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Abstract: As a new, persistent pollutant in the environment, antibiotics are one of the most important pollutants in sewage treatment
plants. The objective of this work was to investigate the concentration distribution and removal efficiency of antibiotics for three typical
wastewater treatment technologies applied in small towns (CASS, A>/0, and Orbal oxidation ditch) using solid phase extraction-liquid
chromatography-tandem mass spectrometry. Sixteen typical antibiotics, including four tetracyclines, three B-lactams, four macrolides,
three quinolones, and two sulfonamides, were analyzed in the influent and effluent. In addition, the relationship between the presence
of antibiotics and the basic water quality (NH, -N, TN, COD, pH, etc. ) in the WWTPs was analyzed. The results showed that
ofloxacin (OFX) and norfloxacin (NOR) were the main antibiotics in the WWTPs in this study. However, the concentrations of these
two antibiotics in the effluent were low, indicating effective antibiotic removal efficiency. The antibiotic removal efficiency was higher
than 60% in five of the WWTPs. Compared with the A>/O process, the CASS and Orbal oxidation ditch technologies resulted in higher
removals of most of the antibiotics. In addition, the CASS and A*/O processes worked best for the removal of B-lactam [ ampicillin
( AMP) and penicillin (PCN) ], quinolones (ENR, NOR, and OFX) , and macrolide ( CLR) , while the Orbal oxidation ditch worked

best for the removal of tetracyclines (TC and OTC) and sulfonamides [ sulfadiazine (SD)]. The correlation between antibiotic
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concentration and the basic parameters of water quality (NH, -N, TN, COD, pH, etc. ) was analyzed, and it was found that the water

quality parameters had some effect on the concentration of antibiotics. With higher concentrations of the basic water quality parameters,

higher the concentration of erythromycin ( EM ) ,

roxithromycin ( ROX) ,

4-epi-Tetracycline ( E-TC), clarithromycin ( CLR),

ciprofloxacin (CIP) , ofloxacin (OFX), epioxytetracycline ( E-OTC), tetracyclines (TC), oxytetracycline (OTC), and norfloxacin

(NOR) were observed. In summary, it is important to ensure the stable operation of small town WWTPs to reduce the ecological risk

of antibiotics.

Key words :small town; WWTP; SPE-LC-MS/MS; antibiotics in wastewater; distribution of antibiotics ; influent and effluent
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for six typical wastewater treatment plants
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Table 1  Treatment process, processing scale and

service population table for six WWTPs

FE KT /ﬁfﬁfl %ﬁﬁf
Wi CASS 2 6
w2 CASS 2 5
W3 A2/0 10 18
w4 A*/0 10 20,4
W5 Orbal AL 4 9
w6 Orbal % fLi4 5 - - 8.5
1.3, *ﬁe?%ﬂkﬁﬁ' Y

