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Abstract—Quasi-three-dimensional numerical simulating and optimum management model was
established for evaluating and managing groundwater resqurces in Zhengzhou city. Based on the
coupling of simulating mode? with a planning model, an optimum management model of groundwater
resource was established. Through optimum controlling of the groundwater seepage field,
environmental problem caused by unreasonable extraction of groundwater in the study arca was

decreased 10 the minimum level,

which supply sciemtific foundation for groundwater resource

management in Zhengzhou city. © 1999 Published by Elsevier Science Ltd. All rights reserved
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INTRODUCTION

The intense extraction of pgroundwater in
Zhengzhou city has caused groundwater levels to
decline; the environmental problems associated with
the declination of groundwater levels are: (1) for-
mation and expansion of depression cones, (2)
increased pumping lift and pumping cost, (3) de-
terioration of the quality of pumped groundwater
and (4) land subsidence. Based on establishing the
numerical simulation model of groundwater secpage
field, optimal management model and their coupling
model, the extraction management mode of ground-
water was optimized by model operating, then the
environmental problem associated with the unrea-
sonable extraction of groundwater was solved by
controlling groundwater seepage field.

HVDROGEQLOGICAL CONCEPTUAL MODEL

In Zhengzhou city, the groundwater system con-
sists of multilayer aguifer system (about 900 kmi?).
For depth < 250m, it may be outlined to
Anderson (1992): (1) shallow groundwater system,

*Author to whom all correspondence shoutd be addressed;
e-mail: gonghl@263.net

numerical simulation, optimum man-

which is mainly composed of Quaternary Holocene
series and upper Pleistocene series formation
(embedded depth of bottom fevel is 60 m); (2) inter-
mediate groundwater system, which consists of mid
and lower Pleistocene series formation (embedded
depth was 80-250 m). The shallow and intermedium
aquifer are hydraulically connected to each other by
aquitarde, which consists of nonhomogeneous iso-
tropic and quasi-three-dimensional groundwater
seepage field (shallow and intermedinm ground-
waler system is planar two-dimensional flow, aqui-
tarde is a vertical one-dimensional flow). The study
area is composed by Dirichlel and Neumann type
boundary. Macroscopic input and output water
exchange of the system is yielded by actual
measurement (Gong and Lin, 1996).

NUMERICAL SIMULATING MODEL

Based on hydrogeological conceptual model,
ical model lable
distribution in modeling area was built. Without
considering the storage capacity of a weak per-
meable layer, the model is as the following.
‘The mathematical model of shallow groundwater
system (I):
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where K is the mean permeability coefficient of the
shallow groundwater system (m/d); T the transmis-
sibility coefficient of intermidium groundwater sys-
tem (m%d); h, H the groundwater table of the
shallow and intermedinm groundwater system (m);
1. S the feed water degree and storage coefficient
{nondimensional parameter); k', M' the thickness of
the interval weak permeable Jayer and vertical per-
meability coefficient (m/d); g the algebraic sum of
vertical recharge intensity of the shallow ground-
water system (I/d), taking positive value; g the
algebraic sum of vertical recharge intensity of the
intermidium groundwater system (I/d), taking nega-
tive value; by, b, the height of upper and lower
boundary of weak permeable layer (m); D the pla-
nar secpage area determined synchronal by the shal-
low and intermidium groundwater system (m,);
", I'” the known water level boundary of the
seepage calculated area D; IY", 'Y the known dis-
charge boundary of the seepage calculated area D
and n the inner normal vector of secondary bound-
ary.

Numerical solution of the simdation mode!

1. Discrete of cafculated area. Based on the feature
of the seepage field in Zh
city, as well as the structure of groundwater sys-
tem and boundary condition, the calculated area
was divided into 822 triangle units, 286 joints,
Among them, there are 78 first type boundary
points and 24 secondary type boundary points.

. Simulating phase. Selecting two timeé-periods
from 4-25-1994 to 8-30-1994 and from 8-31-1994
to 2-25-1995, lasting one year, in which water
level data was meesured by groundwater long-
term abservation network in study area.

