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Accumulation regularity of typical antibiotics in Chinese cabbage from three soils

WANG Lili", SUN Hao', WANG Langlang', LI Xuede"*

(1.School of Resources and Environment, Anhui Agricultural University, Hefei 230036, China; 2.Hefei Scientific Observation and Experi-
mental Station of Agro—Environment, Ministry of Agriculture and Rural Affairs, Hefei 230036, China)

Abstract: To investigate the accumulation characteristics of different antibiotics in Chinese cabbage from different soils, the accumulation
of typical antibiotics, including sulfadimidine (SM,), sulfamethoxazole (SMZ), tetracycline (TC), and oxytetracycline (OTC), in Chinese
cabbage were evaluated from three soils (yellow clunamon soil, lime concretion black soil, and red soil ) through soil pot experiment. The
results showed that the concentrations of the four antibiotics in Chinese cabbage from the three soils reached the highest concentrations on
the 10" day and then gradually decreased. The concentration of antibiotics in vegetables increased with increasing initial concentrations of
antibiotics in soils. When the initial concentration of antibiotics in the soil was 25.0 mg - kg™, the concentration of antibiotics in Chinese
cabbage was significantly higher than at lower initial concentrations. Under the same initial concentration of antibiotics in soil, the

concentration of the antibiotics in Chinese cabbage varied greatly under different soil types. Soil pH and organic matter content were
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important factors affecting the antibiotic accumulation in Chinese cabbage. In the same soil, the accumulation sequence of different

antibiotics in vegetable was in the order: SM> >SMZ>0TC>TC, which was because the adsorption of TCs in the same soil was much higher

than that of SAs, and different antibiotics had different physical and chemical properties. Chinese cabbage absorbed antibiotics from soils

and the concentration of antibiotics was the highest on the 10" day after transplantation. The accumulation of antibiotics in Chinese

cabbage was the highest in acidic soil (red soil), followed by neutral soil (yellow—cinnamon soil ), and it was the lowest in alkaline soil (lime

concretion black soil). The accumulation ability of Chinese cabbage to SAs was stronger than TCs, and the higher the initial concentration

of antibiotics in soil, the higher the concentration of antibiotics in Chinese cabbage.

Keywords : soil; antibiotics; Chinese cabbage; accumulation regularity; mechanism analysis
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Table 1 Physicochemical properties of tested antibiotics

14 Chemical compound JUFRZ Tetracycline 1+ %3 Oxytetracycline fitf e — F B g Sulfamethazine itk i F R Sulfamethoxazole
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Sy 444.43 460.43 278.33 253.28
pKui 3.40 3.27 2.40 1.70
pK. 7.60 7.32 7.40 5.60
pKas 9.70 9.11 — —
275 3Lk [16-17] [18] [19] [19]
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Table 2 Mass spectrometric analysis parameters of different types of antibiotics

A4 Chemical compound £} 557 Parent ion

FEF Daughter ion

HEFLHLFE Taper hole voltage/V Tilf 4 GE i Collision energy/V

SMZ 254 92#/156
SM, 279 92%/124
TC 445 154%/410
0TC 461 426+%/443

25 26/16
27 30/20
22 26/20
22 19/13

T RERE T

Note : ¥ means quantitative ion.

7£10.0,100.0.1 000.0 g~ kg™ bR i & 70 FEl PN, 4 Fil
LA R A SR R R R AE 70.21%~
117.32% Z [8) , A 1O 25 4 0.71%~20.70%
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Bl SEMARRBELERREZHEMDIS
Figure 1 Dynamics of antibiotic accumulation in different soils of Chinese cabbage
3 BREBFTENEYVEME BINTH (HEHREE o)
Table 3 Variation of Chinese cabbage biomass over time(Ave+SD, g)
43 Soil 0d 5d 7d 10d 20d 30d
WP+ Lime concretion black soil 15.0+0.5 21.4+0.8 25.1£3.1 25.6+0.3 36.4+5.9 50.2+1.6
H 4t 1 Yellow clunamon soil 15.0+0.5 18.3+0.9 19.5+1.6 25.1+£5.8 31.4+0.8 38.2+3.7
ZT3E Red soil 15.0+0.5 18.0+2.3 18.4+2.1 21.1+4.6 31.5+5.7 30.3+1.7
e R AU R RIS RN 1.0 mg ke
Note: The initial concentration of antibiotics in different soils is 1.0 mg-kg™.
T4 TEREHREMEES AUSHMEZREE(10d)
Table 4 Concentrations of adsorbed, fixed and effective antibiotics in soil (10 d)
i iz Wh2EH + Lime concretion black soil 213 Red soil #its 1 Yellow clunamon soil
Morphology Antibiotic 5 mg-kg™! 25 mg-kg™! 5 mg-kg™! 25 mg-kg™! 5 mg kg™ 25 mg-kg™!
W o 285 i A SMZ 165.9+9.1b 657.5+18.5a  485.0+115.7b  5939.8+14.6a 98.3+11.9h 556.8+47.8a
Adsorbed and fixed SM, 678.9+97.2b  2533.4+307a  399.4+04b  6411.0:1940a  1363:225h  653.7+16.0a
concentrations/
(P«g'kgil) TC 71.3+10.0b 233.8+18.1a 81.5+4.7b 477.0«11.6a 34.4+3.1b 133.8+45.0a
OTC 118.7+9.0b 541.1+22.2a 97.5+£5.5b 534.2+2.1a 50.4+5.5b 158.6+21.0a
ARG SMZ 39.2+5.3h 516.3+12.0a 193.1+8.6b 3 170.2+109.5a 89.0+4.3h 393.1+31.7a
Effe"“ze 00';‘?{1)"*‘““/ M. 96.4+15.9b 15962+5.1a  190.8+222h  2681.142162a  1143+145h  507.74355a
Rg-kg
TC 11.6+1.2b 108.2+5.1a 5.8+1.9b 26.4+2.5a 6.1+2.2b 36.8+3.2a
OTC 32.7+4.7h 285.2+1.6a 6.1+1.7b 26.7+2.0a 10.3+1.1b 55.4+0.5a