ﬁﬁ@mm#Lﬁ%¢m B4 A &ﬁam
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oxytetracycline, E-OTC, 97% ) . 7 % % ( penicillin,
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fHBE 5 ( cefotaxime sodium, CFX, 97% ). 5 fi%i &
CLR, 9%). % 4 % %
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Table 2 Basic water quality parameters of the six WWTPs
— NO; -N NH;" -N NH, -N TN TN COD CoD "
. /gL /mgeL"! LR/ % /mg-L"! EKBRR/ % /mg-L~"! EKBRR/ % P
WiInf 0. 00+0. 00  60. 50 0. 80 99,4 54.40 +0. 16 S6.07 275 0. 12 04,18 9.76
WIEf  22.48 0. 24 0. 35+0. 77 23.90 +0. 41 16 +0. 19 8.00
W2Inf 0. 00+0. 00  15.34 0. 93 98.70 30. 08 £0. 24 53,50 203 £0. 56 %0. 64 8.32
W2Eff  12.63 0. 99 0. 2+0. 26 13.96 0. 71 19 +0. 30 8.16
W3Inf 0. 00+0. 00  68.75 0. 33 96.9 68.40 +0. 54 55 0 206 +0. 07 %6. 41 8.84
W3Eff  28.83 0. 04 2.12+0. 41 30. 15 £0. 72 28 0. 16 8.68
W4Inf 0. 53+0. 19  33.75+0. 26 99. 56 38.95+0. 14 0. 51 92 20. 31 435 8.21
WAEf  38.80 £0. 41 0. 15 0. 63 38.75 0. 22 42 +0. 62 8.28
WS5Inf 2.08+0. 13 83.00 0. 21 9.8 78.05 +0. 20 7179 370 +0. 36 %0 19 7.60
W5Eff  14.05 0. 14 6.41 0. 40 22.20 +0. 35 40 £0. 06 7.08
W6Inf 0. 33+0. 86  37.00 +0. 40 88,3 34.00 0. 92 so. 14 89 0. 01 0.9 8.25
WOES 9.90 +0. 32 4.32+0. 37 16.85 +0. 46 33 +0. 98 7.59
I)Il’lf: j&l’ﬂ, EH: H:I]7J(
R3 16 MERMEMETEE., ERE, HXRHKHR
Table 3  Linearity ranges, recovery rate, correlation coefficients, and detection limits for the 16 antibiotics -
ey Eqeieid! LIPSES ¢ it R LOD FEHFR 1L0Q [l % " RSD
" /mg-L"! (R*) /gL /ug-L! (b 22 ) (n'=3/%.)
TC 10 ~1 000 0. 999 0.10 0.30 99.59(2.76) 2.77
= i - —
E-TC 50 ~ 1000 0. 994 ' 0.70 1.30 & | 79482(4.17) Y 4
0TC 5~1000 0-999 0.30 1..00 192.58(4.81) F20 /g
E-OTC 5 ~1000 0. 996 ; _.3.00 850 1 85.84(3.08) 3,59
PCN A 10/~1000 04090 | ) =00 3..00 130.5(8. 03) 6. 179
/" AMP . 10 ~500 0.999 ,.f"'ﬂ 0 0:75 144. 101. 11) 0.77
T i i -~ F. - _h
. CTX &1 /5 ~1000 J o980/ ¥ K 0.5 1,50 92.96(2.38) 256
CLR /4 [5~1000 0/999: ;' £70.03 0.10¢ 100. 91(0.96) 0. 95
| TLY 5 ~1000 ofesol’ | 0.15 0.40 95,00(11.79) 1.88
~ NERY, =10 ~ 1 000 o9 | A 015 0450 99.51(0.60) 0. 60
¢ NOR | 10 ~.000 ' 0.997 040 1.30 98.01(3. 19) 3.25
i i 1 o A
foap_ 1021000 099 1 0740 1.20 101.32(5. 45) 5.38
ENR . 5~1000 0. 990 0.30 0.10 91.53(5. 15) 5.08
OFX 5~1000 0. 998 0.20 0.70 97.58(3.06) 3.02
SD 50 ~ 1000 0. 990 0.06 0.20 77.67(0. 83) 0.82
SMN 50 ~ 1000 0. 990 0.30 0. 90 78.76(4. 58) 4.52
2.3 /NEETSKT A R A i, XPIRPTAERBET FQs, A F BTG YA
2.3.1 KR R A e E o S 3SR SEE S TR S

ARHFFE 6 A5 K AT Fh 3 B4R T 2 A4
CASS., A*/0 J Orbal %L1 T EMERXTEL. FE& )
ras B, 6 A5 KA B Ak ok H BT H b
SR, B OSMN KA H, HAh 35 DL ng- L7~
wg e L™ KSR, MRIE XA R 0 Bk AT
ST, BRI W6 >W5 >W1>W3 >Wa>W2, i T
ANFIREE A K BRI K AR ZE R, I A R A
WA AR, FEBRRKNZES. HE 2 FiH
OFX ., NOR, ROX, TC, OTC, E-OTC 1 EM Z:¥54
i, By RFSEREAHRL, Horp i U 8
FH OFX 1 NOR £ 6 A~k ¥ i 9F Lk

