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The sampling sites of surface sediments in the Huanghe River deltaic regions
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Tab.1 Basic information of target antibiotics in this study
CAS /(g/mol) /(mg/L)
SDZ 68-35-9 C0HoN,O,S 250.28 -0.09 77
SMR 127-79-7 C1H1:N,0,8 264.30 0.14 202
SAs SMX 723-46-6 C1oH1N;0:S 253.28 0.89 610
SMZ 57-68-1 CiHN.0,S 264.30 0.89 1 500
STZ 72-14-0 CoHyN;0,S, 255.32 0.05 373
ENR 93106-60-6 C19H2FN30; 359.40 0.70 0.612
QNs NOR 70458-96-7 Ci6HisFN3O5 359.39 -1.03 1.01
OFL 82419-36-1 Ci3H20FN;04 361.37 -0.39 28.3
CTM 81103-11-9 C33HeoNO ;3 747.953 3.16 0.33
MLs ERY 114-07-8 C37He7NO ;5 733.94 3.06 2 000
ERY-H,O 23893-13-2 C37HesNO 715.91 2.60 459
CTC 57-62-5 C1,H»;CIN,Og 478.88 -0.62 53
TCs OTC 79-57-2 C1,H2409N, 460.434 -0.90 313
TET 60-54-8 C1,H24N, 05 444 .45 -1.30 231
1.2 0.1 mol/L Na,EDTA-Mcllvaine
4 14 5 5g )
(SAs) 3 (QNs) 3 (MLs) 2mL 8 mL 10 mL
3 (TCs) , 10 min (25 °C),
500 pg/L , 20 °C 500 mL (SPE)
1( : https://go. HLB SPE (6 mL/500 mg, Waters
drugbank.com/) Oasis, ), 3~5 mL/min ,
1.3 . 5 mL )
(Mastersizer 3000, Malvern ’ HLB
’ ) ’ ® ’ 250 L,
0.01® : 90 °C
10% H,O, 3 mol/L HC1 ,
1.4.2 (HPLC)-TSQ
pH=7, 1g/L s
. Endura (Vanquish, ThermoFisher
30 min , o
( vario MACRO cube, Elementar Scientific, )

, ) (total organic carbon, TOC) Zorbax Eclipse plus C18 (2.1 mmx
(Li et al, 2022), 30 mg 50 mm, 1.8 pum) , A 0.1% -
. 3 mol/L HCI , ; B 0.1% - (@D

pH=7, ) : 0.4 mL/min, 125 °C, : 10 pLL
2
1.4 > >
1.4.1 0.65¢ , (MRM) : 120 °C,
500 mL 0.01 mol/L ; : 11 L/min, 1 350 °C;
129 g 275 ¢ 37.2 g EDTA 4000 YV, : 241 316.5 Pa; ( )
1L , pH=4.00+0.05 1300 °C, : 7 L/min
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*2 BRREGIERMNEEELRER
Tab.2 Procedure of HPLC gradient elutions

/min A% B/%
0.0 80.0 20.0
2.0 80.0 20.0
5.0 75.0 25.0
8.0 40.0 60.0
10.0 10.0 90.0
11.0 0.0 100.0
12.0 80.0 20.0

1 25 8 10 50

100 250 500 pg/L ,
R 0.995 1
2 ,
( , 2021) ,
1.5
Hernando (2006) RQ) ,
(MECs) (PECs)
(PENCs)
(Rico et al, 2014) RQ, RQ
(RQ<0.01) 0.01=
RQ<0.1) (0.1=RQ<1) (RQ=1)

(Zhao et al, 2010; Rico et al, 2014),

>

Cs

= (1)
1 Gy ( : ng/L); C
(ng/g); Ko ( :Lkg), -
(Song et al, 2022)(  3); foc
¢ ,
Co
RQ=pNec @
RQuum = 2 RQ, 3)
, RQ 5 RQqum ; PNEC
(  :pgl),
( ECs) (
NOEC) (AF) AF
(TGD) (Scheringer
et al, 2002), ECs, AF 1 000;
NOEC AF 100
, ECs AF(1 000) ;
, NOEC

AF(100)  PNEC(Isidori ef al, 2005) 3

x3 MEZRFHUESAENBRSIERY

Tab.3 Aquatic toxicity data of antibiotics to the most sensitive aquatic species and Ko

K. /(mg/L)

(Lkg) ECso NOEC e/l
sDz 0.82 0.135 1000 135 Ma ef al, 2015
SMR 0.96 0.460 1000 460 Biatk-Bielifiska et al, 2011
SMX 1.43 0.027 1000 27 Ferrari et al, 2004
SMZ 143 19.520 1000 19 520 Biatk-Bielifiska et al, 2011
STZ 0.90 0.020 00 100 200 Park ef al, 2012
ENR 131 0.049 1000 49 Robinson ef al, 2005
NOR 0.23 0.010 38 100 103.8 Backhaus et al, 2000
OFL 0.63 0.001 13 100 11.3 Kolar et al, 2014
CT™M 284 160.000 1000 16 000 Liitzhoft et al, 1999
ERY 2.78 6.370 1000 6370 Li et al, 2018
ERY-H,O 2.50 0.022 1000 2 Gonzalez-Pleiter et al, 2013
cTC 0.49 0.050 1000 50 Guo et al, 2012
0TC 031 0.180 1000 180 Isidori ef al, 2005
TET 0.06 0.090 1000 90 Ma ef al, 2015