™

3. Basis of parameter and its partition. Basis of
selecting initial parameter and partition is: (a)
pumping test deta of calculated area, including
permeable coefficient, coefficient of hydraulic
conductivity, storage coefficient, feed water
degree and unit inrush quantity, etc; (b) distri-
bution regularities of aguifer, such as thickness,
embedded depth and space combination feature
of rock character; {c) natural flow field, artificial
flow field, hydrochemical field and temperature
field of groundwater, difference of geological
condition.

4. Input and output of the system. Based on pre-
cipitation data in the study area from 195l to
1994, we get the average annual precipitation
which is 640.9 mm, maximum annual precipi-
tation is 1041.3mm and the minimum aonual
precipitation is 349.3 mm. Wet year (frequency is
25%) precipitation is 584 mm, mean year (fre-
quency is 50%) precipitation is 614 mm, dry year
(frequency is 75%) precipitation is 584 mm. The
evaporation intensity of shallow groundwater
system is measured value in Zhengzhou hydrolo-
gical budget test site; recharge parameter quoted
those data in neighbor area which hydrogeologi-
cal condition is similar to; the influent recharge
of surface water and irrigating water is statistical
value of measured data, groundwater production
volume too.

5. Discretization of numeric simulating . model.
Using irregular mesh finite difference method,
each node is a center of a small equalization area
which is outlined by triangle line. In every equali-
zation area, equation and constant-solution con-
dition of mathematical model were discreted,
differential quotient is instead of by difference
quotient, difference equation of every node was
got, then we get these series equation set:
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S(xn, yn) are area coordinates; Ky and Ka are
harmonic-mean of  permeability  coofficient
between (i, j) node and (i, &) node; Ky K;, Ki
are permeability coefficient of i, j, k nodes; up,
1 are specific yield and storage coefficient inside
8 trianglc; Z; is clevation of the unconfined aqui-
fer bottom between 4, j nodes; @, is yiekl of no-
node weil located in (xn, yn); O is yield of node
well located in node i; (8 is area of § triangle; (¢
is time step; P is number of triangles whose cli-
maxes arc node i,

Foi)=

(bb, +c,:,)+ T6A8 (bb.+c.:k)]

. Solution of differential equations. Egs (1) and (2)

are large systems of nonlinear equations whose
solution cannot be got directly. For saving mern-

we adopt overrelaxation iterative method. An ap-
proximate solution serics whose rapidity of con-
vergence is fasier were added during iteration, it
is HyGhy = Hi +o AR 1 <o <2 For
any one time-period, the iterating is over only
when max Hyf1 ~ Kl < =6 (1077 < > 1075,
then enter next time-period.

. Identification and certification of the simulating
model. Initial point of model identification is
trend surface analyzing flow filed from ground-
water level data of observation network in whole
study area at 2-25-1994. the groundwater flow
field, at 8-31-1994 and 2-25-1995, is selected as
contrast flow field. identification method is
inverse simulating level to indirectly readjust par-
ameters. Thirteen parameter areas, five in shal-
low groundwater system, four in a weak
permeable stratum system and four in medium
groundwater system, are determined after model
identification. During identification time, well
points whose absolute error is less than 0.5 m are
70% of 117 wells in a whole observation-network
at the end of the first time-period, and are 71%
at the end of second time-period, that meet the
national standard. Certification time-period of
the model is from 2-25-1995 to 7-30-1995 and

data is from the ic bulle-

tin of the Zhengzhou meicorologic bureau; the
groundwater yield is from statistical data of the
groundwater regime monitoring report of the
hengzh « ing and polying
office. Other inflow and outflow items are the
same as the identification time-period of model.
The result shows that nodes with a relative error
less than 5% is above 80% of all level-observing
nodes, which meets the national standard

=

(Nation technique supervising bureau, 1994). As
showing in Fig. 1:

ory of computer and reducing

Fig. 1. G aguifer matched

level of i i
map on July 30th, 1995
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OPERATION AND FORECAST OF SIMULATING MODEL

The forecasting result shows that the modeled
shallow groundwater system on 7-30-1998 and on
7-30-1999 are similar to the initial flow field. It indi-
cates that factors determining the regime of shaliow
groundwater are relatively steady during the fore-
casting time-period. The forecasting flow filed of
the intermedium groundwater system indicates that,
if based on presently extract layout and planning
extract yield, the distribution region with an area of
8.96km’ and a water levet less than 45m would
appear in the center of the depression cone on 7-30-
1998 (Fig. 2). It also indicates that the distribution
region with an area of 8 km® and water level less
than 40 m would appear in the center of the de-
pression cone at 7-30-1999 (Fig. 3). The average
dropping speed of the water level in the center of
the drop hopper is 3.5 m/2. So, it is imperative that
scientific management of groundwater has to be
carried out.

