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Table 1 Physical and chemical properties of soil
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e Ayt pH & ﬁjﬂ}ﬂi AR . £ Zn % Cd AHIEAL Electrical
Soil type pH value Organic ma_tlter Bulk der}glty I(mg-kg™) I(mg-kg™) Redox potential conductivity
OM/(g-kg™) /(g-cm™) Eh/mV ECI(uSm'™)
B
Lime concretion 8.27 13.8 1.37 335.0 0.382 230.0 83.6
black soil
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Fig.1 Earth-pillar transfer experimental equipment
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Table 2 Model parameters derived from Br breakthrough curve
ITRNER P 2 2 —kah N .
. FLBRZK A i IRHUR AL A LT — F NiES 14 Byo7 %
g(l;fi)ix Pore water Dispersion Fix it i?;(ilﬁ Fi j&d% %k( ) Correlation Mean square
0/(cm3-ctn¥'3) velocity coefficient Switching point coefficient lrst;or er t'nit'c coefficient error
vi(cm-min™) DI(cm?*min™) of score f ra eac/:((?]r]f) an R? MSE
0.483 0.049 0.194 — 0 0 0.988 0.0002
e R fRIRAE AT IS S A= g I TR B 10 A8 45 i iy S IR B 7 10 23
Note: fin the table represents that the instantaneous exchange adsorption point of total adsorption point scores.
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Fig.2 Observed and simulated Br breakthrough curves
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Fig.3 Observed and simulated Zn®*/Cd**/NH," breakthrough
curves for different pH values
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Table 3 Breakthrough curves of Zn?*/Cd?"/NH," flow time and peak value for different pH values

oH {0 NH,* zZn** cd*
pH value H L [R) IEAH (cleo) HA G ] WEAH (cleo) HA G 1) WEAH (cleo)
Flow time/pv Peak value Flow time/pv Peak value Flow time/pv Peak value
45 8.08 0.976 12.89 0.548 13.32 0.315
55 8.78 0.933 14.83 0.496 15.86 0.281
6.5 9.72 0.904 15.45 0.448 16.44 0.235
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Table 4 Model parameters derived from Zn?*/Cd**/NH," breakthrough curves for different pH values
eSS FT

AN »z

N e s RN e MXEE Mk

pH fE \Ironic Dispersion Distribution Switching Fractal First i Kineti Correlation Mean

pH value Species coefficient coefficient point of coefficient Irs ;or er tmf ic coefficient square error
P DI(cm*min™) KJ(mL-g™) score B rate constan R? MSE
i al(h™)

NH," 0.194 1.886 0.099 0.066 5.347 0.972 0.018

4.5 zn** 0.194 3.853 0.231 0.064 2427 0.857 0.015
cd* 0.194 4.557 0.113 0.111 2.361 0.866 0.014

NH,* 0.194 1.967 0.009 0.019 8.786 0.970 0.016

55 zn* 0.194 4.023 0.024 0.030 4.179 0.919 0.012
cd* 0.194 4.629 0.049 0.054 2424 0.901 0.013

NH," 0.194 2.846 0.006 0.042 21.01 0.893 0.012

6.5 zn** 0.194 4.386 0.001 0.032 4.002 0.932 0.015
cd®* 0.194 4.752 0.041 0.042 3.003 0.883 0.013
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Fig.4 Changes of pH, redox potential and specific
conductance for different pH
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Fig.5 Observed and simulated Zn?*/Cd*"/NH," breakthrough curves for different ionic strength
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Table 5 Breakthrough curves of Zn?*/Cd**/NH," flow time and peak value for different ionic strength
BT oY NH," zn? cd*

Ironic strength H R ] UEEAH (c/co) HH A (1] AR (clco) H e (1) VAt (clco)
/(mol-L™) Flow time/pv Peak value Flow time/pv Peak value Flow time/pv Peak value
0.002 8.78 0.933 14.83 0.496 15.86 0.281
0.01 7.97 1.012 14.44 0.524 15.15 0.285
0.05 7.68 1.031 13.98 0.542 14.69 0.294

TR0 P AR &AL TR OIRES, R AT A
HR R I Zn®ICd? INH, 76 A b A B AT 7
N7/ B | S e T R N Wi O S R T i
(LEABLAR S S 8 5T Br s #1532 ok i 52 %k D
FASZI P v, &R Ky By o fIIME, 18
H HYDRUS-1D A AP i fiii . (TSMD X%
AN[F B T3 (0.002. 0.01. 0.05mol/L) £&fF Ik
ZnZICd® INH BRI 535 IR BT R, T35
W 6 frac. &5 LA, Zn®*/Cd* INH, 1L
PIME 5B 2 [0 W) & B4 (R?>0.874, MSE
<0.011) , FREALAZAE 1) PN s R BT (TSMD
BEMS i i R e A e LI E AT N . thE 6
AT LA H, Zn?*ICA™ INH, e 3 b 55 iz g i, Cd™*
1) K flifok, Zn® Hk, NH 5/, X550l 45 5

