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Abstract. Antibiotic concentrations in the five urban lakes in Nanchang City were monitored with methods of solid phase extraction
and high performance liquid chromatography tandem mass spectrometry. The sources of antibiotics were analyzed and ecological risk
of typical antibiotics on fish, invertebrates and algae were assessed using Risk Quotients ( RQs). Results showed that, the detected
concentration range of tetracyclines, sulfonamides, quinolones, lincomycin and macrolides were ND=6.3 ng/L, ND-32.0 ng/L,
ND-97.2 ng/L, ND-54.7 ng/L and ND-98.4 ng/L, respectively. Erythromycin and lincomycin were the main antibiotic types in
the lakes. The antibiotic concentration detected in the five lakes were in the medium level compared with other lakes. The detected
concentration of enrofloxacin was relatively higher than that in other lakes. RQs of the six main detected antibiotics were all less than
0.1, indicating the lowest ecological risk. The main ecological risk factors of the five lakes were erythromycin, sulfadimidine, rox-
ithromycin, erythromycin and sulfadiazine respectively in Lake Aixi, Lake Yao, Lake Qingshan, Lake Xiang and Lake East-west.
This study provides basis for water environment management, especially for controlling emerging pollutants in such urban lakes.
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AR TR K FREE PG A R AR AR T 5 [ D6 1T, o [ e A 2 HE R 55 75 Yo H 1) 4 A o
SRR A T P e L v R PR B A R A R Y ONE R B B A 2 DL R R AOE
SCHEBCEI R . BR8P A 2R Ak B Ok O AN T B S K A A T A A A AR ) A B R S g
2014 4E 4 J1 30 B, R TEHLI(WHO) % A (B0 R 245 . ARk WEIHR ) Bk J5 B 7 iR IE £ 18 3
Nature 2275 R J5 & 2 CTE R, YA 2414 () B 0E 78 & 8 i [ 53 0l & 1E | 70 A4 3R 1 24 1 ) At ) & e A
VLI IR AT IR R AL, B AT RO I, BREE il Rk R A B AR AR B B —E R
P FH - QOFR DN 1 52 RV i Y e 240 1 A 5 (9 5 T S R 40 T ORI R R T B AR M N BRI T K %
2N 1) 2 B AN A5 ), 308 T AR T 7K 28X S B I P R R, e XK B (A R A S i 2 DU 2 4
SRR R A A R WD AR RGBT AL R G RIME TS 5 0 5 dak e A T e e e R R, T
FARHEBE ) #1041 35 30, B CHE S A0 BE D £ VR IG 7E 25 ) B 5 A B R b, B R BHE AR A
FT, FE AN RS A 2 0% B I AT 9% B vh e sl 3 T S K A E T KR IR K AR DT BT R
AU A B A AR A R O EREE A R R AU AR SE T ST A 2005 4F UG S RS I H SR T Xk
TTEIAPTAE 28 5% B B 1R 2 F0RURS: BP0 25 AR S 5 U AR G e 2. 3l iv i LA o TRCHE B AR IR G A (TR S Ak
VI B st T AR A IR B A 2P DI RE. IR B, 2Rk N 30% ~40% R WA FK B R [ FR B M3z B 5 o
FEAL AL IR O SR IITA AN SNIR A SR L NIRRT A B & 1A K AR Y & B 3R, T ANIES e B A
SRR S5 N F HEM S IR S BT RIS Qe s AL UL, 38T IR K AT AR RIS e R B EL 28 B R M iR
BipuE RIS Y R B AR, AR A P e IGE A AR W B = . B R RWE S R LI 5 Al i 3edt
ARG A E Ry 2.1~ 19.3 ng/ L, S KA W N 137.9 ng/L. T 7452 (O BfF 5 2 W, 1953000 1 1 2
PRV B BBy 39.22 ng/L, W0 BB PR,