MANAGEMENT MODEL OF GROUNDWATER RESOURCE
Analysing of simulating model

Constant solution problem I may be broken
down to constant solution problem 1. (flow field
determining by natural recharge-drainage con-
ditions, i.c. uncontrotled condition) and the con-
stant solution problem Iy (flow field determining by
artificial recharge-drainage conditions, i.e. controlla-
bie condition):

Constant solution problem Ia:

[13/d). So, k=h’+S, where: & is the real water level
determining by constant solution probiem I; h' is
water level determined by the constant solution pro-
blem Ls; S is the failing value of the water level
determined by the constant solution problem Ig
Same argument, formula Il may be break down 1o
constant problem Il and ITs. Model I, and I are
used as mathematical mode! calculating response
matrix.

Formation of response function

In a flow field, if there are N inflow—outflow
points which extract and inject water at the same
time and affect M observation-points, M x N unit
impulse response coefficients called response matrix
may be formed during one time-period. If there are
L time-periods, M x N x L, the three-demensional
matrix is formed, i.e. in the end of time-period »,
the total respense value of the waiter level in point {
is equal to the total of the fevel response value for .
every point individual acting. So,

X
5G, my= ZS(i, Jn)
p=t

N o
=2 Bhdn—k+ 1O,
==
where, S(i, nj is the total response level value of
point { in the end of time-period m: S(i, j, nj is the
unit impulse response efficient; Q(j, k) is the
impulse amount of point j in time-period &[1.%/T >]

an' 8 o' 3 kL K'
vy E[K(h’ = b‘)ﬁ} + E;[K(h' - b')ﬁ] + WM, =H)+ex » 0, (x, ) e(D), 120
Bxy.0) = gofx,»), (x,7)€ (D)
Ky h=galxy 0, () edP), >0
an'
KO = b = —atan 0, ) e >0
Constant solution problem Iy:
as 3 as 3 EN K’
W= 5[1«# - "”a] + a—y[m' - b;)E;] S-S E PG, (50) € (D) 120
S, 3,0 =0, (x, ) e(D)
Sxp0=0, (ed®), >0 ’
s

0,

L et (>0

n

where: k' is the natural phreatic water level
{Anderson, 1992); S is the falling value of water
iovel caused by only controllable input (Anderson,
1992); &,(x, . ) is the uncontrolled input variable
[1%/d}; Py(x, y, ¢} is the controllable input variablc

Utilizing the formula above, the level down or up
value of any observation point caused by each
pumping well or input well during any time-period
may be got. The unit impulse response coefficient is
Ounic=400m’/d, by means of which the response
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Fig. 2. Predicted groundwater level of intermedium aguifer
on July 30th. 1998

matrix of each management period in the future
may be got, and acting as onc group constraint
condition merging into the optimum model.

Opiimum of groundwater yield

1t is the main problem to be solved in this pro-
gram, that adjusting and controlling the shape of
the groundwater depression cone through the opti-
mizing yieid of an intermediate groundwater system
with a Tayout of existing extract wells and a satisfy-
ing condition of the groundwater total yield in the
management area.

1. Management target. The target of groundwater
management in a study area is not only satisfying
water supply but also controlling depression cone
expansion and to recover the water level in the
center of the groundwater depression cone. So,
the management problem becomes seeking a
value of the decision index which makes the total
value of level-faling of all nodes calculated in
the whole area is least and using the yield of
each management sub-area as well as the optimal
distribution of the groundwater level in the
whole area as decision variable, i.e.:

min Z = i S ®
=

where, §i is the falling value of the water level of
node /L] and m the total number of i

\\s—ﬁ;“

Fig. 3. Predicted groundwater level of intermedium aguifer
on July 30th, 1999,

the yield @; of each management sub-area j, i.e.:

NQC
> B0 < S *
=

where: By is the response coefficient of node i
caused by extracting in the management sub-area
JITIL?; @, is the yield of management sub-arca
JfL3 T} NQC is the number of the management
sub-arca.

