1M 7K O E i) Vol.45, No.1

2 H Bulletin of Soil and Water Conservation

Feb. ’ 2025

MR MEMRTXNRmER ST L
NEERBREKNSHBF M

R, R OE, ERE ERA HiE, AL
(LUK Ve S 95 TR0 S 5B 5500005
2.0 T 5 M V025 0 TSR B TR A% BEM A 5500000

OE: (] IO R SRR T X R Eh A 20 A B R B S L O B — 2B B R R RS e Ak |
B K SO AR BT A B S, Dk ] il E R A BRI R KL EAB
WFIE T AN RARLAE (550,150 Fl 50 pm) 193 245 (PE) VR (PP) V3R 2K 206 (PS) T 88 L X 21 + A B 3R |
ZRA B AR B R A5, A IR BB A Philip B  Horton BRI 1 Kostiakov # # 78 A
Bl A B A, BRI Hydrus-1D #5580 i 3 TR [A] 38R 3R 1 5 UK I S8R &Kk 0,
R KR O G S () 2RSS (), LM A SRR K OI., (458 ] OFEE KR BE/N, PS 1%
IR AB R RBAB R K, I PE R PP S8k 1 RS B A o 3 R A% 1) 1 K S 18 K s ol
AN BRI AR Y BRA B R 22 5 82 (p<<0.05) 5 PS i 3BE Xt /K 43 132 7% S {2 2E J5 41 . i PP 5 PE %8
BRI KT IEHHER . QU A BAYEEHF&HOE RO 09 AB L K Horton AL ZFA B
PR 6 B A (B 8 R BU(RY) AL R R BU(CE) >>0.98], QA [a] {28 R 4b B Xt + 18K 51 B 5000, .0, vaun
K O WS m A o 2 (0 PS S8Rk A1 5K 5 Bk 42 0 el /N i 28 Jn . (4538 ] PS, PP, PE 3 K % + HEA B
T AR 5 Wi AEAE B W 25 5, Horton A881 | SRR BRI L & Hydrus- 1D #5570 3 36 9 1 43¢ i 1) 30 4
KR IREGL L KA BUIBE BIAIG; Hydrus-1D #EHY

XEEFRIRAD : A XEHS: 1000-288X(2025)01-0215-10 FESES: S152.7, X53

NERBSE: RIEE, B, TR, AR OBRRN R R ST AR R L £ A B AR KK S5 [ ].
K PR FEE R ,2025,45(1) :215-224. Lu Lixia, Chen Hao, Wang Ruzhang, et al. Influence of microplastic
species and size on infiltration process and hydraulic parameters of carbonate lateritic soils [J]. Bulletin of
Soil and Water Conservation, 2025, 45 (1):215-224, DOI: 10.13961/j. cnki. stbetb. 2025.01.023; CSTR:
32312.14.stbcth.2025.01.023.

Influence of microplastic species and size on infiltration process and
hydraulic parameters of carbonate lateritic soils
Lu Lixia', Chen Hao', Wang Ruzhang', Tang Junjie', Yang Shimei', Liu Dongdong'"*
(1.Colleage of Resource and Environment Engineering s Guizhou

University s Guiyang s Guizhou 550000, China; 2.Key Laboratory of Karst Geological

Resources and Environment » Ministry of Education s Guiyang s Guizhou 550000, China)

Abstract: [ Objective | The effects of microplastic type and size on the infiltration process of carbonatite
laterite soils was investigated in order to provide new data revealing the hydrological processes of

microplastic-contaminated agricultural soils. [ Methods ] The effects of polyethylene (PE), polypropylene

(PP), and polystyrene (PS) microplastics with different particle sizes (550, 150, and 50 pm) on the

infiltration rate, cumulative infiltration. and the depth of the wetting front of the lateritic soil were

investigated by an indoor simulation of infiltration into a flattened soil column using a fixed-head vertical
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infiltration method. The effects of the cumulative infiltration, Philip, Horton, and Kostiakov models on the
infiltration rate of the lateritic soil, cumulative infiltration, and the depth of the wetting front were also
evaluated. The five hydraulic parameters (0,, 0,, a, n, K,) were inverted under different microplastic
treatments using the Hydrus-1D model. [Results] @ The infiltration rate and cumulative infiltration of PS
microplastics increased with decreasing particle size, while the cumulative infiltration and infiltration rate of
PE and PP microplastics increased and then decreased with increasing particle size, and the differences in
cumulative infiltration between different particle sizes were significant (p <C 0. 05); PS microplastics
facilitated and then inhibited water transport, while both PP and PE played the role of facilitating water
transport. @ All models were applicable to the infiltration simulation of microplastic-containing laterite
soils, with Horton’s model and the cumulative infiltration model performing the best (R*, CE > 0.98).
@ The effect of microplastic treatment on soil hydraulic parameters (8,, 0,, a, n, K,) was insignificant,
but the PS microplastic saturated hydraulic conductivity showed an increase with decreasing particle size.

[Conclusion] The effects of PS, PP, and PE microplastics on soil infiltration processes were significantly

different, and the Horton, cumulative infiltration, and Hydrus-1D models showed high applicability.

Keywords: carbonate lateritic soils; water infiltration; microplastics; model fitting; Hydrus-1D model
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Table 1 Fitting results of Horton model, Philip model, Kostiakov model and cumulative infiltration models
Rl Rife/ Horton #5 #! Philip 5 #) Kostiakov f# ZRA BRI
LS p1m RRMSE CE R? RRMSE CE R* RRMSE CE R* RRMSE CE R*
550 0.149 0.988 0.988 0.644 0.774 0.782 0.355 0.844 0.949 0.020 0.990 0.990
PE 150 0.079 0.995 0.995 0.482 0.818 0.818 0.264 0.939 0.954 0.013 0.995 0.993
50 0.120 0.992 0.993 0.658 0.758 0.772 0.327 0.899 0.957 0.016 0.992 0.993
550 0.104 0.993 0.994 0.650 0.746 0.746 0.378 0.866 0.934 0.022 0.987 0.998
PS 150 0.107 0.993 0.993 0.563 0.805 0.806 0.283 0.926 0.961 0.024 0.992 0.997
50 0.103 0.992 0.992 0.504 0.806 0.806 0.289 0.924 0.946 0.017 0.993 0.970
550 0.106 0.993 0.993 0.526 0.813 0.821 0.256 0.940 0.965 0.009 0.997 0.985
PP 150 0.110 0.990 0.990 0.421 0.848 0.848 0.232 0.952 0.960 0.008 0.999 0.985
50 0.048 0.999 0.999 0.700 0.717 0.717 0.402 0.852 0.932 0.032 0.982 0.994
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Fig.5 Simulated infiltration rates from different infiltration models versus measured values
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Table 2 Soil hydraulic parameters of Hydrus-1D model
o Rtz / BRGKE O,/  MWHEKEI/ BESH 4HRSH LEBRMSKEK,/ e
pm (em® « em™?) (em® » cm™?) (em ™ 1) n (cm * min™ ") ZHR?
550 0.064 0.538 0.038 3.289 0.096 0.998
PE 150 0.051 0.553 0.038 3.280 0.100 0.996
50 0.046 0.533 0.038 3.154 0.091 0.997
550 0.046 0.538 0.038 1.960 0.106 0.997
PP 150 0.045 0.554 0.038 1.360 0.107 0.995
50 0.066 0.515 0.038 2.831 0.096 0.997
550 0.025 0.555 0.038 2.064 0.095 0.999
PS 150 0.045 0.536 0.038 2.772 0.097 0.998
50 0.068 0.545 0.038 3.527 0.100 0.999
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