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[ Abstract] The water ecosystem and human health were posed risks due to the pollution of antibiotics in the aqueous environment.
There were two main migration and transformation pathways in the aqueous environment: adsorption and degradation. The residual level
of antibiotics in the aqueous environment was affected by environmental conditions. To further determine the influencing factors of anti-
biotic degradation and adsorption behavior in water environment, a method for determination of quinolone antibiotics with high perform-
ance liquid chromatography mass spectrometry was developed as an example. The effects of grain size of sediments, pH of aqueous en-
vironment and initial concentration were studied through single variable experiments on the degradation and adsorption characteristics of
Ofloxacin and Gatifloxacin antibiotics. The results indicated that as decreasing of grain size of silica sand in the particle size range of
0.25 ~2 mm, degradation efficiency decreases. The process of degradation and adsorption of antibiotics were more favorable in coarse
medium with higher infiltration capacity and permeability. The pH values of Ofloxacin and Gatifloxacin with the highest degradation ef-
ficiency were 7. 38 and 7. 73, respectively, which within the natural water pH range. The adsorption process in fine sand media con-
formed to Freundlich isothermal adsorption equation and the initial concentration was of significant effect on removal efficiency in fine
sand medium. The removal efficiency increased as the increasing of initial concentration and peaked in 60 pg/L and declined since
then. The process of adsorption and degradation of antibiotics were inhibited by excess high or low initial concentrations.

[ Keywords] antibiotics; aqueous environment; degradation; absorption
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YA RAYEEAL L 8 2 SEES A A PRSP R pH
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(gatifloxacin, Gat ) i Ffr L 0 s 335 R S B A 22 AE 7K 3R
Barb 0y W R S B A AT S R ), B TR AR K IR B
WEA TSP A: R IR AT MR E , i — 5K
PR s i B 2 2k S YL i TS G B IG 4R LRl A
s
1 #RlER=E
L1 XFE5EF
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R M VRS Ry 035 40 ( 36 [F] Fisher 23 H]) , 525
FOK etk
1.2 & FUEk R EREERES

TR 0. 1% HRK R (A ) 0. 1% H
2 CNE7KI (B W) 5 T aliAH pH =2. 635 41l 65 °C;
PEFEARFR 3 L, i 0. 4 mL/min, SR FHBR BV BERE
J%:0 ~1.49 min,15% B #H—1.50 ~1.99 min,45%
B#—2.0~3.99 min,95% B #—4.0 ~4.99 min,

15% B ¥,
SR FIIE B 7~ RAUE B 11, 22 5 s A 5
BT IR 450 °C, B & F R 1 R

Fz1 FRILEH
Table 1 MS conditions

WAl T 1%535#@/ nifERe,  EFEHR
min eV eV
at 375/289.1(Gat-1) * 1.31 30. 94 100. 1
375/261( Gat-2) 1.35 40. 09 100. 1
362/318. 1(Ofl-1) * 1. 00 25.02 113.82
362/261. 1(0f1-2) 0.98 39.02 113.82

Vs RERE T

[ AR A e 5 58 A R A, O B H AR 5 AR
0. 1% PR P E 27K 50% £ R 2% vl
TEAEAC U 5 5 0. 1% W R B F R BE , 6 mL, Jii 4
3 mL/min, SARTHEES [E] 45 ;0. 1% B2 A HY v
Jid , LW AR 10 mLL; BE g AL, B4 AEHURE I 5 K
WA R 1 mL, KIFIRE 55 C;50.22 pm FHL
FUENE S U8, HPLC-MS J7 4Gl
1.3 ZetESeE Ria iR

P IR AR SBT3 A5, OfL F Gat HY eI
] 735024 1. 00 1. 31 min, 73 B8 (] 0. 01,1,
5.10.20.50 .80 100 we/L f Ofl Fl Gat J& A FRIE
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Table 2 Regression equation, correlation coefficient,
detection limit and quantitative limit

LRPETERL ZitiAR iR/ B/

(ALY . mYE Py
T (ne L) KRB (pg'L™") (pgl™)
Ofl  0.01~100 0.9992 y=3.37x10°x 0.0l 0.25
y =3.99 x10%x +
Gat  0.01 ~100 0.998 0 0.01 0.25
3.62 x10°

