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SIRANBEKE BN 14.3 °C AT 1 149.3 mm. IR TTH %
WA 9 HYIKALIZET EFF, 11 H i N & B sk AL
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KAE R 2D B RS 2 m, RAEBCLFE AR TIRE . Bt
FE S REIRE N 0~10 F1 10~20 cm, /NFRJIEEM (FAZ
S5cm, =% 5 em) RERE N 2.5~7.5 1 12.5~17.5 cm.
Tk, A ARAE 5 B E AR IR T (B AR
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BCERER TR = AR KT B BRI IR AR A
WEES LI (2 A1 0.15 mm) J5 AT A 3 A B Ak 14 i 1 01
5E» JTIEFISCER[10]0 ANER TIRE i B 2000 e I o
IR R WL 1 . BT RV AT T T
WE T (0~20 cm) FPFIFLEREE (500 43.87%F1
53.07%) » THEAF IR B AE T A B LB AR AR
(PV, Pore Volume) 4344 1 164.7 1 1 404.7 cm’.
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Table 1 Basic physical and chemical properties of soil samples
%ﬁ . . B Bullﬁisity/ i Kég pH Catioﬁii}ilﬁzﬁiacity/ Soﬁi&iﬁnic AL *ﬁﬂ ik
Sampling site Depth/cm (gem”) Porosity/% pH value (cmol'kg") matter/(g'ke’) Sand/% Silt/% Clay/%
B[S 0~10 1.44+0.09 45.60+3.43 6.70+0.08 18.30+0.71 2.87+0.13 32.75 46.59 20.67
Non-WLFZ 10~20 1.53+0.03 42.13+1.31 6.81+£0.16 17.25+0.07 1.86+0.04 34.89 46.01 19.11
NEpra 0~10 1.22+0.05 54.04+1.78 8.13+0.01 18.55+0.49 2.28+0.30 26.54 58.95 14.51
WLFZ 10~20 1.27+0.10 52.09+4.14 8.06+0.04 20.10+0.85 3.44+0.80 2235 59.75 17.90

e WKL BPRLR BRI R . WLFZ J9ili .

Note: Mass fractions of sand, silt and clay were presented in the table. WLFZ respresents water level fluctuation zone.
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Ruax=12 mL/min iy N 3ERE VA RF SR IR0 A B s
T W AR AR B T, ARV VR RNV TR LA &
3B 3494.2 A1 4214.0 mL (528 3 PV, B 3 ANFLERAE
BO o HBEFEL S SL R B SR, DAAH RIS R
SEPPYE Bro VRN B SIS TORE R S B — 80
DAAH [E] 77 e Him ik -

1.3.3 Mot

T BRI pH [EFHESZHR (EC, Electronic
Conductivity) 4r7H pH i (SenslontMM150, Hach,
USA) FlH §% (¢ (DDS-307, INESA, China) ll5Z.
JI2 AR JURE ¢ FE 48 Ak -] L 23 O s FE A (Tu-1810,
PERSEE, China) W&, ¥y 400 nm". Hifts 5k
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b. Leaching of the intact soil column from WLFZ

FE: ECARERHTR, DOC FREMMEA NI, IRE PR LA R PR 7L (C, mgL) S SORTRPIRES FIRE (C=100 mgL") M.

Note: EC represents electronic conductivity and DOC represents dissolved organic carbon. The concentration of Br” was calculated as the ratio between Br” concentration

of the effluent sample (C, mg-L™") and the background solution (Co=100 mg-L™").
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MR (1D, Hi#E pH EETEH BB A, R
HHRAG (B3 RE0 508 0.02 F1 0.01) . AEJHE M L4
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A Mg BRI T L — 8 H S EC IR Bh AL
HEEw LB RBET S FREYEES T
(P<0.01) BV LA . JEH% A Bl DOC
TR 52 A 2 18 0 3% T AR AR A A R S i 1 AR AL
o M2 R, JETE AR T DOC R E A I
A, (EHERERY BE DOC R EERIFY = T 7 e Bt DOC
W, H 2 MHrBE DOC iR A7 1E EATE R 5
2.2 i8F0 18 P ESIRERL R A S T R4S IE

