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Stabilization of Heavy Metals using Ca—Citrate—Phosphate Solution:
Effect of Soil Microorganisms
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Sang-Hun Choi* - Byong-Hun Jeon** - Jangho Lee*** - Joonhong Park’***
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**Department of Environmental Engineering, Yonsei University
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ABSTRACT : A farming area located near an abandoned copper mine in GuPo-ri, Choongchung province is heavily contaminated
with heavy metals such as As, Pb, Cd, Cu and Zn of which concentrations are higher than the values typically detected in Korean
soil environment. In this work, laboratory and field studies were conducted to examine feasibility of using Ca-citrate-phosphate solution
in stabilizing heavy metals in the polluted soils. In laboratory batch experiments with field soil, the addition of Ca-citrate-phosphate
solution resulted in decrease of aqueous phase concentration of phosphate and improvement of heavy metal stabilization, compared to those
for sterilized soil samples. This indicates that microbial uptake of phosphate may have provided positive effects on availability of phosphate
toward heavy metal stabilization. According to microbial community analysis for the field experiment, the use of Ca-citrate-phosphate led
to increased diversity of microbial populations, and strict anaerobic microorganisms such as Anaerofilum and Treponema became the most
dominant populations in the solution-amended field experiments. These findings suggest that, when Ca-citrate-phosphate is used for heavy
metal stabilization in soils, microbial processes may have important roles in improving the stabilization of heavy metals by providing
reducing conditions to the treatment locations or/and by making phosphate available to heavy metal stabilization.
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3}8t4 sl
off ZAg 32 A& (batch test)S
ZAYG] EFAEY] EAlske PAES AA
Bt =38y dee] WslE FHA3lSlE autoclave
(121, 13712 1A1ZF 5% 1/ A2 5 AAHE
Hge AR vl EASHA = RHEE(GA)S A%
EGEE TR §A% vAdEe] EAE AR 74
He BRSEGX)E AT A3 50 mL centrifuge
tubedl] 747t 20 g A9 ¥ F 5670 WHERE A3
A1, F FYHE AFES FALMIEF(Sodium Citrate)
605 %%, AU HF(Ammonium Nitrate) 15 3%, A2kt
EF(Sodium Phosphate) 255 %% E&Z ZAstHoH,
EF Buge 2 5 30 mM, TH8YE X 30 mM,
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2.4.2.2. Toxicity Characteristic Leaching Procedure (TCLP)
Toxicity Characteristic Leaching Procedure (TCLP)<= 7]
2o A HA S 2 HEFES 7HI T EPA SW-846
(Method 1311) 24 Wioltk”? &% FFEEM0A A
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AR FZ2 $I3F bacterial universal primers 27f-FAM
[fluorescence labeled]AGAGT TTGAT CATGG CTCAG)
9} 1492r(TACGG TTACC TTGTTA CGACTT)7} AH&-=%)
t}. PCR (Polymerase Chain Reaction) 535 93l], 10 uM
9] 27f-FAMI} 1492r primer&< 0.5 pL, 5 U/UL Tagpoly-
merase (Fermentas, Germany)E 0.25 pL, template DNA 20
ngdll SFTE XSt HFTHI 25 L2 APk
1000™ Thermal Cycler ©]&3}] PCRS B3] ZZ319
o, A& 94ColA] 38, 223 30 cycle 52 94T A
132, 55CA 30%, 18)al 72TCoA 28 &< 3417
3, upAE gA A= 5% Bt "RSAIFTTE S5 16S
DNA -34S QIAquick PCR purification Kit (Qiagen Inc.)
Z o]gsle] AAF T, HAF DNAZ Tango™ buffer,
S5, 10U AStaA HhalS AHE3H] 20 L2 95
o] 37ColA 4A17F B WHEAIF Y. T-RFLP (terminal-
restriction fragment length polymorphism) £49-8- ]3] A
FasrE A" DNAE Al2ddta sd34staE71714
EJ(NICEM)oll A SRS 31 tH96-capillary 3730x1 DNA
Analyzer, ABI). 232 A& electropherogram< Gene Ma-
pper Software v4.0 (ABDE A183l¥oH, o] vt
peak height2 UEH wAE F#Hol| |Fst= profile©]
t}. Electropherogram®] peakE-2 AF83led vw|AE &
3 A4=<] Shannon index (H), Evenness (), species rich-
ness (d)E AlAFSIA T

Shannon index (H) = %(Nlog10 N —Zn[ log,, ;)

Richness(d) = S
log N

Evenness (e) =

log S

C=23

N = sum of peak areas in a given T-RFLP

n; = area of a T-RF(terminal-restrictionfragment)

i = individual number of each T-RF in a T-RFLP chro-
matograph

S = abundance of T-RFs in each T-RFLP chromatograph

Shannon index+= Species richness, Evenness$} @2 A&
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Table 1. Characteristics of Gupo-ri soil

Depth (cm) Temp (C) pH LOI (%)
1~15 244 5.86 5.58
16~30 23.5 5.14 4.99
31~45 23.0 4.8 3.08
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Fig. 1. Mineralogical composition of Gupo-ri soil.
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Table 2. Results of heavy metals measured from Gupo-ri soil
using KST (Korea Standard Test), and TCLP (To-
xicity Characteristic Leaching Procedure)

As Pb Cd Cu Zn

(mg/kg)(mg/kg)(mg/kg)(mgkg)(mgke)

6 50 1.5 100 | 300

Method| Items

A standard of soil
pollution anxiety

Korean average 0.48 3.6 | 0.08 54 | 323
KST Content in nature 0.09 0.5 0.04 3.1 54.3
Rice farm 047 | 34 | 007 | 56 | 652
Vegetable farm 0.48 3.5 0.06 | 5.0 | 302
Land farm in Gupo-ri| 19.2 | 28.6 1.7 | 87.1 | 553
TCLP |Land farm in Gupo-ri| 1.0 0.5 0.2 9.5 8.6
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Fig. 2. Time-course changes of dissolved phosphate in labo-
ratory batch experiments with autoclaved (GA) and
non-autoclaved (GX) soil samples after adding Ca-
citrate-phosphate solution.
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Fig. 6. Microbial community shift in the field experiment after applying Ca-citrate-phosphate solution.

Table 3. Microbial diversity results before and after Ca-citrate-
phosphate solution treatment in the Gupo-ri field

e 270l ol oal AA A3 KFE

3t7] olgenz dF dddre 45 oAl 01 N
HCIE ARSshth 629 &<Qke] QFE382 Zn 37~47%,
Cu 28~55%, Pb 29~40%2 UEPFoU, Asol 7% =74
Ago] BAAT AEE woln Yol Ao H7E @
©el7] ok Ase] Hst gEol AT ol
FozFEH 8E¥ As7h Ayl FHHo A9t 01 N
HCIS] 733 233t wigate] fdoz F35o| yshy] o
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