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Transport Behaviors of Metal Oxide Nanomaterials in Various Soils

FANG Jing, YU Bo-yang

(School of Environmental Science and Engineering, Zhejiang Gongshang University, Hangzhou 310012, China)

Abstract: Transport behaviors of nano-CeO,, nano-TiO, and nano-Al,O; materials in various soils were investigated by column
leaching experiment. The relationship between transportability of nanomaterials and soil properties was analyzed and potential transport
distances of nanomaterials in soils were estimated by applying the colloid migration dynamic model. The result shows that both nano-
CeO, and nano-TiO, have strong mobility in most of tested soils. While nano-Al, O, is almost completely retained in most of tested soils
except acidic soil, in which nano-Al, O, shows relatively strong transportability. The transport mechanisms of nanomaterials in soils are
very complicated. Among electrostatic interaction, soil surface charge heterogeneities, aggregation, straining and ripening, each of
them plays an important role in the transport of nanomaterials. The transportability of nano-CeO, is negatively correlated with soil Zeta
potential , while that of nano-TiO, is negatively correlated with soil clay content, and positively correlated with soil permeability
coefficients. The transportability of nano-Al,0O; is negatively correlated with soil pH, and positively correlated with soil permeability
coefficients. The estimated maximum transport distances of nano-CeO,, nano-TiO, and nano-Al,O, materials in soils were 52-
69 043 ¢m,31-332 ¢cm and <10-5722 cm, respectively. The estimated potential transport distances of nanomaterials in some soils are
far more than the surface soil depth of 30 ¢m, indicating severe risks to deeper soil layers would potentially occur in these soils.
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Table 1 ~ Selected physical and chemical properties of tested soils

14 RS pi CEC | ABVREE gewiddn___ EWPRHR
/cmol -kg /% /mV FibL/ % kL % R/ %

QZ WA 4.88 2.51 1.54 -15.5 8.4 16.3 75.3 21
HuZ WrvLis M 5.84 16.1 4.24 -14.7 35.1 47.0 17.9 ke
SD L 7R i 5.92 6.74 4.92 -16.9 15.1 26.7 58.2 FrdgE
AH TR B 6.11 4.00 1.94 -17.6 33.3 15.1 51.6 R
YN L 7.25 31.0 1.98 -12.7 19.8 48.6 31.6 [LFAR:
HZ AR 8. 10 21.0 2.57 -13.2 40.2 15.1 44.7 AR
TJ K 8.21 27.3 5.10 -16.5 41.7 26.9 31.4 kil
GS HlEm  8.03 33.2 5.05 -14.5 55.1 6.6 38.3 M4
DB KR 7.91 20. 4 4.60 -12.8 28.4 33.3 38.3 Mt
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R L. 356 BT FH B A R AR T T2 rh BRI e
A5, FREE B AK A RHE TR OR AR R IO RL
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il — ZR 51 Ve B2 AR 5 1 40 KB R B T 0 W O B &
PEVEIZE 0 ~400 mg- L~ AHIE R HEYILF] 0. 999.

£2 RBAK CeO,. TIO, 0 AL O, HRBZRWEEHR

Table 2 Selected properties of nano-CeO, , nano-TiO, and nano-Al, O; suspensions

YRR ol I %Tﬁ%eqzﬂ] IR PO BE A 5 - B kA% Zeta HL{Y
nm /nm /mV
nano-Ce0, 7.9 30 98 -50.8
nano-TiO, 7.3 25 313 -34.7
nano-Al, O 5.7 20 177 44.2

2.3 EAEME A

FEPNAE 25 mm, KR 20 om BB EEHE P 4]
HIEFE 10 em & 58 7228 TR AT, H 25
/KA R B A, i 100 mL LB T
%o 4 L= = AN B N e 111 3 e N
WORLTL S 5 RIS FHIG S22 1) T AT R 5 | AR BE Ry
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LHN-TT WA EE . eAh, 2 BEAR R ) A b
ik, LB TR SRR S X BE. i T
AN YR AR AV T R T RS 56 3
IO, 5200 3 B 45 i 4 198 X6 B S 560 9+ VR AE
460, 550 F1 520 nm I+ A0 WK /IS (WO BE /N T
0. 005) , PRIt X 48 Kb Aok e B 2 1) 5 M 1] LA 22
W&, AT AR R AR G W BE ) ¢ R, T
WK R ¢, R, T il 42 00 2w Ry

DARPRLRIRIXTHE (e / ¢ ) 5 T HRA B (FLBRIA
RO YRR WA SEs b A TR] A A4 B2 0
%3 i,

N T AR AR B E L s B R
T ARG E T KRB R L iz
B E R BN LR AT B TR . B d R AR E
kP A 2] H Rk

Q =KxFxh/L (6)
K, Q AL EB A (em’ -h ™) | F Ry L AERE
I (em®) b N EHEAKKEE (em) L A B R EE
KB (em) K HBBEZRE(ecm-h ™).

N T G BEYUORAT RS L U L A S
TOR I AR A KA R A [R) 0 8 v Y O H A
150 mL, 4Kk J5 H DDS- 307 5 F i & 1L ( Arca
Technology Corporation ) Il x& HiHL 53R I H W A9 5
R TR L R R S R AR

[ =0.0127 x EC (7)
2 T AN EC 433002 25 F 5 BE (mol - L™") FlIHL 3238

(mS-em™").