X HE A ST A 2R A T WA S5 1 A I 2 i 0F 5
HpRS: Y FRRIZR AR G R, AR AR5 2 X 14 Rl
BT A R ARSI, R AEVE T 9 50 ~ 1 000 ng/L,
6 R 20 ng/L, RPEAASC R KL r =0. 9985 9K
A2 B R A e D B 3 R 0 R R A
HHEAERIEI 0.4 ~ 1000 pg/L A6 R 0.4 ng/L,
MM R r=0.999 9, AT LML MK R
$r>0.99, KB4 10 ng/L,
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T B VE R B, K 3R EE pH BT AE BRI IA R B &
MR fRR R BTHA BORLAR P14G pH W1 IR VR
V7R 0 38 N S256, 78 25 C 5400 F A4 3 Fig
M R 2R 7K 345 Hr Ofl il Gat 18 Z2BRECR, Hr b iras
FO0 BRI

PEHCKI AR L 43000 0.5 ~2 mm CRHAD) (0. 25 ~
0.5 mm( 1)) [0.06 ~0.25 mm ( 4H#>) B9 £ J b,
ERIRT R xS S IR Ol I S u
HIRZI . BC ¥k B2 o 10,20 ,30,40 .50 ,60,70 .80,
90.100 wg/L Y Ofl 1 Gat JR AV ( FHBRIR 2% wh 2%
R pH =7.5) , 73 HIFREL 20 g #HLAD TR
YD ARR LS LU, 4350 A 50 mL AS [R] i
[ Ofl Fl Gat TR 57, BEEHEFE 240 h, 2.0 )5 L
TEW, H0.22 pm A HLREB T 85 L, Rl
AT —AS A B 25 28R

BCHIRI LR B 20 we/L % Ofl FI Gat IR A b
HEFS WS 50 mL, F W2 22 vh £ WM % pH 43 51
5.29.5.59.5.91.6.24 6.47 . 6.646.81.6.98.
7.17.7.38 7.73 §18.04, =4 5 & 00, ML 8
240 h, HH 0.22 pm A HLERIEEL U85

2 ZR5E

2.1 FrBfrEXERENRI

] AN [FPRLAR B A1 SERb FR 23 B IA 10 ~ 100 wg/L
H R R BE IR G (pH = 7.5 ), BEE 240 h
J5i , Ofl il Gat ZBRAERUNGE 3 PR .

R3 AEMBRERKEZET Ofl 71 Gat KERE
Table 3 Removal efficiency of Ofl and Gat with different

initial concentration and different grain size
T — LR/ % -
. Gk Py Bl =H
(el™) “50 Ga ol Ga O Ga 01 Ga
10 83.90 89.80 62.4 75.30 58.10 63.80 53.37 57.56
20 87.15 89.15 72.85 74.00 58.45 76.26 56.76 61.28
30 85.43 92.90 70.96 76.10 66.86 79.73 54.45 65.32
40 90.35 92.87 77.22 78.47 67.45 81.35 57.52 59.67
50 92.78 94.16 73.48 79.32 76.50 84.46 59.76 57.54
60 92.85 94.03 74.33 80.45 77.30 85.14 59.32 60.97
70 93.84 94.18 75.15 79.15 71.32 84.02 56.89 58.23
80 90.82 93.55 80.22 83.53 68.85 82.39 65.43 59.34
90
100

93.57 93.92 79.54 83.02 69.58 77.87 57.77 55.32
93.11 94.09 84.68 87.03 66.13 73.95 54.91 55.56
SEHfE 90.38 92.87 75.08 79.63 68.06 78.77 57.61 59.08

TEAG AT SERP B BT, 10 ~ 100 pg/L B 46
ALY Ol A1 Gat 1) 32 FEAR AR 5390 9 57. 61% Fl
59.08% , HREH pIafA G A8 4k, 5 AN R RAR Y
AYRNREG )R, TR MR, 75— E R LR
i 1 Ofl Al Gat AE/KIRGE ARG L BRR o AR A
O BRI B 3 Ao, , AR 4 I R RE AR X $5058

SRS Py AP 3 Rk AR SR G A, Ofl
il Gat L FRACFIIEME 1 B, Ofl ;-3 L pRAR
535124 90. 38% \75. 08% #11 68. 06% , Gat )14 %
RN 92.87% \79.63% F1 78.77% . F2Ua 4k 3
W, S AN RS SR TR & T 9 P AP 3R -1
LERFHE A > P > 4, Gat 19 R FRFK
T Ofl FyEBRACR,
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Fig. 1 Removal efficiency of Ofl and Gat in

three medium size
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2.2 EHERRMAE

TEAT A SR HITE O R, 10 ~ 100 wg/L HY4)
LR 2 S 1B A 4 OfL 1 Gat Fl o i 503 i 25 T 490 4
WO AR R, FHAS [R]400 G e B8 AR A
AN ST F- K e e e B2 i, 247 25 i R T b £ 420
A MDA 5 v e B 2 U S B3 T AE
HRb A, Ofl F1 Gat 7€ 10 ~ 100 wg/L AR
T L P9 R B 2645 45 Freundlich T2 (1812) .

