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Occurrence and Fate of Typical Antibiotics in a Wastewater Treatment Plant in

Southwest China

GAN Xiu-mei', YAN Qing'”*, GAO Xu'”’, ZHANG Yi-xin', ZI Cheng-fang' , PENG Xu-ya', GUO Jin-song'

(1. Key Laboratory of the Three Gorges Reservoir Region’s Eco-Environments, Ministry of Education, Chongqing University,
Chongqing 400045, China; 2. College of Geography Science and Tourism, Chongqing Normal University, Chongqing 400047, China;
3. Chongging Water Group, Chongqing 400015, China)

Abstract: The occurrence and fate of ten antibiotics were investigated in a municipal wastewater treatment plant in Southwest China.
Antibiotics were identified and quantified using high performance liquid chromatography/tandem mass spectrometry after solid-phase
extraction. The results showed that 10 antibiotics were present in wastewater, in concentrations ranging from ng-L™" to pg-L™". All of
the target antibiotics were also detected in sludge with concentrations ranging from (0.92 +0. 18) to (466.76 +77.46) ng-g~", with
azithromycin having the highest concentration (466.76 ng-g~' dry weight). Mass balance analysis showed that biotransformation/
biodegradation was the main removal mechanism for the selected antibiotics, and sorption onto sludge was a relevant removal pathway
for quinolone antibiotics, and azithromycin, which accounted for 9.35% to 26.96% of the initial loadings.

Key words : wastewater treatment plant; antibiotics; sludge sorption; mass balance analysis; removal efficiency
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1 #BE5HE

1.1 fk2EisH)

IR (azithromycin, AZM) | AR
(erythromycin, ERY) . % £I % & ( roxithromycin,
ROX) #1 H 3¢ [F Sigma-Aldrich 23 F]; %470 A
MOX ) M A Bt ¥
Pharmacopeia 23 7l ; 35 P 2 (norfloxacin, NOR) |
A I (ofloxacin, OFX) | fifi JiZ W5 BE ( sulfadiazine ,
SDZ) . fifi Jfig R 0 ( sulfamethazine, SM1) | i Jii¢ B
WE M ( sulfamethoxazole, SMZ) . H % “F & % I
(trimethoprim, TMP) ¥JI§ H #& & Dr. Ehrenstorfer
ONE] NERYIARUE S VS 338 (simetone, SMT) | WM
H-2C ( caffeine-" C,, CF-"C). 25l A 3%
Accustandard 5 3£ [H Sigma-Aldrich Nl g H
12 . BEWR I M a5 4l ( Merck 2y H]) 5 7K R #B4liK
(Milli-Q #B4lik 245, £ E Millipore A ). [EAHAE
B (Oasis HLB, 500 mg/6 mL) 4 [ Waters 2\ ).
1m 35S £F 4EJE 405 0. 45um JE B 38 543 51 e B
Whatman F1 Millipore 23 ®]. T A 24 fb # & A6 9 2l
(>90% ).

i 5 VN bR TR AR Y TC < 43 S AR
25.00 mg FrifEsh , HI P BERS ff FE 25 T 50 mL FR {4
ZEm i, e AL 500 me- L' Y BR ME GG S TR, T
-20°C F PR AF. WisK 2185 % % W (ERY-H,0) i
ERY FRuE i 4« 6] ERY ARl hom A S & 3
mol - L.~ BB IR 8 5 pH £ 3. 0,%6}%‘1?%73‘3 4 h,H
T ARG 5k B F) £0% 2R S A 7™ ) oA 90 S i
(K584, SR I I NaOH IE M7 pH £ 6.0, &
T 4C TR E. SEgRIt, AR 4 75 2 ) & ok i
) TAERREIR WL, T 4°C T IRAF
L2 FRACREE

