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FEE . ) A 2 B (- B B RIS R (SPE-HPLC-MS/MS) 23 Hr 1K V1 B 5% B K K Hh i A= 2B B0 TR A R AE 9*%%%
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Occurrence Characteristics and Risk Assessment of Antlblotlcs in Source Water

——
e

of the Nanjing Reach of the Yangtze River ¢ |1
FENG Meng juan'?, ZHANG Qifi' |SONG Ning-hui' , PU Yudn-qiﬁg‘ ,rANG Zhernig-biao® , LIU r‘an-hﬂa%.-:“'CUo
Rui- -xin’ CHEN Jlan qiv® ", ZHANG Sheng hq, ' 4 j J

( 1 Key Labo‘ratony for Pesticide Env1r0nrn9ntal A’g.,géssmem and Pollution Control of N alongl E}mmnmental Protectlon N an)lng In%tltute
of Envn‘onm&ntdl Smences Ministry~of ECologjy andy Envlronment Nanjing 210042 , Chinag 2. Department of! Englneenng, Chlnd
Pharmaceufical Unlverslty Nanjing 211198 Chlna 3. Nan)lng Center Station fof Er‘f:/lmnmental Monitoring , Nanjing 210013 Cl;una)

¢ Abstract Occurzence characteristics of antlblotws in' the source water of the Ndn]mg section of the Yangize River were analyzed
prehm';narlly by Solid- phase extraction! and_high- performance. hquld chromatography-tandem mass spectrometry ( SPE-HPLC-MS/MS).

The results showed that the cumulative concentration of 16 yesampling points ranged from 13.37 ng-L~"' to 780.5 ng-L~", with an
Four sulfondmldea three fluoroquinolones, one tetracycline, five macrolides, and one
(‘hloramphenl(’ol antibiotic were detected with average concentration ranging from 0. 14 ng-L™" t0 49. 91 ng-L ™"
(ERX) and clarithromycin (CLR) with the highest detection rate of 100% , and clindamycin ( CLI) with the highest concentration of
739. 44 ng-L~". Overall, the concentration levels of antibiotics in the Nanjing section of the Yangtze River were low compared with
other rivers and lakes in China. The risk assessment results showed that the largest cumulative risk of S2 was 0.31, and the
environmental risk of sulfamethoxazole (SMX) , doxycycline (DOX) , and roxithromycin (ROX) had lower risk levels;the health risk
“%and 4.86 x 107, while CLI and DOX are the main

cwerdge Loncentrdtlon of 92.95 ng-L7".

,including enrofloxacin

indexes of nine antibiotics for different age groups were between 2.22 x 10 s

potential health risk factors for humans.

Key words : antibiotics ; source water; Nanjing reach of the Yangtze River; ecological risks; health risks
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B RIS R AR VLS BB R R KRR 4y
Hr 6 28 40 M i 2R 2 A TR At Bk UK iy
JEE | FFE T AU 40 Pt 7K JRK rp 3% B T AR 3R X AR
AN At i Y 9 A AU, DAY b B0 2E 3R A0 30 35
BRI R

1 #Mel5xH*

L1 FEACREE

2018 4 8 A 7E 16 1 RAE £if7 (S1 ~S16) (Kl
1) RAEK VL 3 BERZKRE A HLBE B KRR
B RAE 3 L RIZAKKE REFREHO~1 m, BETH
EEF/KIEGEE 3 YA I IR b, 78 I R R
ISEAET 24 h Wizik 35E80 %, 11 0. 45 um JERSZF
YEPE T U8 I | BECAEAE T 4°CUKAE , IRTE 3 d 5T
BT AL BE.

1 KIIFRBEREKREATE

Fig. 1 Sampling sites of surface water from the Nanjing

section of the Yangtze River

L2 A5G

R AR AR 8 AR B 3% L (LC-Agilent
Technologies 1290 Infinity, MS-AB SCIEX QTRAP
4500, [H Agilent 23 F)) ; [EAHAS BOCH & (24 fL, 3
[E] Waters 23 F]) ;Oasis HLB /M (6 mL, 500 mg, 3¢
[ Waters 22 ) 5 ie4% 7% %A% (R- 300, Fi+: BUCHI
YNCIDR

P 3R b e A G D B e 26 2 I R R
( sulfacetamide ,SA) . i JiZ Mt BE ( sulfonamido, SNM) |
fisk e W5 B¢ ( sulfadiazine, SDZ ) . fifi & H % wk
SMX ). M HomE B

