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Abstract: To detelmme the removal efficiency of typical annblotlcs in Guiyang wastewgter treatriient plants (WWTPs) and*the 1mpa(t
of efffuent, on aquatic organisms in receiving wéters nmé antibiotics in the influent, efﬂuent and receiving water of two WWTPs in
Gu1y%‘pg Clty weré investigated. The concentratlons of antlblotlcs in the influent and'effluent ranged from 0 to 835. 60 ng-L~ "and 0 to
286:60 ng-L7, gespectively, and the concentration.of Oﬂ_OX"&(’ll_"l COFX) was highest. Its concentration in the influent was 835. 60
ng- L' yand539/00 ng-L ™" and in the effluent was 11. 74..1]g“"L'._l and 286. 60 ng-L ™", respectively. The removal rate of antibiotics in
the WWTPs ranged from —42.29% to 100% , and tetracycline (TC) was completely removed. The concentrations of antibiotics in the
influent’and effluent of the WWTPs in Guiyang City was less than in other regions of China and in other counties. Through the analysis
of the antibiotics in the receiving waters, it was found that the concentrations of OFX were higher than other antibiotics, and the
WWTPs effluent was one source of antibiotics in the receiving waters. OFX showed a high risk (RQ >1) for aquatic organisms in the
receiving waters, as determined by an ecological risk assessment.

Key words: antibiotics; wastewater treatment plant; receiving water; pollution level; ecological risk
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3 FHUFREZELGYIM | Rl TR ER R 258 ) HEAT IR A
IR HESZ I KA R 7K A A W SR 4 A 25 KU R4 7 1
i, TP R ARG KA BT i LRS00, LA
iz DK PR R BT A SR A DA RS S

1 #MeEFZ*

L1 A5

HPLC-MS/MS ( LC. Agilent Technologies 1290
Infinity; MS/MS; AB SCIEX QTRAP 4500, [ ) ;
{43%4% ( Poroshell120 EC-C18 2.7 wm 2.1 x 75 mm
Column, Agilent Technologies) ; H ¥R ( KR}
T AR AT, ) ;5 iR 78 A AL (Heidolph,
TR ) ; AR E (24 FL, Waters, 32 ) ; HLB
[ AHAE B (6 mL/500 mg, Waters, JE[E). ©

H e (e dial, MERCK, F8E) ; 2K ( (igal
MERCK, 8% ) ; $i2E 3 b v i A0 55k e T gy
( sulfamethoxazole;; SMX ) | fifi fi 6] ;ﬁﬂ%’ ‘hﬁi;i
( sglfgl_lrlonomgtﬁngne ,‘ SMM ) . fiff Eﬂjl‘t Eﬁﬁ E%’u/%
( sulfameter, SMD) o i fz P R ( sﬁlfarﬁefﬁaz‘ig_@,
SMZ) . it Hﬁ'”ﬁ‘; BE|(sulfadiazine, SD) y 3%';.@2 %] ﬂ:%
(/tetracycling hydrochloride, ~ TC you % = |

( OX’;(tetl‘glcyclige dihydrate , OTC )5\‘ -4 e

( chlbroteﬁracy(‘:lineu hydrochloride, CTC:’) AR ﬁi{’/"%
(oﬂoxa‘fciun, OFX), 4l >99.0% , WHE T1H R
BHEARA A, 40 LR 40 B AR —
AE ko pral, WE T H R EPHEA RA R, A
55 7K B 4l (Milli-Q B 4liK R4E, Waters, 32
), 0.45 um JE IR B Millipore 23 F].
1.2 FRAREE