B BT RV WA ST, ALy 7a 4 shab im At , 85T B0 T 0%, B b 2 — Rk K i ——&F e
WIS 2. 2015 4, B E TR P EE LA E 530 5, A3 E] 716 A/km? | 8 5 T2 -4 A 0 3% 5
143 A/km’. 7 B K B, T DXIIA 32 B4 7 L) SCIR W0 G20 A0 DI w0 A, B BRI
85 SRR ARk . Rl T AR R AR A R W A R A B TIT IR T T K ER B T I A R PR R, A 1L T
2008 4B UCH BLIE B, 2014 4F 8 A IR L T DK™ A IS ACE . AT R S i R S
AT, SO B L SR AR R P G CTRTRR R VE ) 64T 5 38 18 A Az AR B i M B
58,060 5 AR H B BRI AR R RIE AT , 332 P IRUSS: 1 (06 A7 B A HE A 28 1 AR S KU 1A
VI F & 7 IR T 1A /K IR 5 4 R (LS R B

1 MR ERE

1.1 B 5F

oAl BRI TR Z B E R (TCs) BN F (SAs) METFERIZSHIAE K (QUs) KRR BT
A3 (MLs) FIMR AT B2, HOMP 28 MR 36 1. i Al i 28 0 B #8] Dr. Ehrenstorfer 23 @], H EERIZ 05 Ky
gl 1 F 92 Tedia AR ; LB TP ERFN Z DU £ BR — 4R (Na, EDTA ) oAk, W [ i B 25 55 A 4k
2R BRA .

UPLC, 1290, 3 [ Agilent; = PUA AT BT , 6460, E[E Agilent ; [EAHFEER 2L B, 24 fL, £ SUPELCO; &
WAL, DC-12, G20 ; OasisHLB /M, 6¢e 500 mg, 52 [ Waters.
1.2 HEmRERTLE

2016 4£ 1 F, 0B B 17 (28°09 ~29°11'N, 115°27' ~ 116°35'E ) 3 BRIT 35 LU0 . 2 1) F0 25 7 4 At
36 AN PIRIZKIR OKEF 0.5 m) #F17R4E. Horp SLZMWI 8 NS (AL~ A8) FRHI 9 A4 (YH1~YH9) \F1L
W9 (Q1~Q9) Fibl 4 A~ (XH1~XH4) ZRP4# 6 4~ & (DH1 ,DH2 .DH3 .BH1 ,BH2 XH) (&l 1). /KFf
Y 1 LA BB BT , FEAE 48 h PIEATAR 3R SO B 1 L AKAREA T /K AR E AL R 4 4

P FEAKRE A AR AR BURT A 32 IR SCHR ) [0AR A6 AT, MEBR 1 LK BE, T S mol/L H, SO, 8 45
pH=3 JEE1 0.2 g Na, EDTA $EAIAR , FEANA 20 pl 1 mg/L (YR & AR LAA PIFR 2 B [EIAHZE L HLB
IR ZaE 10 ml FREEFN 10 ml 4Lk 3G LR B JKFELL 5~ 10 ml/min (3R 3 0E T HLB /MEZEE FH 10
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ml 5% FREEME , B ZS 2T 2 h, 5 A 12 ml R A, AR OR T 2 0.5 ml, FE B4R E A E 1
ml, A REN.
1 P F AR SR R R
Tab.1 Standard antibiotics and their properties
Hot o bt 45 CAS & BT lgowe TR
(mg/L)*"
LIEZNe UIEZNE 3 TC 60-54-8 444.44 -1.329 231
SRR CTC 57-62-5 478.89 -0.684 630
+HE OTC 79-57-2 460.44 -2.867 313
mAER DC 564-25-0 444.44 -1.365 630
EHAEE" DTC 127-33-3 464.86 -1.138
Ttk e il i s e SD 68-35-9 250.28 -0.338 77
itk e ik e SPD 144-83-2 249.29 0.527 268
i e H A SMX 723-46-6 253.28 0.484 610
i P I e STZ 72-14-0 255.32 0.715 373
itk Jrie — P s e SMZ 57-68-1 278.33 0.757 1500
84 152 FP B W g -D ) SMR-D, 127-79-7 268.33 0.210 202
W TR xx DA DIF 98106-17-3 399.39 1.283 1333
WD A NFX 70458-96-7 319.33 -0.306 9.439x10*
ﬂﬁ B OFX 82419-36-1 361.37 -0.200 1.081x10*
iTﬁﬁ’“ CFX 85721-33-1 331.35 -0.001 3x10*
Wb A EFX 93106-60-6 359.40 0.701 2007
ﬁkmﬁ’“ ENX 74011-58-8 320.32 -0.210 1.741x10*
WHP R CFX-Dy 1216659-54-9 375.85 —
IR S MT&% LCM 154-21-2 406.54 0.288 92.19
NGNS BORE RTM 80214-83-1 837.05 2.751 0.01887
OEHEH ETM 114-07-8 733.93 2.478 4.239
AFER-C-Dy ETM-"C-D, 959119-26-7 737.94 —
* FORNARY) s a TR BUERACIR T 26 E B )5 ECOSAR B2, —FOoREmHL.
{
,Q8 YH6.Y?Z'YH9
Q' Q7 A7 -/;98 s YHS
&, BHI BH2Q9'C8 :Q? * YH4
DH3?BH§ 2A2 SYH3
28°40" | % A] oYH?2
T eYHI
XX 0 4km
C
T T
115°50" 116°0"

