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A B S T RRAThe study of heavy metal interactions with soils under specific climatic circumstances might lead to a better understanding
of heavy metal migration and provide further information for local pollution control. In this work, we collected soil somplése

world's largest light rare earth mining district, Bayan Obo mine district, and assessed the heavy metal content trvér®ssibepths.

The extraction effectiveness of Diethylenetriaminepentaacetic acid (DTPA) and Toxicity Characteristic Lieemtedgre (TCLP) for

heavy metals in surface soil were compared. Furthermore, we studied the longitudinal transport of heavy metals und¢ioprecipit
conditions using simulated experiments and kinetic fitting. We discovered that pH has a signifiaattampeavy metal release.
Precipitation easily transports Zn, Pb, and Cr to deeper layers of the soil. The modified Elvoich equation could béditehdaggr

metal release patterns.
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1. Introduction 2014; Mihaljevil et aPrecipita2015;
tionis also regarded as a major factor influencing the migration

of heavy metals (Sharma et al., 20Bifferent precipitation
conditions can impact heavy metals migration behavAor
mospheric particulate matter can carry heavy metals to soil and

Soil is one of the most important sinks foanypollu-
tants such as organic pollutanfalharbi et al., 2018)heavy
metals(Su, 2014)and emerging pollutan{®impe and Nom

hgongq 2016). Contaminated soil could directly affect the 10 g, 5 caater under precipitatiogSternbeck et al., 2002AIso,

cal po phedltathroughtti food chain (Csavina et al., ;jo\y metals can be moved from the surface to the lower layers
2014) In some areas that can generate large amounts of cory, e (g infiltration of rainwater, and enriched in the lower soil
taminants such as chemical plants, mines, and oil fields, locailayers, increasing the risk of groundwater pollution.

climate clange may change the migration pathways of these . . i .

contaminants, which poses a significant to the health of the lo  Changes in soil propertiaésohave an impact on the trans
cal population (Ettler, 2016; Seo and Hong, 20Tbjerefore, ~ POrt of heavy metals (Lalah et al., 2008nerally speaking,
paying attention to the levels and transport patterns of pollu SCiIS With a high proportion of sand particles have a low water

tants in the sai of these areas can help reduce the risks pose@0ntent and a small soil surface area per unit volume, which
by pollutants to the surrounding areas. reduceghe adsorption capacity of the soil for heavy metals and

increases the chances of heavy metal migration (Zhang et al.,
. o ) . 2005;Frimpong and Koranten@(019). The higher the soil er
deposnedresult'lng in the formann ofloose .SO'.l struptures that ganic matter (SOM) content, the stronger the sorption proper
are not conducive to con}ammant contfégkmrand soils have. ties ofthe soil, thus reducing the leaching capacity of heavy
higher exchange capacity (CEC) and higher pH than tropical, o1 an et al., 2016)The lower the pH, the less the ability
so!ls the_refore heavy metals are more likely to be ad_sc_)rbed Ot the soil to retain heavy metdGhen et al., 2007)

soil particles for movemeriMoghal et al., 2016)in addition, i )
under the influence of prevailing windsgil particles will Therefore, as an extension of the previous s{idgng et
migrate rapidly from the source of pollution to other areas, &-» 2021) thisstudy aimso simulate the heavy metal migra
elongating the contaminated area and causing extensive pollion in soils of rare earth mining areas under sand climatic

tion, this feature is mor@bviousin mining areag K $2 b e k ¢@Rditiogs. In detaileaching experiments of heavy metals were
conductedn soils in the Bayan Obo mining area, the largest

light rareearth mining area in Chintg investigate(1) levels

Soils insemtarid climates are oftewind-classifiedand

" Corresponding author. Tek86 18647997699

E-mail addresszhengchunlil979@163.cof@. L. Zheng. of heavy metals in soils at different depths in the Bayan Obo
mining area(2) the release capacity of local soils for heavy

