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Optimization of Extraction Methods and Dlstrlbutlon Characterlstlgs of
Antibiotics and Metabolites in, Sedlments of a Rlver lWater Groundwater

Interactlon Zone [ Vo A ",
LI Yy-giong', TONG k' o YAN Han', YOU Yue 1 )u X}J gn Hul1 ’ '/ Sy & L
(1. Sehool of Emlronglént Studleb China University-of Geosﬁlenceb Wuhart 430078 China; 2. Geol oglca Surv j (China Unigersily of Geosciences, Wuhanl 430074,|Chinﬁ";.
3. State Key Laboratoq of Biogeology and Environmenthl Ceologv, Wuhaﬂ 430078 China)

Abstract; The, river| water-groundwater interaction zone is Jan imporfant gtea for the eprichment, degraddtlon ang transformation of pollutants and other blogeocheml(a
processes. The distribution”¢haracteristics of antibiotics, as organic pollutants of: mde concern, in the interaction zone is essential for understanding the migration and
transformation plocess of pollutants'in the environment. Duerto the sérsitive 'changgs-ln the redox conditions and special composition of sediments in the interaction zone, this
study éstabl 1she( an effe(twe pretreatment method for extracting 22 antibiotics and four sulfonamide metabolites in the interaction zone, and optimized the initial state of the
samples, exlraction temperature, pH value of the extraction solution and organic extraction solvent. The content of antibiotics in the sediments of the river water-groundwater
interaction zone and lower reaches of the Hanjiang River was also analyzed. The results show that the best recovery of the target compounds is obtained by using pH 3
acetonitrile/Na, EDTA-Mcllvaine buffer(1: 1, volume ratio) to digest and extract the unoxidized sediment samples at 40°C three times using a microwave. A total of 11
antibiotics are detected in the sediments of the interaction zone in the lower reaches of the Hanjiang River, among which oxytetracycline and ofloxacin are the main compounds
with the highest concentrations of 6. 77 ng+g ™" and 5.81 ng-g ™", respectively. The vertical distribution of antibiotics in different sediment profiles is significantly different,
which may be related to the lithology of sediments, physicochemical properties of antibiotics, and interaction between surface water and groundwater.

Key words: antibiotics; sulfonamide metabolites; interaction zone; sediment extraction; distribution characteristics; lower reaches of Hanjiang River
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il %

Dl Y R Ay 37 500 B v B oM 1 000 mg - L™
(AR ZE BRI A . FH K BRAR A 25 W8 R
BERCE B 20 mg- L' P A RIR S bR (S
FHV. bRt & WA 6 A H S — IR IR bR it & W
HEH—W. i Pk R & W EFE T -20C %
HF.

Na, EDTA-Mcllvaine 2% i i 1 . 53 31 Pk B —
EEATER | BER A A & DY TR AR
TARPIFESS 1 L
1.2 FEAARES A

BFFECAL T o L R T 258 {I{XSF
JEALER, BT R i J%Ilzﬂhﬁ?mnf‘]*ﬂéﬁﬁi 4
AR i R AN | BTN 7R 3 z&ﬂ?ﬂjﬁkﬂﬁﬁéﬁl 208

‘”ﬁﬁi34%ﬁﬁfﬂﬂﬁ%mﬁh
% IR AR wh R e i B %jvaz
Wﬂﬁzzﬁ‘—m%i%mi B IR 1 3 B K
KR T A Y 0 e B 57T D R P
SZNMBEK PR KRS, B INTTF LT AR ST
X YA 7K 55 MR 7K B EL A PR 8 2. AR 58 EL A A R
H,JHSLT.% ANIURR Ay [ 35 SR s, 3 o — o7 T

P24 e 7 TR A RPY 2 | I O R R A Y
DT AR Z 0], ) = A F 5 VL5 T2 T i (A&l
1). BB K FELE 2020 45 7 H ittt 50w —
SR KR, b T 1 AKRM S R K ) 58 EUIR
A, VTR IRE b AR SR IS TR] SR 2020 4F 9 H iRl KR 7K
DU . K SR K (K A3ERZS 6 m ib) R
DEESIUCR AR DU ok N Tk fL 0y sCHURE , 51—

N
A
b
Ea Fff}\lﬁl .—
2y
(f 2
‘,J\:\'\'fg“i.. — \ ‘/P(}"
4 “
~ MR AR R TR R

0 2km

—

o HEFROKRAE AT

B1 HRRMEMRERIFTRE

Fig. 1 Distribution of the study area and sampling points
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X HR AR .
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TETER PRI 2. 00 g VIR B T
Teflon T fFHEF , [ AN A 2 mIL RARVE W (i
Wﬁﬁ%uyﬂ>ﬁﬁmi4%m§nhﬁm

TR IR B G & 58 4, DU inbr e &

%aiﬁﬂmgg.MAmmu@wm%%%EI
min , f T % 30 min JEAT 50 — AR EC(FHRAR T .
FES min B[] A 685 A AT 3R 28 1 R, PR
25 min) ,%ﬁ%ﬁiiﬁﬂ%%ﬁﬁb‘lé& 000 r-min ' §% 3%
B0 3 min, YHE FVEW, A LIRS BREAE
SURARE A OF 3 AR, AR ES W*H#%zm:f:
PR3 100 mL P17 [EIAHHE L.

