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Abstract:  Objective  Soil colloids, especially water-dispersible colloids (WDC), as pollutant carriers, play important roles in
heavy metal adsorption, migration, and biological absorption. The purpose of this study was to explore the effect of exogenous

rice straw and redox change on the distribution of heavy metals in the aqueous phase of the soil and water-dispersible colloids.
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Method In this study, soil microcosm experiments were conducted for 70 days, in which 0-40 days was the reduction period,
and 41-70 days was the oxidation period. The experiment comprised two treatments: (i) no straw added (CK), (ii) rice straw added
(1% of the soil weight, S). The different chemical parameters in the aqueous phase of the soil were comprehensively compared,
and the particle size classification and elemental composition of WDC during the redox process were characterized by
asymmetrical flow field-flow fractionation (AF4) coupled to UV and ICP-MS (AF4-UV-ICP-MS) method. ~ Result The results
showed that in anaerobic conditions, exogenous rice straw increased aqueous concentrations of dissolved organic carbon (DOC),
arsenic (As), iron (Fe), manganese (Mn), calcium (Ca), potassium (K), silicon (Si), aluminum (Al), and magnesium (Mg), while it
decreased aqueous redox potential (Eh) and the concentrations of copper (Cu) and lead (Pb). In aerobic conditions, exogenous rice
straw increased aqueous concentrations of Pb. Results from AF4-UV-ICP-MS indicated that the size of WDC was mainly
distributed at three size ranges, 0.3-3 kDa, 3-40 kDa, and 130 kDa-450 nm with different complexes of organic matters, inorganic
clay minerals, and ferriferous minerals. A significant proportion of heavy metals in the aqueous phase were bound to WDC
particles, which indicated that WDC played an important role in the environmental behavior of these pollutants. WDC with
different particle sizes tended to combine different kinds of heavy metals. Exogenous rice straw affected the distribution of heavy
metals in WDC particles and this effect was related to the nature of the elements. Also, exogenous rice straw promoted the
transformation of Fe and As from WDC state to the dissolved state, while promoting the transformation of cadmium (Cd) and Cu
from dissolved state to the WDC state. ~ Conclusion Water-dispersible colloids were important carriers for heavy metals in the
aqueous phase of the soil. Exogenous rice straw and redox change affected the behavior of WDC associated heavy metals related
to the nature of elements. This study is important as it reveals the interface mechanism of how agricultural activities affect the

migration, transformation, and bioavailability of heavy metals.
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LKA EIRITRG S, SR DL AN R 1
FRIFA R SR B 09 22 5, 20 10 20 B A A Ak 21 R 4
I JF AR AN [FPRLAR K A3 B0 AR s YT 3R Y
BB LACEARRE (K 4 ),

CK-40d
0.3 kDa 3 kDa 40 kDa 130 kDa 450 nm
| | | pr
IIICd
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A Al
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Fig. 3 Typical asymmetrical flow field-flow fractionation ( AF4 )

coupled to UV and ICP-MS ( AF4-UV-ICP-MS ) fractograms of water
dispersible colloids
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%1 BITRAE 0.3 kDa~d450 nm K5 EUHLAS (RBAL b IR EE b AR R 1 o b )
Table 1 Proportion of various elements concentration in 0.3 kDa-450 nm water dispersible colloids to the total aqueous phase
Qb3 B FR e a] CK S
Treatment Culture time/d 5 g0, Cdr% Cul% Pb/% As/% Cdr% Cul% Pb/%
IR 15 3.34 8.24 15.7 52.1 2.18 10.6 20.8 103
Anaerobic 30 8.89 7.46 6.00 66.1 0.31 12.5 12.4 9.30
40 3.59 9.81 28.3 68.3 1.71 10.5 19.6 9.30
LI 43 4.20 9.03 5.16 29.9 3.45 17.3 12.2 61.5
Aerobic 50 4.05 6.05 8.15 39.7 3.36 5.19 7.07 71.6
70 2.36 11.7 3.04 2.74 3.13 0.27 1.58 0.90