So, the falling value of the water level of each
caculating node:

Bn

Binoc
iS}={... By ..

2

x| Q&
Buy - Bamoc Onoc

The comstraint of the total’ amount of water
supply: for satisfying the tota} amount of water
supply in the study area, the sum of yield of each
management sub-area should egual the total
amount of water the supply.

NQC
30200, 6}
=

where, D{1) is the planning water supply index of
different management areas [LY/T].

Constraint of least water supply of cach sub-area:
for assuring the property industrial and domestic

nodes in the management area.
. Constraint condition, Water level this

.

in cach sub-atea, the
least water supply amount should be kept in cach

group of constraini conditions assures the falling
value of the water jevel of all cajculating nodes
in the management area is less than the fafling
value of the water level being specified.
According to the principle of superposition and
the Tesponse matrix, the falling value Si of node
 should equal the superposition value of the fall-
ing value of the water fevel of node j, caused by

sub-area (p: the center of the.
depression cones).
020y (j=1,2 ... NQC), ©)
where, O/ is the constraint of the yield in each
management sub-area, which is determined by
means of “ten-years planning of water-saving and
water supply in Zhengzhou city (1991-2000)".
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Constraint of positive value: each decision vari-
able should have a positive value:

) Q;=0; 520 . (7}
A linear programming model of optimum man-
agement of the groundwater yield in Zhengzhou
city is composed by target function formula Eq. (3).
constraint condition formula Eqs.(4-7).

OPTIMIZATION RESULT OF YIELD

The optimum vield and optimum distribution of
water level in each management sub-area at the end
of every management period arc found by solving
the finear planning model of the optimum of the
groundwater yield in Zhengzhou city.

CONCLUSIONS

1. Optimization on yield of each of the sub-areas
will obviously recover the shape of the de-
pression cone for intermediate groundwater. The
comparison between predicted the flow fields
(Figs. 2 and 3) at the end of each management
period and optimized flow ficlds (Fig. 4) shows

Fig. 4. Optimal head distribution of jntermedivm aquifer
on July 30th, 1995

not be larger than 6.5 x 10" m*a in order to
keep the depression cones in deeper groundwater
at the present fevel (Le. the area circled by a con-
tour of 70 m is about 100 km?). It based on mod-

that, most of the deep and steep
cones and the smaller cones change into a uni-
tary and steady depression cone in predicted fiow
ficlds, which are wide and assuasive, The ground-
water level at the center of the cones in the opti-
mized flow fields is 3-5 m higher than that in the
predicted flow fields. As the exploitation of
groundwater at the center of the cones in opti-
mized flow fields has been transferred to the per-
iphery of the cones, the cones expand their areas
but reduce the deepness of groundwater. In
results of optimization on groundwater flow,
interference of the water-supplying wells at the
center of the cones and the shortage of pumps
and discharge are lightened greatly. In addition,
increasing of the altitude difference between the
shallow and the deep groundwater system on the
edge of the cones, augments the leakage from the
shaltow groundwater system to the deeper sys-
tem; it is advantaged to reduce the incidents such
as the filling of water in the underground struc-
ture and land subsidence due to the shaliow
groundwater system.

2. The yield of intermediate groundwater should

eling, predict of g flow
field and practicing in exploitation since 1982.

3. Coupling the numerical simulation model of
groundwater flow field with the optimization
model is effective for managing the groundwater
resource. Some factors such as tech-cconomy,
eco-environment and the law of the socicty are
introduced into the management model, it has
effective functions for unified planning and sup-
plying of water resource and controlling of
groundwater flow field
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Studies on Stability of 199¢q, %Zn Complex with Humus Acids

HUA Luo"? , CHEN Shi-bac®, BAI Lin-gyu® , WEI Dong-pu’
(' Capital Normal University, Geography ~ Department, Bejjing, 100037)
Clnstitute for Application of Atomic Energy, CAAS, 100094 )

Abstract: The radioactive isotope tracer and ion exchange balanced method was used to
study the stability of ***Cd, *Zn complexes with humus acids. In the ®Cd and *Zn single existing
system with humic acids, the stability constants of humic-'”Cd(®Zn) complex compound was higher
than fulvie-""Cd(*Zn) complex compound. The stability constant of humic (fulvic) -*Zn was higher
than that of humic (fulvic) °Cd. In '®Cd and *Za coexisting system, stability constant and
co-ordination number of humic (fulvic)- “Zn complex obviously increased, but stability constant and
co-ordination number of humic (fnlvic)-'”Cd complex obviously decreased. The result showed that
the humus matter with higher molecular weight could more effectively reduce plant availability of
heavy metals than the humus matter with lower molecular weight in polluted soil, and that humus
matter could more effectively reduce plant availability of Zn than that of Cd. Application of
humus-acid increased harm of Cd and decreased harm of Zn to plant with Cd-Zn coexisting.

