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O AR OB %A KBTI H A (UPLC-MS/MS) £l T 2019 45 3 J 43401 7 F 43 B s e AW T 2 %
JZEoK A 12 FpHUAE R AR KT, S0 AT T 3R RIS 2K i ST HTAE R AN 28 43 A R Al S 2R A XRS5 2R R W, SR T 2
TR I S Sy B HLAC ) T 3= SEHU A 305 ey, R 2R G A T VR BE 433128 2.7 10 1 1.8x10° ng/L, HUR W L1 3R (71.7
ng/L) FlE8 R (15.9 ng/L) , HARPUAEZRWREERI/NT 10.0 ng/L. 55 Al WA 070 37 27K Ho , 38 BLUR W0 AE R BE bR
R VP e R4 R B AL, A AL T P S ROKP. th TSR S RUK T sh A N 3R fu 2 R AP Ay 25 op A 22 5%, |
YL R UST R TR 2~ 4 DR TR M ST P RS WE W B i T HAL AL WESPEHAE R, &
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Abstract: Occurrence characteristic of antibiotics in the surface water of Lake Sayram in Xinjiang were analyzed by ultra-high-per-
formance liquid chromatography-tandem mass spectrometry ( UPLC-MS/MS). Ofloxacin and sulfamethoxazole were the main antibi-
otic pollutants in Lake Sayram. The highest concentrations of ofloxacin and sulfamethoxazole were 2.7x10* ng/L and 1.8x10° ng/
L, respectively, followed by erythromycin (71.7 ng/L) and oxytetracycline (15.9 ng/L). Others were less than 10.0 ng/L. The
antibiotic concentration of Lake Sayram, except for sulfamethoxazole and ofloxacin, were basically at a medium or low level com-
pared with most surface water. Due to human activities and hydraulic flow or other factors, the concentration of antibiotics in sum-
mer was 2—4 orders of magnitude lower than that in spring, and the total concentration of antibiotics in aquaculture area (Sl site)
was higher than that in other points. The risk assessment showed that erythromycin, ofloxacin and sulfamethoxazole had a high risk
to the ecological environment of the lake in spring( RQ>1).
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AR 2 0 R RCR AR, — B 36% ~79% ', Thai 251 BIF ¢ S BRI 24575 K b BR T i A 2 1 5% B 0k
LR 41~250 g/ L, rFis e 2 RV VT2 B vk 5 e 25 5 76— S6 A N [ 5%, 15 /K Ak BT v B i A 6 ook
BR L 2R B me/L KL R R A A 24 0 2 K HE T A5 R AR HE A R SR K BR B, KR B BF S 9 A 3
R 3 AR H K R 0 95 P B N g/ L~ /L, USSP 1A XI5 % B 0 B 38 % A e 2 1
Gy A2 S, ELGRMEE (R TP RS ) DUBR B (UIRE LB E) KR NEER (L E R
LR ) SIS CRUIR YD 45 Ho 2 AR K R RS OB rh R 0 vk B 8 85 (10~ 100 ng/L) 'L 34
) B B KR, WK BIPEAR , 1301 52 52 v f e A 28 2o b A A o S TR0 0 0 (RS A 2 1 AL 20 1 45
9L W I e DR A S S T R RS A A PR RL K BR B b B R IR B A R S EOK BB AL
BRI, AN, PrAE 2 KIUIAL T3 o ol 8 5 W A0 255 R K/ SRR LT AL, 8 S
PRI 77 2 7 T e K A T B TSI, 02 28 s e e PR T 3 2o £ i 4 T 6t K 2 2 9 L B
7R AL 2 B A RE. T [ R T TR A 2 A I R B 3 ol b8 A6 A R it O T T o A
A RN ERE gk B 17 0 R £, % T4 35 R, APk A S A A 0