P 1R BT ST A A R I A

Fig.1 Sampling sites of antibiotics in five city lakes in Nanchang City
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1.3 RS

B AR R A 43 HT SR TR o S0 €87 R B = i DU AT 3035 ( UPLC-MS/MS) #EATI A2 , U % Jr vk 2 FR T
WwEgE P BAR | (3R H Eclipse Plus C o (100 mmx2.1 mm, 1.8 wm, Agilent) ;#7344 0.3 ml/min,
FEIR A 40°C , HEREARRR 10 wl; BN 0.2% FERAY 2 mmol/L LFREHATR (A) -4 (B). RABRE
WAL R A2 .0~ 0.1 min,95% ~90% A;0.1~1.8min,90% ~90% A;1.8~2.8 min,90% ~87% A;2.8~6.9
min,87% ~51% A;6.9~7.5 min, 51% ~95% A. PUFFZ25:0~0.1 min, 95% ~92% A;0.1~2.5 min, 92% ~
80% A;2.5~2.6 min,80% ~75% A;2.6~6.0 min,75% ~65% A;6.0~7.5 min,65% ~95% A. MEIEMIZE.0~0.1
min,90% ~87% A;0.1~1.5 min,87% ~87% A;1.5~8.0 min,87% ~60% A ;8.0~8.5 min,60% ~90% A. KFHN
BER AR AT 25 225 .0~2 min,90% ~65% A;2.0~3.0 min,65% ~40% A;3.0~5.0 min,40% ~90% A. &5 TfbA
Ao ESI, 9300 22 1 O Wil =0 ( MRM) |, TSR 325°C , TSt it 6 L/min, R EE 350°C
B0 11 L/min, 2508 E J7 45 psi. 25 BARPIA R T 78T 2L R R Ge A OR 82 i 7] 45 2
B 2.

2 18 P A KA @GOk B I 1] 715 240
Tab.2 Determination parameters of 18 target antibiotics by UPLC-MS/MS

bE#E 4 B4 Bt 8]/ min BET/(m/z) FET/(n/z)" LS N VAY Rl fiE/ eV
it Je g 3.368 251.0 155.9/92.0 75 9/25
it Jrie s 3.966 256.0 156.0/92.1 101 9/24
it iz e e 4.190 250.0 155.9/108.0 86 11/21
il e — FP ms g 5.297 279.0 185.9/124.0 99 12/20
i i FF s 6.417 254.0 155.9/107.9 87 9/21
7S 4.137 445.1 410.0/153.9 118 15/31
SRR 4.972 478.9 443.9/462.0 107 12/18
+EHE 3.849 461.0 426.1/443.0 111 15/7
mNFTER 5.263 445.1 428.0/153.9 114 14/31
PE R = 5.324 400.0 382.0/356.1 107 17/15
HRID R 3.891 320.0 302.0/231.0 115 16/35
AT R 3.952 362.0 318.0/261.0 108 16/26
WNUE 4.115 332.0 314.0/231.0 118 17/39
Bash A 4.672 360.0 342.0/316.0 109 19/16
it b 5 3.646 321.0 303.0/232.0 109 18/36
NI+ 2.166 470.1 126/70.1 126 29/74
BER 4.020 837.4 158/57.6 152 29/15
AR S 3 3.680 734.3 158/679.2 173 34/18

