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Metabolic toxicity of polyethylene microplastics with different sizes to earthworms FEisenia fetida. YANG Xiao-xia", ZHANG
Xue-mei, SHU Xiao, XIE Man-li, MENG Xia, ZHANG Wei, YANG Jun-ying, GONG Jiu-ping, LI Bi-quan (Institute of Agricultural
Quality Standard and Testing Technology, Chongqing Academy of Agricultural Sciences, Chongqing 401329, China). China
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Abstract: By using Fisenia fetida as the test object, the growth and reproduction, cytochrome P450 (CYP) sub-enzymes activity, and
small molecule metabolites were measured to investigate the metabolic toxicity of polyethylene microplastics with different particle
sizes (small, 30~50um; large, 125um) at different concentrations (0.5, 2.5, 10, 20g/kg). The results showed that small particles of
polyethylene were more likely to retain and accumulate in earthworms, and their harm to earthworms were greater. And large particle
polyethylene microplastics could inhibit the reproduction of earthworms to some extent. The top twelve most important metabolites
identified by metabolomics responded differently under the stress of different sizes of polyethylene, and the particle size of
polyethylene had a significant effect on the toxic effect. The stress of small-size polyethylene with low concentrations (0.5, 2.5g/kg)
had no significant effect on the CYP2B6 and CYP3A4 activities and the concentrations of important metabolites in earthworms;
under the stress of small-size polyethylene with high concentrations (10, 20g/kg), the levels in seven important metabolites
(L-formylkynurenine, androstanedione, androstenedione, docosapentaenoic acid, (5Z, 8Z, 14Z) -11, 12-dihydroxyicosa-5, 8,
14-dienoic acid (11, 12-DHET), inositol, and all-trans-retinoic acid) significantly increased by 20.5% to 70.2% compared to the
control. Small-size polyethylene could cause the inflammation and neuro-metabolic disorders in earthworms, and damage their
osmotic regulation metabolism. The significant induction of CYP2B6 and CY2C9 activity revealed that earthworms had certain
detoxification functions. Under the stress of large-size polyethylene with the concentration of 0.5~20g/kg, no significant change in
the activities of CYP2B6 and CYP3A4 in earthworms in comparison to the control was observed. However, the levels in majority of
important metabolites, including L-formylkynurenine, androstanedione, androstenedione, adenosine 3'-phosphate, inosine, and
xanthine, were all significantly lower than the control by 20.0% to 77.3%, which suppressed the hormone production of the
earthworms, thus affecting their reproduction and metabolism.
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Table 1 Physical and chemical properties of test soil
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FRE AT B b ] 7 A T 1Rk U2 Rt g ik
PRI O OB R B 88 W R B4 0.5,2.5,10,
20g/kg.
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Fig.3 The cumulative distribution and frequency distribution of polyethylene particles with different size
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Fig.4 The images of microplastics of the earthworm digestion solution retained on filter paper bserved by the scanning electron

microscopy at the 50um with the exposure of different sizes of polyethylene
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Table 2 Growth and reproduction of earthworms under the

stress of polyethylene microplastics with different particle

sizes (n=5)

P YRR AR A
Bt

(g/kg) (8 A (g) (%)
XHE4L 0 0.43+0.04  0.40+0.03 7.0+1.4 8.0+0.5a
0.5 0.41£0.02  0.38+0.02 7.3+1.0 9.240.4a"
Kife 2.5 0424003 0.40+0.01 4.8+1.6 8.5+0.7a"
30~50um 10 0.39£0.02  0.37+0.01 5.1+1.1 9.1+0.7a"
20 0.40+0.03  0.38+0.02 5.0+1.3 9.24+0.4a"
0.5 0.38+0.01  0.36+0.01 53+1.0 7.3+0.4a
il 2.5 0.40+£0.02  0.38+0.01 5.0+1.7 7.4+0.4a
125um 10 0.38+0.02  0.36+0.01 53+1.3 7.240.4a
20 0.39+£0.02  0.37+0.01 5.1+1.1 7.0+0.4a
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the stress of polyethylene with different sizes, and the
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