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Abstract: [Objective] Historically non-sanitary landfills continuously release microplastics(MPs)
into adjacent soils due to the absence of impermeable lining systems, thereby exacerbating
ecological risks at the site and in surrounding environments. This study aims to investigate the
distribution characteristics and ecological risks of MPs in a historically non-sanitary landfill and
adjacent farmland soils in Jiashan County, Zhejiang Province, East China. The research aims to
identify key pollution sources and evaluate the efficacy of multi-method risk assessment
frameworks for informing targeted pollution control strategies. [ Method] For landfill sites and
surrounding farmland topsoil, the distribution characteristics and ecological risks of microplastic
pollution were revealed through the combined application of micro-Fourier transform infrared
spectroscopy (u-FTIR), the Pollution Load Index (PLI), Risk Characterization Ratio (RCR), the
Multi-characteristics Potential Ecological Risk Index (MPERI), and Monte Carlo simulation.
[ Result] (1) Landfill soils exhibited significantly higher MPs abundance (7,425.5-21,306.5
items/kg) than farmland soils (199.5-2,868.5 items/kg). Polyethylene terephthalate (PET) and
polyethylene (PE) were the main MP types in both sites (>70% of total MPs). Small-sized MPs (<1
mm) accounted for 70.9% in landfill soil and 66.3% in farmland soil, while transparent MPs
comprised 71.8% and 53.1% in landfill and farmland soil, respectively. The landfill was identified
as a potential source of farmland MPs. (2) Multi-model risk assessment revealed that PLI classified
the landfill as medium-to-high risk and farmland as low-to-medium risk, whereas RCR and MPERI
indicated low-to-medium risk for both. Risk escalated significantly at sites containing acrylonitrile
resin (PAN). (3) Monte Carlo simulations demonstrated that farmland had a higher probability of
low PLI risk than the landfill. Nevertheless, both RCR and MPERI might underestimate ecological
risks in the landfill. Sensitivity analysis identified MPs polymer type as the paramount parameter
influencing risk outcomes. [ Conclusion] The landfill acts as a critical source of MPs contamination
in adjacent agricultural soils. Discrepancies in risk outcomes across models highlight the necessity
of integrating multi-method assessments with probabilistic approaches (e.g., Monte Carlo) to
quantify uncertainties. Polymer type is a decisive factor in ecological risk, necessitating prioritized
controls for PAN-containing MPs. This empirical-modeling framework provides a scientific basis
for hierarchical management of MPs pollution in non-sanitary landfills and surrounding
environments, promoting the application of probabilistic risk models in contaminated sites.
Key words: Historical non-sanitary landfills; Soil contamination; Microplastics; Ecosystem risk
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Fig. 1 Spatial distribution map of sampling sites in the landfill and adjacent farmland
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Table 1 Hazard factor values for plastic polymers

Z=KxS; H=YP,xZ;; MEC, = MECx H; RCR =

REMAATR 45 faERHS ESEES 13
Polymer name Polymer name Polymer hazard index Adjusted polymer hazard index

abbreviation

X R W% 2 — I HE Polyethylene PET 4 0.75

Terephthalate

3 ZJ75 Polyethylene PE 11 2.0625

J N Polypropylene PP 1 0.1875
T % Polyamide PA 50 9.375
TR L )f Polystyrene PS 30 5.625
WP HiE Polyacrylonitrile PAN 11521 2160
RE 24 Polyvinyl chloride PVC 10001 1875

KUSHER RAE (RCR) K5 JeREfE 0 4 MN52: 0<RCR< 1 NLEFHNAK:; 1<RCR
<10 AKX ; 10<RCR<100 Ay XU ; RCR>100 i KU o
1.3.3 ZUHERAE XIS FEE0E (MPERD iR eiidt 51 RQ 1A FE 2] T MPs (2R A 53k
RUNE, AHARFE R MPs B, R, TEARSE Z4ERHE, 809 N 2R AR X 55042
(MPERD VLA VAL MPs ARSI, Z7iE B ARRMNEGEA T, EBEERGRARR,
B ZHOE B T 5 AL EFT 53
Ci
PLI = \/C:o (4)

n

Tpolymeri,shapei,colori = Z 1Ppolymern,shapen,colorn X Spolymern,shapen,colorn (5)
n=

Tim = Z Tpolymer X (O-ZTcolor + O-8Tshape) X Psize (6)

MPERI = PLI x Ti,, (7)
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1.4 BEALTE
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2EREWHE
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AL (7425.54563.5 kg'). SRR, I FI7RE LR MPs FEE A I
()75 B) S o M .- Wan S5RARE 7 R A e B AR IR RS 1 ) R 7 R R MPs £ N
570~14200 /Mkg™', BEAKTABFFLE R, TIAEES b R SEI ) 1S R ARG O,

KAESEIN Y 30 A 383 15 A4S SR, MPs #HE R 100%, H MPs £ A&l 3
fiis, HAAVEEN 199.5~2868.5 A~ -kg™!, “FHJFEE N 1092.6+831.3 kg, HHi —
AJ7m (b ARy P BIARE 8% MPs M b, dEmSRI, PR B 2
(P<<0.05), b MPs “F¥FEFEHR 2007.1 kg™, BEFETREHAD T, ZATHE =
WA TR, ZXIBAEERAT RN, LA MPs 325 204w vl B 5 XU AR R 5% R 25,
Asadi Z5EPOF 513 BB B RS BL A3 7 st ARV AE 357 ] T 1438 MPs P39 BE0R 4704193
Nkg!, BEMRTAALR, ATR0IET XIIAEAAE . I5 Je B iR B LTI M2 &
PER . 53 E 7 RFE SO MPs = FEAS H 25 kAT T, I Boyicm T i+
B, SR, HMY RS VRN 1 R MPs BRSO .
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Fig. 2 MPs abundance distribution in the topsoil of a historical non-sanitary landfill
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Fig. 4Characteristics of MPs pollution in the topsoil of a historical non-sanitary landfill
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Fig. 5Characteristics of MPs pollution in the topsoil of adjacent farmland near a historical non-sanitary landfill
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VE: (a) ZLHE PE; (b) EWLYE PET; (o) BEWREHN PA; (d) HEIN PE. Note: (a)Red film PE;  (b) Transparent fiber
PET; (c) Transparent fragment PA;  (d) White particle PE.
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Fig. 6 Images of MPs under high power microscopy
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Fig. 7 Proportions of different microplastic pollution characteristics in topsoil of a historical non-sanitary landfill

and adjacent farmland
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Fig. 8 Microplastic ecological risk assessment result
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