HRART E S — O PTE RS Y bl ™ | FRTHT A 2898 25 56V 10 28 5 DX R 22 78 2R 30, T VG b 3 1 O
b B L T SR M PR AT B AL R Ll ke, B4 FOE R R g R A4 X el ey
Keik s FLTE 1998 4E5| AR /K SIRAH G , ik 10 AR, BS54 4% B 28 SR (R A0 il o , 0 0 Ay i o 0
VoK oA P R (ELZK = SRR AT A 22 FH 245 1T i 2 fe 9 FEL A 39 A 0 2 Tt 25 A o, ) G A e T
RE 7 e — 2 (BRI T X 24 A5 FRIE B A K e e e v b T X T 37 S B A 2 28 1 M A
AF RS 7K SRS AR A . PRI, A BIF 5 L7 30 LR 0 382 J2 7K S R 5 X 3R, 6 B0 5 2 3 A i R v
B R DU 25 (RIS R W R AN DU SR 2238 1 L BRTS e, 4007 58 LA I 2 22 1 Wik
FEIRDL, IR AL 2 XU, LASYI A B A (935 Y D7 s T PR AR AP S AL 27 10 5 2 R AR, T 0 B
X A5 A S P BT SR,

1 RS

1.1 AF 505

S R T K A 033 = T DU SR S5 % 156 FH X ( UPLC-MS/MS-8060, H 7K i ) 5 &AL (NEVAP-111,
PR B SR LA ATBR A ) ) L [FIAR AL IR ¥ (Agilent 5982-9110, 12 fL) (fF#FNH A5 (SHB-IA, FifFk
FESI A PR ) 5 UE A (T-50, KT HIS T 2 40 4 A BR A W)\ Waters HLB [& A5 A< B (500
mg,6 mL) JREK pH i1+ ( b & #E PHS-25 £ & UM B it) (B Lr 4R R i (36 E Y Millipore 24 7], L2
0.45 pum) GHHER G A% (VORTEX-S ¥ 17T HAR DRI HEA RAF) A BAR AL (HAMILTON, USA).

12 B A= ZARUE AR R N BRSSP a8 K (ROX) (ZLF R (ERY) B i 26 - it i w5 0E (SDZ) (fff iz
e (SMX) Rl ffe — VP B E ( SMZ) 5 MR 2 1 9 VD 2 (NOR) (BRI A (CIP) RV A (ENR) SR
PR (OFLO) 5 UFR R K UK (TC) , 1% R (O0TC) &% K (CTC), LA | 12 FHp =K H W H Dr.
Ehrenstorfer GmbH ( Germany ) , #4fi i K T 99% . 2% fF FH 9 FR ) H Fisher ChERYicals ( Fair Lawn, NJ,
USA) (3% 41) \Na,-EDTA Z/K [P RRFI AR E2 F Sigma-Aldrich (St. Louis, MO, USA) (fA3%4k) , $hiR
W B 2545 A E R R W (PR et ) |, Seg K B 47K (Millipore B 47K 224t , USA) .
1.2 HERRE

2019 4% 3 A 7 A AEHRIERAMI SCRKE R E 8 A RAEA(S1~88) (B 1). AR RAKEER
FERRERIZKCRETRIE R 0~ 1 m, BT BB 4K BV I K FEEYE 3 i 1 LRI, 285
JIA 5 mL S, 8 )55 % F 0~ 4°CORFATRAE AR5 T 15 h Py EF7 U 2.
1.3 HATAESES T

FE AL MER B 1 LKEE, 3 0.45 pum (35S 1 48 15 ( Whatman GF/F, 0.45 um, USA) |77 pH
{H2R 3 IFMIA Na,-EDTA 7K BE LL— 2 (19 0 358 5ot © T 56 1 fb i (1 Waters Oasis HLB (500 mg,6 ml) & #H %%
BUAE, JRAEEAS N 2 h =T T EEA 5% 20K — A i sE bt A R R IR A E s 4514 1, 40°C K
TR RO A AW 25T, 1 1 mL 10% B9 BV, 3 0.22 pum JEGE U8, F4R BUR %5 3 2 mL
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Fig.1 Sampling sites in Lake Sayram