T HCSR: BH T 1 A L 5 K Ab BT (WWTP-1 Al
WWTP-2) 5 X 4. WWTP-1 J2& 5t FH i i 4%
ANBATHTG KB, RS AN H25.8 TN, AbFEHE
8 x10'm®-d ™", KHI“SBR + G TERbIE + L84
B 1L WWTP-2 2y 5% BH T 15 7K b BRI 5 K 1Y
VEAKARFE T RSSO 136 T, AbFEFLAR 25 x
10°m’-d ™", RHI“A*/0 + FRUTHE + SAMEH T
20 WIS K AR BR T H KK B A T R O E K
SEPRT 5 W HETBCbR HE) (GB 18918-2002) — 2% A
PR, SRAETGIKAC IR HE KK 32 9K AR
S EAEHES T B 0.2 km, HEVS 1 HEVS 1D
0.5, 1.0, 1.5 F12.0 km A&b. J5/KACFR) F15Z
YUKAKFERRAELE TR AT, 43 R4 3 YOTIR
H15), BUCREE 500 mL, 1.5 LkEE. Tl F%

BEIK RS AR KRR, i TG LB R K 3 R SR 3R
JEKFE CREGE NKTETLAT 0.3 ~0.5 m), f#ff
TRV RS R, KRG AE, IR
SRR, PRAFAE 4°C RYVKAR PRI
1.3 FEaabH

IKBEZE 0. 45 wm JEIRIE BT I8 2 BRIk 1, 2%
JEIMAGE B R /K W, TS /K BE pH =3, 4 200
mL JKAEMA 1 mL 4 Na,EDTA (100 g-L°"). &4
HT, HLB EAHAE BRI 6 mL HEE | 3 mL &4k
JKAT6 mL pH Z9°4 3 114 8 - 1R — U4 /K % W
(100 g-L~") 1G4k o H 2 BT AL B K B 500 mLL,
KRG G /) HLB [ A 2 BOR: UE A7 & 45, ik
FERIAES mLemin ", & HETERSE H 10 mL B 4lK i
VEHEREIAN HLB [ A A HOH: ) Bl 78 fUR 451 T
F HLB [E AU EL2 T4 50 min. SREHTUH 6
mL FEEAI 6 ml 2% 0K F B2 (2 mil, ¢4 98 ml,
) Ve JOE (PGB ] AT BRCHE, RO o B O 1
mLemin ™", P A0 B2 VBT 45
SOCARAIE R 2l 6 % U255 1, SR I P
BT 1 mL SR, 28 0.22 jum (94 HUEF L 7% 1L
U5 KR SRR/ AR E RS | min I, R
HPLC-MS/MS & fit 5347 . "
L4 Feggig e W

HPLC Z& /b= #E 1R 40°C; i 0.3 mL-min '
TLBhA A MR, BB R 0.2% HiR/ /K, HEkE
A5 L, BAEEVEE. HPLC-MS/MS Ji i I 4 4%
SR FH LIS 55 85 I (ESD) 1F B PRt . 2R 5
T WA R AT B AR
1.5 Bl (QA/QC)

SHARAE S BB (1 T S AR YR S 1R R
RS DIRIE ST s B HERf . AR HAnb
YRR Al K BE R A I A R ARRRIA W, $ AT I
B AL BT G RE S TR AL B 2RI S KRR
H EH AR RN 61.92% ~ 113, 64% , FAX h5ifE
WZEH 1% ~10% , 2% BFrfb &P e B 0. 1
~1.6 ng-L™". SRIHAMR XA G AT 2 & 5B
oMt MR I M 0 ~ 200 wg-L7', HIE RS
(R){EHIKT 0.99.
1.6 AAKEEPEAL

V5K FRT H K B B AR R A Z K A
Jei, PTRESXT 2K M B K A AR A A KU, IF HL
AT X NS fa B = L AR R T R, PP
ZHIKR BT A 2R A S RS R LY. AR R
BEARE S XM ( European commission technical
guidance document, TGD) FV 5& T B35 XU () PEA
B, Tl 7K AL P05 it B i) A 28 IXURS: mT AR FH R
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S IRAL(RQ) HEATITH. KURLRS{EE (RQ) A

RQ = MEC/PNEC
LA, MEC ( measured environmental concentration ) F/1
PNEC ( predicted no effect concentration ) 735l J& Pt A
FR IR T AT TE O BE . AR AR B XU T
JiE M RQ <0.1, RME; 0.1 <RQ <1, HAEX
s RQ > 1, o UKL

