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Experimental study on effect of dissolved organic matter on mobility of
soil colloids

ZHANG Wen-jie, JIANG Feng-yong
(School of Mechanics and Engineering Science, Shanghai University, Shanghai 200444, China)
Abstract: Soil colloids are widely distributed in underground environment. They can facilitate or retard the migration of
pollutants in soils, depending on the mobility of the colloids. By choosing the humic acid and bovine serum albumin as the
typical dissolved organic matters and the bentonite colloid as the typical soil inorganic colloid, a series of colloid migration tests
are carried out to investigate the effect of different dissolved organic matters on the mobility of the soil colloids under different
ionic strengths. The mobility mechanism of the colloids is explored according to the DLVO theory. The results show that the
mobility of the bentonite colloids decreases with the increasing ionic strength. Both the humic acid and the bovine serum
albumin can facilitate the mobility of the bentonite colloid, among which the enhancement by the humic acid is more obvious
than that of the bovine serum albumin. Under the same ionic strength, the mobility of the bentonite colloid in column with

larger pore volume is higher than that with smaller pore volume.
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TR 25 P oA S ) S R T A% B 1 1 B R R
Grolimund ZF 1PV 35 pH AV ES TR BEIA R T, IR A4
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BPEIE 2 52 B BE R U, BEAE R SIS T IR
2 AR PRAZR KT 1 pm R FBREE TR
A

VAT N TR LB T 0.45 pm IEREE B
i, St RIS IR AR R . RUTRIZ R R
SEAEF, MR KR R ML F A G 2K A o
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AMIE AR E (BSA) MG AR TR & B
FERMEAZ—, EATTE KRG KA FIHER
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(1) BEHSEREE

ARSI R0 BB R A (3R
DR R SR A B, RN ES BR Ak
FRATARAEL),  BEESERAR N R B 2.50 g/lem?®, EEAL
SN Si0r (H2) 78%). N T EEFLBRA I
Wi, 43 A% 0.4~0.6 mm BTk A4 S 4 hr B B Bk AT,
1.5~2.0 mm GUHRBIEERE . K BRRIAE IR
IR 24 h HRR S B AN, BHH LB TK
T BT SR /N T 2 pS/em. BE S 1E 105°C 4644
T 8h, BT 600°C Il HgtlE 4 h DLLBRILHS
BRR A WAL A0, JE B ER 5 A7 T R U

SRR .

(2) ML A

A5 PR R bl A5 AL - SR A, BT R R
HBHINE | Pin. BEE0EET YRS TR
F, HEFEN 75.4%. VT e d o, SR
FIESE T2 (GB7872—87) HREURAA . F4RHL I
INF 1 um R B R IN N2 2 L2 &I R8T
IKE BARAE, FFEE 50 mg/L 1R Bl /E N 5 5
RGO B

F1 BTN EEYES Y

Table 1 Main physical parameters of bentonite

FhAagsE RARSKER WIER 8RR
/% /% /% 1% BEEE
75.4 9.6 163 32 2.76

(3) n[¥EPEA LR

W1 g JEFARRA AR INE] 0.1 L 2 BTk 78 404
o ol 045 pm PERLSE, KIERMIBLTRRE, MR =
Wit E B TKP R HA FiE, FFERCEMR 1 g/L %
WA N BER LA #5 0.1 g BSA By IIAH] 0.1 L 25
BT KP S BSA SE TR, FCHK 1 g/L 1
BSA BEf, E1ET 4 CHERIKFT LS .
1.2 RERE

TR0 2 T A R R RN i 2 A R,
1 iR, BN 6cm, B 16 cm, BEIEERIE
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OO BB ER I RB . NI B P G B b 2 Rk
PRI, B IERAR SRS, F TSDO1—01 X j) HE i i
RN DF 51 R R fff 42 1) VA o (9 3 82 S N
CAl 24 i &= 0.185~83.318 mL/min, i%Z/NT
0.35%), RIEBEFEANRIEIN 16 mL/min, 115H
B SR A R R AT A FL B 7K 52 B P 349 38 4 A
4.26X102, 2.84X 102 cm/s, K A N B 2K,
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Fig. 1 Set-up of migration tests on soil colloids
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TR TT U AT, SR HE A I B B R A FL R
J&E SRR S FLBR AR AR (PV), gilkiA: AR 1PV 2 100
mL, HRAEH 1PV Y 150 mL. )5 SPV (15 5%
W (NaCl WD MyeBFsERiE, LR BIRRR KL
BORAS o BRI S HA Biel BSA RS
VR A TG R P AR WIIEIR E Co o 50 mg/L, HA K
BSA KE¥ N 10 mg/L, 1§ 3PV IBEWHFENG,
F TPV 1 Sy i e Wi B s oA e o e 72
W, BRISEE 0.5PV IR TR — IR R IR - (R4
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F& i B LB
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4.136X10° (m "),