15,25 mg-kg™ F/n BIEFAHTA RIS A RN THREROR R 26 e R R AE SO [RG5S A AR R R 25 5, P<0.05.

Note: 5 mg - kg™ and 25 mg - kg™ are the initial concentrations of antibiotics in soil; Different lowercase letters indicate that there are significant

differences between different initial concentrations of the same antibiotics in the same soil , P<0.05.
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Different lowercase letters indicate that there are significant differences between different initial concentrations of the same antibiotics in the same soil , P<0.05
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Figure 2 Uptake of different initial concentrations of antibiotics in soil by Chinese cabbage (10 d)
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The time of sampling is 10 days after transplanting. The initial
concentration of antibiotics in soil is 25.0 mg-kg™". Different lowercase
letters indicate that there are significant differences among different
antibiotics in the same soil type, P<0.05; Different capital letters in
parentheses indicate that there are significant differences among different
antibiotics in the same soil type, P<0.05
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Figure 3 Uptake of different antibiotics by Chinese cabbage from

different soils
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Table 5 Speciation proportions of four antibiotics in different soils(% )

2022594 R T ST

" LI L BEEL
;B“L‘ Red soil (pH=5.81) Yellow clunamon soil (pH=6.97) Lime concretion black soil (pH=7.92)
ec
peey SMZ SM, TC OTC SMZ SM, TC OTC SMZ SM, TC OTC
A5 F- Anion 61.86 2.51 0.39 0.29 95.91 27.09 18.99 30.88 99.52 76.81 67.63 81.66

11443 Neutral molecule  38.14 97.49 98.40 99.71 4.09 72.91 81.01 69.12 0.48 23.19 32.37 19.34
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Table 6 Relationships between antibiotics concentrations in

Chinese cabbage and organic matter contents in soils

7 =X 4 FITAE ZWEH Y Langmuir iR BN S SHL
Table 7 Fitting parameters of Langmuir model for adsorption of

four antibiotics on three soils

P4 &K Antibiotic 25 72 Linear equation R’
SMZ y==353.7x+15 217 0.994 2
SM, y=—193.5x+15 669 0.900 9
TC y==21.942x+763.86 0.968 7
OTC y==32.257x+1 124.4 0.953 4

s RO YU RWIG F AL 25.0 mg kg, SRAERT M R SRR 5
10K,

Note: The initial concentration of antibiotics in the soil is 25.0 mg*
kg™, and the time of sampling is 10 days after transplanting.
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RS Q. K R AR IR T, NE T AT L
F i, =28 XS TC 1 OTC (W% FHAE FH iz K T SM,
FISMZ, R, 438 v [l Rt AR 22 A0 4R 2 it AH R

) E/acE- . . 5
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AR SMZ 4.02 01438 09384
Red soil SM, 16.09 00702 09886
TC 5437.55 08111 09400
orC 5744.97 06367  0.9680
2R SMZ 38.26 0.013 3 0.996 1
Lime SM. 16.33 0.1562  0.9942
concretion
T — TC 19 748.36 00362 09828
oTC 27 105.55 00131 09798
et SMZ 25.56 00320 09632
Yellow SM, 14.40 0.1483  0.9608
clunamon soil
TC 25239.58 00266 09696
0TC 21 369.26 00282 09717
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