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Abstract; To obtain the content level and treatment efficiency of typical antibiotics in wastewater treatment in large-scale dairy farms in
Tianjin, the SPE-UPLC-MS/MS (ultra-high performance liquid chromatography tandem triple quadruple mass spectrometry combined
with solid-phase extraction for pretreatment) technology was utilized to investigate and monitor seven typical antibiotics in wastewater
from 12 large-scale dairy farms in Tianjin. Antibiotic residues were detected in 12 large-scale dairy farms before and after wastewater
treatment. In the wastewater before treatment, the detection rates of tilmicosin ( TIL), oxytetracycline hydrochloride ( OTC),
sparfloxacin (SPA) , sulfathiazloe (STZ), ofloxacin ( OFL), and sarafloxacin hydrochloride ( SAR) were all 100% , whereas the
detection rate of sulfadiazine (SDZ) was 83.33% . Among them, TIL and OTC were the main antibiotic components in untreated
wastewater , the concentrations were 25.21 wg-L™" and 9. 87 pg-L™", respectively. The detection rates of SDZ and OFL in the treated
wastewater dropped to 25.00% and 41.66% , respectively. The main components were TIL and OTC and the concentrations were
11.30 pg-L™" and 3.71 pg-L™", respectively. There were significant decreases in the concentrations. The treatment effect on
antibiotics from different farms ranged from 24.95% to 81.05% . The comprehensive treatment effect of the anaerobic-anoxic-oxic
(AAO) treatment process was better than that of the anoxic-oxic (AQ) treatment process. OFL, SAR, and OTC were the main high-
risk pollutants in treated wastewater. Each large-scale dairy farm contained one or more antibiotic with RQ_ > 1, and their emissions
pose an ecological risk to the environment.

Key words ; large-scale dairy farm; wastewater treatment; antibiotics; treatment effect; risk assessment
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Table 1 LC operating conditions of the seven selected antibiotics
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Table 2 Parameters for mass spectrometry MRM

analysis of the seven selected antibiotics
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I MR MR AF BUE 10005 18 P 251 %k
Parih e — AN TR, AF B 100 82 R B0
SR E SR, AF B 505 18 M 75 P A 3
ANEFRHET, AF B 10. KU PEAE A9 RQ, & 18
Hernando %51 $2 1 i 28 25 IKURS P-4 45 2% . 24 0. 01
<RQ, <0.1 I, PFE NMARK:; 0.1 <RQ, <1 Y,
PEE AR ; RO =1 B, 3 s XU

2 ZER5itie

2.1 B A 57 58 S 2 K AL BRI B AR R AR
Ko AR AL

K 12 FRAEALYI SR KT 7 7 H
Prbi A A v B M OK S 3% 3. 7 R A R AE
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Table 3 Concentrations of seven selected antibiotics in twelve large-scale dairy farms
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Fig. 1 Change in antibiotics concentration between treated and untreated wastewater in twelve large-scale dairy farms
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Fig. 2 Proportion of antibiotics from treated and untreated wastewater in twelve large-scale dairy farms
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Table 4 Concentrations and removal rates of antibiotics in twelve large-scale dairy farms/pg-L ™"
AL A TR 5
kR AAO AO
2 3 5 6 8 1 4 7 9 11 12
SDZ( Hj) 0. 00 1.07 0. 83 0.91 1.09 0.93 0.81 0.99 1.81 44.15 0.94 0. 00
SDZ(J&) 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0.78 0.77 0. 00 38. 68 0. 00 0.00
L8R/ % 0.00 100.00 100.00 100.00  100.00  100.00 4.07 22.19  100. 00 12.39  100. 00 0.00
STZ(Hi) 0.45 0.35 0.26 0.26 0.32 0.25 1.02 0.38 0. 50 0.51 0.30 0.61
STZ(J&) 0.98 0. 83 0.57 0.44 0. 56 0.34 0.35 0.25 0.24 0.24 0. 30 0.31
LBEF/% -120.30 -140.00 -120.8 -66.65 -78.41 -33.86 65. 96 35.26 51.92 53. 60 2.06 49. 84
OFL(H1) 11.14 6. 00 3.11 4.44 6. 16 3.48 8.26 10. 23 6. 80 4.22 3.35 11.64
OFL(J7) 2.36 0. 00 0.00 0. 00 2. 68 0.00 2.62 2.62 0. 00 0.00 2.73 0. 00
L8R/ % 78.83  100.00  100.00  100.00 56.48  100.00 68. 28 74.42  100.00 100. 00 18.53 100. 00
SAR(HT) 13.67 3.95 2.57 2.58 2.55 3.52 3.69 4.37 4.55 6.01 11.97 3.40
SAR(J7) 4.00 2.08 1.21 1.75 2.12 2.06 2.12 3.84 1.89 2.50 2.20 1.77
LR/ % 70.75 47. 48 52.94 32.11 16. 86 41.42 42.71 12. 11 58.58 58.41 81.59 47.81
SPA(HT) 3.36 2.42 2.00 2.40 2.11 2. 60 2.32 4.42 2.93 3.13 2.21 4.18
SPA(J&) 2. 68 2. 06 1.73 1.61 2.06 1.69 1.75 2.23 1.89 1.85 1.71 1.50
LBE/ % 20. 30 14. 95 13.50 33.15 2.04 35.15 24.67 49. 55 35.56 40.94 22.77 63.98
OTC (HT) 24.01 6.24 13.43 3.12 6.39 6.47 8.68 10. 46 7.58 17.31 2.56 12.13
OTC(J&) 4.16 1. 88 5.62 2.15 2.74 2.10 4.19 4. 69 1. 46 11.50 2.39 1.67
KR/ % 82. 68 69. 86 58.13 31.15 57.02 67.52 51.73 55.22 80. 69 33.56 6.57 86.27
TIL( HT) 38.56 30. 68 8.46 24.40 19. 94 21.24 13.50 41. 64 21.98 28.38 23.39 30.41
TIL(J5) 14.32 10. 05 3.62 7.84 17.03 5.06 2.29 16.29 13.09 23.07 16. 34 6.57
LR/ % 62. 86 67.25 57.27 67.87 14. 55 76. 19 83. 06 60. 87 40. 46 18.71 30. 14 78. 40
BERR/ % 68.75 66. 68 58. 41 63. 84 29.42 70.79 63.22 57. 68 59.77 24.95 42. 60 81.05
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Table 5 Comparison of treatment efficiency between two models for twelve large-scale dairy farms/%

