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Remediation of chlorpyrifos contaminated soil by biochar immobilized bac-
teria and improvement of Chinese cabbage quality

DONG Cheng'®, FENG Fayun’, MA Liya’, SHENG Hongjie’, YU Xiangyang®, CHEN Jing', GE Jing"’
(1.School of Ocean Food and Biological Engineering, Jiangsu Ocean University, Lianyungang 222005, China; 2.Institute of Food Safety and Nutrition,
Jiangsu Academy of Agricultural Sciences, Nanjing 210014, China)

Abstract: Biochar can adsorb organic pollutants in the soil and reduce the phytotoxicity of pollutants, but the adsorbed
pollutants have the risk of secondary release, which affects the remediation performance of biochar. In this study, biochar was
used to immobilize three endophytes with chlorpyrifos degradation function selected in the early laboratory stage. The prepara-
tion conditions of biochar immobilized bacteria were optimized, and the degradation performance of chlorpyrifos by biochar im-
mobilized bacteria was verified by pot experiment. The results showed that HJY had the best degradation effect on chlorpyrifos.

The biochar immobilized microbial agent was prepared under the conditions of biochar particle size of 60 mesh, immobilization

temperature of 30 °C and immobilization time of 1 d. The
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BINEE . W %, (E-mail) 1995000023 @ jou. edu.cn; 5 #, (E- in the 2 mg/kg chlorpyrifos contaminated soil, compared

mail ) cherrygejing@ 126.com with biochar treatment, the content of chlorpyrifos in Chi-

degradation rate of chlorpyrifos was 92.40% when the
prepared biochar immobilized microbial agent was applied to

the soil for 15 days. After 35 days of application to the soil,
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nese cabbage and soil in the biochar immobilized microbial agent treatment decreased by 81.8% and 77.4% , respectively. In

20 mg/kg chlorpyrifos contaminated soil, the content of chlorpyrifos in Chinese cabbage and soil decreased by 79.4% and

50.3% , respectively. The biomass, chlorophyll content, soluble protein content, soluble sugar content, peroxidase ( POD)

activity and superoxide dismutase (SOD) activity of Chinese cabbage increased significantly. There was a significant positive

correlation between the content of chlorpyrifos in Chinese cabbage and the content of chlorpyrifos in soil, and there was a sig-

nificant negative correlation between the quality of Chinese cabbage and the content of chlorpyrifos. Compared with biochar,

biochar-immobilized microbial agent significantly improved the remediation performance of chlorpyrifos-contaminated soil and

improved the quality of Chinese cabbage.
Key words:
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Fig.1 Degradation curves of chlorpyrifos by three immobilized

bacteria in ISM medium
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Fig.2 Degradation curves of chlorpyrifos in ISM medium by biochar immobilized bacteria prepared under different immobilized tempera-

tures (A), different particle size biochar (B) and different immobilized time ( C)
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Table 1 Elemental composition and surface characteristics of rice

husk biochar

JLR o I FHE Ml
C(%) 61.43 IR MR (m*/g) 28.397
H(%) 1.82 THALIE R (m?/g) 19.013
N(%) 1.03 SARE TR (m?/g) 9.383
S(%) 0.37 FLBRZ i (em®/g) 0.028 4
FHFLAE (nm) 11.394
FRIEILH (mmol/g) 0.42
FRFEHEH] (mmol/g) 0.68
HLZHL A (mV) 22.8
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Fig.3 Scanning electron microscopy (SEM) images of biochar and immobilized microbial biochars
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Fig.4 Effects of biochar immobilized bacteria on the content of chlorpyrifos in 2 mg/kg and 20 mg/kg chlorpyrifos contaminated soil and

Chinese cabbage

£2 ATRIKEAET LA 35 d FIRBHI RS
Table 2 Degradation characteristics of chlorpyrifos in soil under

different experimental treatments for 35 days

e
wm o S e @b &3
S-B, 0.075£0.012d  y=2.022 6 '~ 0.591 1.17
B, 0.310£0.015d  y=1.534 Qe 0308~ 0.308  2.25
CK, 0.510£0.014d  y=1.885 Qe 2% 0.229  3.03
S-B, 2.710£0.074c  y=25.146 Qe 408~ 0.408  7.42
B, 5.450+0.059b  y=21.817 Qe 0263+ 0.263  11.51
CK, 8.120£0.610a  y=19.188 0e %~ 0.108  28.03

CK, .CK, .B, .B,.S-B, .S-B, WLIKl 4 i, #{H V) 3 IWEE KP4 E+
PfE2EFIR Al R [l R R A B E] 22 535 0.05 B F KT,

x3 FRWENEFM T EMINEBRE
Table 3 Transfer coefficients of chlorpyrifos in the underground

and aboveground parts of Chinese cabbage

| R RB(TF)

(d) S-B, B, CK, S-B, B, CK,
7 0.27 0.20 0.22 0.24 035  0.50
14 0.23 0.19 0.22 0.28 040  0.40

21 0.27 0.19 0.19 0.30 047 036

28 0.29 0.20 0.17 0.33 047 035

35 0.50 0.23 0.15 0.34 0.50  0.30

CK, .CK, .B, B, .S-B, .S-B, WLIE 4 %,
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205 9w H 42.50% . 21.43% , 26.05% |, 51. 13% .
12.42% 8.74%.,
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Fig.5 Fresh weight, chlorophyll content, soluble protein content, soluble sugar content, peroxidase ( POD) activity and superoxide dis-

mutase (SOD) activity of Chinese cabbage under different treatments
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Table 4 Correlation analysis between chlorpyrifos content and physiology and quality of Chinese cabbage

IR 1.00

ANt EE ST 0.99" 1.00

HR PSRN 0.95" 0.97" 1.00

A -0.80 -0.81 -0.81" 1.00

AR A -0.80 -0.83" -0.91" 0.90" 1.00

s gy -0.81 -0.84" -0.93" 0.88* 0.98" 1.00

A7/ iaers -0.62 -0.68 -0.78 0.87" 0.92* 0.94* 1.00

POD itk -0.63 -0.70 -0.75 0.93* 0.89" 0.88* 0.96" 1.00

SOD -0.40 -0.44 -0.56 0.78 0.85* 0.81 0.90* 0.87" 1.00

* FORAEMEIRF] 0.05 BE KT,

FRIE SRS PR [T]. Ak R4 2440, 2014, 33 (5) - 951-
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