5% Bk B, NOR Ml OFX Ay #F 7k #k B ik %
(203.01 +16.10) ng-L~" f1 (345.90 + 59.40)
ng- L™, NS I5 K AL B AR R PR K.
Guo 2 AR5 W0 3 P P AL F i R B, FQs ¥R E
%, R CIP F OFL Yk B H 343k [ ¥5 /K Ak
FEIIHER. FQs FEAETE V5 /K R H L, — Bk
Ui, T5KARFET X FQs BEWE A7 4% 2Bk, IF HAEK
o R R AR RLAR . ARBFSE h OFX . NOR F1
ROX 5% RV B &, JF H ABRACR B4, X458
5 Leung %Y B2 AL, HAE TR 7 FINTH
V5K AL ER )G FQs (CFX A1 OFX) Sy T Z (3t
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B NFIPUE R AN, RTRES AT /e — 2L JE 3 325 3
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SEHRAEAE, IF ELFI COD . NH, -N 2545 %5 3 il 41 ¢
P, XS R 15 KA A HE K — S 3 A E)
HREEH, WIS AR T VA 24 1 .
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XFLGHE K G R, AR AR Z BR ROX
SME W1 KR &8, HAPiAd RIH .
HKBRT Wa LR N 0.3% , HANEBRES
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."

A V] P
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K IBRRE A M 2 0 (L3R 2) T LI il
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Syt AR AE R BR R, Wk 4, B
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AR T AT H AT A R BRI R, X
AT AR P15 VR X DUPRZR IS W B i, K iy
DPUPR ISP B PR R AR =Y. OFX Il NOR
EoERmibrER, BT W s Ree H En)
A, HAR TS KA BT XX PR AR 2 bR 88k
) 57.89% ~94.70% . Li 252 f0F5E & 30 Rh it
A RAEIR TG K AL B p () 25 B R ik 3 80% VU I,
LRMFFE S5 FARL, LR/ IN Sk i 7Y 1) 75 7K Ah 2
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Fig. 3 Correlation analysis of basic water quality parameters and antibiotic concentration in the influent and effluent of the WWTPs
R4 HERERRTA RERNEBE/ % ~ P
Table 4 Removal rate of individual antibiotics in differeni WWTPs/% i f"f
i H Wi w2 L W wa| Ws Ao
oTC 63.55 84.67 T s 0.00 - 138.96 %;62 |
E-OTC 62.56 BL.32 7.63 0005 - L3627 59.65 4
E-TC #100. 00 /88,85 _~166. 00 100.00 |/ 59.47 100. 00,
_TC 64.15 [ 87,48, J 450,47 000, s \ 1'5‘,..96 60.87 |
Josb S pae 3259 " 0.00 oo 1Y s STLTL e
= SUN = [ 0 0,00 ~ o " o0 000, | /L 0.00 ©0.00, &
'ROX /= ' 0.00 L5004 /1 88,19 5. 70, + 58180 2589
- ENR _ 5785 5:},-“’69‘:"' | Ju,‘:j].‘ 0100 0.00 ' | 33.98 0.00 47
o EW T 33.04 | 0.00  F 100000 45.87 50,14 17.03
&9 ik | | 4 6373 50823 T 1_—04b 26. 99 78.38 2.74
/ yog= ¥ 92.91 7103 269, 74 0. 00 76. 67 90. 49
OFX 94.70 57.89 70. 69 0. 00 69. 00 91.67
CIp 77.14 72.84 7.35 0. 00 69. 49 66.52
CFX 0. 00 78.27 0. 00 56. 68 0. 00 0. 00
PCN 0. 00 1.27 0. 00 0. 00 0. 00 0. 00
AMP 0.00 50. 46 0. 00 0. 00 0. 00 0. 00

BRRAE 0% ~T79% , FAXTEE Li 272 B 5E i 75 7K
AEBRT ISP IR T CFX FT AMP 1) 2 B3 2 43 5 m]
PLKE] 91% Fl1 99% , X s T3l i v5 /Kb 3 2
HIHBE L, R XXMt RN L. HE
A AE VD R AR AR BTG TS U6 T2 A PR
EM FYFEAR 90 15% F1 26% | X 5ALE FAETGPE
V5 AE YA PR FE R A A ZE AL, CIP 7E CASS
TP LR S, LBRRIAT LA 70% ,
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CIP (1 L%k 5] 51% . Wang 250 55T 38 1 5 7K
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