BERERY B, ARTHE YT A R R AR R I SR
%5 88.0 mg/L. WRPEARFIN 152 mL (0.13 PV) B fefk
SRV P 1 N 5 A 147.89 mg/L, I A SR vk i
TEFRAG, WRBEIAFL 582 mL (0.5 PV) J& JRAK BRI
EIUFRELES I AR (B 1a) o AEMSERY B,
PEARFRIL 3 899 mL (3.4 PV) I, ARk K SE et

Flow and colloid mobilization and transport in intact soil columns in saturated flow

WK 2 Y 83.9 mg/L, & IR LA .
RSk UG, BT T A R R A ORI B Y
72.86 mg/L HA RN R REH 021 o MHELZTF,
T8 V& iy A TR P R R R A TR AR I B A R PRI
(184.58~28.04 mg/L) , TMHLEMPER B, ARk IR B 5
RZHTE N (21.18~97.58 mg/L) , {EAS[E] i Bk A4 Fik:
W IR (B 1b) o I A R R
BRI ZSME R 84.77 mg/L HARRECR (R RECH
0.46) o ARV PAER R R RE R 531.65 mg, H
HERERY BORI e BB AR R I B in (3R 2) o MVH &Y
TR AR B RE N 71443 mg, HCAREEE LA
34.4%, HEFEM BB SCR 1 62.6%.
Fz2 EEETMEESLHBRARRE
Table 2 Colloid mass released from soil column of the WLFZ and

non-WLFZ
mg
b SRR AREMBORIE PR BRI
KRR
. . Total released Released mass at ~ Released mass at
Sampling site R
mass injection stage flush stage
L7564 Non-WLFZ  531.65 274.85 256.81
TH&H WLFZ 714.43 446.94 267.49

AR T AT R P AR BRI 5 ECL Ca>' Al
M* WK EN BB AR (P<0.01) , [R5 DOC WKJE &
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FIEMR (P<0.05) (£3) . ZIuhik a3 Hr s JE(<5%) (F4) o Bk, W FARE%MEES S
FIFFUESE T EC R Ca™ SRR I ST B A M B SRUL, JZ KB = M 45 55 4056 Je £ ot [ 58 1
Y (R 3D o ARFEEE, RS IR AEERIRE s R 0.

5 EC. Ca¥fil Mg™ MRt AN 22, {H5 DOC K )

= . = ; T4 ETEXRSEESHKILFIBFM RIS RIEREER
ZIEMK (=0.677, P<0.01) , ZJcEIHEAHHIFSE DOC

Table 4 Explanation rate of water chemistries to colloid dynamics

TV VR VELRT A rp R AR RORRE TS B A% s P R based on Hierarchical Partitioning
s . a2 — e KILER R [
£33 BIERFRORE SKUFERSEEXARZ OS5 HER RAE 3 Sampling site Water chemistries Explanation rate/%
Table 3 Results of correlation and multi-regression analyses EC 16.0
between colloid and water chemistries " Ca?t 6.7
% e 3EVH ¥ Non-WLFZ Mg s
ARE] DOC 33
SR Entered i .
Sampling site pH EC Ca”  Mg”  DOC parameters in DOC 423
the multi- ca 31
regression P WLFZ a :
equation EC 2.6
B[RS N N *k *k ok * 2 >
Non-WLFZ 0.128 -0.385%**-0.326** -0.333** 0.298 EC, Ca Mg 2.5
WEH o141 0212 0133 0157 0677  DOC ek £X AN 4
WLFZ ' ' ‘ ' ‘ 2.3 FRIRIIZS A
PNCTE = CEN S Y AT Nor3 IR I N7, N Ve
RS IR 0.01 A0.05 BEVEAT EAIR CURKRE) - BV R R A% 40 A S A K AR 2 R 45 A A TS )
Note: ** and * indicate the correlation is significant at the 0.01 and 0.05 level R ~ (7] N N
(2-tailed), respectively. TR B EAE AR . ] 2a WA, JETETE AT TAEAS

