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F1 EXKEEZRFKF
Table 1 Factors and levels of orthogonal experiment design
A B (ml) C (min) D HLB (ml)
1 /EDTA-Mcllvaine(1 : 1) 5 10 3
2 - a:n 10 15
3 0.1% - @713 15 20
® 2 TEMEREUMER
Table 2 Basic physiochemical properties of tested soils
pH CEC(cmo/kg) SOM(g/kg) EC(ug/ml) C/N
4.830 10.12 7.96 50.16 5.85
7.840 21.29 14.80 100.03 10.02
5.360 31.28 25.64 786.53 19.12
8.630 20.08 11.92 96.50 14.66
8.185 6.12 4.72 30.48 4.02
1.6 SMZ
1.6.1 1 4
0.02 0.1 025 05 1 2mg/L 3 Lo(3%) A B,C,D,
HPLC (x) AB.C,D, AB:CsD;  A;B,C,D;  A,B,CsD,
») A,B;CD, A;B,C;D, A3B,CD; A;B;C,D; 9
(R 9 SMZ
1.6.2 Shim- 18.16% ~ 85.58% -
packVp-ODS(250 mm x 4.6 mm, 5 pm) 10 ml 15min 9 ml
270 nm 20.1% (80:20) (HLB) SMZ
1.0 ml/min 20 ul 25 C 0.25 mg/kg SMZ 85.58%
1.6.3 (3
F3 EXRRESD 9 MR FHEE
Table 3  Average recovery rates under nine treatments
1.6.4 SMZ (%)
AB;CD; 37.46 1.82
AB,C,D, 50.30 0.36
lati dard deviati RSD A B;C;Ds 65.60 0.52
(relative standard deviations ) AB.C.D, 85,58 017
A,B,C;D, 51.73 0.04
0.25 mg/L 2 mg/L A:B;CiD, 70.99 1.48
6 A;B,C5D; 26.44 0.08
A;3B,CDs 24.20 0.25
A;3B;C,Dy 18.16 1.89
1.7
Microsoft Office -
Excel 2010  SPSS 18.0 Origin 9.0
ANOVA
Pearson
[8] [14]
2 SMZ
2.1 SMZ
[23-27]
HLB
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5 (F>3.55) HLB
(F>3.55)
HLB
15 min (28]
4
SMZ
>HLB > > .
x5 EXRRBAEDH
4 ITRBEBEWUSHFE Table 5 Variance analysis of orthogonal experiment
Table 4 Direct analysis of orthogonal experiment F P
A B C D HLB A 1.104 0.552  23.001  0.000"
(ml) (min) (ml) B 0.054 0.027 1.125 0.052
1 1 1 1 1 C 0.036 0.018 0.750 0.186
P 1 P P 2 D HLB 0.243 0.121 5.042 0.000"
3 1 3 3 3 0.001 0.024
4 2 1 2 3 * (P<0.05) F
5 2 2 3 1 Fa(fj, fE) F FPE.(1,
6 2 3 1 2 fE) Fj<F.(f},fE)
7 3 1 3 2
8 3 2 1 3
9 3 3 2 1 2.2
K1 51.12 49.83 44.22 35.78 0.02 0.1 0.25
K2 69.43 42.08 50.35 49.24 0.5 1 2mg/L HPLC
K3 22.93 51.58 47.92 58.46 OTC TC SDZ SMZ SMR
R 28.19 9.5 6.13 22.68 .
SDMD 22 min
K R
TCs SAs 1
SPSS18.0
VWDI1 A, Wavelength-270 nm (002-0201.D)
d o
2
:f <
-~
20 o
‘ z
T
151 I
2 |
e ~
oy o
10 2 | J‘ x
~ ‘ 7
,‘ ‘ | i
2 e I i
< || " ol I
dl‘ ‘l\ ‘ | ‘ [ “ J‘ ‘\
ok SRS |/ S— S\ J I\ o -
25 5.0 7.5 10.0 12.5 15.0 17.5 20.0 22.5
i) (min)
( (TO) (OTC) (SMZ) (SMR)
(SDMD) (SDZ))
1 BiRmERMEIEEER
Fig.1 Chromatographic peaks of target antibiotics in a spiked soil sample
6 () 3 (SN = 3) 2 TCs 4 SAs
o) R 0.99 OTC  10.83 pg’kg TC  16.02
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pg/kg SDZ  7.69 pg/lkg SMZ  4.86 pg/lkg SMR 0.31% RSD 1.44%( 6)
6.32 ug’lkg SDMD  5.74 ng/kg( 6) 10
(S/N =10) 2.3 (%)

OTC 16.77 ug’kg TC  21.46 pg/lkg SDZ 0.02 0.25 2mgkg
13.98 pg/kg SMZ  9.13 uglkg SMR  12.58 pg/kg 4 SAs(SDZ SMZ SMR SDMD) 2 TCs(OTC
SDMD  11.27 pg/kg 0.25 mg/l. 2 mg/L TC) 14 HPLC

6
2 TCs )
4 SAs (RSD) 25 1
F6 AEBERIMERNLERE. RERY. AERNREEEE
Table 6 Linear equations, correlation coefficients, detection limits and RSDs of different antibiotics
(R%) RSD(%) RSD(%) (ng/kg)
OTC y=124x-0.3919 1 0.17 0.99 10.83
TC y=137x-0.282 8 0.996 1 0.22 0.96 16.02
SDZ y=326.68x + 64.104 0.998 5 0.13 1.42 7.69
SMZzZ y=349.42x +90.515 0.998 1 0.14 1.96 4.86
SMR y=347.95x + 81.087 0.998 4 0.27 0.95 6.32