2 HR5ITE

2.1 J5/KARER) T HE K TR A RS G
L

TEKARER S HE K 9 Fh H BRBi AR B AR B L
1. WWTP-1 #EkH 9 Fprlk KA SMX, TC Al
OFX Bk, YREE 751120 83. 36, 128. 66 Fl 835. 60
ng-L7", Hbx 6 Myt ZYRKH; WWTP-2 /K
i o Fhiisk £ SD, SMX ., SMZ ., TC Fl OFX #i#
W BE SO EIAE 1.75 ~539. 00 ng- L' Ja], Hirp
OFX ¥ 585 7 539. 00 ng-L~", oAy 4 Fhfizk %
PIRM 1. WWTP-1 H1 WWTP-2 #E7K th OFX (199«

S

JeIK B L bR

BERES, 3% 5 R > 09D

AL TC ' SMX 7E Tﬂﬁm&mﬁlﬂi’mﬁ&;}}, ﬁﬁlﬂ
TC #E WWTPI ﬂl WWTP-2 (¥ 431l 128. 66
ng L7 114796 ng L', #5E T Ben ff””lél}ﬂi)m

G55 WWTP-1 Hj:ktiﬂflhtﬂ 2 wm%%, SMX Al |
OFX" /M“T}
HUKTREM S R ZE 2, D, SMX ., SMZ, SMBFI
OFX, MEJETE 2. 02 ~286. 60 ng-L ™' Z[d]; WWTP-1
L WWTP-2 HiZK 1 OFX B H R B e i, 203 R
11.74 ng-L ™' H1286. 60 ng-L~"; SMX ¥k, 751K
2.02 ng-L~'f1166. 44 ng-L~". WWTP-1 Fil WWTP-
2 K SMX I OFX A9 FEEME T Xu 227 B9

02 ~¥1. 74 ng-L~ ZIE‘I] WWTP-—z &

FEGE R, M WWTP-2 Hk sh SMX B E# T Li
AEBIBF gE R. T5oK AL ER ) K R B A R
W2 RAK, XA 515 /KB RS Va ., 75
IKANFET 2 | 15 KR IR SR R A L.

T KA BT S5 A TR AR R A 2 B K v
WA . ZAEE, JEEH T R AE RS M Ea
LISy, R T5 KA ER T Xt bk Ry 56 A
B EHbRBUA R AE TG KA B o A 25 R A
1. WWTP-1 X HARbi A 19 LB R A1E 97.59%
~100% Z[1), WWTP-2 X H AP Az 2 19 L bR FAE
-42.29% ~100% Z [i), H-H TC 72 WWTP-1
WWTP-2 [ B3R 135 100% , X Al GE &t F TC
AR5 5 W A 5 e sl B v oRL ) I, A5 KA bk
B TC 5 R B A, FEAR 7 /KA TC Ay
£ BARHTAE R 10 23 Bk xﬁz%ﬂé% WWTP-1
(1 SBR + TAE D 8+ 5 5 i 2 &.ﬁ’izﬁﬁc
WWTP-2 5 A%0 + 5 RLUTTE + AN a7 A BT
FHLE R LI AL (;9"%4:@55#
2, 4 PRI 1| R 2) b B AL
JH T P AE 5 2K ARHR AR T 250 A%/0) HIBRSE 5%
U1, 14 i FRITE 309 1R %1 15.39% ~100%

Z I, Wztzlﬁ%i&%ﬂiﬁ? WWTP-1, {81T WWTP_"
2. 1€ WWTP’Q 1 SD SMX 1 SMZ B’Jiﬁl%ﬁtﬂﬂuﬁk
B4, Xn geJE th Tk 77 SD, SMX Al
SMZ WA =4, Bl A6 AR Ak B R v i Ak O
BRI AH 2, HI5IRMS | T5 VR B s R AR
S 22 53 0T i S X P ER G 19 55 — AN SRR P
X5 DA BB ZT 45 AR B2 HRHR T 2 B Y5 K
AR (=R AR T2 MBS Y T 2)
H S P A: O3 R B AE 60% LA 1T,
WWTP-2, ik T WWTP-1.

