7, (B L AE DR
PR 2%, T 3 SO AE DU v 9 2 5 3
K MR R VLR PR T CIP; T
SAR MJFEBE-K B RE(K,, ) BAL( <10) , 56K
PEAS AN By A DU R v i 420 A A K A
kit T SAR.
3.2 AFENKIREL D QNs $i4E Z 40 R E 3
B K-+

T sh A% R4 R IR RUKIR 2 B/ 32
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W RO AN A T IR, F AR BRI R 3 15 31
{1 (B AR ARAR DK% (BG4 B 1 43T R 50T
A BTG S AT O B — D BB AR T

JEATG A= Wyt 2414 ] g 1Y T ORI TR Y, IRt €
i B K BB B b AR R R W B R v R
%X:63].

x5 KETERY *ﬁi%giﬂ'ttl)/ng-g_l

Table 5 Comparison of antibiotic content in surface water and sediments/ng-g ™'

baes HWFEIX OFL ENO NOR cIp ENR FLU SCHik
AR 1.1x10° 48 1.1 x10? — 1.7 x10° 5.7 x10? LN
BRYLII 7.0 x10% — 54 92 — 4.6 x10? [43,44]
SARITE 12 16 14 2.3 8.6 — [47,48 49 ,61]
/n?{;ﬁ | BT It 4 23 — 56 42 21 — [42,50,55]
TR 3 3.7 x10% — 1.9 x10% 85 1.8 x10? — [28,51,52,55]
BERTIN %) 6.3 x 102 — 2.6 x10% 1.9 x10? 70 — [45,46,55,62]
L/ RAR TR 1.8 — 2.4 5.0x10°! 1.1 4.2 [53,54]
HRET 1.3 x10° — 2.9 %102 1.8 x 102 6.5 %102 2.5 x102 BN
BRYLIIS 1.6 x10% — 4.4 x10% 1.0 x10? — 98 [43,44]
— SARITE 4.6 x10? — 69 47 — — [47,48 49 ,61]
/ngf‘g,l HE IR 1.2 10 — 1.4 %10 94 13 — [42,50,55]
HEREN e 6.4 x 10? — 5.8 x10° 1.3 x10° 2.3 — [28,51552,55]
T30 51 — 53 13 2 | — 4546555 62 ]
FAAEIT 48 10 —— 10 8.4 15 — 530541
1) “—" F7n SCHk A A SR | ¥ =
- i 1 i -~ g

TR By pHL I AR 1 B Ak e I A 5 0 e
B pH (s 3 0 W1 B TS A TR
Sk g R ) BB F R 5 At
“ B 20 980 R e A1 LR 7 kP BE th 25 )
ADFGERE th JONs 58T s ST (2t QNS WO TR e 32 16 R TR A7, SR o7 B g B
HEEI AN R K, (B TT A SRR K | R B AR R W M AE DL R sk,
P L R AR 0 K, (R I S AT AR G 537 4 S Kt b 2T % 5
kIR 1 BAL T FORK SO 3 BITHUE Qs /R 200 F B B8 3 M G, X R WK Ik
FAEN-DUR IS LT A B AR FE 2 W B AR K PR
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