ISSN: 26636859 print/26636867 online metals and(3) the longitudinal migration pattern anelease
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2. Materials and Methods 2.2.2. Measurements

2.1.Study Area The soils were dried_at room temperature, and thg HCI
HNOs-HF-H20; (1:4:1:1) digestion method was used to digest
ot ) . ; Theconcentrations ofieavymetals were determined lay
41°53'N) is located in Baotou City, Inner Mongolia AUtono {13 me atomic absorption spectrophotometer (FAAS, Perki
mousRegion, with a population of about 27,600 inhabitéiyts  Ejmer AABOO,USA). The recoveries of standard addition were

the end of 2019The average elevation isGDS m, the total 556 carried out and the recoyef each heavy metal ranged
annual average temperaturis , the annual precipitation is  fom 93.2 to 101.4%.

248.5mm, andthe local soil type is mainly chestnut calcium

soil, with a small amount of meadow soil and saline soil. The . .

local climate is inland arid and windy (Li et al., 2015)cation 2.2.3. Extraction Experiments

map is shown in Figure 1. Diethylenetriaminepentaacetic acid (DTPA) and Toxicity
Characteristic Leaching Procedure (TCLP) extraction proce
dures were used to compare thetaisextraction concentra
tions inthe soilsamples

Bayan Obo mining area (109°47' ~ 110°84'41°39'~

Bayan Obo \Mining
>

(1) DTPA

Extraction solution preparation: 0.005 molTPA, 0.01
mol/L CaCl, 0.1 mol/L Triethylamine (TEA). 1.967 g of DTPA
and 14.92 g of TEA were dissolved in deionized water as solu
tion A. Another 1.47 g of CagPH,0 was dissolved in deionized
water as solution B. The two solutions were mixed mads
ferred to a 1000 ml volumetric bottles, adjust pH to 7.30 with
HCI, and finally fix volume was with deionized water.

Extractionexperimental25.00 g of akdried 20 mesh sieved
soil sample was weighed into a 150 mL triangular flask, 50.0
mL of DTPA extraction solutiorwas added, shaken for gsfat
25 | filtered, pretreatedand used for analysis.

(2) TCLP

Extraction solution preparation: Add 5.7 mL of acetic
acid to 500 mL of deionized water, then add 64.3 mL of 1
mol/L NaOH and fix the volume to 100AL. Make sur¢hatthe
pH was between 4.88 and 4.98.

Extractionexperiment Put 100 g of soil into a 2 L wide
2.2.Sampling and Analysis mouth flask and pour the extraction solution into the wide mouth
22.1. Field Sampling flask according to the rat.io of 20:The wide mouth flask was

stoppered tightly and st2arken

_ The sampling design was based on the distribution of min Afier that, the mixture was removed, centrifuged and filtered.
ing areas, different functional areas, and wind directiohs. T ~ject the filtrate for heavy metal testing

control site was set up in the northwest direction of the study
area away from the influence of all suspected pollution source
Based on the previoussearclfWang et al., 2021), we selected |
seven representative points to represent different functionaMetals o .

areas and named Points 1 ~ 7 in order. (Points 1 and 6 represent Longitudinal transport patterns of soil heavy metals under
the mining areéMIA), Point 2 represents the industrial a{iég), different rainfall conditions were simulated in the room. Leach
Point 3 represents the tailing a(@4\), Points 4 and 7 represent ing solutions of diférent pH (4.48, 6.8@nd7.30) were prepared

the dump|ng area (DA and Point 5 represents the residential to simulate rainfall. The simulation eXperiment is divided into
area(RA). We also collected soil samples at different deffths W0 parts. The deviceJadds onlysurfacesoil samplegPoint
~ 20, 20 ~ 40,and40 ~ 60cm) at these points to determittee 6) to research the release of heavy metals under simulated rain
longitudinal content of heavy metals in the soil. All samples fall. In device b), unpolluted soil ¢ontrolsiteg andsurface
were collected in August 2019, 3 ~ 5 subsamples from eacl$0il samplegPoint 6) are dded to the device separately to
sampling site wee mixed, and the soil was collected with the studythe migration of heavy metals from the surface soil to the
stainlesssteel shovel, preserved in plastic sling bags after Iowe_r soil during the simulated rainfall. Leaching samples were
collection, transported back to the laboratory, and the latitudePbtained &75, 150, 225, 300, 600, and_ 900Q.mifter pretreat

and longitude coordinates of the sampling sites were recorded'€nt.neavy meta content was determined.