*2 PRI BRE A REEREH

Table 2 Parameters of migration tests on soil colloids

BT At BEEERAE Zeta HLL Zeta HLL ki B A% LB HEE WEE EURER
/mmol- L") HHLR Bt /mV kL /mV BEEER /nm B 1% 1% 1%
1 ¥ gAiip AT -33240.68  —31.69+1.13  669.7+40.7 0.22 67.3 32.6 99.9
1 HA ity -45.84+0.17  —50.37+0.51 494 8432 0.21 99.2 0.2 99.4
1 BSA ity -40.4+0.32  -41.65+0.92  574.4+31.5 0.21 79.9 19.7 99.6
1 7o HkL — — 0.34 94.5 5.1 99.6
5 o ity -31.13£0.18  -30.18+0.33  705.4+42.1 0.21 54.8 44.7 99.5
5 HA 11 -40.69+0.21  —48.32+0.29  594.7+38.5 0.20 80.8 18.9 99.7
5 BSA i -3937+0.99  —4533+0.43  593.3+34.2 0.23 64.3 35.1 99.4
5 7o HkL — — 0.33 73.8 26.0 99.8
10 ¥ ity -30.43+0.41  —28.78+0.34 737.5452 0.24 39.3 60.1 99.4
10 HA giipans -39.93+0.03  —46.99+0.72  594.7+29.3 0.22 67.4 32.3 99.7
10 BSA gaiipans -355741.03  —39.19+0.77  649.2+37.2 0.22 43.2 55.8 99.0
10 7o HkL — — 0.35 47.0 51.3 98.3
50 ¥ gAiip AT -20.64£0.54  —22.07+0.39 868.9+63 0.21 26.2 73.5 99.7
50 HA i1 -34.87+0.76  —40.01+0.62  728.5+60.8 0.21 51.7 46.2 97.9
50 BSA Eiip -28.49+0.11  —37.42+0.52 786+64.5 0.22 29.9 69.4 99.3
50 7o HkL — — 0.32 34.9 64.4 99.3
100 ¥ gAiip AT -1631+£0.66  —-18.19+0.78 1106.67+66.3  0.22 18.8 80.6 99.4
100 HA Eiip -31.7740.63  —31.87+0.43  806.66+52 0.20 37.2 61.9 99.1
100 BSA i1 -26.65+0.89  —28.98+0.25 950.2+55 0.21 23.2 76.7 99.9
100 o HRL — — 0.35 27.5 72.0 99.5

T =" FoRARKEK.
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HHE 2 Ca) I 0L, FETE R EER LIRS, 1 mmol/L

BT ORET ARE 2RI R &2 i, A 1192 KT, 100

mmol/L 555 J& T WL AH FLAE FH B A% 22 AR, N

496 KT. e 28 V6 2 Bk 42 Bl 5 2515 5 (1) 386 K0 B

Ko B 2 (b, (o) HFETERVE YA MG AE FH I R4

FHIFS o 158 B AR AR 1) P s A o o (25 5 5 (14 348 A 17 0k

55
X 2 (a) ~ (o) A0, [Fl—&F5RE T,

A ge ith 26 A0 HUE A Re W {E K /NIRRT N HA 1B A
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FORE T, HA HHZRIE(EREZ Y 1930 kT, BSA 1IN
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(1) AN[A B PR N EI AR i) 27 35 i 2%
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TR N R E WA 3 Fon, B RR Y H
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FE, HAERE IR 3 PV ik B Kk R 7255 5 PV
JEAAR ) AR FEIRGRFAG, 5555 10 PV 21T 0,