I ARSE U i AL L RERIBERLX 3 4 i 6
mL F B 6 mL 47K &% 6 mL NayEDTA-Mellvaine
%@mﬁ%%@omuﬂBdﬁumm&6mm
w:ﬂ_r 7 EEECRAIN0 miL RSB (3 EFE{&”FFJ

ﬁﬁmm%§ﬁ$iﬂw%$%%ﬁ 1m4§

Ehfo r I |

e BRI ns:mnmmxm S |

pHﬁ ?ﬁmjﬂﬁl‘*%ﬂéﬂ“ A SN L, £ F

B 4 NaZEDTA Mecllvaine 25 iy {1&1 -ﬂréﬂﬁrﬁ:
13 AT, A5 B AR VRN A 2 UL AE
25 0 R
1.4 FEED S BT
L4.1 HUERMIESIIK A
i+ A Hypersil GOLD (100 mm x 2. 1 mm,

1.9 wm) C18 #, #HEHH 10 wL, B E IR N 35°C ;
TR I (A) A0, 1% HUER (B) |, 5 il it 7y
0.3 mL-min~"  BEEEVEBIARF UL 1.

F1 BIEHERBEYE

Table 1  Gradient elution conditions for liquid chromatography

t/min ZIE(A) /% 0.1% W R (B)/%
0. 00 10 90
3.00 40 60
7.50 90 10
10. 00 90 10
10. 20 10 90
13.00 10 90

ity B O A DA A A AL T ) 4 0 22 iy ESI
FELIE 55 25 1Ak, B £ 22 S0 i DA X ( MRMD) T 3

R2 206 MERWEH LSRN ZED

Table 2 Mass spectrometric detection conditions for 26 target substances

. ReEr TET WREE fiERRE
AR
(m/z) (m/z) /V /V
- bsi oo 156.00 60 20
108. 00 60 34
SHx ssa 0o 156007 60 21
108. 00 70 33
Mz 279,10 186.00° 30 23
124.10 30 30
s17 ase00  156.00° 54 20
108. 00 54 34
SPD ss0.10  156.00° 70 21
92.00 70 34
- sgl 00 156.00° 70 23
92.00 70 38
MR s 10 156.00° 65 23
172.00 65 2
S0X L0 15590 70 2t
108. 10 70 36
ACSMX 29630 | 198.00 8 JE
134,00 85 33
Acsbz 29300 B0 80 S g
‘u 134,00 80 . 4731
ACSMR  307.30 13400 85 E 4
72000 85 24
acswz | ) et 18600 » 74
' f 255.90 95 30 "
ore  J/ 5120 426.10° 70 2y &
. 448. 20 70 18
i % ‘.-“"
e golig M40 50 28
) 462. 10 50 23
TC ws o0 410.107 60 30
427.10 60 19
e ws 00 4810 90 26
410. 10 90 34
SpA 0340 34910 115 27
292.00 115 33
Lo 5010 308.10 90 23
265.10° 90 33
OFL sp30 26110 80 37
318.10° 80 26
NOR 32020 02007 4 28
276. 10 84 33
cIp 310 28810 80 25
314.00 80 30
ENR 36000 316.10 90 26
342.10 90 30
RTM 03740 679-30 80 31
158. 10 80 40
- ugso  590.40 60 28
158.00° 60 33
o aoso 59140 90 41
158.10° 90 49
B0 71650  99830° 60 21
522. 40 60 30

1) = 7™ 81X
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1.4.2 HEMHERIL

3 A UL W 25 ) TET AR A A PR AR Ak AR AN
[7) 5 DX B A e 1 ) IO AR W o i R A7 AL B
i FH Mastersizer 3000 38 S k7 B2 43 A 2E 47 L B
K. 8 R E AT A9 (R 8- R AR T ( Udden-
Wentworth ) 77 5% AR AT R0 0 4%, [ ISR ]
A FETE AR R LB A 2 4
1.5 i fEf S B AHE

K AR R B H AR bt AR R b AT e i+, O
i R T A A TR AR VT SRRE Ak B A P b AR R
(bR 23515 8 10 45, 7€ LOD % 100 ng-mL ™'
VA 5 B IR 1. (8 Multiquant 3. 0. 3 £ RiE
B IS | T AR AR 43 | 2R T U R A Ak B A
7, A5 B AR E T 2 A OC R B4R T 0. 99.