with GPS. The determination of pH argectrical conductivity (EC)

Figure 1. Location of the study area.

S . . . L
2.2.4. Simulation Experiments on the Migration of Heavy
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of soil columns under simulated rainfall was also carried out atdoubleconstantateequation parabolic diffusiorequation mod

the same time as the determination of heavy metals, and all meiified Elovich equationand so on. The fitted equations used in
tions of experimental devices and simulated rainwater configu this paper are as follows

rations can be founasfollow:

Leaching devicg(Figure 2): Tke main body is a PVC ey
lindrical pipe with an inner diameter of 4 cm and a height of 25
cm. A 106mesh nylon net was laid at the bottom of the tube, Iy = @ +bx @)
and about 50 g of quartz sand and glass beads washed with
deionized water were weighed and laid at thedma of the ~ Double-constant rate equation:
cylindrical tube (about 2 cm), and the bottom of the soil column
was sealed. Weigh 100 mesh sieveedaied soil (or clean soil)  Iny = a +blnx (2
and fill the cylindrical tube with soil at a field capacity of 1.16
g/cm to form a mock soil column about 15 crghiThe top of  Parabolic diffusion equation
the column is covered with quartz sand, glass beads, and nylon

First-order kineticequation:

mesh to ensure that the soil surface structure is not damageg = a +¥*° 3)
during leaching. The soil column was placed on the fixture and

100 ml PVC bottles were used to collect the leackuigtion, Modified Elovichequation:

with three replicates per group. To prevent the edge effect of the

soil column, the soil at the edge of the column was compactedy, = 5 +pjnx (4)

as much as possible to reduce the occurrence of the phenomenon
of excessive water flow. ' '
3. Results and Discussion

3.1.Levels of Heavy Metals in Soil

Table 1 shows the concentration of heavy metals in the soil
—— - at differentdepthslt can be observed that the concentration of
| | heavy metals in the soil at all layers exceeds timrabpoint,
e o Leaching solution indicating that human actions have interfered with the disper
sionof heavy metals at these places (Liang et al., 2023he

T‘/,Leaching solution

Sample soil =/  Glass Beads  Sample soil = \ ) Glass Beads mining area, the heavy metal content @inP6 is much higher
Nylon net { Nylon net A than that at &int 1, which may be related to mining activities
/Q“"""S““" (such as blasting and miner al
- uniquegeological formations may also be one of the reasons for

L the abnormal heavy metal contenthirsarea(Zhu et al., 2016).
The concentration of heavy metals airR® 4 was much higher
than that at 8int 7 for the dumpmrea which may be related to
Figure 2. Leaching experimental devicedeyice (a) was used  |ocal ransportation activities. The dunapeaat Foint 7 has
in the experiments to study the release pattern of heavy metalsreached its maximum capacity, and no tpamactivity has oe
device (b) was used in the experiments to study the migration cyrred nearby, thus no additional pollutants have been brought
of heavy metals in the longitudinal direction). into the region. Furthermore, the region is densely vegetated,
i ) ) _ which helpsto stabilize and minimize heavy metal concentra
Configuration oimulated rinwater The local annualav  ions in the soil (Zhang et al., 2020). However, the damga
erage precipitation from 2012 to 2018 was between 208.2 anground Rint 4 is still in use, and the excess soil and ore ob
422.8 mm, with an average value of 301.7 mm. 300 mm wasgjnedafter ore mining will be continuously poured into the area,
taken as the annual average precipitation. The minimum valughich leads to the entry of a large number of heavy metals, re