1) R T & PERERA 1 | 251> ST 0 B35 A5 F R UL B T — B0 5 X o A 18 1, 40 0l 40 o 1 2 R Tk A,/ A
WFETHTER, /AR TE T T EE, W R R 723X 2 F 7B T A RO E %R, 2) Wi 4R Al 4 3 1
TFE TP T8 T, W/ ZE 36l e B T,/ A0 B S B
1.4 RERH

ARG R AR E B, R L BRI S IOk [ 28 ], ik i N RROR A 4 Ao il BR B 2 .l FH4lik
43 BIECH] 10 1100 ng/L 18 FHIAE R ARG 1 L, W 18 Mo L FMVREE. 10 ng/L W T 7 RS540,
AT EEAG BRI 1 B AR 1] e 8 153 2 B CRR M  43 B7 J5 EE A HE SRB 1T BOR 5 00)) (HJ 168 —
2010) AYFLAE , 100 ng/L WIRHEAT 3 WINSE , FAAR &, 3 YRR (9 TS5 (B Bk LA i A T3 b [l e 38 43 bt
A R [BDCRAERTE 70% ~ 130% 22 [8] , HIRTARAER 2275 0.06% ~ 13% 2 8], 74 H BR7E0.18 ~ 2.80 ng/L 2 Jd]
(3% 3) , REfE T /K IREE P 2 2 i 22K
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Tab.3 Recovery, method detection limit and method quantity lower limit of 18 target antibiotics
N I TR Tk ik R Y
bit&
10 ng/L 100 ng/L (ng/L) (ng/L)

IE7 NS 119.39£12.75 82.91+11.64 1.43 5.70
SRR 92.92+4.64 87.90+9.45 1.50 6.00
+HR 129.18+5.38 82.69+9.65 1.83 7.32
SRR 85.14+4.82 97.33+6.02 2.80 11.2
i 5 87.12+2.11 85.08+7.23 1.57 6.28
i iz M W 123.24+5.21 107.01+4.79 0.97 3.88
it P FFY e 121.75+8.47 111.60+2.08 1.02 4.08
it iz gk 105.11+7.89 93.85+2.48 1.19 4.76
itk fide — F g e 107.53£3.11 86.37+10.82 0.18 0.72
XU 78.30+9.24 118.94+7.47 0.39 1.56
IR R 76.97+9.88 96.37+4.34 1.70 6.80
HEV R 74.16%8.95 121.60+4.99 0.85 3.4
WR A 116.29+10.05 78.63+7.30 0.78 3.12
BT A 83.57+4.10 110.92+9.41 0.84 3.36
s B 78.07+1.88 88.21+11.44 0.82 3.28
MR 91.12+0.63 86.34x10.83 0.21 0.84
EE 83.28+0.06 80.55+2.54 0.81 3.24
PUAB/ER 113.43+5.61 84.23+7.72 0.54 2.16

2 BRIt
2.1 B E W T R K A A A R R K

651 RS
60 B4 = .
55 ] N fish e F g
E Bk A
550] . D%
B 45
407
¥ 357 %
ﬁ 251 7
= 201 L
2 15 g:i
101 i
s
51 %’3

SOEW mW U R AR
(&l 2 B & T AR A
TR M P AE R U XS LY

Fig.2 Concentration comparison of main
detected antibiotics in water environment

in five city lakes of Nanchang City

AT S R EIA K AT A F AR 3 R A
Sk EE L 4. 5 AN 36 AN SRRE S K R M
509% MIHLAE B 2 61.11% B E 55.56% Atk i
T HmERE 52.78% (B LI E 52.78% MK EE2£50.00% .
BRI R R P A B L5 R 98.40 ng/L, B
VDI 97.19 ng/L, MRATE K 54.71 ng/L. IS H 2R FIHE
WK LR R AR 55 22 5 B 3T A h iy 32 22
A Z A,