K 4a Wn, ARWSEH, UVysy EEEHT 3~
40 kDa, i FLIZAA% 1 Bl PR S B B B i T S AR By
Bt, [RIBHASMASFFR S AbFR & TXT e, 45 & WAHIR
4y S 4bBE DOC & E T CK, #EM R A &M R RS AT
O3 f AR ) T R A T 2R AR AT 3~40 kDa B P
TRIORE . R SE MR B, 2 R I e ML
R4 T 100 kDa LA P A9 A B BT i A5 v 12334

M 4b TTLAE H, BORR Y Fe & a3 MR
SR R TR, X S A A IR R Fe TS A
—H(, 1£ 3~40kDa UFYERIN, S AR Fe & it
W&, TM7E 130 kDa~450 nm K73 B2 CK &
HEZ Feo XHRIMBIMFEFF G, KPR/ & Fe
ARG, NTRLR o 3E 22 , 25 A WS S Fe MR
TR T LAHEWT WS RS A R4S R 4
& Fe IEMRIARI/IN, He 2 i AR /0 WA e S o
As WA5L 5 Fe 143250, BMFSFE I K BURL b ir &
As JE/b, ANFRREIN (& 4c). 45A S AbFET £
HERATR S As W R T CK, T HCARIURE As 5 TRAH
SRR HEEIST CK, UHBMREFE As AR
ERAT Y, HAEZH As LIAMSTESELE .

A 4d HATAL, IRIAZS Cd Rl IR A B R
R i, A IRt & . X 5
TAHER 73 Cd ¥R BE I AR Ak 2 — B0 . kiR Cd &
A MM T 3~40 kDa RSFYERE, H- S AbFRms
F CK. 454 S A FHAHES /> Cd W/ T CK,
RIS Cd o5 VA S L (B 0] 55 F CK AR5,
VT TR IR AT AR AR 2 Cd B4 hn ., Cu 78 WAH 843 F
Wik AR LS Cd —3, HERTIRIATS Cu g sy

(K4 d). XATHEZ A 3~40 kDa RT3 A
HHLCRE N, W Cd 5 cu®,

Kl de R, MK Pb 7R R IR0 FE HhHFLEAT
1, HEZEFTE 130 kDa~450 nm B KTk L,
I INFSFE 5 EXT w8/ . Po AR T b s &
EEBNITCEZ —, TIEREREFAELT,
5 Al Mn I Fe ALY DL KA BT ¥4 AR 3 B AR 5%
PE (B 3), FRUEVIRIARBURZE Po 12847 R J7 1
B

SRS, AMESIMFSFF 2 T 4 s 7R R AR
RS Z E AL, Hoxk 3Kk Ay Bobe e ik vh &
& B ITCE B Al DLy =2

B Fe. As, FREZSINFEFF IS KRR
R Fe Al As 982, Tii/INOREFPOsi . X1 e AH
B Fe. As WREERIIEIN, FIBTR A 1S Fe.
As i F I AL, A YA RS .

5 2802 Cd . Cu, ELEIINFEF G 3~40 kDa
RSFYE R P BoRE L/ Cd. Cu 38 in, 0z v BBl A
HLBURLIE i, IS RS FFRE M S Cd. Cu #%
bR Cd F1 Cu B HLIIA

9 K0E Pb, FEAEPTE 130 kDa~450 nm [y
RORLE, SIS FF 5 5 X LR ma AN B

3 48 i
- M A A7 AR K 5 T4 45 B K Ak

PEIIR , TE T8 4 8 15 YL B4 T b B B EAE A
KA R BB E R AT 0.3~3 kDa, 3~
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40 kDa F1 130 kDa~450 nm —=/>Ki42 35 Fl, Horb Cd
Cu FE 4 P HE 3~40 kDa,Pb T H AT 130 kDa~
450 nm, 1 As 7E 0.3~3 kDa 1 130 kDa~450 nm
WA RLAR VB YA 4 A ANIRAS IS FF BB 5 5% i &
& B AEAN [FPRLAR B AR Ok i i 0 B, HLIZ R S5
YR EMEAT . KT Fe Ml As 25 33 5 ML 1A
MEEERITRNTS , IS A2 H AR 2S m)
IR T Cd Fl Cu %55 SA MRS ST
R, USHNFS T RE % 15 H: i 75 e 28 ] AR S 3 4k
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