2012 4E 11 A ~2013 4 1 H W18, & ks — 8k
—UCHE, It 4 U B UURIASATRE. AR TS Kk
PRPRE ¥ 757K 7K ) 5% B I 1) SR 4 E 7K FITH 25 1
K BAFEECREER R 500 mL, JILAGE it NaN, (0.5
g L71) LA AR AR 0 A R B S AR A 1
TE R, Vo IS [R5 50 A AT I . [ IR AR B K
TGURRES  SRFE TN 12 h 9,8 3 b oR4E 1 IRIVIR
AR (R UCR AR BB AHSE ) | 5 JeRE T B T AR
B OSHE TG T -20°C kAR % . 5K

SRR R R AR S 1 R, %15 K ik
S N 154 TN A BT BU% KK 60 7 m*-d ™.
15K A PRI P AL 45 TR PR ( R BRPURL 5 ) | iRD
b, B (CASS [Nt , 12 M A<t F H 156 1) R 4
W, RS A SR A N, AT AL WY A2
ZBR) . U0 RIS IE (AR R TS e G S

(- moxifloxacin,, European
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Fig. 1 Schematic diagram of the WWTP and the sampling site locations
IR BB A ) | ST L K. 0. 19 HRRIR S VAW, TS AR B O F . B e i e
1.3 SrHrorikny s JF:0 ~22 min, 30% ~90% B; 22 ~23 min,90% B;

15K ANG AR 10 Fh s B4 A4 20 0 BT FE T
KU EPA ¥ (1694USEPA ,2007 ) #E4T. 7KAE
FH EAHZEHU2: (solid phase extraction , SPE ) $2 B4+
k. V5 UeRE RS DR R SR, PR SPE 4k,

LC-MS 43 #7 &< 4. Agilent Zorbax Eclipse XRD
C18 WAH (I HFE (150 mm x 3.0 mm, 3. 5um) , AT
$% Agilent C18 (4 mm x 3.0 mm) FifE. R IFHLE
JE(ESL+ ) FEATAGIN. 7 0. 25 mL-min ™', YEFE &
10pL, AR 30°C. sl A iS5 mmol - L~ ' i iR & A1

23 ~24 min,90% ~30% B. %Mk 5 G S 17 8
min. JFIE SR A HL T35 E B VR (BST + ), TR AR
B 350°C, TS E 10 Lo-min ™', B 40 H &
4500 V,MS 5 MS2 ( PUFF) i B R 100°C , 4
BN 22 3 S 7 W (MRM) .

WX HARPUA R IR S ARFE S T 4 o
T BARMUAE R RHIE S T RE R BT, LB
HE AR BRI E] (2. 2min ~ 17. 1min 2Z[8]) , DA% 52
IKFETR Y BRSBTS e i (R 1).

x1 BHEREZRRAEMIRIES KIS FRNx
Table I ~MRM of Selected antibiotics and internal standards in this study
ey e Vi EiN MARY MRM (1) MRM ( 5E 1)
MOX C, Hyy FN; O, SMT 402.2>384.2 402.3 >363.9
NOR W i 2 CieH g FN; 054 CF-13C 320.2 >302.2 320.2 >276.0
OFX CgHy O, N5 F CF-13C 362.2>318.3 362.2 >261.2
AZM CysH,N, 0, SMT 749.6 >115.9 749.5 >82.8
ERY KN REEZE Cy3;Hg; NO 5 SMT 716.5>158.0 716.5 >558. 1
ROX Cyy HygN, Oy5 SMT 837.5>158. 1 837.4 >679.4
SDZ, CioH;oN40,8 CF-"¢ 251.1 >156.0 251.1>107.8
SM1 - CpHyN,O,S CF-"¢ 279.1 >186.0 279.1>124.1
Tk e .
SMZ C,oH, N;05S SMT 254.1>108.0 254.0 >156.0
T™P CiyHigN, Oy CF-"¢ 291.2>123.0 291.1>110. 1
SMT - CgHsNsO 198.2 >100. 1 198.2 >68. 1
AT ] g HisNs > >
CF-¢ 3C;CsH N, O, 198.1 >140. 1
1.4 Jui-P oA PRI FRAETS5 KA BRI R b 8 SR B R AR