FESR AT 20T REI. LA W WA A LA R AiFE

{SLE8 4541 - UPLC M 5 2% F InertSustain™ Bio C18 &
TEAE(2.1x100 mm(UP) , 1.9 pm) X$4iAE RBFFT047. 3
A A AH-0.1% H R ; B AH—ZNE. # & Hret, ik

1 B

Tab.1 Gradient eluting procedure
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A E]/min R ] {121
FEARFFTE 40°C. YA 0.4 mL/min, FEAERE 2 WL, YT
s ap g A o , N N T 1.0 Pumps P B Conc. 10
HOWBBREVELL , B AR AR ¥R B 10% , e AR 5 ULk 1. s e one
e ST, B g 7 3 ey We 8.0 Pumps Pump B Conc. 95
TR E TR REE B TFUESD RN 0 e
. umps ump onc.
(MRM) f05HBER 32 CHRIE N 300C, B TREN 101 pume  Pumy B Cone. 10
3.0 L/min, I3 A 10.0 L/min, TS R 10.0 15.0 Controller Stop

L/min, 33 8 B E] 2l 17.0 ms.
1.4 REEH

KM E i 4 HT. 12 B A= Z bR 430 HT
FEECS 1 o/ L AARAERG TR, LA 7 AN [RIBE B A i ) ot
WRVEE I IR G AR M B R 2 0.5~ 100 pe/L, 4H
KRB R T 0.99. 43I S/N=3 Fil S/N=10

2 2 12 P A R 0 BIOR ARl 22 |
o) PR e R
Tab.2 Antibiotic recoveries of antibiotics,
relative standard deviation, limits of detection

and limits of quantification (water)

B 5 M HE A 1 R ARG BR 52 B2 BR 430 4 0.06 ~ 0.47 - T AR RIS R
F10.25~1.88 pe/L. FHCERAERY B C-mmER A 7 BCE% /% (pg/l)  (pe/L)
Ve fE v He 2 AN S ERS
ek 50 ng/Lh%t%’fE’J Eﬂﬁiﬁﬁﬂ?@ﬁ‘ﬂﬁ\]ﬁax ROX 913 7 0.09 0.37
91.3% ~95.6% ; [l 95.2% ~98.7% s MEWIZE 90.3% ~ by os 6 s6 0.25 0.99
94.8% ; PUPR K2 80.5% ~86.7% . AHXIARUEMZEN1.3% ~  spz 952 39 0.06 0.5
6.7% (£ 2). &H 3 M FATHEM, CIIIMERZ [ B sMx 987 1.3 0.09 0.38
P28 R TARRRAEAT, LA R G PERE AT AT REAGYS Y. SMZ 97.9 5.6 0.07 0.27
AR TT i WA TR R 4 AR AT NOR 903 38 0.44 1.77
15 £ERBE s ois a0
ZIKI*}HTfE P A ?\)‘ E/{ﬁ%ﬁﬁ%*{ﬁﬂg OFLO  94.8 6.7 0.39 1.57
HEIREE TR IR B A R AR S S AT EM Y TR ~ 80,5 )5 0.24 0.95
WG I (AP A R R KM |, T L A BUR 0 ) OTC 86.7 3.7 0.38 1.50
PRI AE Y R, BEE B YOk B TR SCHK,  crc 82.3 4.8 0.22 0.88

LI HObR 1 52 8 A9 S PR TR PR A SR 6F T 0 P 7 TR A
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B U 10 14 S U 4 ) — Wy b A7 2202 BRI T I, e OB B I 8] B I 9 NOEC, HLpAR B Mt A2 3 i 7 1k
Bm WAk 3. AT
RQ = MEC/PNEC (1)
PNEC=(NOEC or L(E)Cs,) /AF (2)
A, MEC Hy Brilifi e 3 W i RIS R BE (ng/ L), PNEC Sy TN i JCRLI K E (ng/L) . ECs B LC 72 Fe iUk
VIR SR B E , NOEC Sy e U Bl 4 0 1 (R I0T) R WL 21 (9 52 R R 52, AF R Al I8 7, S T
EC(2003) "), AF {347 1000( 2tk iR ) 50 100 (R PEREPERAR ) . R 3 AU K- : RQ<0. 1 7R K,
5 Al 220 ,0.1 <RQ<1 Frn MU, RQ =1 o iy MUK