Key words: Humus acid; complex; Cadmium; Zinc; Stability of complex; Isotope tracer

technique

The stability of heavy metals complexes with humus acids in soil affected the its ion’s

transformation, the and its plant

directly. The stability of complex compound is
indicated by the stability constant and co-ordination number. Many reports on the stability of complex

compound by the single metal ions with humus acids were observed in 1980751 4

. However, the
contaminations by heavy metal in natural environment consist always multiply with another metals, for
example, cadmium and zinc have same geo-chemical characteristics in environment respectively, so the
contamination by cadmium always occurred with the zinc pollution, for the zinc mineral always associating
with 0.1%-0.5% cadmium'®). Few reports were observed on the stability of Cd, Zn complex compound with

humus acids in the soil conditions of Cd, Zn isted condi The ad ge of measuring the stability

constants and co-ordination numbers of heavy metal complex with soil humus acids by radioactive isotope
were that: (1) more coincided with the Schubert’s principle of ion exchange balanced method, e.g. the
concentration of complex ion was 10°~~10° times more than heavy metal ion; (2) could avoid the disturb of
metal jons in humus acids, simplify experimental processes, shorten the experimental time and improve the
precision of the experiment; (3) could measure the stability constants and co-ordination numbers of more
than two metals ions complexes with soil humus acids simultaneously and simplify the measure processes
This paper mainly studied the stability of HA-Zn (Cd) 3! with Zn, Cd sep d and d
conditions by using radioactive isotope tracer technique, so as to provide scientific basis for decreasing Zn

and Cd in soil-plant system by using organic complex method.
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1 Materials and Methods

1.1 Materials

1.1.1 Soil samples: The soil used for the study is light color drab soil in north China originated from the
forth diluvium-alluvial mother material, the soil samples were taken from the experimental farm of the
Institute for Application of Atomic Energy, Chinese Academy of Agriculture Science, with the depth of

30 cm, the main minerals were illonites, the basic chemical ct istics were: pH8.0, organic
matter 1.76%, CaCO; 2.46%, CEC 40.12 m.e / 100g, total Cd 0.10 mg / kg, total Zn 79.90 mg / kg,
available P 15.7 mg / kg.

112 Humic acids for this study: The humic acids for this study were extracted and purified according
to the method recommended by International Humic Acids Association (IHSS), e.g. extracted humic acids
from soil by 0.1 mol / L Na,P,0; / NaOH and got the fulvic acids (yellow upper liquid) and humus acids
(sediment) by acids treatment with 1:1 HCI, the humus acids were purified by ratiol:1 of 0.1 mol / L HCI
and 0.3 mol / L HF and translucening, and the fulvic acids by flowing through active charcoal columa,
H-ion exchange resin and then dried at 50°C vacuum.

1.1.3 The radioactive isotope used for this study: *Zinc (ZnCl, solution), '®Cadmium (CdCl, solution)
1.2 Analysis and test Methods
1.2.1  The stability and co-
acids and fulvic acids were tested by using radioactive isotope *Zn and '®Cd tracer technique and the ion

exchange balanced method recommended by Schuber'®.

di numbers of cad (Cd), zinc (Zn) complex with humus

1.22  The methods of measuring the concentration of metal ions in balanced solution: drew some
concentration-known humus acids solution { 3 g / 1, pH 8.0) as 0,1,2,4,8,16 ml, and put it in beaker with
volume of 100ml, added some distilled water to 25ml in total, then 5 ml 1 mofl / I NaCl (G.R) solution, 1
mi *Cd (CdCY), *Zn (ZnCl) solution with radioactive specific activity 2.6 X 10° Bq / ml ( Cd: 7x 10
g, Zn: 0.5u g). modulated the solution to pH8.0 and volume 45 ml, transferred the sofution 1o
centrifugal tube in volume 100 ml, added distilled water to 50 ml in total, then put 1.00 g Na-ion exchange
resin in each centrifugal tube, vibrated one hour in thermostatic chamber, put the solution into beaker after
balanced 24 hours for measuring radioactive specific activity by HPGe-gc-3018-y meter.