( sulfamethoxazole ,

(sulfamerazine, SMZ) . 1 /! — 1% ( sulfamethizole.
SMT) . 7 H Wt A B% ( sulfabenzamide , SBD) | fifh it —
% I ( sulfamethazine , SM2 ) | fiff il X H 4 15
( sulfamethoxine, SMD ) . f# B 48 — H & M g
SD ). fi§ Ji [ B mE N
( sulfamonomethoxine , SMM ) . fifft i ] — F 480 1% g 44

( sulfadoxine,

( sulfadimethoxine, SDM ) . mE O ME o mk
( sulfamethoxypyrimidine, ST ), H & ¥ I

(trimethoprim, TRI) | fifi f& — H 5% ME ( sulfaisoxazole ,
SOX ) F fisk e F1 48 Wk & ( sulfamethoxypyridazine
SPD) ;@ W i i 25 . i VP A (norfloxacin, NOR) |
W v A2 ( ciprofloxacin, CIP )., ¥ € Vb A
( lomefloxacin, LOM ) . & & ¥ 2 ( enrofloxacin,
ERX) . K i# b A (enoxacin, ENX) | i & ¥ &
( marbofloxacin , MBX) L wmE {’/I\E'z( ﬂ}:rgxa‘éi'h-,‘FLX ).
AR A ( ofloxadin , OFX) A% 56 {’/" _E-‘-'C.f)eﬂ'oxacin ,
PFLX) ; QUM E S .+ R FK ( oxytetrécyéiiné-, 0XY) .
EEFRE( thpr’[etracychn ,CTE) . VH%%‘? (;_;téirééﬂycline ,
TCY) . #hiR Eﬁ‘kﬁ + % & ( metacycline ,MET)%ﬂ’&’ijj
BHER( d;);gycyéhne JDOX) J@ K IR BR 2K ] 5 7 &
( azithrdfr:}j;biﬁ': ‘AZM ) ;-‘;:'n'ﬂjjj %% ( roxitﬂ;omycl'ijl ,
ROX) ‘Eﬁf«% Jie B %?,( spiramycin,, SPI ) L Ltk E
( clindéq%in, CLI')l\ AR A éiarithggmifcin,
CLR)', bk Wi % ( lincomycin, LIN ) 11 % 5 i %
(tylosin, TLS) ; & % % kK. H®E G (penicillin
G,PEN G) 1%~ P4 K ( ampicillin, AMP) ; © % 5
2%, &% & (chloroamphenicol, CHL) . DL F#1/E
RbruESh 0 A A R ERHA BRA A 2l R
T 99% . ALY BT AT B A L (i) i A 8
Merck 23wl ; H R AV K (0 Hr i) T A [ 25 4
A 25\ 0y A BRA 7l 5 £ — DU R — 4 (EDTA -
Na, ) . B A " ZANWERR (70 Hral) W A m stk
R A R .

40 FhILAE ZARE i e ) R BRI AL 000
mg- L™ BRIERE A, T LA A S 700 A A 25
VIC T 20 mg- L~ (VR A5 A v 00 O 0% 4 Y, JA0 A7
TE - 20°C KA, Fr e 1.
1.3 AXgRortr st

HPLC & 1] ZORBAX Eclipse Plus C18 i}
FE(150 mm x2. 1 mm,3.5 pm) , A EEE N 30°C,
FESIERAAARFN 5 wL, W E A 0.3 mL-min ', i
KB TR %5 1E 85 B 1~ (EST+/ESL - ) , 2%
JO7 W ( MRM) 4525, g I B 7 R 550°C, 15
ZFHLUE 5500V, BESEA AUHT ORI B SR R
J153504 60.0, 35.0 F165.0 kPa.

WA RIS BSI - B WS 0.2% (1K
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B 40 &

TR B0 BKIER (A1) FIZHE (B) ;B 2s | s ig
s | KIFNERDE ma%%%ammw@mi%%

FHESI + i, Wi sh Al 0.2% (IRFR20%0) H iRk
W (A2) MG (B) s ARSI L3 1.