5 AT IIA T B EE S B R RR O
BT B R AR W AR T E M
WENE IR T R T R S R R
ML R, RGBT .5 Ak 18 F B AR
PR P2 R B R/ MY 52 57.2 ng/L>5 1111
43.1 ng/L>FE1H 38.5 ng/L> 8 IZE i 32.3 ng/L> 78 P4 b
25.6 ng/L(E 2). 5 NAZKAR ST A 23 B ik E R R
— BRSBTS 5 AR IR 2P (A
I3 LRI

r S TSR T A K AT ZAG R 005 HARIIIA B XT HE W3R 5. e M e T 199 BTl 5 Sl i 0 TE 7K 44
o S HE VR E Sl ND ~16.0 ng/ L, S5 10T )22 SR )= 5 — B 2 5z8 /N T P E 9 drc KA Hh VR 2 505
ng/ L7 R — F I IEAE R B 3T VK A b G R B2 S ND ~24.7 ng/L, 55 58] OPARY /N TR



TEREF ARMBARE G TIRT G RRT AT T RBFER A SRS 853

WA S e 654.0 ng/LE . BRID BAERE E 5 AT WA /K A PR B R ND~97.2 ng/L, HoK
W R R R AT . AR R AE R B T K R RS VR I ND ~20.8 ng/LL,
AT 0 P e ) B R YR BB Y 218.3 1 155.0 ng/L. £ E 76 TS S T WA th iR i ol
ND~98.4 ng/ L, f&TF A i i3 7 B Kk T 624.8 F1 121.0 ng/L. | ] UL, A G T HAB A 55
0, BR R VS B A, 7 BT A A LR A th A R0 S AR A T ST BT R A vk
JE U] g5 T AR
%2 4 T A TIRATIN U 4 BRSBTS (= 36)
Tab.4 Overall detection frequencies and detection concentrations of 18 target antibiotics

in city lakes of Nanchang City(n=36)
PUERZ i

LEE WRE ARE  BHEE R gmoee gaops 0k B

H g A
SHIES 19.44% 5.56% 19.44% 5.56% 55.56% 5.56% 2.78% 52.78% 2.78%

WM/ (ng/L)ND*~ <MDL> ND~<MDL ~ ND~6.3 ND~<MDL ND~16.0 ND~9.0 ND~5.3 ND~32.0 ND~<MDL

M RE KIFNREE W TR
MAER  PARR A% KEDE WERUE HRDE BFRUE BIRDE XGRUR

SHIES 50.00% 52.78% 61.11% 38.89% 16.67% 2.78% 13.89% 27.78% 0
WU/ (ng/L) ND~547  ND~20.8 ND~98.4 ND~145 ND~22.8 ND~<MDL ND~5.3 ND~97.2 ND

a FARTKE ) b FoR U7k E BEIR.
5 WA TR A S A A P A AR KF X EE (ng/LL)

Tab.5 Concentration comparison of antibiotics in city lakes of Nanchang City and other lakes

biiRIE] TR WM PmELE BOEV R VINTEE S BUER AR E =P
YIZi ND~15.7 <MDL~1.0 ND ND~25.8 ND~16.4  <MDL~98.4 EN IS
P <MDL~16.0 1.9~24.7 ND ND~54.7 — ND~<MDL EN
1L <MDL~8.8  ND~<MDL ND~83.5 ND 11.2~20.8  ND~<MDL W5
eS| <MDL ND ND~7.2 19.2~49.7 ND 11.3~24.5 E NI
2RV I ND~10.3 ND~2.4 ND~97.2 ND ND <MDL~11.1 NI
Kb — ND ~654.0 ND — ND~218.3 ND~624.8 [36]
A TE 0.86~505 — ND~4.42 — ND~ 155 ND~ 121 [37]
T30 s WA 2.88~37.27 — ND~15.22 — — — [22]
H1 ND~45.6 ND~4.7 — — — — [21]
— FRAKH.

2.2 B WY T MR 4 BRI

5 AT AP T LSRR DU AL T R B T S X R DX, SRR B 8L TR B T AR AR X
SO TR B TR, AR, WL (Q1 A Q9) Y LI Vb B AN W 4185 - vk BE A X4 v, AR VE W
(DHI) iy D B BEAR e . SR SR 3R 1 38 Ol A 7 b FTRAC IR 25 > L P R R B A Q1
FQY Q1 SRAE LA IR AN F AT A TAL | QO SRAE KA /K ST T B HEAK Y 1AL | I AT B H T 2 S RAE
A IR IRV B KRR S80S 1 B R IP LLER . X5 E I AOK L e
WK R K T2 R K AT S5 T A — B0 I AR P DHI SRAE SR T A 37 £
P ER W R AR,