k% o . A -
ENE W/ME RRCk [EN: WME FHE

SDZ 100. 00 100. 00 100. 00 100. 00 4.07 47.74
STZ -33.86 - 140. 00 -93.34 65. 96 2.06 43.11
OFL 100. 00 56. 48 89.22 100. 00 18.53 76. 87
SAR 70.75 16. 86 43.59 81.59 12. 11 50. 20
SPA 35.15 2.04 19. 85 63.98 22.77 39.58
oTC 82.68 31.15 61. 06 86. 27 6.57 52.34
TIL 76. 19 14.55 57.67 83. 06 18.71 51.94
NS 70.79 29.42 59. 63 81.05 24.95 54. 87
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Table 6  Most sensitive toxicity data of five antibiotics

EURAEEN

HHURY Bl ks WAG HF PNEC/ng-L "' SCHik

SDZ Selenastrum capricornutum ( A H:{g'é) =y 1 000 22 000 [36]

STZ Chlorella fusca var. vacuolata( WL/ NERTE ) =y 1 000 13 100 [37]

OFL Pseudokirchneriella subcapitata( “F-Ff F 7 #) 26 100 11.3 [38]

SAR Microcystis aeruginosa ( A e ) =y 1000 15 [39]

OTC Chlamydomonas reinhardtii ( 9']'%2{?5"&) =y 1 000 2 000 [40]

F®7 L2 FKMEAXDFFEFLEREAPREZHREHE
Table 7 Risk entropy of target antibiotics in treated wastewater from twelve large-scale dairy farms
- MBI A TR G
1 2 3 4 5 6 7 8 9 10 11 12
SDZ 0.04 0. 00 0. 00 0.03 0. 00 0. 00 0. 00 0. 00 1.76 0. 00 0. 00 0. 00
STZ 0.03 0. 08 0. 06 0.02 0.04 0.03 0.02 0. 04 0.02 0.03 0.02 0.02
OFL 231.86  208. 67 0.00 231.68 0. 00 0. 00 0.00 237.17 0. 00 0.00 241.59 0. 00
SAR 141.07  266.53  138.40  255.87 80.67 116.87 125.73  141.20 166.53  137.47 146.93 118. 13
OTC 2.09 2.08 0.94 2.34 2.81 1.07 0.73 1.37 5.75 1. 05 1.20 0.83
3 &n H100% , SDZ Kt #6h 83.33% . F-Hks vk B e

(1) 12 B W4 2F T2 58 3 R K AL BRET I, 7
R E bR PT A R BRI . R K AL BT, TIL,
OTC . SPA . STZ. OFL I SAR 6 FhiE Z ik il %

EE K M. TIL (25.21 pg-L™') > OTC (9.87
pg'L™') > OFL (6.57 pg-L™') > SAR (5.24
pg-L™') > SDZ (4.46 pg-L™') > SPA (2.84

pg L) >STZ(0.43 pg-L7"). KL,
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