2000 — 1 mmol/L
1750 — =5 mmol/L
~~~~~~~ 10 mmol/L
g 1500 —- 50 mmol/L
& 1250 =-- 100 mmol/L
= 1000
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E
B 500
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& 0
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1 1 1
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N e 10 mmol/L
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1 1
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Fig. 2 DLVO potential energy curves of colloids corresponding to

different kinds of dissolved organic matters
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Fig. 3 Breakthrough curves under different ionic strengths
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Bl 3mSR H 0 PR A FE DR A i 55— B 5 11 18 DK T
BA%, HE4%01, 5, 10, 50, 100 mmol/L 5153
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FEARRB AR R B PE . X AT FR 1 Hp Sl ) o 2 3 3
Zeta FOSRMERE, B Fom B RRT, OR R Bk
() Zeta HUAL IR ZEXHEL IR /1N, BRI BROHL [0] ) 67 Hi 1 BRI
DRT T A A2 5 33 B B [ P - 398055 » AR TRI RS Bl PR BRI
TR RN AV B RREEAR S, RO
UH o DRI e A T AR v, JRORE T ) e 34 Be PRI
fEIARTE 55 R0, FahMEPRRAC, Wi ards
R E5RTiE DLVO 73 M4 R —%.

(2) L bor B B TR AT (1) 75325 28

TG TP LA TR IR RS B B A v 1 5 328 o
L 4 s, 1, 5, 10, 50, 100 mmol/L &1
N, IR EEEAE 4> %M 0.71, 0.56, 0.35, 0.27, 0.21,
A Bt R B 5N 94.5%, 73.8%, 47.0%, 34.9%,
27.5% (& 1, X 3 iz FiR 1 o ek i =4k
WEATH, B FomE R, IR AR R B R AT
Hh LR AR B AR RN IR A A v T AR R B R R . —
5 THT A2 ] g 20000 A3 AR 58 KR AT 395 265 2R () 11 25 o B
N, RRGE RN EE 5 S BURMAR s 59— 7 TR
2 (RIS R I AR S AR TS IR A4k 72 T8
2 FLA 5 R AT B (0 — AN EE AL, AR B R L
RIMFE KR, FEEZEMON, 3RS BERERN
W B AR IR, AT T R AR IR B &, BRI T M
IR IR S
S el

08F —4— 10 mmol/L
—¥— 50 mmol/L

[ 4 fAREKIERAETD, TR FIRE TEFEZ
Fig. 4 Breakthrough curves under different ionic strengths in thick

glass beads

(3) ANATT A VU AR 27 5% ih 2k

DRI B BRAT H HA 1 BSA 1R R IR 1 27 32 it
ik 5 pias, HAERR 1, 5, 10, 50, 100 mmol/L

R 0F I () AR BE VA 43 ) 4 073, 0.61,0.53,
0.41, 0.28, ¥ T BSA fEFH R (518
0.59, 0.49, 031, 021, 0.17). HA{EH T, XNE
F5RFEM 1 mmol/L 1% 100 mmol/L, RilHiE
M 99.2%BEKZE 37.2% (£ 1), 1 BSA fEH T &t
R EM 79.9%F(KE 23.2%, RitHEBEE T
SR P 3G gkl 5 T VAP HLSE A S
FHIFL, FF H HA EF R #5857 50 50 B 1 e R Bt H
WMESET BSA. #iH] HA b BSA H g/ R
BEESERAE P (13 B B, AT R A R T IR AR A B,
7555 AR M 45 5 5 DLVO FRG /M 45 5 — 3.

1.0

—=— 1 mmol/L.
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08F —4— 10 mmol/L
—¥— 50 mmol/L
—— 100 mmol/LL

0.6

CIC,

0.4+

0.2+

0

(a) BAA+BSA
1.01

—=— 1 mmol/LL
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08+ —4— 10 mmol/L
—¥— 50 mmol/L
—— 100 mmol/L

0.6

cIC,

0.4+

0.2

PV
(b) BEfk+HA

5 FEIALAM B RIP AR ZFIER L
Fig. 5 Breakthrough curves corresponding to different kinds of
dissolved organic matters
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Fig. 6 Effects of dissolved organic matter species on colloidal Zeta

potential and particle size
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