®1 TRBFEXTHRREE

Table 1  Elution gradient in different ion modes
ESI - ESI +
t/min AL (B /% B (1R85 /% t/min A2 (IRBH0 /% B (RBU 80 /%
0.0 85 15 0.0 99 1
5.0 30 70 5.0 90 10
5.5 10 90 25.0 50 50
6.5 85 15 26.0 99 1
10.0 85 15 30.0 99 1

1.4 A wAbEE
B g5 A9 /KEE 1.0 L, INA 5 mL 100 g-L™'

EDTA - Na, W5 1 50% (RFRA:50) Wi R /K 75
KEE pH 2924 3.0, 1 HLB /MESETE 4 HE K
“UOESERT, A 6 mL HEE | 3 mL 4l
JKHT 6 mL R — SR RTE /M. w S H
6 mL B AZKIHGE, il H 25 T4 30 min Fﬁmﬁﬂ 6mL
A 6 mL 2% (MBS0 Ek REEREE. Pein
TE40°C N e 75 )ik 1, ﬁﬁﬂﬂﬁ;ﬂzﬁi 1 ml, 53
HPLC-MS/M$/ éﬂﬁ T
s | et =H‘*Qf

- R E AT, BRI AT o
[ S YA RE  e R  F USAWEﬁ 057
(E%Jﬁ/ﬁ{wﬁ%éiﬁh%% pRifEsE REITERAE 001 ~ 500
wg T MR MR BRI f'\E'<0 904),%4&%&
F LTRGBS K T 0.950; 1 100 ml 2 8 T
IKAESS AN BRSESG AR ARV BE N 2 pg- L7 Y28
FI IS 15 3 A PATHE, G5 RS 25 FRE A e
Hbr LA B Z A2 A GRS 41.3% ~
112. 6% ,AH X A5 4l 22 (RSD) 7 0.2% ~12.7% ,
PIEME L S/N=3 H1 S/N=10 178 H 7 2 fA6: I bR
FE B PR3 %8 0.03 ~ 15.00 ng-L~" 1 1.00 ~
50. 00 ng-L~", BT DL SR 10].

4 mL-min

L6 AR DS
L6.1 A PEAL
ARG (RQ) T ATV A 47 4L e 0t
PR ASTRBE 75 SRR IR HIE T RQ AT 3¢
BRI P 395 ST A 25 KUK A , T 22
P2 32 2 A 7 2 D T ) B A
SRR RQ,, ) T A S i R85 o 2 i A 3¢
HOREAE R 25 R AR K A5 1 SRR T A X

RQ = MEC/PNEC 71 (1)
/ Bog = Yre L0
fwumﬁaﬁwA%m¢ﬁnmmme

PNEC 452 b (o i1 5 B 55 100 5 v 70
TR PE  ng- 17", PNEC {ELIE H piy 48 7k ( I A
{RXJL/&IJE’MU”/KQ,NOEC) oSt RO (I
FE BBV e LCS0 8F EC50) 534S R T
(AF,— %41 0005% 100) (9 FLfEfS k. X [F—FF H
BRBTA: 2T XURS TEAR s, DR L3 A 9 B4 A 9
BN, SRR AR R], A9 2 T fedil
) PNEC FENPFAEE (R 2) . R¥E RQ H K/, 2R
BEXG 5> R 4 D459% . RQ < 0. 01 | BR8E XU 7] 22
B%;0.01 <RQ < 0.1 Wf  fIRFREE K ;0. 1 <RQ<1
I, PP R KUK s RQ > 1 I, s A i XU

®2 MERVEEHRYMOHEELE"

Table 2 Aquatic toxicity data of antibiotics to the most sensitive aquatic species

#HEHE/mg- L'

hiA# T HURAY) Atk BT ECS0/1C50 NOEC PNEC/ng-L"! Sk
SNM Lemna minor 2tk 1000 0.46 460 [12]
SDZ S. capricornutum a2tk 1000 2.20 2200 [12]
SMX Daphnid 2 1 000 0.21 210 [13]
SMM Alage ik 1000 8.56 8 560 [13]
ERX Microcystis aeruginosa itk 1 000 0. 049 49 [14]
OFX P. subcapitata 18k 100 1. 44 14 400 [15]
DOX Lemna gibba 2 1 000 0.316 316 [16]
ROX P. subcapitata 18k 100 0.01 100 [17]
CLI Brachionuscaly cifloru 2k 100 24.94 24940 [15]
CLR R. salina 2 1 000 16.0 16 000 [18]
LIN Daphnia ik 1000 0.35 350 [19]
CHL Daphnia magna 181 100 2.50 25 000 [20]

1) EC50 SRy d5e KN R &, NOEC by fie R ICRI

HeBE  ENX F AZM 1Y PNEC {E%7 i
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1.6.2  fHFEXE M
Bt Bk IR K A rh AR R R 2l oK 7R
FEANMR, B BT e mt BeK PR KA b i e A 258
TR AKGEAR X AN ) AT B AR A e B XUBS: . 3138
s (I
RQ, = MEC/DWEL (3)
K, RQ,, & B FRPUA 2 09 4a 5 XU R ; MEC J2& 58
v BE (peg-L™'); DWEL & ik A1 7K 4 &= A
(pg-L7h).

