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Effect of Typical Polysaccharide and Glycolipid Extracellular
Polymeric Substances on Adsorption Behavior of Arsenic
onto Microplastics
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Abstract: Microplastic—arsenic combined pollution has become a research hotspot in environmental
science. Biofilms formed on microplastic surfaces and their associated extracellular polymeric sub-
stances (EPS) can significantly modify the interfacial behavior of heavy metals. Sodium alginate (SA)
and rhamnolipids(RLs) were selected as model polysaccharide and glycolipid components of biofilms ,
while polystyrene(PS) and polyethylene terephthalate (PET) were used as carriers. This study investi-
gated the regulatory effects of arsenic speciation, salinity, and humic acid on arsenic adsorption by
the model substance—microplastic systems. The results indicated that arsenic speciation was a key
factor controlling microplastic adsorption: PS and PET exhibited the highest interfacial affinity for As
(V), while showing weak adsorption capacity for organoarsenic species. SA inhibited the adsorption
of As(I), As(V), and monomethylarsonic acid(MMA) on both PS and PET, but enhanced the
adsorption of arsenocholine (AsC) on PET. RLs promoted the adsorption of arsenobetaine (AsB) and
AsC on both types of microplastics. Salinity experiments showed that the inhibitory effects of SA and
RLs were strongest in ultrapure water group and diminished in tap water and seawater groups, which

was attributed to electrostatic shielding effects caused by increased ionic strength. Humic acid effec-
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tively reversed the inhibitory effect of SA and RLs, leading to a recovery in arsenic adsorption on mi-
croplastics. Based on adsorption capacity and lethal concentration 50, a toxicity partitioning index
(TPI) was constructed, indicating that the risk of toxicity enhancement for inorganic arsenic in the
PS system was higher than that for organic arsenic. The addition of SA and RLs reduced the TPI val-
ues of inorganic arsenic. This study elucidates the differential regulatory mechanisms of polysaccha-
ride and glycolipid components of EPS on arsenic adsorption by microplastics, providing a theoretical
basis for refined risk assessment of microplastic-arsenic combined pollution in complex aquatic envi-
ronments.

Key words: microplastics; extracellular polymeric substances; arsenic speciation; toxic partition-

ing index
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Table 1 ~ Chemical components and concentrations used in each experiment

Coating component and con-

Experiment name . Arsenic specie Arsenic concentration
centration
Arsenic species adsorption SA: 2.00 ¢/L As(I), As(V), MMA, DMA, AsB, AsC 0. 50 mg/L.
RLs: 0. 12 g/L
Salinity variation effect SA: 2.00 ¢/L As(III) 0. 50 mg/L
RLs: 0.12 g/L
Humic acid intervention effect SA+HA: 2.00 g/L As(1l) 0. 50 mg/L

RLs+HA: 0.12 ¢g/LL
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A Bi i & AR TR IR T AL E
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Table 2 LD, values for different forms of arsenic(As)!"

Number Arsenic specie LD, /(mg-kg™) Number Arsenic specie LD, /(mg-kg™)
1 As(IlD) 14 4 DMA 2 600
2 As(V) 20 5 AsB 10 000
3 MMA 1800 6 AsC 6500
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Fig. 1 Influence of SA and RLs on the adsorption of various arsenic species onto PS(A) and PET(B)
CK: blank control group; SA: sodium alginate group; RLs: rhamnolipid group; Milli-Q: ultrapure water group without SA and RLs(CK: %%

ERTIEZH, SA: FEEENal, RLs: RZSHENEZH, Milli-Q: SRNSA 5 RLs AYE4KAL)
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Fig. 2 Effects of SA and RLs on the adsorption of As(Ill ) onto microplastics in different aqueous media
A.PS, B.PET; SA: sodium alginate group; RLs: rhamnolipid group; CG: ultrapure water group without SA and RLs; As: with arsenic ad-
dition, CK: control group without arsenic(A. PS, B. PET; SA: HIPEMRENZE, RLs: BZEPENEZH, CG: AMISA 5 RLsMBAIKLA; As:
Jdl, CK: ASHIAHRE)
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Fig. 3 As(Ill) adsorption characteristics of SA—MPs and RLs—MPs systems under humic acid influence
A.PS, B.PET; SA: sodium alginate group, RLs: rhamnolipid group, SA+HA: humic acid+sodium alginate group, RLs+HA: humic acid +
rhamnolipid group, CG: ultrapure water group; As: with arsenic addition, CK: control group without arsenic(A. PS, B.PET; SA: R
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Fig. 4 Toxic partitioning index of different arsenic spe-

cies on microplastics under the influence of SA and RLs
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