Ak, ERor g R, EC XEHE & A R [FI Z) H R PSD £k DL AL R =, IR IR (O
T AR R Zh A A R i (16.0%, % 4) B AT X N AR, d,) M ERAE CRIFER
Ca® 1 M B A Rl 2 5Tk (3R 6.7%F  50%I X RIFFIHLAR, dso) 434 26.11~34.25 Fl 22.48~
5.7%) o T DOC Xt 75 A3 B 7 I b T Ak ks 2 45 A8 27.71 pme AR PR B R BEAA RN 4 077 mL (3.5 PV)
TR R A 42.3%, ik T HAK S50 M 5241 mL (4.5PV) [, PSD 7034 344 & 517 um 4k

—— JE K /) AiiPSD of the raw sample — JERE R B Al Accumulated PSD of the raw sample

—— 87 FEANE 53 APSD of the sonificated sample - - - #8745 £ 2 114528 53 4 Accumulated PSD of the sonificated sample
o S e L . L . &
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eaching volume o mL (1. eaching volume o mL (4. eaching volume o mL (1. eaching volume of 6 321 mL (4.
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a. A3 A JEOIR AT b. i V& i SR A
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Note: PSD represents particle size distribution. PV represents pore volume.
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Fig.2 Particle size distribution of the effluents at different leaching volumes in the soil columns from WLFZ and non-WLFZ
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HEL 7RI . PSD  HHZR Bl ik R s 8] ARk 1 B
SRS, AT R AR 3 AR PSD
I AR R TR SN ARG, AT B S A AT o et
A 57 I B i 5 S0 SRR R O B I BE ML B R
Ko MIIRUL, WP A (<2 wum) A & H<1%,
BERY (<10 um) 5 AR (7.28%~14.28%)
T ARV T TR PR ORI D 2, (R VD R 4
AEERE TR . @Bk G, PSD #hk
P37 i, o e 7R L ) A0 AR T [ PR AR S MRS, dso PG
4.8%~27.6%.

FELZ R, Y7 R BOSIE R PSD = 2 H L7 i3t
FERYBE (B 2b) o d, (13.25~19.90 um) Fl dsy (14.98~
22.90 pm) iz /T ARH VR LA IR AR, H
JRE A B IR YYD PSD -3 o5 B 43 3l bl AR v b
TR AR AN B PR v (R AH R =7 39.5% 0 11.4%. FI,
TEREMABS RS, WK DA R TR A
BRI 45 6 2515 YR ST B dan g 71, X AT Rg
R il DX K A T 55 G P 2 R PR P 26 Wl DA
IR 5, PSD 438 B g 2 H ) AR 5 [l A
BRFEE WS, dso BEAK 20.0%~52.7%, FTEE 4
HH IR P BRI ) 2R L

3 it it

AT S T Vi A AR VR 9 TR A R AR AR
Payaae 176 ey T R AT AR T TR R R A R AR TR
(<40 mg/L) "L K sthHe KRBT 4614 R 4K o -3 i
AR AL e A UL JE A R Ok ), R ok O
I E AN 38 ) R AR RO FE 5 R i LA AT ),
XA REY], =k e X5 10 B BRI K 73 B E AN
AR DL A8 B R A 45 6 A5 15 i 8 g

