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Remediation of Soil Surrounding Abandoned Metal Mine By Using Low
Molecular Weight Organic Acid

ABSTRACT

The efficiency of removing cadmium, copper, and lead from a contaminated soil of
abandoned metal mine was studied in a laboratory investigation where citric acid were
used to extract the metal from the soil. The contamination level of Pb, Cu in the soil A
were 8755, 667.5mg/kg respectively. The mobility and bioavailability of the metals in
soil were also estimated by Sequential Chemical Extractions. Citric acid were examined
for its potential extractive capabilities. Concentrations of the acid examined in this study
ranged from 0.025 to 0.15M. The pH of the suspensions and S/S ratio in which the
extractions were performed ranged from 24 to 81, and from 2.1:1 to 20:1. Results
showed that the removal of contaminant using citric acid was pH and S/S raton
dependent.

key word : citric acid, soil washing, sequential extraction, pH dependent
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FAAZe] dRIEAY AAY E FaPA T ofE Fd - ¥ FAo] A=A
2 15007040 o2 Ao g motd i Jut HFSFA F¥d g FulE naEAY
F4A FEH FTUELS TFH50E 29AZ AAzE 3R A0 wa2d H P4t
A FF4 245 E O& XNYo) vldf 3MAR A vEld Ao FAHAHEE R,
1997). HFE£F4 Folo o3 F&) € B4 @2 FAMAE E7sta FulHer]
Eol B ATE R Aoy, YR B¥ Y A7LAY RIMNEE TEZHQ FAHE &
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1. M=

2 AT A ESS HFEFNANA AHT Bol 217 FH EA EFIRE EY
CHEFARAANEY Zo EFAME A o3 At AT ol¥A A" EU
g5 A4S d¥std Table 19 Uehl Y. Table 1914 & & x|l E%9 pH
44~71 MG ow Clay 3L 524 ELQUA BolA 291%=2 HdHoh. Fol& =g
< 6.1~89meq/100g2 Uetton f71E FFE A2 $H4A EFAA HUge B
o

38 off rfr g b

Table 1 The Initial Contaminated level and Physicochemical Properties of Soils

Soil pH Sand Silt Clay C.E.C, Organic Cd Cu Pb
, % % % mea/100g Content, % , mg/kg |, mg/kg , mg/kg
A 44 783 72 145 6.1 3.6 1.830 667.5 8755
B 59 486 223 291 89 11.3 0.955 178.8 154.2
C 71 812 87 101 6.1 3.0 278 17.7 154
2. AlEdy

7t @A A 3% H(Sequential Extraction method)

TAEAE 25g8 12omAdEg2ad Yn dAEIE JEEHC A A€ (Miller,1986)
Reagent solution At43te] $£atdoz %380 TAH dFo e A$dE 25T end
- over - end shakerdlA 30rpmozZ £&2% 3Pt 82 F AARIB A
10,000rpmoll A 208 &<t AR & F5d UHEE Pipetted AM83l9 A3z AAS
2 B8 dg. UrR AF5AL #egla FFEL 0.025M CalNO3)Z AlFH &9 Occluded
solutiong A A ¥ v} @A £&xzoz dojrte HAAL wESRQGT. dAA =&
Hell of¢t 2 9% HrtARZ S AHA AF F EL gdte] M Citric Acid Al ¥
o] 2% Adsorbed Metal Forms AA &3} E H71s o

AR g2 Z AHHA-EF ETnj(o]Foll= ‘EFu'E HE2v)o B NFFEE F7t
2 95ty AZEY NE 5go FE 25 50, 100, 150mM¢! Citric Acid A& 125 25,
375, 50, 75, 10062 Ztz ¥ 3 Orbital Shaker, 25Col A 250rpmel £ 2 24A17F R &k
o Agde 50m YAEBO) ¥ 3000rpmel A 2027 ARG F AASE BHsS
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o AARAe 27 pHZF A A& vAe FFS B7e] A3t dxdE EY A8 5¢
S 125m¢ A2z Egb23d 713 o7)o) pHIT 24, 40, 45, 5.0, 55, 6.0, 65, 7.0, 75, 81%
247 d2A 238 AFHY 50me Yotk 24X 4F F §E3A8 50w FAEEF
=7 AEAT F A5HLS AASE BAFA

0. 2=z 9 3%

1. Sequential Extraction Before Washing

EG Fo EAsle T84 EY € FHEARA dd FAHA AP S Hokskr] A
A 37HA] EGAl g tiste A FEHE A L3t 4833 AHAE Table 20 YeRA
t EYoZRY FFEE dANLE FE59 A2 ARE TEA R LEESF W FF
%o 3383 Felrlolo Hol, §&F &, °]F A (mobility),2] & °l871s 4 (bioavailability)
H71st7] 9§ A5 2 F831A A2 "9t (Jenne & Luoma, 1977; Mcbride, 1981). B4 &

ol

2

EA s FFEL Asorbed Metal®t Structural Metal forms@. 2 Yo BEHFsied EY
& ZF<4 9] Bioavailability:® Adsorbed Fractionsol] 23] AAE+= Zo] Adsivtn &7