K3 KRAZBPIHENWESH

Table 3 Physical conditions of soil columns experienced during the breakthrough experiment

T QZ HuZ SD AH YN HZ TJ GS DB
T HOF R/ wm 135 41 107 93 65 82 61 69 74
BR AT/ gom 3 1.20 1.09 1.18 1.16 1.13 1.18 1.12 1.12 1.08
FLBRARFL V,/mL 17.1 23.3 17.4 18.9 18.8 18.5 19.1 19.6 19.7
3K #4458 A g nano-CeO, 0. 001 0. 002 0. 001 0. 001 0. 002 0. 001 0.002 0. 001 0. 001
75+ 8K 4Z  nano-TiO, 0. 002 0. 008 0.003 0.003 0. 005 0. 004 0. 005 0. 005 0. 004
ZI(d,/d,) nano-Al, O, 0. 001 0. 004 0. 002 0. 002 0. 003 0. 002 0.003 0.003 0. 002

3 HREWE

3.1 HSEVEBCS QO RHRAE 2 B

e | AT LA ARSI R B - v i 22 5+
W3, HHEpH | CEC A ML & 43 5 i) 2
4.88 ~8.21, 2.52 ~33.2 cmol-kg ™'l 1.54% ~
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Fig. 1 Breakthrough curves of nano-CeO, , nano-TiO,

and nano-Al, 05 in 9 soil columns
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Table 4  Transport plateau relative concentrations, permeability coefficients and effluent ionic strength of nanomaterials in various soils

b /¢y K(BEZRE)/cm-h~! W VR 5R EE/ mmol - L 7!

nano-CeO, nano-TiO, nano-Al, O4 nano-CeO, nano-TiO, nano-Al, O nano-CeO, nano-TiO,  nano-Al, O,
QZ 0.999 0.787 0.988 16.78 13.98 20.97 1.29 3.01 1.21
HuZ 0.943 0.552 0. 636 9.32 13.98 9.61 3.98 2.95 3.43
SD 0.971 0.751 0.797 13.98 16.78 8.89 2.81 1.73 2.59
AH 0. 962 0.392 0 3.11 2.27 4.33 9.94 9. 88 4.38
YN 0.263 0. 812 0 9.32 27.96 5.8 7.24 3.92 12. 31
HZ / 0.319 / 3.65 6.99 3.97 3.71 0.92 2.16
TJ 0.956 / 0 5.24 11.98 0.93 15. 14 19. 05 5.22
GS 0. 872 0. 105 0 4.93 4. 66 1.91 29.21 13.93 88.27
DB 0.782 0. 636 0 13.98 16.78 4.54 10. 38 5.74 8.59

£5 RAMHTEARE (c/cy) SEHMRM M REBBEX R
Table 5 Pearson correlation coefficients between the transport plateau relative concentration and properties of soil columns
pH CEC APLBE R Zeta WL ETHRE  BEBERH BiokL KL ki

nano-CeO, -0.47 0.11 0.37 -0.714" -0.17 0.311 -0.09 -0.13 0.19
nano-Ti0, -0.612 -0.623 -0.319 0. 157 -0.648 0.824" -0.943* " 0. 557 0.326
nano-Al, O, -0.842** -0.656 -0.211 -0.328 -0.391 0.875" " -0.641 0. 08 0.518

1) * F/R P<0.05, * * 3E/R P<0.01

3.4 HOKBPRME T3 i iz B B T
RILIE B E L, eI Bk Y 7 1 iz %
RE S —DEHESE ARG ARE B 1 —
Bl 15X - VR BB B AR AL T AR B R AN [R] A
PR ICis BIEE L, , 45 R 6 iR, 9k
CeO0, . 42K TiO, K AL, O, 7EiR I8 1 58 rp Ay fei
BHIEE L, 433 52 ~69 043 31 ~332 Fl1 < 10
~5722 cm. 4K CeO, fEIXH Y QZ, HuZ, SD,
AH, YN, TJ, GS il DB 4§ 8 4~ -3 v [y fp i iz %
PRSI R T 30 em R)Z HEEMTREE , 91K TiO, 7£
R QZ . HuZ, SD, AH, YN, HZ #1 DB % 7 4
e i tiE B B I KT 30 em, 40K AL O, 7
I QZ, HuZ FI SD 4§ 3 ANt 3 iz %
FRESILZE R T 30 cm, X B G 99K AORHE X 26 1
b 1 IR E DI R AT Re b O AT e TS e T
K. BRI, 3 Bk A BHE L iz B fig
FE 9 . 40K CeO, > 40K TiO, > 44K ALO,. 49K

CeO, FYAK TiO, 15 13 BAT B BB B XU,
AEAM; R AL O, ERRYE T3 h B e
Iz R XU, 07 24 5 | L .
F6 HEMMAIMK CeO, ., MK TiO, FnLkK
ALO, EXEHRIZIEHER
Table 6 Estimated maximum transport distances of nano-CeO, ,

nano-TiO, and nano-Al, O; materials in soils

L, ./cm
T4 -
nano-CeO, nano-TiO, nano-Al, O
QZ 69 043 288 5722
HuZ 1177 116 153
SD 2347 241 304
AH 1783 74 <10
YN 52 332 <10
HZ a 61 /
TJ 1535 / <10
GS 504 31 <10
DB 281 153 <10

1) /20 ek IR AL i
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