JRAA TORL R R TBO S G A% BN 25 327K 0 2 R 7K AL 2 1
[ OUEE 2] o AT 5T FR L RD SR AR L AR E . K I BT
FEPAE O AR RO I % 20 25 1 82 Wi 2 AR ANAZ 1), T
IKAZE AR bR IR 2 B AR o AR SRR FE 5 7K 4k
FRZREBAE R M. 2 oo BlE 4 DL ZE R 9 F145 R
SEPERIE BAEHER T EC. Ca” Al Mg” ARl vk 135
FH R AR SRR JBC ST 7 B 25 47 W) 52 e LA K DOC %o V8 3 if7
ARV ¥ 138 v i A RIORLRE TR T 78 3 25 1) OF 1R 52
W o A Ve s LA MRS 1) EC R TP 45 i N 42
W BC, ZHMEME TR Ca® PR ER
(13.45+6.06) mg/L, (LT 58 €4 L R ROk (1115 T 22 ¢
W & (CCC, Critical Coagulation Concentration ,
CCC=24 mg/L Ca*") ™, ¥ DLVO #ig!'7, XAkl
AT R T AR RIORL B4 BONCR JE R ATk, TR
BB AR b g o S 1 TR PR A7 e s I e RERELIE 5, JE TA)
BRIG R, 83 T OO PR A RIORE PR W 4R 9855, 1T A2
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Soil colloid release and transport in the water level fluctuation zone of the
Three Gorges Reservoir
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Environmental Technology Co., Ltd., Mianyang 621002, China; 3. Faculty of Geosciences and Environmental Engineering, Southwest
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Abstract: Soil colloids are generally defined as fine particles with diameters ranging between the nanoscale (down to 10 nm)
and microscale (2 um). As colloids are characterized by large surface areas and active functional groups, they exhibit strong
affinities to hydrophobic contaminants such as phosphors, heavy metals and pharmaceuticals. In addition, natural colloids in
the vadose zone are negatively charged, which potentially decreases the possibilities of colloid straining and/or retention by
soil matrix. As such, a great potential of environmental risk from natural colloids is posed to the shallow groundwater. In the
Three Gorges Reservoir (TGR), the Water-Level Fluctuation Zone (WLFZ) actsas the final barrier before the entrance of
terrestrial contaminants into the reservoir water. High intensity and periodic wet-dry cycles in the WLFZ potentially affect soil
physicochemical properties, internal structure and erodibility, which further influences the release and transport of soil colloids.
However, the systematic investigation is still lacking regarding the release dynamics and transport potentials of soil colloids
from the WLFZ or the riparian soil subject to periodic wet-dry cycles. The investigation of colloid release and transport is also
highly demanding for the evaluation of colloid-facilitated contaminant transport into the reservoir water. In this study, the
release and transport dynamics of soil colloids were explored in the intact soil columns from the WLFZ at an altitude of 160 m
and the non-WLFZ at an altitude of 177 m within the TGR. Column-scale leaching experiments were carried out in the
saturated flows, where the conservative tracer (Br’) was used as an indicator of the degree of preferential flow in the columns.
Correlation and regression analysis, as well as hierarchical partitioning were applied to identify the effects of critical factors of
water chemistries on the release and transport dynamics of soil colloids. The results showed that colloid concentration of the
leachate from the WLFZ generally showed a rapid decrease from 184.58 to 28.04 mg/L within 0-3 pore volumes of injection,
followed by a slow increase from 21.18 to 97.58 mg/L within 3-6 pore volumes. A large temporal variation of colloid release
from the WLFZ was observed with a variation coefficient of 0.46. The accumulated amount of colloid release from the WLFZ
column was 714.43 mg within 6 pore volumes of leaching, which was 34.4% higher than the released colloid from the
non-WLFZ column. The peak and median size of the leached particles from the WLFZ column were 13.25-19.90 um and
14.98-22.90 um, respectively, both of which were much smaller than those from the non-WLFZ column. These results
indicated that the periodic alternations of impoundment and exposure could contribute to the release and transport potential of
colloid and fine particles from the soil in the WLFZ. Dissolved Organic Carbon (DOC) was identified to be the critical
influential factor for the release of soil colloid from the WLFZ, showing a high explanation rate of 42.3% to the dynamic of
colloid concentration. In contrast, water chemistries including EC, Ca’" and Mg2+, showed a stronger effect on colloid release
and transport in the soil of the non-WLFZ. The reduction of DOC loss from the WLFZ soil can be prioritized to alleviate the
released and transport potential of soil colloid from the WLFZ. A strong suggestion was proposed to explore the potential
sources of DOC in the soil of the WLFZ, as well as the potential transport of various contaminants such as agricultural wastes
facilitated by DOC-colloid associates into the reservoir water in the future.
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