of rainwater pH was 4.46, the mean value was 6.80, and thgyting in the increase of heavy metal concentration in the soil.
maximum value was 7.30. The chemical composition of simu

lated rainwater was €a1.564 mg/L, K 0.04 mg/L, N&40.023
mg/L, Mg?* 0.047mg/L, Ct 0.11 mg/L, CG 0 mg/L, HCQ
0.47mg/L, SOZ 0.078 mg/L.

The concentration of heavy metals in the topsoil is sub
stantialy higher in the tail miningareathan in the deep soil,
which may be due to the action of wind (Li et al., 2018). The
northwest wind dominates in this location, which allows tail
) o sand from the tailings pond in the northwest to readily infiltrate
2.2.5. Adsorption Kinetics the surfae soil and pollute it. The concentration of heavy-met

Soil is an open systemand all chemical reactionsoceur al s i n the residential areabs
ring in this system are in dynamic change (Li et al., 2019). Thethan thecontrol point. On the one hand, this might be attribut
cumulative release of heavy metals from soils under leachingble to domestic rubbish dumping and traffic exhaust emis
can be further examined by chemical kinetic methods. The comsions Affum et al., 2007; Long et al., 2009)ust from mining
monly used dynamic models inclufifst-order kineticequation blasting, on the other hand, may be transported to the topsoil of
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Tabl@orMcentrations of Heavy Metals in Soils at Different
0~20cm Mn (mg/kg) Cu (mg/kg) Zn (mg/kg) Pb (mg/kg) Cd (mg/kg) Cr (mg/kg)
MA(1) 1176.36 24.61 131.52 41.14 0.24 83.76
MA(6) 9789.38 29.81 697.04 343.22 2.23 102.64
DA(7) 632.73 19.18 91.23 23.41 0.16 60.76
DA(4) 4365.83 22.34 284.36 126.62 0.77 60.77
TAQ3) 14283.48 22.58 671.96 502.35 2.53 37.36
RA(5) 584.29 20.20 107.20 27.33 0.23 49.47
1A(2) 4021.80 37.84 339.12 191.01 0.89 71.45
Control site 524.12 20.63 93.26 15.94 0.08 58.50
20~40cm Mn (mg/kg) Cu (mg/kg) Zn (mg/kg) Pb(mg/kg) Cd (mg/kg) Cr (mg/kg)
MA(1) 864.00 24.72 196.78 36.28 0.11 80.01
MA(6) 9655.97 24.86 629.80 307.96 1.87 81.30
DA(7) 1350.87 18.42 135.69 42.40 0.12 65.40
DA(4) 521.30 15.36 89.93 19.50 0.07 42.60
TAQ3) 1338.14 12.53 142.85 29.88 0.19 29.30
RA(5) 579.84 20.46 120.29 25.44 0.14 50.30
1A(2) 429.02 27.34 494.54 21.30 0.11 68.40
Control site 406.67 19.47 73.56 12.45 0.05 43.50
40~60cm Mn (mg/kg) Cu (mg/kg) Zn (mg/kg) Pb(mg/kg) Cd (mg/kg) Cr (mg/kg)
MA(1) 1270.90 24.09 138.88 40.76 0.19 80.02
MA(6) 7075.77 22.67 439.49 211.40 1.34 70.68
DA(7) 1875.06 25.32 118.70 63.13 0.19 69.75
DA(4) 246.35 13.13 53.14 16.91 0.09 34.88
TAQ3) 3439.43 10.76 190.42 111.48 0.44 27.18
RA(5) 661.28 22.17 76.12 29.72 0.20 52.42
1A(2) 585.82 31.66 321.20 28.25 0.23 66.16
Control site 356.90 16.94 51.34 12.66 0.10 42.29