A Ach.(Iyengar et al, 1981). Table 29} @29 A E% Cu, PbF Adsorbed Forms 5E&
801.4, 2268.3mg/kgo 2 eI ZtZ AA T 521, 56.7%E AR e Roz wE AT
T3 FEEE AHeE FUT EFoly FHERYH F4dd TS gt 2Ed E
& £ZF Adsorbed Metal Form¥® Orgaanically-bound metal ®Bl&°] %4 Yyt
(Mullins et al, 1982; Miller et al, 1985). W&}A, Soil B A3 FH FAANEYo| =
A}A 3 Cu, Pb% Adsorbed Formsel Bl&o] Z}Zt 730, 73.7% 2 Fvlo Hl&lo] 20%HE =
< FEU FE AUsHE BEYS ABZVEZRY o5 FE Fo g3 Lg-HAS S F
g F Ut}

ox

2. Y=Y MHEE

A, B, CE%d] tiste] £3n] 2 Citric Acid ¥EE 24 FH&stod AFLPstn 7=
B, 74, ol g3 AAEE AT A ESe 78 AALL Figure 1 o Yebd A
Ay AFY s 9 EFuIste vlEstd FEAT 48 B9, £33 510A 25,
50,100,150mMs =2 A H Aol TAAAZELEL 72t 626, 768, 84.4, 80.0%=2 ZF71etth
o] Wo] AARE F/IEL 142, 76, 46%2A LFER 252 ZhdE AFSE BHJoH,
F712 FEE 100mMAA 150mME F7HA71ed o8 FHAAEE $ 295 e
ol ¢ oS FEZFUIE Uy gle AoE BuEH

T3 EFHE 25164 20012 FAAAAEE | AAREE FUHES /U714 B E 2550mM
g 405, 429%2 HlE=sF oY 100, 150mM oAM= 299 ,143%2 Hxk Rolzch AA
Moz XY Figure 1 FolA 7 714 T2 EFH 101 ol FitelMe EFH F
7t ME AAZE FFEAE 2 ARZL HH ofF R £F S B wapA S
10:10)4 02 F7HA7le RE vidF A vty At AEY 78 29%E
Ae5F 58 150mgkgelstE Zo)7] A8 875 E T AAZEL A 78%Q
Aoz eyt olgld H3FEL ned d 7y AAE AT AFdY =7t 50,
100mMY of Ztzte] Eu)E 751, 512 &A HFsicty A=A

s
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Figure 2014 ¢ & 5ol AEY] did Citric Acid A HAPNA AAAqsE 2 EH|
F7tol W& & AAE FAEHAE Fyol Yegux gt gt §714F = 150mMel A
&3] 101014 FAA A EFHE F/HAE o oY AFRE FHEHA YEUA
@ol wrgo]l HYUHA olELS YEUY FA H LF9EE AHIEZI LAY
300mg/kgel stz 237 A Bag Hax HIEEL 6% ANFHAT. FolA Aid
FE&E HFs= 2AL Citiic Acid 50mMel &3] 15:1x3F, 100mMe 20:1, 283
150mME =49 10:1 o4 FIte] TFHUGY. Aride &9 dAHAY 2 FAHNES s
o 150mMol A &§H] 10:10] A Esivtn #dEAh o] o dAA &S 781%AL™ A
A} FEY Z IAFEEE 192mg/kgel At

Figur 39 @29 25mM& AYs B8 55 F7o)A Critic Acid $EE F7HA98 E
¥ F I=F AAES F/HEAT. 59 EFuAA {1 B Ft WE AAS
2 £2 32 E S0mMeA 100mME F7HANHE W 7 2A debd o™ 100mM ]l
e ZdE %S BYd 53] 807 10 1 1 o)4HE FRdAAE F714 FE&
100mMol A 150mM=E F7HINAE J1=F AAES A F4HA EAd
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Figure 3 The Removal Rate of
Cadmium Using Citric Acid,
Initial conc.(Cd)=27.8mg/kg

Figure | The Removal Rate of
Copper Using Citric Acid,
Initial Conc.{Cu}=667.5mg/kg

Figure 2 The Removal Rate of
Lead Using Citric Acid,
Initial Conc.(Pb)=875.5mg/kg

C EYF JI1=F L9=E& 90mg/kgol3ltZ @37 e EY F Jl1=F L9=S
68%0)4 9ok = Aoz YEytt Figure 3914 ol8id A& BEdE 774 FHo}
B A3 w7 50, 100, 150mM € o zZbzte] &3y 151, 1011, 751004 AA &L
68.9%, 72.8%, 71.0%2A 8FFFE UF3te RoZ Jewd. o9 na3dd, Jl=F
27825mg/kg o2 299 E%d s = Critic Acid 100mM A&w] 10:10] A &sicta &
9etdtt. BEG A9 ARERE 24357 9% A 79 AHIREL FZ 416,
79.0%2 A=A o] F 7HA 872714 E nE37] A= 150mMEES  Citric Acid
AH A 51 o] el EFuIZF dad Aoz Jewd.