T A M AL T AE R AP 1 o e e E Oy AR X
(1) M(2) 35

Myy = Q X ¢y X 107° (1)
M = Py X ¢y X 10°7° (2)
T, Moy« Moy 53 5 R B0 A A 15 K AR A5 e AR
MBI, g d ™ sy v Coppe 20 A AE TS KRS U6
F AP AE FRE ng- L' ngeg ' 50 Pryp 43

KR ANE TR m’ e d 7 kged T

REEWoF

R_ = (Cﬁm X Q) - (Ciﬂ—ﬂ( x Q +

Cigie X Prgye )/ (cypy X Q) (3)
IKAHZ RN .
Ry (%) :Cm/ka—Cm/kXQXIOO (4)

Cypk X Q
iﬁqj,cig*\ Cipsk ~ Cﬁ;}g%%”ﬂ‘jiﬂ]ﬂfﬁﬁgﬁ7k<ng'L_l) N
WK (ng-L7") | 15RH (ng-g ") PiAERWE.
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2 HFR5IHE

R 5 R IR IE
PUAE 2R FH P bR 2 o (L ik T 0 o 2 T
BN AIRZIR ) . Milli-Q ARl &4 A 0. 1 ~ 800
pe- L™ RINPTA R IR G AR MRS W (NS 1 BT i
WBEE EAE 20 pg-L7") 76 BaR E5 Bilk 25 44 T i
B LA AT RN bR ) 2 £ 5 X Ay e D FRZ L
AT, 15 5] 21 Fh PhACs 43 B 9 0 £ 4 31 el Fn
LM RE (P KT 0.99). HI7E A KK, 5
KT HEAK K 5 T5 T i b SEAT A [l i 52 56 >k
585 P SRR EE B [0 B E 66. 4%
*z2

(5)

2.1

~114.9% . 66.0% ~131.9% . 64.5% ~111.9% F
54.0% ~107. 4% Z[a) , FXT PR ER 22 /N T 14% .

T HAZ VEFE 10 ~ 100 ng-mL ™ AR ERCR A
XS 53 BT B R B2 FIAS 5 . AR S H N AN
H [EDRE %8 B 20 HE 3% ~15% F1 5% ~18% 2 18], L)
ML =10 B 45 SR B0 Az 28 v B Oy ik o i PR
(LOQs) ,HuzRoK | oK | HiK | 15 e ke rh Al f A
EAY LOQs 439 7E 0.03 ~4.0 ng-L™', 1.0 ~17.5
ng-L™' 0.5 ~5.0 ng:L™"f1 0.4 ~3.3 pg-kg™!
Z [a].

2.2 V5K KK TS Ve T AT A 2 VR

KA B] 5 K 7 23 & 22600 000 m*-d ',
G R E (UUTE) 291 256 000 kg, 3K 2 4
HTHEK THEE K BB K TG Ve 10 Fp AL ST A
R

Bk, HEHKREBRATRES 10 ARG E RN THRE

Table 2 Average concentrations of the 10 selected antibiotics in influent, disinfection effluent and dewatered sludge

%) ey e kK IRIRTINIYI Pt K THBEML 7K EU VIR B A—— ¥ R JBEoK 35 e

- " /ng-L7! /ng-L~! /ng-1~! /ng-17! /pg-kg ! /pg-kg! /pg-kg!
MOX 19.91 +7.38 18.68 +0.97 6.90 +1.03 6.62 +0.91 14.60 +2.10  17.50 £1.02 16.05 =1.11

MEiAEHZE NOR 203.01+16.10  151.80 =18.10 29.60 +£5.60 30.40 £3.80 76.00 £7.50 139.71 +49.90 107.84 +39.81
OFX  345.90 £59.40  272.60 +£36.10 101.70 +5.20 57.90 £18.41  138.82 +44.73 170.16 £72.02 154.47 +51.68
AZM  362.52+21.71  262.81 +14.80 88.62 +£25.31 81.52 £23.81 383.81 £21.80 549.71 +86. 11 466.76 +77.46