1.2.3  Metal ions adsorbed by per unit resin after balance: washed the filtrated resin with 1-2 ml 2 mol /]
HCI (G.R) and then 2-3 ml 0.1 mol / I, added distilled water to solution volume 50 ml. The radioactive
specific activity of '®Cd, *Zn were tested by HPGe-gc-3018-y meter on condition of pH8.0 , p=0.2, T =
25+1°7C.

2. Result and Discussion

The experiment data of the stability of Cd, Zn complex with humus acids and fulvic acids were listed

as tablel and table2.
Conversed the data into equation as:
Log (ko /A - 1) = Log K + Log [A]?

Among which: A, distributive coefficient of metal ion with absence of complex ion, here o= [MR] / [M],
A: distributive coefficient of metal jon with presence of complex ion, here A= [MR] / {M] + [MA,].The cut
length in y-axle of the equation equaled to the stability constant and the slope of the curve equaled to the
co-ordination number. We could get the stability constants and the co-ordination numbers of the '®Cd, **Zn
complex with humus acids and fulvic acids in soil with Cd, Zn separated and coexisted condition on the
basis of the equation (table 3).



In the Cd and Zn single existing the stability constant (4.32) and the co-ordination number (1.65) of
Zinc complex with humus acids ( HA-Zn ) were higher stability constant (3.93) and co-ordination
number(1.56) of Cadmium complex with humus acids ( HA-Cd) , the stability constants and the
co-ordination numbers of HA-Zn, HA-Cd  were higher than that of zinc, cadmium complex with fulvic

Tablel Measurement of stability of HA-Zn(Cd) complexes with Cd. Zn separated and coexisted conditions

BA Metal Metal ion specific activity after balance ( Bg/ml)
Added Solution volume 50mi _ initial In_solution On resin
HA Concentration  Log[A]  specific Absence of  Presemce  Absence  Presence of
volume [ANg/L) activity HA of of HA HA
*(ml) **(Bg/ml) ™M] HA M- [M)-[M])-{MAx]
[Mf} [M]+{MAX] ™M]
Separated Zn HA-Zn
0 302 57 245
I 3.0¢10° -2.522% 302 121 181
2 6.0+107 -2.2218 302 158 144
4 1,210 -1.9208 302 233 69
8 244107 -1.6198 302 275 27
16 4.8+10°7 -1.3188 302 294 8
Coexisted Zn and Cd HA-Zn
0 282 97 185
1 3.0410°% 25229 282 144 138
2 6.0¢10° -22218 282 199 83
4 1.2+10° -1.9208 282 244 38
8 2.4+10° -1.6198 282 264 18
16 4.8¢107 -1.3188 282 280 2
Separated Cd  HA-Zn
0 1359 198 86)
1 3.0¢10° -2.5229 1359 681 678
2 6.0¢10° -2.2218 1359 975 384
4 1.2:107 19208 1359 1114 245
8 244107 -1.6198 1359 1290 69
16 4.84107 -1.3188 1359 1320 39
Coexisted Zn and Cd_HA-Zn
0 1308 521 787
! 3.0¢10°7 -2.5229 1308 814 494
2 6.0¢10° -2.2218 1308 1013 295
4 120107 -1.9208 1308 1147 161
8 2.4%107 -1.6198 1308 1210 98
16 484107 -13188 1308 1255 53

