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Stabilization of Heavy Metals in Contaminated Marine Sediment using Bentonite
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Abstract : In this study, stabilization treatment of heavy metals such as Ni, Cu, Pb, and Zn in contaminated marine sediment was achieved
using bentonite. Stabilization experiment was accomplished by wet—curing with bentonite or 150 days. From the sequential extraction
results of heavy metals, it was observed that the easily extractable fraction (exchangeable, carbonate, and oxides forms) of Ni, Cu, Pb, and
Zn Iin a treated sediment decreased to 85%, 56%, 192% and 252%, respectively, compared with untreated sediment. Moreover, the
TCLP(Toxicity Characteristic Leaching Procedure) results evaluating efficiency of extraction reduction of heavy metals showed that
extraction of heavy metals reduced drastically to 95.7%, 96.5%, 99.2%, 85.9% tor Ni, Cu, Pb, and Zn by stabilization when compared to
untreated sediment. From these results, we can confirm that bentonite as a capping material exhibits good stabilization of heavy metals
in contaminated marine sediment.
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Table 1 Physico-chemical characteristics of marine
contaminated sediment

Sediment Values
pH 83 + 0.2
Sand (%) 10.0 = 0.5
Silt-Clay (%) 90.0 £ 0.4
Organic Carbon (%) 1.62 £ 0.10
T-N (%) 0.15 £ 0.02
Water Contents (%) 51.2 £ 0.25

1.2 q

Transmiltance

- 491
9.0 5
§.8 4
pH §.0 A
8.4 A
[

§.2 T T T T T
0 30 a0 90 120 150
Time (day)

Fig. 2 pH changes in sediment during stabilization
experiment

= Z+7F 1049 cm (Si-0)9}F 526 cm {(Si-O-Si 2 Al-Si

07 F8 == Yewd oyd AdE wEY]
Eo Fo FAHAEY UHS #AV Jdor HEYE
of YAE oleld A7 AnPHon edHAR
Si0
0 FE49 agsle] 7lelg @ Ao= FedthZhirong
3900 3400 2900 2400 1900 1400 900 400 )
] E et al., 2011). Fig. 2= QG EHAE wHELUEE H7}
Wavenumber (emt)
g & 150Y B L9EAEY pH WEE JEeERUa L
Fig. 1 FT-IR spectrum of bentonite -
i Sh= ) a}A By
Qrs Aol Sel A Qzaam =4 So w ot 7] pHE 8322 HAE9 UWr¥l pH £X& B
=7 ol x]u} [ &A= Wl o]E 9] I3k
2 2 9 LrhGoudie, 1981). Ao RE R . e 3()%}1%;?011 1 - LE;!O o
=5 A58 oy
2o f1ES BEL e gngel ged gAw 4 O PUF AP SEHAN. 0§ 1509 2 2w
=1 = 9] 2 =
4% Bosen S4u FREe Fdl wep 2 go ) P UEE welTa G el s A o 90
i . ~ 1059 ®EZ dehy] @Ee oA AR wukA
= 7R YHKim et al, 2008; PARI, 2010). ¥ A : e SJolvh Ao .
o U Adel dedndBe cawd gaomy o PTGl sles merkGon o al
§ guel & 9y 25 H48 dow wem, 00
Fu Aqozve A&How 0dR 9 ute 54 MELio|Zo o8t Eoa EXY Sel s
£ Fudel A998 Asdel avuy guny, o2 N OIS SR S35 X A v
23, B A7zl Ay HAEe made BAEL () VA HA% 4 FE5) AR sEe} v
o AEQY HAZe A wad wEwde A7 &
o HAE Ul F55 54 7tsAel wta Asd A AE A=A Ph, Zn, Cu % Ni¢] o]Zulg Je) i
THPARI, 2010). WEUolES FHHES XRF &4 4 H IiE JE7AY S5 53y EAEHE IS
=2 FEH dgiFEE AEEQ S0, AlLO; FeO; 2 TiO, A&FEHol| 9d] 413 AIE Table 39 A8 T A
7F 928%< st i (Table 2), W EHAL 163 Aoz o]2uwdt Jef, BAY FH, AtstE Feje o A
m¥Ygo 2 RAETE o] wlEUo|E B 3ey &N §Fo] 7hse F ol AR F71E Feje} IAFE
E4e 84 B3 2 145 20E 4 sbBsdel 3 Fele KM geomE §dol oue £A Felolt
W EFE AAIARAY FLIISAHAL HFa g (Bacon and Davidson, 2008). & o]-=21.3}h ekl 2 kel &
Aoz FFHEIF(Weng et al, 1994; Ahmaruzzaman, el 9F SFAHSHE, pH, Atk A9 5ol <3|
2011). 2%, FT-IR A3 A#(Fig)E E¥ HEYE A FH S AP O0E §Fo] hseta oA &EHE T
Table 2 Physical and chemical properties of bentonite
Components SiO, AlLO; TiO, CaO Fe, 05 MgO Na,O P,0Os MnO K,O Surface areas (mz/g)
Composition (%) | 72.8 16.5 0.2 1.6 33 - 2.4 - - - 16.25
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Table 3 Fractional