R 3 PUAEFOO R EUR Y B 2 HE A R

Tab.3 Toxicological data of antibiotics to the most sensitive species

- Lo
e B # Eiﬁfy%/( m]i;z)c LUTE SN S22
s0/ Llso

ERY Pseudokirchnerella subcapitata 2k 0.02 — 1000 20 [15]
ROX Pseudokirchnerella subcapitata ek - 0.01 100 100 [16]
0oTC Pseudokirchnerella subcapitata F=Xia 1.04 — 1000 1040 [17]
SMX Synechococcus leopoliensis 2k 0.027 — 1000 27 [18]
OFLO Pseudokirchnerella subcapitata 18 — 0.00113 100 11.3 [19]
NOR Vibrio fischeri 18 — 0.01038 100 103.8 [11]
ENR Vibrio fischeri =Xia — 0.00288 100 28.8 [16]
SDZ Selenastrum capricornutum 2k 2.20 — 1000 2200 [16]
SMZ Lemna minor =y 1.74 — 1000 17400 [11]
TC Pseudokirchnerella subcapitata =Xia 3.31 — 1000 3310 [11]
CTC Chlorella pyrenoidosa =Xia 9.31 — 1000 9310 [11]
CIP Microcystis aeruginosa 2k 0.005 — 1000 5 [11]

2 RS

21 EERMEREREKTEZHTERA

FEERWILR 4 JECRIA MRS USRS IR ) 7 Fhbi A 22, e B RIS H A8 UL 18] 2
A Pk BUWSEILEI ND~2.7x10% ng/L, Hrh 2T 85 2 iz FF g R S v B2 0% B vk FE A L A6 2 43331
3 100% .100% A1 64% , BRI EERITE 3 A Bk, 40003 71.7.1.8x 10° 1 2.7x10° ng/L, 238 M AW
B E R P AR R (57.1% ) ST 28R (16.7% ) (HHIR K T-5 K H 23R 52 A S 45
R oAbl WA TR (KT 10 ng/L).

4 FEHURWIAR A T A AR SR (ng/ 1)

Tab.4 Summary of antibiotic detection frequencies and concentrations in Lake Sayram in Spring and Summer

KNSR NSRRI R KA R e S
ROX ERY 01C c CTC SMX SD SMZ OFLO NOR cIp ENR
B/ 25 100 16.7 0 0 100 0 0 100 16.7 0 3.5
{iE  ND~38 115~71.7 ND~159 ND<MQL ND<MQL31.5~1.8x10° ND<MQL ~ND<MOQL 15.0~2.7x10* ND~10.7  ND<MQL 0.551~4.724
BB Hi%/% 100 16.7 0 0 0 100 0 0 100 0 0 0
e 6.0x1072~ : ! !
bl 0 0x10-2 ND~04  ND ND ND 1.5~2.0 ND ND  98~67.7  ND ND ND
L0X

MIKETGE  ND~49 ND~2.5x10> ND~15.9 ND ND ND ND  ND~2.3x10° ND~2.8x10* ND~10.7 ND ND~5.9
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Fig.2 Accumulative concentration of antibiotics in sampling sites of Lake Sayram

B M T A 2 (UG S A e PP s | B BT TR 31,5~ 1.8x10° ng/ L, S35 JE Oy 2.8x10° ng/L, Bk
FRik 100% , 3 ] 5 FE HLACIII VA K £ F2 58 KL M 15 FH 25 VA 6. e Ak, R iz PP S ELAT LG (9 1 2 R
PERPRBLT RS BE 1, R 5 WA . Grenni 45" RS S B e TP Semie B HL 32 B4 AL 77 1) N4- 2 T R g VP
W T S KR P B A AL 0, LS VR e Y S0 a5 T 3 P P 2 0 7 B AT, R R T L i
T g e .