*Concentration of prepared HA solution; 3.000g/.  **Metal ion s radioactive specific activity in solution volume 50 ml
[AJ:HA concentration; [Mf]:Metal initial radivactive specific activity in the solution; [M]-[Max]:Metal ions all specific
activity in balance solution with presence of HA; [M]-[M]: Metat ions specific activity adsorbed by resin without HA;
[Mf]-[M]-[Max}:Metal ions radioactive specific activity adsorbed by resin with presence of HA

acids (FA-Zn, FA-Cd), it meant that the stability of HA-Zn was higher than that of HA-Cd and the
stabilities of HA-Zn, HA-Cd were higher than that of FA-Zn, FA-Cd, the co-ordination numbers of HA-Zn,
HA-Cd and FA-Zn, FA-Cd all ranged from 1.11 to 1.88, that indicated the complex compound of HA-Zn,
HA-Cd and FA-Zn, FA-Cd were the mixture of 1:1 and 1:2 complexion, but the proportion of 1:2
complexion in HA-Zn, FA-Zn was higher than that of HA-Cd, FA-Cd, e.g. the proportion of chelate
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compound of HA (FA)-Zn was higher than that of HA (FA)-Cd. For the affinity of humus acids to metal
ions was relative to the atomic number and the ion radius, the shorter the ion radius was, the stronger
affinity of humus acids to metal ions appeared )

‘Table2 Measurement of stabllity of FA-Zn(Cd) complexes with Cd. Zn separated and coexisted conditions

FA Metal Metal ion specific activity after balance ( Bg/ml)
Added Solution volume 50m! initial In_ solution On_resin
HA Concentration  Lag[A]  specific Absenceof  Presence Absence  Presence of
volume [A] (/L) activity HA of HA of HA HA
*(ml) **(Bg/m}) ™] [MI+H[MAX)  [Mf]-{M]  [Mf-{[M]-[MAx]
Mf)
Separated Zn FA-Cd

] 296 64 233

1 -2.5229 296 78 218

2 22218 296 106 190

4 -1.9208 296 145 151

H -1.6198 296 193 104

16 -1.3188 296 246 50

Coexisted Znand Cd  FA-Cd

0 291 84 207

1 3.0410° 25229 291 104 187

2 6.0%10° 22218 291 143 143

4 1.2+10% -1.9208 291 196 95

8 24107 -1.6198 291 235 56

16 4.8+10° -13188 291 266 25

Separated Cd FA-Cd

0 1316 515 801

1 20410 25229 1316 572 744

2 6.0010° 22218 1316 673 644

4 1.2%10? -1.9208 1316 801 515

8 2.4%107 -1.6198 1316 945 372

16 4.8+107 -1.3188 1316 1131 186

Coexisted Znand Cd  FA-Cd

0 1347 518 859

1 3.0010°% -2.5229 1347 558 816

2 6.0¢10* -2.2218 1347 615 759

4 1.2¢107 -1.9208 1347 701 673

8 2.4¢10° -1.6198 1347 887 487

16 4.8%107 13188 1347 1016 358

*Concentration of prepared FA solution: 3.000g/L.  **Metal fons radioactive specific activity in solution volume 50 ml
[A): FA concentration; [Mf]: Metal initial radioactive specific activity in the solution; [M]-[Max]: Metal ions all specific
activity in balance solution with presence of FA; [M){Mfl: Metal ions specific activity adsorbed by resin without FA;
M- [M]-[Max}: Metal ions radioactive specific activity adsorbed by resin with presence of FA

the atomic number and the ion radius of zinc were less than that of cadmium, so the affinity of humus acids
to zinc was stronger than that to cadmium, and the stability constants of zinc complex with humus acids
Table3 Stability constants (logK), co-ordination numbers (X) of
Cadmium-h acids and Zinc-h acids(pH 8.0 1=0.2 T = 25+1°C)
Stability constant( logK) Co-ordination number( x)

Hummus acids Cd. ZnSeparated  Cd. Zn Coexisted ~ Cd. Zn Separated  Cd. Zn Coexisted

Cd Zn Cd Zn Cd Zn Cd Zn




3.93 4.32 3.05 4.69 1.56 1.65 111 1.88
Humus acid

Fulviczed ) o, 3.08 219 342 131 142 1.20 150

(log Kzn) was larger than the stability constants of cadmium complex with humus acids (log Kcg) according
to the same humus acids, that meant the stability of HA-Zn was higher than that of HA-Cd and HA-Zn was
not easy to hydrolysis in soil solution. The affinity of humus acids to metal ions were stronger than that of
fulvic acids to metal ions because of their weight,
function ions and negative electric charge, the affinity of complex ions to metal ions were relative to the