DWEL = ADI x BW x HQ

DWI x AB x FOE “4)
T, ADT 2 B Al sZ A [ pg - (kg+d) 7' ]

BW JE AR (kg) s HQ Jkdrem MU, # 1 114
DWI 2% HIROKEE(L-d ™) s AB 2 B MOR 4
1 715 FOE 2 R Z 44 (350 d-a™'), % 0.96
iHE.

ANRAEREBE AT BW A1 DWT A9 AH 5 08 %
FHSEEARE (EPA) HEFEE  HiE R A9 ADI H
Heyiimad A B ARG S5 1 (3R 3) . 2 EPA #L
TE RQy > 1 B, FHIHTAE ZO A HEAL T m KBS,
ARATHEZ 2% 0.1 <RQ, <1 B}, FIPLAE R AL
faBRE AL T 45 XU 5 24 0. 01 < RQ, <0. 1 i, B4
A T AR R Ab TR 55 U 5 24 RQ, < 0. 01 B,
FWIHUA: FXF AR IC KU , 7T L 22

K3 SEHBABNTHEE, ARAKEPVRAGREENESATEZENED
Table 3 Average body weights and drinking water intakes (DWI) of selected age groups, and

acceptable daily intakes( ADI) of selected antibiotics

A K VR B di i, S15 A B BD A ZE A HH R B A
%, FERE SR VL BLR 2K AR ks v B A v AR
ZJE CLI(739.44 ng-L™'), LIN, SMX, DOX #i
SMM ¥R 2, Hx KU BEAE 7. 00 ~22.00 ng-L~" 2 JA];
K R KB & ERX Al CLR, 353 T 100% , AT fig
S IE AT 15 K HEBOE AR ATKAR .
e & HAGH SNM, SDZ ., SMX Al SMM
X4 B SNM AU AE S2 SRBE KL, MR E SN 8.33
ng- L', SNM J& fd 2Bk e 2 254, DR 485 s 4ot 40 ' U
51 & BN, E P E AT, e KK
G L RAEXT AR, SDZ ., SMX F1 SMM A Hi 5 K vk
JETE 6. 41 ~9.67 ng-L~' Z[0] Kt 2358 75% , W&

RSB BW/kg DWL/L-d "' PiE#R ADl/pg- (kg-d) ~' .~ e
WA >18 ) 60 204 sN\m | 10 = A4
16 ~18 % 57 177 SDZ — 20 (S
1 ~16 % 56 1,90 sMX | 4 ) 1o Ve
6~11% 6 - o155 Erxf § -] 6.2 KA,
3~6% 19 [ | L6 OFX' 3.2 - [2‘_3}
2-3 % A 3.8 [ ) 88 DOK gy a4 V3 (49
-1 Sl 12 8 rRoW / & | w &0 (A ¥
6 -2 A2 9.4 ) J"f -'1':1'8 : cu ’ 30 e v AR 4
3-640 7.2 e L N ol ¥ (259
0~3 4] - 5.6 28 s g “ &
1) SMM{ ENX. AZM, CLR Fl CHL ¥ ADI {E%_fr@% 4
5 ¥ p - A ‘_:v:}:!.‘
¢ F “‘ : — 820 — _ =
2 BEREE Bacox  mEaov EHbox MO
g0 b ENX ERX [_ISMM SMX
N NN e r s , = SDZ ‘
2.1 KITE R B R 015 Gtk ol K o A Rk 2
. . s . 2 780
KT B B AR SE A 5 28 14 b & (K =
2) e R B R R R KRN ERR BAE R kR g 760
AT AE ZR, W 430 o i DA 2k BE SR % T
72.95% F117. 41% . HikFAE S1 ~ S16 AL A B i
K v B R 13.37 ~780.5 ng-L~", i Ky 48. 87
ng-L~" SEYIE N 92.95 ng-L~", Hivh SO A7 AYHT

0 :
S1 82 S3 54 S5 56 57 S§ S9 510511512 813514815516
T s
B2 KiIFERBRRBEKEFRERNERERE
Fig. 2 Total concentration of antibiotics in surface water samples

from the Nanjing section of the Yangtze River
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Nanjing section of the Yangtze River
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