A, BE¥9 pHl We 35 AAEE 27 Figure 4, 51 e, WA, ARG
7%l pH 24~55 ¥ 9 olA 150mM Citric Acidg EFH 10 : 12 A &39S d
T F T4 EFY LEEE AYRFEG oz ¥E £ UE AoE Yo
g3 FI=8EE pH 5501404 AAL] FF438A Zisaoedt 78 AAE ZiAe
Hog ulg vl ol AALY F&E FAAEE MFAY 27| pHY FFE
TE T TYUAA 93 dYoEE B 5 L olEd UAAE o] EFY 13
et SAo] BEdAoz A8 ARE A a8y @71 FEF FL T
S pHYs ] M& AAES] FAF Aoy F7F @] ddvhs AMdeth. 1 9
A8 XA Cu-Citrate Complex® Stability Constant?} tH& Complexeso] H]& vl
71 W&o pHH S| A we-3lx] ¢ Roeg Aztd
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BEZAXE AEYY o, Fl=FoAe 22 33T AAEL 2484L vehvx gkt
BEYY T84 AAEL 484 A48 ZE pHT A Cu> Cd > Phe £AME Wolx
t Aoz yeyoen ol zZF $F4% - Organic Complex® Stability Constant Z7] &4
o} dxjsteE Ao 2 Ve Figure 594 € 4+ U 50], ¥9 ZA$dE 107} pHAAH =
Fol A HA 43% ol do| MAHJLH FEE pH6S F AFE AL 97 A HA
A}EEE HFe AALL YUY BEGAME AESH i3 7x2 2+ jHe] 7
2] AAE] & AAERTY 4 A deton 1o ol A4 231%MA Az 41.7%7
A2 vlad gA JUeEl"th Figure 4, 58 vl2s] B, g3 7o sty FEFHOEZ A
EYdAe AARZE] BEYAAMY AMAZEEY 24 eyt ol EY9 TIF4& 5=
7} F7 el EU-FF 49 B binding energy S Wit E "olz 7] wEojr},

1.0 S 1.0
0.8 - g ® 0.8 | ——a-8-a, s u--u
. o———'\’.,. 'Y - H 4 —a Cd
0.6 | ——d = 0.6 o A e, N
B = d g —s—Cu
25 0.4 \ —n—Cu g 0.4 }
5 N g Pb
o 0.2 A —eo—Pb & 0.2 ¢} ——
0.0 ) 0.0
0 2 4 6 8 10
0 2 4 6 8 10 .
pH of The Solution pH of Solution
Figure 4 The Remo val Rate of Metal
Depending onThe pH of Solution At Soil A, Figure 5 The Removal Rate of Metal Depending
Initial Conc.{mg/kg): Cd=1.83, Cu=667.3, on The pH of Solution At Soil B, Initial

Pb=875.3 Conc.(mg/kg) ; Cd=0.83, Cu=178.8, Pb=154.2

3. Sequential Extraction After Washing

A2 & B 3l Sequential Extraction Method® A &3] dgstm A2 A3 u
2% A3E Table 29 YetdQirt, olo] 2w A E%olA Adsorbed Form g3 T3+
Citric Acid X ez 474797, 793% €& en C E¥Y Ak 7t=F, 749, ¢9
68.6, 62.6, 62.4%7F 2zt A% A2 JEy),

Table 2 Sequential Extraction Results Before and After Washing, mg/kg
Adsorbed form

Soil - Metal 5 Washing _ After Washing _ Removal Rate(%) " Stalline form
Cd 563 6.35 - 467
A Cu 891.40 184.72 793 820.60
Pb 9226879 46168 797 173421
cd 531 — — 5.0
B Cu 144.85 — — 53.55
Pb 272.56 — — 90.44
cd 59.22 922.12 626 156.48
C Cu 842.12 317.0 62.4 876.88
Pb 331863 1048.28 68.4 3613.37
v. 28

E%E Citric Acidg& HAA AlH A3 g e o] Z+5 2

%9 &2 AA
AE AHA = Ecde 3|9 pH B9 E 739
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2. Citric Acid A8 A - %90 Ecko] Wald UAz 229 HLslad o)BA EFH9
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