‘hemical o} 1 flux, molecul

negative electric charge, the stronger the negative electric charge was, the stronger the affinity appeared(®],
the affinity of humus acids to metal ions were stronger than that of fulvic acids to metal ions, so the
stability constants of metal ions with humus acids ( Jog Kyam) were larger than that with fulvic acids (log
Kram), for those reasons, fulvic acids could increase the transportability of zinc, cadmium in soil section,
fulvic acids mainly acted as transmission of cation ions in soil, this had been confirmed by Schnizer * and
Tan’s ') experiments. The main processes of fulvic acids assembling metal cation ions were that fulvic
acids accumulated metal cation ions from inorganic mineral and resulted in water-soluble complexion,
however, humus acids accumulated metal ions from the complexion of fulvic acids-metal ion (FA-M) by
complexion competition and resulted in humus acids-metal ion (HA-M). the results above indicated that the
stabilities of HA-Zn(Cd) complexion compound were higher than that of FA-Zn(Cd) which had been
confirmed by Schnizer’s ) experiments. So there existed much difference between the stability of HA-M
and FA-M complexion, but the stabilities of FA-M complexion were lower than that of HA-M complexion
due to the higher acidity and lower molecular weight, so the FA-M complexion always had higher plant
availability and were easier to transport in soil environments than that of HA-M complexion. Besides the
concentration of ions, the extent of humification, the pH, the stability of humus acids-metal ion complexion
were affected by the competition of co-existed ions.

The results above showed the stability constants and co-ordination numbers of HA-Zn complexion were
larger than that of HA-Cd with Zn, Cd co-existed conditions, the stability constant (4.69 ) and co-ordination
number (1.88) of HA-Zn complexion were larger than that with Zn, Cd separated condition (4.32, 1.65

resp.) while the stability of HA-Cd lexion d d from 3.93 10 3.05 and the co-ordination
number from 1.56 to 1.11 with Zn, Cd co-existed, this indicated that the stability and the proportion of
chelate pound of HA-Zn i d with cadmium co-existed but this reacted with HA-Cd complexion,

the stability constants and co-ordination numbers of FA-Zn complexion were larger than that of FA-Cd with
Zn, Cd co-existed, compared to that with Zn, Cd separated conditions, stability constant of FA-Zn went up
from 3.08 to 3.42, and co-ordination number from 1.42 to 1.50. However, stability constant of FA-Cd went
down from 2.64 to 2.19 and co-ordination number from 1.31 to 1.20, that indicated the stability and the
proportion of chelate d of FA-Zn 1 d with ium co-existed, while the stability and the
proportion of chelate compound of FA-Cd decreased with zinc co-existed.

From the above we could conclude that the stability of humus acids-metal ions complexions were
affected by the co-existing metal ions, so as the transportation, transformation and plant availability of the
heavy metal ions. The result of this study showed that the humic matter with higher molecular weight could
more effectively reduce plant availability of heavy metals than the humic matter with lower molecular
weight in polluted soil, and that humic matter could more effectively reduce plant availability of Zn than
that of Cd. So it could only achieve the aim of decontaminating soil polluted by heavy metal by applicating
humic matter which formed the HA (FA)-M complex compound with high stability when used organic
complexion as the method of decontamination of soil.
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3. Conclusion

3.1 The result showed the stability constants of humus acids-Cd {Zn) complex compound were higher
than that of fulvic-"Cd (¥Zn) complex compound; the stability constant of humus acids-Zn was
higher than that of humus acids-Cd;

3.2 In Cd and Zn coexisted system, humic (fulvic)- **Zn complex stability constant and co-ordination
number abviously increased, but humic (fulvic)-**Cd complex stability constant and co-ordination
number obviously d d. The stability and co-ordination numbers of HA-Zn (Cd) were
higher than that of FA-Zn (Cd) and the stability of HA-Zn was higher than that of HA-Cd.

3.3 The stability constants and co-ordination numbers of HA (FA)-Zn obviously increased with Zn, Cd
co-existing, on the contrary, The stability constants and co-ordination numbers of HA (FA)-Cd
obviously decreased.

3.4 The humic matter with higher molecular weight could more effectively reduce plant availability of
heavy metals than the humic matter with lower molecular weight in polluted soil. and that humic
matter could more effectively reduce plant availability of Zn than that of Cd. Application of
humic-acid increased harm of Cd and decreased harm of Zn to plant with Cd-Zn coexisting.
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