SR T R B AR R X, SR WA O SR IR A B 2006 AR, ORI 2 LR AR IR
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J& FE T B A TS 1, HE R R R SRS AR U (AL SRFE BRI ) . BRI RS2 AR IR AR
WK R 2928 32x10° t, EEAFEIRARHLIX 23 P12y 18 7 AR A 1E V5K, B AR Tk X 200 £ 54l
A = K, LAY i 3 8 SR AR K 4. T A TG Y5 7K | 37 B R K 45 K IR B Ak RS e i R R R
AL, i B HE R TS KA R AR B A R HE A R 2 Y S B A X, X
FOOR KRR LM TR AERXRMPAHEZShARMELFER.

Bl VA R EaR = Ny 8 G (P R e ] W E WA AT | 7 w3 ) N 7 1 R R 31 VA R R B 2
ity DA R X ) KR SR B B N [ Pk _Eas sy, 15 YR IR £ 5 v BE I R 1 DAAR 10 4 A ol
BRI AE B W A TS Y WA BRI K AR RS Y 1 3 BT 3 Oh PR T B R e — PP e, e b
AR AT FAPIA R W g 2 A5 G N FH B BT R 25 AR izl e P ) 2 TR & Ak m
5. TERIA T A O SRARE S BRI SRAE A5 ( YHI ~ YH3) BT A: SR R B Rk, A R BRI R T B8 380, X
5 HE YL AR B A Oy T 88— B

ST BT VERE A, A 21 28 sk, W1 R 300 Gt =l Tl 88 =7l & J T, %o 42 W)
KT T AFIREN 5 5340 s KA BT A G i, Y5 K AR FR T H K HE A M. TR R, 15K
AEERT P AR GE T A X0 R AR 2R 88 1 IR, KR4 B2k e 05 K Ab BT Aah B 5 #fE LA 78 43 Wk fige 2515
BAHEA T 2K L T L, G AR RS Y A R DR R RAR TR S K O EL AR RIS 4
WIRFE A A ARG AT (XHL ~ XH4) K 8 EEHUE RO EE MO EE, Mk HE MK
AR AHIA: R F BT NI Rk, vT DA W52 W0 R e AR 1 10 S Bl R A S R A i TS
IKHERCE DI .

2.3 AW T MAREEESRE TN

WP hi A Rk W s T A DL Y, HAE IR BT A v B 3 905 e R — R ng/L 4~ pg/L 4L
H AT, M2 K FREE rh Ak R Ak B IR BeA AR S IARME T LI AL 0. [ A0 243 T RN SR B 25 ) 5% B3 i 2k
SRR, — R FH K B 1) 1 AR F8 3 301 (TGD ) ST BREE KU P A 119 3% B R R XU L ( risk quio-
tients, RQs) i, iTE AN,

RQs=MEC/PNEC (1)
KA, MEC 75 Yy Se bR BE (ng/ L) , PNEC R0 JCL 0 He BE (ng/L) . PNEC — 838 3344 ML B G
WML FE (NOEC) BRIV B F k15, th T B i Z KZEL AW NOEC £ 75 KB A vh T F 30
NOEC 5 FF I a7 1 008 w1 P 7 1k S Bk L AN VP A R 7S M 3R A3 PNECT.

AR ECOSAR ™ BRI A HLIXT K A A5 R Gerp 3 B 230 b (0 UK & ) 1o Stk b
B B LA 251 1000 185] PNEC, Bl PNEC=EC,,/10001" . 223144 153 e mis g e — F mssng | kv
B MIER PORERMAER 6 it R KEMEEZN PNEC 435127 1.516,0.002 1 0.010 mg/L;
0.291.,0.002 F1 0.006 mg/L;4.923 0.505 1 0.561 mg/L;1.040.0.102 F1 0.124 mg/L;0.052.0.007 F1 0.005 mg/L;
0.068 .0.009 F1 0.006 mg/L.

i B8 Hernando 25" $2 1Y RQs 43207 vk R AE AL 25 KU AU AR TRI LT - RQs<0.1 S I AR XUES: 0.1 < RQs< 1
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