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Influence of Biofilms and Soil Minerals on Transport of Engineered Nanoparticles in

Saturated Porous Media

ZHAO Jun'??, TANG Jun®*, DANG Tinghui'

(1 Institute of Soil and Water Conservation, Chinese Academy of Sciences and Ministry of Water Resources, Yangling, Shaanxi
712100, China; 2 State Key Laboratory of Soil and Sustainable Agriculture, Institute of Soil Science, Chinese Academy of
Sciences, Nanjing 210008, China; 3 University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: In this study, we explored the transport laws and influence mechanisms of engineered nanoparticles (NPs) in saturated
porous medium, focusing on the effects of biofilms and soil minerals on the transport of NPs and the underlying mechanisms. The
results showed that there are significant differences in the transmission efficiencies of NPs with different types or sizes in the
clean quartz sand medium. For NPs of different types, the transmission efficiency was in the order of ZnO>CeO,>Fe,03. For
CeO, NPs between 20 ~ 100 nm, the increase of particle size would facilitate their transport in saturated porous medium. The
enhanced ionic strength of the solution would inhibit the transport of ZnO NPs in the saturated porous medium, and the increased
concentration of NPs would not benefit their transport. The traditional DLVO theory could well explain the transport of NPs in the
uncoated saturated porous medium. Both biofilms and soil minerals could inhibit the transport of nanoparticles in saturated
porous medium, via the adsorption to NPs by biofilms and the hetero-aggregation between minerals and NPs. Non-DLVO
interactions as well as surface characteristics of the coatings contribute greatly to the enhancement of nanoparticle deposition.

Key words: Nanoparticles; Saturated porous media; Migration; DLVO theory
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Fig. 1 TEM images of different nanoparticles
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Table 1 Characterization of nanoparticles

BT RSk TEM KR Wik el CHAL
(nm) (nm) % (nm) (mV)
ZnONPs, 50  4222+14.96 112.35+8.37 -26.13+0.91
Fe,O;NP;, 30  1847+4.16 63.76+4.42 11.34+1.86
CeO, NPy 20~50 13.24+3.11 6850210 —6.62+1.16
CeO, NP5, <50  18.58+7.49 7634+531 -19.13+2.81
CeO, NPy <100 22.60+694 8528+725 —32.70+3.06

2.2 AREIZEBIMZWNRBIERI SN R
HEER
il A SIS AR AT T ZnO. CeO,

Fl FeyO5 40K FUR 78 1 1 2 FL A T 1) 25 355 il 26 (]
2A). KIL ZnO NPs (FE T 515 KT Fe,Os
NPs 1 CeO,NPs, ZnO NPs HFaE ¥4 C/C) Hx ik
#] 0.92, Fe,03 NPs Fll CeO, NPs #aE -G C/CofU K
0.07 ~ 0.25., ZnO NPs 7F 2 PV ZEE KR} A4 i Afa
EFBETG, B SREMRLE, i Fe,05 NPs Al
CeO,NPs 7£ 1.5 PV B iR 8 TR B &, HHE
FERE TR0 C/C sk, I, KBRS
RURSE M AL B iE B EE R K 3 FiAs
[FPRLAE R CeO, NPs FERLFI Z LA it A& 4 (K] 2A)
SRR, R CeO, NPs KM HZA S,

HE e VA WA A R ORI SR,
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Fig. 2 Penetration profiles (A) and DLVO interaction energy profiles (B) of different nanoparticles
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Fig. 3 Deposition rates of different nanoparticles
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Fig. 4 Penetration curves of ZnO NPs at different concentrations (A) and ionic strengths (B)
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Fig. 6 Penetration curves of ZnO NPs in quartz sand with different surface coatings (A), adsorption and settling curves of ZnO NPs by biofilms
and minerals (B)
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