F1 HHKRERHNRE

Table 1  Concentrations of antibiotics influent and effluent waters

. WWTP-1 WWTP-2

RER ﬂ/](/ng'L_l .'J_',/J(/ng-L_] LR/ % J‘Ji/](/ng-l_l'l .'J_',/J(/ng-L_] LR/ %
SD NDV ND — 3.00 3.50 -16. 67
SMX 83. 68 2.02 97.59 116. 16 166. 44 -42.29
SMZ ND ND — 1.75 2.02 -15.43
SMD ND ND — ND 1. 66 —
SMM ND ND — ND ND —
OTC ND ND — ND ND —
CTC ND ND — ND ND —
TC 128. 66 ND 100. 00 114.96 ND 100. 00
OFX 835. 60 11.74 98. 60 539.00 286. 60 46. 83

1IND e

2.2 [ENIIANE X 5K AR B b AR 2R AR
HEXS
FEAIETE B e 75 7K Ab BT JE K TR BT AE R Y

e 5 55 [ Y AP i X AR TS K A B )T R AT HE AT
B2, SRR RS Xj‘%ﬁzl:ﬁ%"ﬁﬁir
ZEM AT AE YD, FETS KA R K DL SD . SMX
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I SMZ R 1R & 12 . 7E WWTP-2 #E/K h SD |
SMX I SMZ 4 B 531 2 3. 00, 116. 16 F1 1. 75
ng-L~", WWTP-1 H {0k T SMX, ¥ 83. 68
ng-L~"; WWTP-1 fil WWTP-2 #E/K SD #il SMZ #)
WRESART g . ZROMBEIIET; X+ SMX 3k
i, T BRI, B B R T B R
HEK TPk B Y =T WWTP-1 il WWTP-2. OFX 7
WWTP-1 Fl WWTP-2 #EK gl i, WAL T =
M. EHEEMEPERT. OTC, TC Al CTC ZPUFR %
PR TR HE RSN 3 Fiid x>, B
WWTP-1 Fl WWTP-2 B /K A TC A,
FEARF T B TTRIERIINGE T, 8% X 3k py U B4
RRPrAERMM AR, EIT, RgAEyEE
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Hk 10.13 39.55 7.27 NA NA ND NA ND 195.88
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Fig. 1 Concentrations of antibiotics in the receiving waters
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Table 3 Most sensitive toxicity data for four antibiotics

AR IR REHEZEH) W T PNEC/ng-L"! SCHR
SMX S. leopoliesis 2t 1000 27.00 [43]
SMZ Microcystis aeruginosa A 1 000 1. 60 x 10° [44]
SMM Pseudokirchneriella subcapitata att 1000 1.72 x10° [45]
OFX P. subcapitata e 100 11.30 [46]
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Table 4 Risk entropy (RQ) of target antibiotics in test waters
. Hevs 1 L - Hevs H R Hevs AR iE HEVs H i Hevs 0 R iiE
37 ~ ;
H HER 0.2 km H5 A 0.5 km 1 km 1.5 km 2 km
SMX 0. 81 3.47 0.93 0.91 0.9 0.9
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OFX 6.23 7.98 6. 06 2.09 2.23 2.73
SMX 0. 64 10. 21 0.76 0.99 1.07 0.7
; -6
WWTP-2 SMZ 0 1.25 x10 0 0 0 0
SMM 0 0 0 0 0 0
OFX 23.87 21.06 22.71 22.84 23.85 24.47
7J(’1ZI§':F‘$,UJ—LBQ E"J?TEU?Z# ﬂ:b ﬂ LA %lﬁ:ﬂ%j’ﬁ [J]. Journal of Environmental Monitoring, 2011, 13(7) : 1953-
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