IR i B 10% B AT REREA TR
5 BEM, AR AR i 22 (RSD) /N T 15% . i3 52
PR DRI IS (3R 3) K AEANBR 2K - 50
ng+L™'F1 100 ng-L~", J7 B K H PR A 0.01 ~

£3 KERARUEMEERE

Table 3 Recovery rate of water and sedimént; sampleg/ %o

BEE ok e (B [ gk | e
ETMAH;Q 94, 507 57.03 cP 6480 .‘-‘“;17!’};?""
RTM |© 8433/ | #3.49 | sMR | 98.10/ /" 66:61.
Civ | 7383 fe0.71 || seD < 9BT10 /7 6183t
AZM 62714 | 60.63 || sMp | 67.26) 5188
~HC g 12427 92.50 SQX 7F'f 13 ] “.:;]55
pe | (100,03 Y1410 SDZ | 100.03 | 58.89 'y
e J 117. 27 87718 || SMX 100,03 A 53007
OTCy (7103750 | 124.81 SMZ 81. 61 65798

ENR .u"\‘" 102.86 = 33.18 STZ 100. 03 47.22

SPAY 76.95 40.96 [|[ACSMX  76.13 54.34
LOM 94. 14 39.49 ACSDZ  70.49 64. 80
OFL 126.77 31.54 ||ACSMR  88.68 69. 05
NOR 64. 50 58.28 ACSMZ  105. 62 92.02

1.67 ng-L, Z 8 H1 4 F 19 BICRE Bl 80% ~
120% ; DIBINARZK -4 50 ng-g = F1100 ng-g ™",
FrER FRYER S 0. 01 ~2. 23 ng-g_1 AR
ISR A 50% ~ 100%

2 SRS

2.1 BURW TR RSO B A A
211 BEFIRARS KR

AT B B2 36 TR R 5t 22 R KT
ST A BT S 0 5 A A S
Gk, ELBFFSEIX 3 BREE vk & Bl s Ayl SR
ST AR B R 52 Bk AL AR BT, A B S4
b AR T LA TP OB TR 5 AT RE AT S50
. 2SN 2 TR | 2 KA T 7, AR
P T4 3 8 SRR, R 1 D B 3¢ 28 4 22 19
e 0 5 AT R A 4% RS AL
LA R B A — G2 B, % R B DU R I
AN RRREE P, JRe 2 TR E 5 U el
e ~ Tl
2.1.2 AHURBG AR 'y A

BRI T A AT 8 2y R 2 M
TE AN, 26 B SRR oA 57 00 o A S
XA AT LA B BT T Lede (1213 45 k)
T, KR A P RS, 2 4
ORI G B P B T T B bk 0 B
SRIBUICRAIR MRS . LR L TP B (R 2
SEIE TR, BEATMOILIE RSP T B A A5 R R I
RIS B ) G5 % IR R LR BRI
SR AR I R B O HE A SR
Uk Z AT
2.1.3  REGRERL

R A P O i ot B0 L 9 W

—

ot [ IRAT P it

2 7
n
-
-
B
»
m
"
o /
ik

I 2 3 4 5 6 7 8 9 10 11 12

ki
7

7
/
7
18 19 20

[~
(]
™

ol 4

=
;\
=
3

1.TC, 2.DC, 3.CTC, 4. OTC, 5. ETM-H,0, 6. RTM, 7. CTM, 8. AZM, 9. ENR, 10.SPA, 11.LOM, 12. OFL, 13.NOR, 14. CIP, 15. SMR,

16. SPD, 17. SMP, 18.SQX, 19.SDZ, 20. SMX, 21. SMZ, 22. STZ 23. ACSMX,, 24. ACSDZ, 25. ACSMR, 26. ACSMZ, FIdl; & 44, pH =
3 [ Z )i/ Na, EDTA-Mcllvaine 2B (1: 1, FUL ) $-BUH UK, pH =7 14 Z ) /Na, EDTA-Mcllvaine 2B M0 (1: 1, RF L) $2H0—1K, 40°C
B2 AEEBDERET 26 7 B89 MARE IR

Fig. 2 Recovery rate of 26 target substances under different initial sample states
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Fig. 6 Concentration levels of detected antibiotic in surface water and ground water in the interaction zone
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