: Koc N EC50 . NOEC
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1.6 (QC/QA) : MLs (74.7%)>
( , 2014) QNs (69.8%)>TCs (44.4%)>SAs (39.3%),
(QC/QA) , , nd ( )~22.6 ng/g, 0.78 ng/g
( 4 , HRD
R QNs SAs
TCs 195.3 114.8 84.8 ng/g
’ (Li et al, 2011); TCs nd~
' ' 373.2 ng/g (Zhao et al, 2018);
' 21.79 ng/g (Li et al, 2023)
70.39%~116.33% R
10 (LOQ)  0.03~1.67 ng/L; ’
(n=3) RSD=20% ’ MLs,
1.7 Kq ( _
ArcGIS 10.2 (Esri ) , ) (Kemper, 2008) QNs
Excel 2019 (Microsoft ) Origin 2018 , HRD
(OriginLab ) s QNs
SPSS statistics 25 (IBM ) , ; QNs
(NOR) QNss,
2 NOR ,
2.1 (OFL) (ENR)
2.1.1 ( >
52.8%, )(Liang et al, 2013)
x4 TRLBRERRESSKERTRYEL IR
Tab.4 Concentration levels of different types of antibiotics and physicochemical properties of sediments
/(ng/g) /(ng/g) /(ng/g) /(ng/g) 1%
SDZ 0.3 nd 5.8 nd 31.5
SMR 0.4 nd 7.2 nd 35.2
SAs SMX 0.3 nd 8.1 nd 37.0
SMzZ 0.5 0.01 8.3 nd 72.2
STZ 0.2 nd 3.9 nd 20.4
ENR 0.4 0.04 7.0 nd 77.8
QNs NOR 2.7 0.90 22.6 nd 59.3
OFL 1.1 0.02 22.4 nd 72.2
CTM 0.1 0.02 1.5 nd 70.4
MLs ENY 0.1 0.02 1.0 nd 66.7
ENY-H,0 0.2 0.05 4.1 nd 87.0
CTC 0.4 nd 3.6 nd 22.2
TCs OTC 4.8 1.2 49.7 nd 53.7
TET 0.5 0.3 2.3 nd 57.4
/(%) %) H(%) /(%)
18.91 14.63 71.08 1.01
69.20 72.24 83.42 24.22
11.89 9.69 35.06 2.61

:nd
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5 N MLS ,
LYR YRE s
s QNs TCs ;
3 Ky s
, QNs TCs HRD 2.2
, , : TCs>
LYR s YRE ,YRE QNs>MLs>SAs (Chang et al, 2010),
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) 17 TR ES: LS E S
(K-S ), Tab.5 Correlation analysis of different types of antibiotics
with TOC and particle size in the surface sediments
, 5 QNs TOC
(P<0 05) TCs (P<0 01) SAs -0.114 -0.114 0.202 0.072
(P<0.05) SAs QNs 0.263%* -0.217 0.232 0.137
MLs TOC MLs -0.096 -0.083 0.230 0.065
, HRD TCs 0.095 —0.359%** 0.329* 0.279*
QNs TCs HRD : *: P<0.05 ; #*%: P<0.01
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DISTRIBUTION CHARACTERISTICS AND ECOLOGICAL RISK ASSESSMENT OF
TYPICAL ANTIBIOTICS IN SURFACE SEDIMENTS OF HUANGHE RIVER DELTA
WETLAND

TONG Hao-Yu"?, ZHU Kai-Yu"?, LAN Yu-Yu"?, SHENG Can-Can"? ZHANG Da-Hai"?
YUAN Hong-Ming’, ZHAO Guang-Ming®, LI Xian-Guo"?
(1. College of Chemistry and Chemical Engineering, Ocean University of China, Qingdao 266100, China; 2. Key Laboratory of Marine

Chemistry Theory and Technology (Ocean University of China), Ministry of Education, Qingdao 266100, China; 3. Qingdao Institute of
Marine Geology, China Geological Survey, Qingdao 266071, China)

Abstract Antibiotics in sediments are regarded as emerging pollutants that have posed great threat to the ecosystem. It
is imperative to explore the occurrence and ecological risks of antibiotics in the surface sediments of the Huanghe (Yellow)
River Delta (HRD). In this study, we analyzed the concentration and distribution characteristics of 14 commonly used
antibiotics, including 5 sulfonamides (SAs), 3 quinolones (QNs), 3 macrolides (MLs), and 3 tetracyclines (TCs) in surface
sediments collected in June 2021 from the HRD wetland by using high-performance liquid chromatography-tandem triple
quadrupole mass spectrometry combined with solid-phase extraction. Results show that there was obvious antibiotic
pollution in the study area, and the total detection rate was 52.8% and the concentration ranged nd~22.6 ng/g. Overall, the
detection rates of QNs and MLs were higher, and the concentration levels of QNs and TCs were higher. The main factors
affecting the distribution of antibiotics in the HRD were population density and the development of agricultural and animal
husbandry, in which the southern zone was more severely affected than the northern zone. The secondary factor was the
physico-chemical properties of the sediment samples. The concentration level of antibiotics in the southern zone was
obviously higher than that in the northern zone. The Spearman correlation analysis showed that the contents of organic
matter and clay in sediment were significantly and positively correlated with QNs and TCs. The risk quotient was used to
assess the ecological risk and the result show that the ecological risk in the southern zone was pronouncedly higher than
that in the northern zone, in which QNs and TCs contributed the most. However, the ecological risk of antibiotics was not
only determined by the concentration but also depended on the toxicity of antibiotics to aquatic organisms and the
physico-chemical properties of sediments.
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