WA TN

S = KC" (1)
(1) H e S Ay B Joi o M RS 70 F) 0% Bff 4, gk s €
DRSPS P R AR MR R, g/ L Ko Sl W . 0
BERERIME 4 R .

&4 Ofl 71 Gat ZRRM A RIS SH
Table 4 Isothermal equation parameter of Ofl and Gat

e R K n
ofl 0.875 76 9.065 65 0.848 03
Gat 0. 902 99 9.915 72 0.859 59
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Fig. 2 Isothermal equation of Ofl and Gat in fine sand

2.3 pH EXIFEHE RN
AT BT, ANF pH 4544 F,20 wg/L (1) Ofl
Hl Gat VIR A5 R INEK 5 iR,
F5 A[E pH &% T Ofl 1 Gat PEfFE

Table 5 Degradation efficiency of Ofl and Gat under
different pH

R/ %
WIh KR Lilia

141 24 34 Ty
ofl Gat ofl Gat ofl Gat ofl Gat

pH J5 pH

5.29 5.78 20.04 15.84 25.09 21.31 22.04 13.27 22.39 16.81
5.59 6.12 26,37 22.31 24.63 17.68 19.68 19.96 23.56 19.98
591 6.19 23.49 19.59 3175 23.67 28.31 24.17 27.85 22.48
6.24 6.34 30.07 26.48 35.21 28.26 39.26 30.04 34.85 28.26
6.47 6.86 41.85 33.26 39.04 31.49 31.74 27.58 37.54 30.78
6.64 6.96 39.62 41.03 42.3 37.4 44.79 39.19 42.24 39.21
6.81 7.03 46.31 43.11 45.17 20.33 40.83 42.53 44.10 41.86
6.98 7.08 50.39 37.52 48.58 41.24 52.61 38.94 50.53 39.23
7.17 7.13 52,17 47.39 50.91 49.03 54.58 48.72 52.55 48.38
7.38 7.28 59.74 59.84 57.51 57.82 58.49 55.29 58.58 S57.65
7.73 7.34 53.15 63.27 55.69 67.13 49.77 61.03 52.87 63.81
8.04 7.63 44.47 47.94 46.91 43.73 39.84 48.92 43.74 46.86

A pH 451 F Ofl F Gat FFRZUNE 3 FT7R o
Ofl AR 7E pH 5.29 ~7.38 [ifig pH A3 = & ¥
HOf LR,y = 17. 865x - 75.775(r =0.974
2),7F pH =7. 38 B[R %R 5 5, M 58. 58% ; Gat [
A6 pH 5.29 ~7.73 B pH WY =B W ok, 2
MM E, y = 19.584x —91.427 (r =0.974 2), #F
pH =7. T30 A % B i, h 63.81%

Ofl 1 Gat 7EWAH i # A FHES 1 BB 1 A
PEEF 3 FEAETE A, HAEE IR A2 I pH 52
e, AR5 pH AT 520 A6 5 W0 9 B RE T, R R pH 2%
PR B (AH) 5L B (A) B .
L) Ofl S, pKal 2 6.1, pKa2 Yy 8.3 (pKa Jyfi#t
B L2 pH <6 B, DIBH B FIEEAE, 246 < pH
<8 W, FELIWMER FIEASAFLE, 24 pH > 8 1, 1
FEUIB & FIESAAE

different pH

ST Fr 45 Ofl Fil Gat f ALK f# pH = 7. 17 ~
7.73 & T H HEw g5 i, E 2R T 2R AR
RO TR S I far A9 U R O A 1R
T B REATREL , MO b M O 55 B 1 A R85 T [ A R
Ko A, o E s AR A pH 2 BR il fk 2k i)
TR, BRI
2.4 WARENERELZN

Wk B o 10.20,30.40,.50.60,.70,80.90,
100 wg/LAY Ofl Fl Gat {4 W5 3 Foki e 1 9emb
RA (52 3), M 240 h J5, =Fh A B Ofl Fl Gat
SEX R BRRE YA INE 4 TR

90 -
85t T T —

<

M g0t 4

2

ﬂ75—

P ~Ofl
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T 100 120

1060 80
BIREIRBE/ (ne- L)
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Fig. 4 Removal efficiency of Ofl and Gat with different

initial concentration
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He 3 0, SRR ARG S IR R X
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2B Ik Bl 5 K, 4331 R 77. 30% F1 85. 10% , 4]

AU N 60 ~ 100 /L B, HrA: R (1) 2B bl 5 ]
YRR B 338 0 T 28 2L o IR e ) B vk B T Of
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Fig. 5 Removal efficiency of Ofl and Gat with different

initial concentration in fine sand
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