SDMD y=1334.65x + 83.842 0.998 5 0.31 1.44 5.74

x7 BIRIERMINAREKR%) REMIRERE @ =3)
Table 7 Recovery rates and relative standard deviations (RSDs) of target antibiotics
+ RSD(%)

(mg/kg) oTC TC SDZ SMZ SMR SDMD
0.02 2.11+1.42 - 5.84+297 20.16 = 1.89 11.35+3.89 7.23 £2.06
0.25 5933 = 1.12 20.81 £4.57 67.31+7.73 85.58 £ 1.76 70.94 + 1.87 68.31 +£2.85

2 61.22+2.71 18.73 £ 1.08 70.33 +4.86 83.21 £2.67 71.13 £2.02 65.94 + 1.52
( SMZ A,B,C,D;)
0.25 mg/kg [32] TCs
SDZ 67.31% (RSD)

7.73% SMZ 85.58% RSD pH (pH =
1.76% SMR 70.94% RSD  1.87% 4.83) TCs
SDMD 68.31% RSD  2.85% OTC 2.4

59.33% RSD 1.12% TC 24.1 2 SMZ
20.81% RSD  4.57% 4
65% 92.92%
RSD 10 7.33% 39.30% 32.89% 6.62%
53.62%
SMZ pH
(&1 pH>6.5 SMZ
Kd TCs Kd pH 6.5 SMZ
pH 6.5
[33-34]
[29-31] SAs SMZ
Kd
[29-31] TCs [35]
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100 - a
2 oy .
—H -
sor SMZ
g b
H ¢ SMZ
= o0F K SMZ
3 oy
'4‘5 24.2
= 40
>
20k 8 SMZ 5 pH
(CEC) (SOM) (EC)
| L. Ll L o (C/N) EC
LU WL AR RO SRR 5
BB S]] C/N EC R’=0.660
( SMZ P<0.01 C/N R>=-0.746 P<0.01 CEC SOM
(P<0.05)) CEC R*>=0.547
2 RS SMZ hnfRE g E P<0.05 SOM R’=-0.544 P<0.05 SOM
Fig. 2 Recovery rates of SMZ in different soils
CEC
SAs
CEC
SMZ
pH CEC EC
SMZ pH4~6.5 EC
*8 AELTIEMRS SMZ hnkr B ZE 4 K 1 (Pearson )
Table 8 Pearson correlation coefficients between soil properties and recovery rates of SMZ
pH CEC SOM EC C/N
pH 1
CEC —0.182 1
SOM ~0.354 0.970” 1
EC ~0.484 0.817” 0.918™ 1
C/N -0.122 0.952" 0.903" 0.804" 1
0.178 -0.547" -0.544" ~0.660" ~0.746" 1
o P<0.01 () P<0.05 ()
SAs
SOM CEC CEC SAs 67.31% ~
SOM CEC 85.58% 8%
SOM CEC C N
[36-37] SMZ SMZ
92.92%
SOM 53.62% SMZ
EC C/N (P<0.01)
CEC SOM (P<0.05)
3
) [1] Deng W, Li N, Zheng H, et al. Occurrence and risk
assessment of antibiotics in river water in Hong Kong[J].
4 SAs 2 TCs Ecotoxicology and Environmental Safety, 2016, 125:

2.38 ~ 12.57 ng/kg

121-127
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Optimization and Detecting Sulfamethoxazole in Soils Using Solid
Phase Extraction-High Performance Liquid Chromatography

LIU Xiaoya, XU Yuanzhou, HE Nannan, LI Huixin, HU Feng, XU Li"
(College of Resources and Environmental Sciences, Nanjing Agricultural University, Nanjing 210095, China)

Abstract: In this paper, an orthogonal experiment was designed to optimize the extraction method of sulfamethoxazole
(SMZ) in red soil and a solid phase extraction-high performance liquid chromatography (SPE-HPLC) method was built for SMZ
detection. The method was used to determine different antibiotics including SMZ from different soils. The results showed that the
optimal extraction conditions for SMZ in the red soil was 10 ml acetonitrile-phosphate buffer as the extracting solution, ultrasonic
oscillation time for 15 min and 9 ml methyl alcohol elution. The recovery of 0.25 mg/kg SMZ was 85.58%, indicating this method
applicable for the environmental sample analysis. Meanwhile, this method was used to extract other antibiotics, including three
sulfa antibiotics (sulfadiazine, sulfamerazine, sulfadimidin) and two tetracycline antibiotics (oxytetracycline, tetracycline), the
average recoveries of 0.25 mg/kg sulfas and tetracyclines were 67.31%—85.58% and 20.81%—59.33%. Under HPLC with UV
detection, the detection limit of SMZ was 2.38 pg/kg, showed a good accuracy. Simultaneously, the detection limits of sulfa and
tetracycline antibiotics were between 2.38~12.57 pg/kg, indicating this method better suited to detect sulfa antibiotics in soil
according to the laboratory quality control standard. Besides, the method was also used to test SMZ recoveries from different soil
types, the largest SMZ recovery rate (92.92%) was obtained in fluvo-aquic soil, followed by desert soil, red soil and purple soil,
while the lowest recovery rate (53.62%) were in yellow-brown soil. The correlation analysis showed that a significant negative
correlation between recovery rate and soil EC, C/N (P<0.01), and CEC, SOM (P<0.05).

Key words: Soil; Solid-phase extraction; High performance liquid chromatograph; Orthogonal experiment; Sulfonamide;

Tetracycline
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