KIFHNERZE ERY  254.24 £15.36  257.92 +24.01  145.40 +14.81 153.01 +£16.50 12.72 +2.61 4.61 +0.80 8.64 £3.72
ROX 404.01 £34.22  385.71 +44.80 307.03 £36.11  347.52 +35.41 56.04 +6.61  31.62+6.90 43.78 +8.43
SDZ  229.89 £22.50  209.70 +14.91 164.11 £25.52  155.03 £25.61 2.61 £0.41 4.62+1.23 3.57 £0.99

ek SM1  150.21 £20.14  127.23 +25.01 39.80 +7.61 39.90 +£6.52 0.81 +0.11 1.12 +0.21 0.92 +0.18

IS
SMZ 2935.40 +327.61 1806.31 £165.201173.61 £90.03 1147.90 +65.11 1.80 =0.81 17.20 £4.12 9.51 +5.31
TMP 77.37 £22.72 81.50 +2.81 47.31 +11.70 56.20 £17.22 13.61 +1.03 3.10+1.61 8.32£3.11
2 Al 5K K BRI OR AR 2.3 A

AKm e BT A B bR P A & A VR B 4 0 FE
(19.91 +7.38) ~ (2935.40 +327.61) ng-L°",
(6.62+0.91) ~ (1147.90 £65. 11)ng-L~"F1(0.92
+0.18) ~ (466.76 +77.46) pg-kg ' ZI[A]. 10 F i
R AE 2RI AT AR TS e A ks 28], 158 7K 75 8 T B 7
HbrPid &R A 103 g-d ™" AU S Pk HER
Pk F MR TR 3. 42% . SMZ ZEA TG J Hh
FILR ARV B (AERT DTS U6 . TS Ve K
V54> 1,80, 17.20 19.51 pg-kg™'),
XEEA ML R —2T 0 534, SDZ 1E A%
TSI TR RE R B, 435k 2. 61, 4.62 Fl 3.57
pe-kg ™'y SMI WRIEEAELE Ti5 e, {H v B AR Y
(0. 81 ~1.12 pg-kg™'). ZBFFE T, AZM F I
T e (A5 PR W fHE: (466. 76 wg-kg ™", 15 TR W FF 22 5
RH26.96% ), X —4E R S EG " LG PR 4
Hofth = R A58 45 R 2.

IR J5 - 43 BT 0 O 1 A B B R A R AR T
IKARBET AT AE R BRALEL. BT A B RAE K
fR L H R T 2 989 g-d 'y FE K R B H R
M1 243 g-d ™ (T KGR TR 1B AR B A X
B, T LA HE X B AR A 2200 W B 0T DA 22 A
1) 5 ZEBLK IS Yo b Y e H B e o 103 g-d 7',
Horb s RS AR A N ER IS 215 Ve b R AR B bt
A S K IE e B bR biA: R & =00 34% M
63%. Gobel 2" (B 55 2 W, ¥4 R R B J2: 25 Bk
FH s R S BT AR R B A BRI AR

T5 IR R B BE Y SMZ(9. 5 pg-ke ™) ;
HAAHSCAFFE Fp o R B T I5 7K 15 e A e IRk
RS BT R Gobel 2517 KGN 15K ) 15 8 h
Al e Hi A R ) & K, R BTSSR R
WIE Y SMZ F1 TMP -39 B (LT E ) 505100 68
peekg T R4 pgekg T AT AR A E A - ML X
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LW R AR 55, AH SR, v TR S 4T A R Ay
BER AZM W53 F454 1 i 53 5 & A 1E L far 7Y
AT W L4, 7T 547 1 m 5 e 2 18] & A
R A HAE R PRI AE TS e HH B4 v B2t R X 558 1.