residential areas by prevailing winds. The copper concentra In addition, we found that both methods were not effective

tion in industrial locations is higher than in other places, whichin terms of their ability to extract lead (12.2 and 16.3%, re
may be attributed to local copper smelting plafitee smoke of  spectively, while the extraction rates of the other heavy metals
copper and its compounds enterssbhawith the flue gas dur are above 20%), which was similar to the results from other
ing the smelting process (Rastmanesh et al., 2010). mines (Liu et al., 2018). In mines or smelters, lead minerals
may be encapsulated in other stable soil lattices (e.g., quartz),
which reduces the bioavailability of lead (Mbengue et al., 2015).
Among the two extraction methods, the highest extraction rate
is Cd (66.28 and 82.56%, respectively). On the one hand, this
may be due to the decreased Cd concentration of the soil. On
the othe hand, this shows that Cd is more active in local soils.
After inhaling or ingesting contaminated soil, active Cd (e.g., in
watersoluble, iorexchange, and carbdrinding states) may be
absorbed into the intestines, stomach, and lungs residerts, pos
ing a risk of carcinogenic effects when accumulated over time
Orell et al., 2013).

3.2. Extraction Experiments

The results of the extraction experiments are shown in
Figure 3. In general, the concentration of hematals ex
tracted by the DTPA method is slightly higher than that of the
TCLP method, which may be due to the DTPA metadigher
elution ability in soils containing Ga(The local soil is domi
natedby chestnut calcium soill.CLP, on the other hand, is an
acidic leaching solution, and the high concentration‘ahkhe
leaching solution allows active metal ions to enter the leachin
solution more easily, increasing the concentration of heaw met
al ions in the leaching solution. The concentrations of heavy
metals in the twextraction solutionsvereMn, Zn, Pb, Cr, Cu,
and Cd in order, whictvasconsistent with the performance of 3.3.1. pH
total heavy metals in local soils. The concentrations of each  Soil has a strong buffering capacity due to its complex
heavy netal in theextraction solution (except for Cu in the composition (Li et al., 2019). The pH of the leachate can reflect
DTPA method) exceeded the background values of Inner Mon the buffering capacity of the soil against changes in acidity and
golian soils, which may be related to local industrial activities alkalinity (Burns et al., 2006). The changes in pH of the exper
and special geological formations (Wang et al., 20dbjvev imentalleachingsolutions are shown in Figure 4. The pHabf
er, such high leels of releasable heavy metals may have somethreeleachingsolutions increased rapidly with the increase of
potential impact on the local environment and the safety of thevolume at the beginning, reaching about 7.5 at 225 ~ 300 m
inhabitants. The pH of the leadhg solution gradually decreased with the

3.3. Simulation Experiments
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leaching procesat 300 ~ 900mL. This trend is probably due to mL. The more active heavy metal ions on the soil surface may
the neutralization reaction between the soil exchangeable salhave been desorbed from tharticles and released into the
based ions and the exogenous #hich leads to a sharp-in  leaching solution, resulting in a rapid increase in heavy metal
crease in pH at the pteaching stage due to the consumption content. The heavy metal content on the particle surface grad
of H*. At the same time, the leaching solution also containsually decreases and changes to slow internal soil diffusien, re
anions such as S8 which are ligands exchanged with the hy sulting in a slower rate as theaching progresses.

droxyl groups of the soil oxides after adsorptitineadsto an
increase in hydroxyl groups in the leaching solution. However,
the pH of the leaching solution no longer increases when the
exchangeable saltased ions and hydroxyl groups of the soil
are fully reacted.

