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Abstract: [ Objective] The potential impact of biochar on key soil animals, especially earthworms, is an important aspect in evaluating

its environmental safety. Although previous studies have confirmed the toxic effects of biochar on earthworms, there is still a lack of
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systematic understanding of how preparation conditions regulate its toxicity and the specific sources of toxicity. Thus, this restricts the
screening and application of low-risk biochar. [ Method 1The effects of biomass sources (rice straw and perishable waste) and pyrolysis
temperature (350 °C, 500 ‘C, and 650 °C) on the toxicity of biochar to earthworms were systematically investigated. Also, the toxicity
differences between biochar and its extract solution were compared. Moreover, the common Eisenia fetida was used as the test subject,
and multiple indicators were employed, such as individual survival rate, enzyme activity, histopathological observation, and
transcriptomics, to evaluate the effect of biochar on the earthworm’s survival. [Result] The main results indicated that: (1) The toxic
effects of biochar on earthworms exhibited significant feedstock specificity and dose dependence. At an exposure dose of 2.5 g-kg,
perishable waste biochar (PWB) significantly reduced the relative survival rate of earthworms, while the same dose of rice straw
biochar (RSB) had no significant effect; when the dose increased to 5 g-kg™, both types of biochar showed obvious lethal effects on
earthworms. (2) The response of the oxidative stress system showed that biochar stimulated the antioxidant defense mechanism of
earthworms. Moreover, as the pyrolysis temperature increased, the oxidative stress in the earthworms showed a decreasing trend. The
integrated biomarker response further indicated that the ecological risk of PWB was higher than that of RSB, and the toxicity risk of
biochar pyrolyzed at a lower temperature was stronger. (3) Histopathological analysis indicated that biochar can induce damage to the
epidermis and midgut of earthworms, with the damage caused by PWB being more severe. Transcriptomics revealed that several key
physiological pathways such as protein digestion and absorption, extracellular matrix (ECM)-receptor interaction, and vitamin
digestion and absorption in earthworms, were affected under the exposure to biochar, and PWB induced more differentially expressed
genes. (4) Biochar extract solution exhibited toxic tendencies to earthworms in the soil at a dosage of 5 g-kg™, while the toxicity was
lower than that of the solid biochar. This indicated that both the chemical composition toxicity of its extract solution and the physical
characteristic risks of its solid particles should be considered for a comprehensive assessment of the ecological safety of biochar.

[ Conclusion] Based on the above results, the toxic effects of biochar on earthworms in the soil are influenced by multiple factors
such as the feedstock, pyrolysis temperature, dosage, and components of biochar. Thus, this study provides an important reference for
research aimed at better assessing the environmental risks of biochar and provides a theoretical basis for the safe application of biochar
in soil.
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Fig. 1 The toxic effects of biochars on Eisenia fetida (a) and their correlation with potential contaminants in the biochar extract solution (b)
5 g-kg FRKFEREFF R L BN 5 JE Bl it i 3% (P< 0.05) FEMi 1 Ml (A5 . Hiadkid, &
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Table 1 Electrical conductivity (EC) values and pollutant contents in biochar extract solution prepared from different feedstocks and pyrolysis

temperatures

SUVA254/  -OH/(umol-
Type of EC/(uS Zn/(ug-LY) Cu/(ug-L? Cri(ug-L?h Cd/(ug-L?Y) Pb/(ug-L?)

Lmgtmy LY
biochar -cm?)
PWB350 4 338a 19 13.9+0.4a 165.1+6.5a 78.5+3.2a 60.1+1.2a 2.1+0.2b 9.4+0.1a
PWB500 3469b 16 11.1+0.1b 130.4+3.5b 61.8+1.5b 54.4+1.6b 1.6+0.2¢c 8.810.1b
PWB650 3321c 0.1 8.2+0.1e 91.5+2.5d 43.4+1.4d 35.5+1.6¢ 1.5+0.4bc 8.610.2b
RSB350 1358d 1.7 9.8+0.1c 117.7+2.2¢c 55.8+0.8¢c 57.6t1.4a 5.4+0.6a 9.2+0.2ab
RSB500 1276e 0.7 9.6+0.1c 88.7+1.2d 42.0+0.2d 30.1+1.9d 1.4+0.2¢c 8.5%0.6b
RSB650 1 189f 0.1 8.9+0.1d 86.8+4.5d 43.4+2.0d 27.4%3.4d 1.4+0.2¢c 7.2+0.1c

E: RN ZRRRAFE AR 2 55 5% (P<0.05) . Note: Different letters in the same column indicate a significant difference
between different treatments (P<0.05).
2.2 YRR BIT E L EEE M & MDA & 15200
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BIRE S T AR E KRB R R A, hsh, 59-kg™ * 5 B foR &g FUis/ &N SOD B g5 T 2.5
g-kg™ P ERERA, MARIKRERATREEFET, Wik A SOD MG IR &2 M. FIRGREN, 5E
DL R T W] A PN B D o 2 ) SR A SO R, HL AT AR . B AR B R AR B ) T e, i
|4 ) = A HT A BEE VE R I RGBS . & AEYITUR R R B 4 i il 44K 1 1) SOD BigAn POD i i 1
HIGIR B (350 “CHT 500 “C) i 8 [ A= W o 5152 ¥ 2 ke 4L m Bl 4 A F) CANT iR 28 250 3 5 i X AL (P
<0.05) o XULHIAEVIFUR IR ) 5 82 [RIAE 51 R 1 sl iy i) A RO B
MDA i il FA i R B 7Y —, OBy A B 00 A% B2 V38 A Fa hr (27281, A 5%
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AR R R R ALAL, A AR R R R R 4] MDA & R R a T A (P<0.05) , BIHPE
T AT e R I 2 i o S LR M B Uk, T el AR P i L VIR 3 i A 75 S ) ™ A R A LU
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Fig. 2 Effect of biochar on antioxidant enzyme activity and malondialdehyde content in Eisenia fetida
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Fig. 3 Radar plots of different biomarkers under different types of biochars (a-c for PWB350, PWB500, and PWB650, respectively; d-f for RSB350,
RSB500, and RSB650, respectively)
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Fig. 4 The integrated biomarker response (IBR) index of different biochars on Eisenia fetida
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Fig.5 Histopathological sections of Eisenia fetida exposed to different biochars (a for the control group; b-d for PWB350, PWB500, and PWB650,
respectively; e-g for PWB350-ES, PWB500-ES, and PWB650-ES, respectively; h-j for RSB350, RSB500, and RSB650, respectively; k-m for
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Fig.7 Bubble diagram of Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway of rice seedling under the exposure of PWB, RSB, PWB-ES,
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