TN A A R AR R ARG KT SR
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BT BAnPiAERTESEK oK by BT R A DL RS
T i, XA 215 G W i i B HE Ak 4 I L 4]
Ve 2. Hirp R T 7e /K B B g7 LAl _E B
FRFNEZK 5 Ve HE /Y B bR 28 A BT i i far. )
HFE(3) F(4) 4 it B Anbi A R 715 K Ak
P AR P A AR 2 BRI B AR K AR S BR AR, W] LA
&1, ROX B R, {& T 20% ; NOR, OFX, SM1 FlI
SMZ IR Ry, 53R 73.92% | 73.90% |
73.34% F1 60. 83% , HFE 15 e b JL- - H IR HE , £
WX 4 FpiA: 2 32 B8 8 o A Y A AR 22 B A
X2 RS SRR [ 22 ~ 24 1 I BFIE 45 AL AZM
A MOX A % B H A X 45 = 1 25 B R, 40 5o
50. 55% F150. 15% ; HAh$t A= F 1) R, 7 29. 77%

O Z:bkfa w5 R G b Sk LY STk
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Fig. 2 Mass balances for the detected antibiotics

~39. 11% zZ[6) ,ERY , SDZ Al TMP B3 e W B} 2 JL
TR0, H Ry ZHBRRMET 40% ; AZM F I K &
TS PR R fE. 2 9 45 SR 3 B, Xof T s i I S 4 AE
R AZM {5 W 2 H L BRI ez —, X
E3CHR[ 19 ] IRFFE 4R —EL

TR [a) Hl DX 4T A 2R 5% PR ) o o AT 7K Ak 3
TR s R AR A R O R X (5) 4t B s
PrAERM A B B G, 15K ok d Hirbia:
R BT AT, 75— R B ] DU iR 55 X H
PRt AR R A A, T K b H bR b A R Y B 1R
T , W LA W32 9K BR S v B Bie A R G KR, %
KT T A B A PR R B B & ATy 1,94
mg+ (d-person) ~'5 PAIGAKT HK MR 3L UE, 290
KO E PN R R OE AT 807.17
pg- (d-person) ~'. ZyEKT SHAMIX | ERIEK
kK B AR P AR 2R N H BT 1A Y H A
%3,

*3 ERRHRHEMMXSAT#HHKFERRESHANBRESE/ pg- (d-person) !

Table 3 Average daily mass flows of target PhACs in influents and effluents in Chongqing and other locations around the world/ g+ (d-person) ~!

St s S KIFHIERZE Tk Jrie 2% ik
MOX NOR OFX AZM ERY-H,0 ROX SDZ SM1 SMZ T™MP
KBS K 5.81 79.08 134.77 141.20 99.05 157.39 89.57 58.53 1144 30.14 -
SR ik 2.55  11.83  22.57  31.80 59.61 135.41 60.38 15.53 447  20.49 L
; kK 27.53  75.75 14.15 45.75 78.50 48.18 1.50  65.75
U Stanley ik 12.13  19.02 5.24 15.77 43.56  0.54 n.d  16.78 [25]
HEK 1112 1030 1582
T ok 148 n.d n.d [26]
) . HEIK 34 n.d n.d 72 68
BKHL Brishane ok 5 n.d n.d 54 o 27
. . ) K n.d" 497 n.d 310 381 468
FEH Two STPs, Wisconsin ik nd 164 nd nd 78.10 289 [28]
. ] Kk 152 n.d
it Kloten-Opfik ik 27 nd [19]
N #K  nd 5432 103.21 n.d n.d nd 61.13 13.62
PIBEF Castellon dela Plana x5y 71 17,69 59.77 10.87 n.d nd 68 12.19 [20]
i, ) kK 360 n.d 65
KA Six STPs ok 3 5 10 [29]
" ) BEK 274 689 n.d n.d 302 1039
5ii Jt Stockinolm and Kalmar . 3 15.68 108 n.d nd nd gy [0

1) “n. d” 78 RAL 2
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