WP B R R R R R U B YA R R B Y RGBSR 100% \14.3%
128.6% , P i 10 B ANAE AR 2 ST AT Ve Sy 10.7 ng/ Ly I VD B A0 S e BEE I 0.5~ 4.6 ng/L 22 Ji]
T 48 VD P e 13 2.0x 107 ng/ L, 376 135 T SR P AT o 300 P S 9 U0 B2 1P 3 3 8 (32.2 mg/L) 2L HE AT
LRI B T RESZ FK BORERE B RS , 22 S TR S o A e A SRR L A g e e 2 R A
AR R IR BEHHE A IR KR B SR D R T B E A AR R, (EDE RS2 B K A B R
pH DB HIR 42 2o B R A0 SR ) 6 e o R 0, 33K 1T i AR S TR U S T A o I T A

WG EMATGELR T RKIRNEEEIUER  EBU BRI T 11.5~71.7 ng/L A HH %K 100% , &
FRUT B ZANAE S5 SAAGIH , HEER 0.4 ng/L, Kt 3Ky 16.7% . KIRNBEAHLE ZARA e -5 HoAE %
IR HR AR A5 8 A T AR R 55 Vione 282 BT 2 B 3 H B R B 5 14 45 1F R R 3R R 2 Hi 2
F R — R 10 d, H ek i HAbT5 YL e R R N S A R S R /.

PUFRE KA B L3 RTEBE S SS S WRIE N 15.9 ng/L. PUBRR A F 10K IREE N R PEE
e A PF R IR , 185 2 M R A e ARtE ™ T 38 AR WM& 5, B IR ) 1, A 1) T O 3R 2%
P A [ PO PR A AR K, 285 0 U B S0 B, DRI D BRI P G
U TR, AT HE— 2B A WA TR rh AR R B L R T R AL iR 7.

2.2 REAMIERR BRI EZNI =D IS

MRIRLTH 25 R TP s R SRV B TE ST~ S6 s 37 F ik J3E 725 A o HEL AR I U 0 A 305 ey HE AT I 28
SyARS AT (I 3) . B2 (T A5 ) R P S0 A S 20 B 1 - 2 e 6 31 1.8 1 27.4 ngy/ L 5 ZR B F e
FVE ST 2 10T B R HL v JEE 43501 2.8% 10711 3.4%10° ng/L, M B 2 il 2~ 3 AN S, 0 FE A6 11 5 1
LA 500525 25 4 LA I DX SRk 7 SR P B A7 A 20 R B A M 6, 7 2 B £ i % 250 1
ST, 0 P 0 e 4 S S R A% AR 1 R 0 ) A R AR YA O e R iz
I P0G 95 2545 f 2 A M AR B AT X B0 B3 , R T2 2 B0 A W ROE AR L LA, B LRI T %
WEAE 6— 7 H AR H K, SHI R K thdid R g B — @ MR AL

H LT H ZAULE S5 A, VR BE R 0.4 ng/L; B 4185 2 (0 T-H46 W BE 0 30.7 ng/L, vy TR . 4155
BT K R0 AT TS5 £ (T S , DR L 24 £ 2K 5% 13 e g S I, 21 % 22 (i A 22 ™ )k
T WA 1 R FR 85 T 25 B AR 22 00 T A% T IR A, T U B8 T 0 2 S M A R I WA R, Alley 451
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Fig.3 Temporal variation of antibiotic concentration in Lake Sayram