pH of leachates
N

4000 4 654.17
3500 ™ % 2’,1“
3000 ! _
B 2500 3 [_1zn —eo— pH =6.80
27 e —a— pH=17.30
2 2000 - 1569.24 —4 :l Cd
E 1500 L'== = 3 ni
x [ Jcr
% 200 n.13 0 200 400 600 800 1000
£ Volume of the leachates (mL)
g
£ 3001 Figure 4. Change of pH under the leaching conditions.
E 23418
£ 200 1200
= 147.00 40.44
g | —=— pH = 4.46
E‘ 100 4 1000 = pH =6.80
= 6524 -
E N " 2 800l —A— pH=7.30
7,58 p 1514 oté ~—
0 057 X g
TCLP Soil* S 600
%]
Figure 3. Concentration of heavy metals in extracts and soil 5 400
(heavy metals concentrations in soils can be founfamg 8 -
et al.(2021).
0 -
332 EC 0 200 400 600 800 1000
The magnitude of EC reflects the content of electrolytes in Volume of the leachates (mL)

the soil leaching solution. As the leaching process continued,

the trend of EC of the leaching solution was shown in Figure 5. Figure 5. Change of EC under the leaching conditions.
The EC decreased sharply from 938.78 to 479.08 e€s/ ms for
=4.48 duing the 0 ~ 300 mL process, and slowly decreased The pH = 4.48 leaching solution contained more heaty me
during the 300 ~ 900 mL process, with the conductivity of all alsthan the other two at the start of leaching under the three pH
three |l eaching solutions =t additonsZhe gossbte reasbrofar this 8 $e high sontensof
planation for this tendency may be related to the quick transfeH*, which reacts with exchangeable salt ions in large guan
of saltbasedans and adsorbed oxides from the soil surface totities at the beginning of the leaching (Wang et al., 2020). Cu,
the aqueous solution and their rapid leaching out with the-leachPb, and Cd all exhibited similar behavior. Mn declined slowly
ing solution in the early stage of leaching. The number of ex in the late stage of leaching, possibly due to the high total amount
changeable ions in the soil decreased as the leaching progress@d,Mn in local soil and more exchangeable ions, resulting in
resulting in a drop in exchange capacity. It indicates that afteipartial ions that were still not completely desorbed in the late
acidic precipitation, heavy metals in the surface soil will be stage of leachingZn has a slower peak value than other heavy
swiftly dissolved into rainfall and infiltrate into the deep soil, metals and thus enters the solution concentration at a later
potentially polluting the nearby groundwater. stage.

3.3.3. HeavyMetal Concentration in the Leaching Solution 3.3.4. Longitudinal Migration Characteristics of Heavy Metals

The heavy metal content in the leaching solution increased  The clean soil columns in the device were divided into four
sharply at the initial stage of leaching, and slowly decreased t@qual parts after three different rainfall simulation leachirg ex
a stable level after the end of leaching (Figure 6). Atthe beginper i ment s, and each col umnds
ning of leachingthe content of heavy metals in the leaching in Table 2. Longitudinally, heavy metal concentration was-high
solution increased rapidly, and then the trend of increase gradernear contaminated soil and lower away from contaminated
ually slowed down when the leaching reached about 225 ~ 308oil, indicating that some of the heavy metal ions entering the

