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

Southwest China
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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 pgL™". All of
the target antibiotics were also detected in sludge with concentrations ranging from (0.92 +0. 18) to (466.76 £77.46) ngeg™' with
azithromycin having the highest concentration ( 466. 76 ngeg™' 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.
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1
Fig. 1 Schematic diagram of the WWTP and the sampling site locations
) - N 0.1% B
1.3 :0~22 min 30% ~90% B; 22 ~23 min 90% B,
10 23 ~24 min 90% ~30% B. 8
EPA  (1694USEPA 2007) min. ( ESI +)
( solid phase extraction SPE) 350C 10 Lemin ™'
SPE . 4500 V MS  MS2( ) 100°C
LC-MS . Agilent Zorbax Eclipse XRD ( MRM) .
C18 (150 mm x3.0 mm 3. 5um)
Agilent C18( 4 mm x 3.0 mm)
(ESI +) 0.25 mL*min "' (2.2min ~ 17. 1min )
10l 30°C. A 5 mmoleL™ ( 1.
1
Table 1 MRM of Selected antibiotics and internal standards in this study
MRM( MRM( )
MOX Cy Hyy FN, 0, SMT 402.2 >384.2 402.3 >363.9
NOR CigH g FN; 05 CF-13C 320.2>302.2 320.2>276.0
OFX CigHy O N3 F CF-13C 362.2>318.3 362.2 >261.2
AZM CyHpyN,0,, SMT 749.6 >115.9 749.5 >82.8
ERY Cy,Hg; NO SMT 716.5 >158.0 716.5 >558. 1
ROX C4HigN, Oy SMT 837.5>158. 1 837.4 >679.4
SDZ CiHpN, 0,5 Crc 251.1>156.0 251.1>107.8
SM1 CpHN,O,S CF-%c 279.1>186.0 279.1>124.1
SMZ CioH;|N;058 SMT 254.1>108.0 254.0>156.0
T™P CiaHigN, 05 CF-%c 291.2>123.0 291.1>110. 1
SMT CgH;sN50O 198.2 >100. 1 198.2 >68. 1
CcFXC ¢, CsH N, 0, 198. 1 > 140. 1
1.4
(1) (2) R =(c xQ) -(c xQ+
M =Qxc¢ x107° (1) c xP )/(c x0) (3)
M =P xc¢ x10° (2)
e R (%) =< 97 X% 100 (4
ged e L c x Q
ng*L™'. ngeg™'; 0. P c ~Cc ¢ (ng*L7") .
m’ed™" kged . (ng-L7") . (ngeg™")
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Table 2 Average concentrations of the 10 selected antibiotics in influent disinfection effluent and dewatered sludge

21  PhACGs

(7 0. 99) .

2

L,
(5)
0.1 ~800
(
66. 4%

~114.9% - 66.0% ~131.9%  64.5% ~111.9%
54.0% ~107.4%

=10

( LOQs)

LOQs

10 ~ 100 ngemlL "'

14% .

3% ~15% 5% ~18%

N N

N

0.03 ~4.0 ngL”'. 1.0 ~17.5

ng*L™'. 0.5 ~5.0 ng*L™'

2.2

10

( )

0.4 ~3.3 pgokg™

600 000 m*+d ™"
1256 000 kg. 2

10

/ngeL~! /ngeL~! /ngeL~! /ngsL~! /ugokg ™! /ugokg ™! /pgekg ™!
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
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
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
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
SMZ 2935.40 +327.61 1806.31 £165.201 173.61 +£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 2.3
(19.91 +7.38) ~ (2935.40 + 327.61) ng*L™'. .
(6.62+0.91) ~(1147.90 +65.11) ng=L.™"  (0.92 2989 ged™';
+0.18) ~(466.76 +77.46) pgokg ™' . 10 1243 god™'(
103 god ™ ); 103 god ™!
3.42%. SMZ
( . 34%
1.80, 17.20  9.51 pgekg™) 63%. Gibel "
12 17~19 . SDZ
2.61. 4.62 3.57 SMZ(9.5 pgekg™");
pgekg ™' SMI
(0.81 ~1.12 pgokg™"). AZM Gobel "7
(466.76 ngokg ™
19 20
26.96%)) SMZ  TMP ( ) 68
-1 -1
pgtkg™ 41 pgkg
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SMZ  TMP " ; Nieto ”
SMZ. SM1 T™MP
LOQs; Golet "
pH 7
1K, (<2.5
) (
)
2 PhACs
AZM Fig. 2 Mass balances for the detected antibiotics
~39.11% ERY. SDZ TMP
0 R 40% ; AZM
(1) (2) AZM
\ 19
2. (5)
(3) (4)
ROX R 20%; NOR. OFX. SMl1
SMZ R 73.92% « 73.90% - 1.94
73.34%  60.83% mg*( d*person) ~';
4 807. 17
22 ~24 ; AZM pg*( deperson) ~'. N
MOX
50.55% 50.15%; R 29.77% 3.
3 /g ( deperson) ~

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

MOX NOR  OFX AZM  ERYH,0 ROX  SDZ SM1 SMZ  TMP
5.81  79.08 134.77 141.20 99.05 157.39  89.57 58.53 1144 30.14
2.55 11.83 22.57 31.80 59.61 135.41  60.38 15.53 447  20.49
27.53  75.75 14.15 45.75 78.50 48.18 1.50  65.75
Stanley 12.13  19.02  5.24 15.77 43.56  0.54 n.d  16.78 25
1112 1030 1582
148 n.d n.d 26
, 34 n.d nd 72 68
Brisbane 5 nd nd 54 10 27
R . n. d" 497 n.d 310 381 468
Two STPs Wisconsin nd 164 nd nd 78.10 289 28
) 152 n.d
Kloten-Opfik 27 nd 19
nd  54.32 103.21 n.d n.d d 61.13 13.62
Castellon dela Plana 2071 17.69  59.77 10.87 d d 68 12.19 20
o 360 n.d 65
Six STPs 233 5 10 29
_ 274 689 n.d n.d 302 1039
Stockinolm and Kalmar 15.68 108 nd nd nd 898 30

) “n.d”
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3 SMZ
1144 g+ ( deperson) ~' ;447
wg*( deperson) ~ * 3 6
381 pg*(deperson) - 78. 10
peg*(deperson) ' . NOR 79. 08
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. . *103.21
pg*(deperson) =" ; TMP :
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:7.04 pg( deperson) '\
20
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:21.71 pg*(deperson) ~" ;

28 29 . SDZ

(1)
10
ERY-H,0( 153. 01 ngL™") . ROX(347.52

ngeL™') . SDZ ( 155.03 ng-L™')  SMZ ( 1.15
gl

(2)
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