SEHITTIG. BEE B ORI, Zn®Cd™ INH,
K AEEIN B30 Zn® 1Cd™ INH, W B /)N »
R TSR AT, FE LR T & fFEIIIRN,

7t 0.009~0.579 24k, UiH] 99%LL b it 52 4 2
Bl —Bah i B a fli: NHS K, Zn® k2,
CA* f5e/Iy, LBt B 15 BE (88K o AR /N (2
FERBE Sk 0.05 mol/L i Cd¥ Ay , IXTl g T
TR R AR A 3 NaT [ se g e, S5k
+3ExF Zn®ICA* INH, W I BN, 7E3h )2 b3k
MA a (ERIFK. 70 RE p fHIiE/N T 100, 7E
0.019~0.142 224k, UL TSt 2= AR I, Wb
R 22 53 AR A T Zn® ICd® INH, ISR
U e R (B Ry SUN Sl AP e i e e |
MG

=6 TRIBETFRESLMT Zn®/Cd*INH, B ZiE f &S RIS ) MR 245
Table 6 Model parameters derived from Zn?*/Cd?*/NH," breakthrough curves for different ionic strength

P KA B N —Mral ) .

s L S S Sy Ehr HXRE s
Ironic strei th [N Dispersion Distribution Switchi Fractal First 'LS Kineti Correlation Mean square

/(moI-L'lg Ironic species coefficient coefficient .V\;' cf Ing coefficient Irs ;or er tmi 1c coefficient error

Di(cm?®min™) KJ(mL-g™) poin Of score B ra ea(/:E)hr}ls)an R? MSE

NH,* 0.194 1.967 0.009 0.019 8.785 0.970 0.012

0.002 zn* 0.194 4.023 0.024 0.030 4.179 0.919 0.015

Cd** 0.194 4.629 0.049 0.054 2.424 0.901 0.009

NH,* 0.194 1.813 0.579 0.142 6.482 0.956 0.011

0.01 zn* 0.194 3.853 0.029 0.038 2.739 0.938 0.013

Cd** 0.194 4.442 0.117 0.088 2.177 0.874 0.014

NH,* 0.194 1.498 0.054 0.028 5.514 0.950 0.011

0.05 zZn?* 0.194 3.381 0.119 0.049 3.911 0.932 0.012

Cd** 0.194 4.226 0.026 0.072 5.028 0.942 0.013
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Fig.6 Changes of pH, redox potential and specific
conductance for different ionic strength
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Characteristic of Zn**/Cd**/NH," transport in soils with different pH
value and ionic strength

Sun Yingying, Xu Shaohui™
(Department of Environment Science, Qingdao University, Qingdao 266071, China)

Abstract: In order to make a thorough inquiry of Zn, Cd, NH," transportation in soils, the effect of pH and ionic
strength on Zn, Cd, NH," transport in soils were studied, through a stable flow miscible displacement experiment.
Breakthrough curves (BTCs) of the tracer bromide (Br) and Zn**/Cd**/NH," were obtained in these soil column
experiments. With the software HYDRUS-1D, the local equilibrium assumption (LEA) model was used to
simulate the observed BTCs of Br. Then we estimated the porosity ¢ and dispersion coefficient D and got the soil
column migration model parameters. Through adjusting the value of K, S, o, 1, two-site model (TSM) was used to
simulate the BTCs of Zn**/Cd**/NH," with software HYDRUS-1D. Based on the analysis of BTCs observation, it
turned out that transport velocity of Zn*/Cd**/NH," is NH,">Zn?">Cd** when they coexisted in migration. The
higher the pH is, the later the flow time of Zn**ICd**INH," is, and the lower peak value of relative concentration is.
The flow time of NH," was delayed by 8.08 pv to 9.72 pv and the peak value of the relative concentration dropped
from 0.976 to 0.904. The flow time of Zn**was delayed by 12.89 pv to 15.45pv and the peak value of BTCs
dropped from 0.548 to 0.448. The flow time of Cd*" was delayed by 13.32pv to 16.44pv and the peak value of the
relative concentration dropped from 0.315 to 0.235. So the rise of pH can increase the adsorption quantity of
Zn**ICd*INH," in soil and consequently block their transportation. On the other hand, the bigger the ionic
strength is, the earlier the flow time of Zn?*/Cd**/NH," is, and the higher the peak value is. The flow time of NH,"
was advanced from 8.78 pv to 7.68 pv and the peak value of the relative concentration rose from 0.933 to 1.013.
The flow time of Zn®* was advanced from 14.83 pv to 13.98 pv and the peak value of relative concentration rose
from 0.496 to 0.542. The flow time of Cd** was advanced from 15.86 pv to 14.69 pv and the peak value of
relative concentration rose from 0.281 to 0.294. Thus, the increase of ionic strength can decrease the adsorption
quantity of Zn?*/Cd**/NH," in soil and thereby promote their transportation. The non-equilibrium theory which
describes a solute transport based two-site model described better transport of Zn?*/Cd**/NH," in soils of this
experiment. The higher the pH was, the bigger the partition coefficient K, obtained through simulation was
(taking Zn** for example, K, was advanced from 3.853 to 4.386), the smaller f was (taking Zn** for example, f
rose from 0.231 to 0.006), and fractal coefficient # was small and had no obvious change rule. The bigger the
ionic strength was, the smaller the partition coefficient K, obtained through simulation was (taking Zn®* for
example, K, rose from 4.023 to 3.381), f'and fractal coefficient g was very small and had no obvious change rule.
The study has an important significance for heavy metals and the migration behavior of nitrogen in the soil and
risk assessment, and pollution repair.

Key words: soils, ironic strength, heavy metal, Zn, Cd, NH4", pH value, transport, flow time, peak value