119

pF

T he



Y.F. Luoet al / Journal of Environmental Informatidsetters8(2) 115124 (2022

Tabl®he&e.Concentration of Heavy Metals in Each Soil Col

Soil Columns pH=4.46 pH=16.80 pH=7.30 pH=4.46 pH=6.80 pH=7.30

Parts Mn Cu

1 8.01% 6.89% 6.16% 7.90% 7.05% 6.31%

2 7.32% 6.11% 4.79% 6.88% 5.65% 6.50%

3 6.16% 4.20% 4.05% 5.47% 4.54% 3.10%

4 5.56% 3.71% 3.05% 4.11% 3.54% 1.69%
Zn Pb

1 11.46% 7.75% 6.01% 13.18% 10.01% 7.82%

2 7.44% 5.81% 5.13% 9.31% 7.20% 5.78%

3 3.84% 3.01% 2.67% 5.82% 4.54% 2.87%

4 2.38% 2.16% 1.20% 3.30% 2.19% 1.57%
Cd Cr

1 8.16% 6.80% 6.22% 9.99% 7.38% 5.81%

2 6.88% 4.86% 4.52% 6.31% 4.92% 4.47%

3 4.27% 3.52% 3.23% 4.08% 2.81% 2.90%

4 3.43% 2.92% 2.63% 2.36% 1.66% 1.37%

—®— pH=4.46
—&— pH=6.80
—a&— pH=7.30

wf\ Mn

\\;R

w
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T

o
b‘l ——a

I\
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Figure 6. Concentration of heavy metals released from the soil column.

leach solution were adsorbed and retained by soil particles3.3.5. Adsorption Kinetics of Heavy Metal Release

1000

Besidesheavy metatontent decreased with the increase of the
pH value of rainfall simulation leaching solutidhsuggests
that a larger concentration of i the leaching solution pro
motes heavy metal longitudinal movemerhis could be be

The firstorder kinetic equation was used to fit the kinetic
processes of soil heavy metals released from three different pH
leaching solutions. The firgirder kinetic equation fits there
leasecurves of the three pH leaching solutions relatively poorly,
cause a low pkenvironment promotes stronger heawgt as shown in Figure 7, witR? ranging from 0.45 to 0.70 for alll
al adsorptionrdesorption in the soil, allowing for faster-re  of them. Mn provided the best overall fit to the fister ki
placement or desorption of ions adsorbed in the soil inte solu netic equation, withR? values ranging from 0.62 to 0.68 for the
tion, resulting in rapid ac cthreepH leaching solutorf€u had theiprstiitevitrasg i n  t
vertical direction. ing from 0.45 to 0.55. These findings suggest that thediickr

h e
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Figure 7. Results of fitting the firsbrder kinetic equation.
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Figure 8. Results of fitting the doubleonstant rate equation.

and the badbitted elements were Cu (adjustétare less than
0.85)

kinetic equation does not adequately explain heavy réieatd
longitudinal migration pattern.

The doubleconstant rate equation fit results are shown in The results of the parabolic equation fit are shown in Fig
Figure 8, and they are overall better than the-fageél kinetic ure9. The result of this equation is like the double constant rate
equation. The adjustd®f for all heavy metals ranged from 0.78 equation and better than the famtder kinetic equation. The
to 0.94, with Pb at pH = 6.80 of the leaching solution fitting best fit for Mn & > 0.85 in all three cases) and the worst fit for
beg and Cu at pH = 6.80 fitting worst. The relatively wiilied Cu (R?< 0.77 in all three cases). The other three fitted equa
elements were Mn and Pb (adjusEEdvere greater than 0.87), tions also exhibit this feature.
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Figure 9. Results of fitting the parabolic equation.

Figure 10.Results of fitting the modified Elovich equation.

The kinetic process of soil heavy metal release was fittedPb were better fitted at pH = 6.80 than the other two leaching
using the modified Elovich equation, and the results are showrsolutions, which may be related to the pH of the leaching solu
in Figure 10. From the fitting data using the modified Elovich tion and local soil properties.
equationR? (0.86 ~ 0.99is higher tharall the other three ob Overall, on the one hand, the results of the four kinds of
tained. The best fits were obtained for Mn (adju$t0.96 ~ fitted equations are in order of the modified Eloverfuation,
0.98), Zn (adjusteB? 0.94 ~ 0.97), Pb (adjust&d 0.93 ~ 0.98),  the double constant rate equation, the parabolic diffusion equa
and Cd (adjuste®& 0.92 ~ 0.99), all of which had adjustBd tion, and the firsbrder kinetic equatiort indicates that the
greater than 0.90. The fits for Cu, Cd, and Cr were better thammodified Elovich equation can bet&xplain the effect of rain
those for the other two leaching solutions at pH = 4.46. Mn andall leaching on local heavy metal pollution. @@ other hand,
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