B AW RAE S TR BETE 27.2~5.8%10° ng/L 22 Ji] (1&] 4) . F T4 R SUNPUE RUREAFAESS
)25 5, Horf ST S 00 BRI R (29.1 ne/L) ,HR N S5 4, RHHe My 3.3% 107 ng/L, 5 15 {7 3 8 57
ik R A e PP S R4SV B2, SR RIA 3 98% . 1 IRT 4 T, 45 SRR A 1) T (3 28 S A b T 30~ 50 ng/L
ZJH]fH ST R4 e B 5 A S 3~ 4 AN BCESE. M ST AT B R, T R 2 BN TR
BRI, 15 5 T e 2 Bk MR B 3 BIVE A5 ) HE AN P9 B30 2 2R 5 ke A A % [l 1
BERL TV A0 R X, B R T 20 A 2 U B 8 00 Sk 5 1 72 A, ST A SR A 0 1 A
R PR — M A R . PO AR B I O RS HUE R IH AR T POPs (84K
HEHEA L1 A AR PR T S B B AR B i e B A R HA R A K R KB, X B
LR B 532 R EAIR ™) 75 7K A PR v ELA 85 AR M, R R T AR K R v ) SRR . SR D B
SEARVERESR , S TKAE G W% 52 51 pH R i MEAT HLIT (DOM) B4 5235 56, 3 1 38 HUAK W4 pH
7.7, BN 2.1 107 s/m, MHFFE M pH g 8 Hok o DOM S i 4 9 70 J2 6 Foe At i R 5, 3 7T R 2
SRR IR AR 5 — SR S5 LA 2R B e B A K, (ELR BRI K O 25 R — A5 s xof
{ff AR SE , 36 1T e 5 FUAE K FREE rh B B ST RS | IR A S5 3R AT A 6L ST o ok 2 BTk A IS
JELR AT RE R ST A3 T4 AR A 1B SEIAL /K VR He e A, o A vk P A — i B . 8 TR 1E
Hy B A 4 7K £ S 5 e M I % ER R T S5 A, B0 DX 3 £ R U X35 R A BT B S R EOR
) 53 A FEE AR — R 1) 7 — DR 5 308 X R A Sy i s 9 e, ALy T2 A K R P A ST A 4, i e
DX 2 B — s P AT AR LR, 5 S RN X S8 A W BT A 25 A HE R B0 98 2 38 900 GOk U, YA
H A 295 YA R AR
2.3 SE H4MERS A TE R L

F] P SN0 T T AR AN TR R BE BB TS e (32 5) , R e S R s T R 2 e A 2 S WA AT i
3 7 BT Y PR T B A 25 2 vl (SR ) L e P e SRR B S 1.6X 10° ng/L, 5 1
VE R 2.4x10° ng/L) [FlAL F A E 15 e /K 5 B v 4 1.8%10° ng/L AR T45 JE WA % L 5K (5t 5
VT 1.4x10" ng/L) . BT EIAN DU (el ) OB Mg P S Bt 126 95 e ok HE 39K T 1.0X 107 ng/L IR T4E LA
IR B LR, 5 T FE P RAETT LI ( <50 ng/L) 253130 . WETATRZEH0A: 2 S IR U0 B2 70 B8 A K ko
{19 B M B g 2.7 10° ng/L, 5 FHEM (7.1x107 ng/L) RN (5.1 10° ng/L) ' |73 i) 5 ML) S S0 S
Y& 3 KT (<3.0x10% ng/L) | AR 1A JBE 10 |57 3k 1y AL o 00 L 1 920 AR WA A6 Y1 4 SR v B2 0 o vk 3 < 1.0% 10°
ng/ L, 49 5 EIG T 58 R W UV VR BBE . T T ST 3) R 1 P T R S VR BE A 20 ~ 50 ng/LL 3 LAY, 4k
TR YK, T AW YD B A R R 10.7 ng/ L, W85 THA ALV W) 45 25 A vk 3, A
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Fig.4 Spatial distributions of 7 target antibiotics at 8 sampling sites in Lake Sayram in Spring

('The upper and lower sides of the split box represent 25 and 75 percentiles, respectively. The horizontal line represents
the median value, the square represents the mean value, and the black spot represents the abnormal value)
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