TEEE

A

= U

compositions of Pb, Zn, Cu, and Ni of raw contaminated sediment (unit: mg/kg)

Fraction NOAA Standards
Metals

Exchangeable | Carbonate Oxide Organic Residual Total ERL ERM

Pb 5.18 574 1432 359 1355 42,38 467 218

Zn 1.00 2851 64.86 17.23 92.14 20373 150 410

Cu 301 0.20 405 40.75 19.28 67.28 34 270

Ni 0.9 17 7.80 741 20.03 37.93 209 516
H FAXR R axd AAeta A= AuAe] dFE = E A 7bsAel Evha ddEnt (Garcia, 1995 Hatje
4= 2t (Bacon, 2008; Batjargal et al., 2010) et al., 2003; Misak et al., 1996). =3 HEo]E2] ¥
2AEAEd oM FEEE EA4 Jd 5HS A o AAE Fo W=(AL Si, OR Z¥HE Wi=) 5o 9
BH Pb (1355 mg kg HE A T34 IHE 3 3 Fod B ZUFTE SR Ze FHAALT A
g7t 22 Ni (2003 mg ke™h), Zn (92.14 mg kgh), Cu = AoR AdEH, o]z A3 FHHS AAss Ao
(1928 mg ke HZE B EAYP PR =& w2z E1) 8 Ui de Aoz #FHTH(Chen and Fray, 2001). o] ¢
I UEE & F AUt (Table 3). 3 09w =HZHEo| 28 flo= WEUoES] HEWA 54 B {7 AR
Al Bl EAEtL = HEQ ol 2w whtd H Abs) of o3 Fa& nAs 2§ Sol o3 HIFAQ HE=

B gele &AMt Zn, Pholl A Zh7h 46%, 60%S AA| Pbol <tA st &dto] 7% Aoz FAoE,
oL glo] eF-AH<l AAWS o FaH &F°] & LA AHEY Zne F THE F(20373 mg kg S O
HErh T FEE LAVIEH LHdE™E U & S FHF&RY =93 (Fig. 3b) Zn9 o] &u 3k, &1ty 2 4h3}
%S vuws] w9, Pb (6728 mg kg )& A3 Ni o &4 el 46%ItHTable 3). 284 WiEUoES
(3793 mg kg™, Zn (203.73 mg keg!), Cu (6728 mg HA7HeE & 150U o] At H o] 2wk gk 9 AlstE HE)
kg!) ¥ 71F1ERL) R =A% 7F 2<ERM)i1ﬂr e o] EAH|= 205% 2 FAastt (Fig.sh). WEU|E A7}
EAQS rBola tt (Table 3). LPHAE] 3% & o o3 LAEAE Wl 4stE Fejrt 2A FAS v, &
Age= 2993 He 206 wet 24 G534 § 9 715 BY 2 IFE U STk V1S ATl wmE
© 1 (PARK, 2010), ¥ A5 o A9 29EHAE U W, Zne /97 AbshE FEHE Fo *ZH’SH Ao H(Levy
Pb# Zne 9% 7 wslel os) A FAEHE 5AES et al, 1992), Pbx} 22 olf= pH 4@ ool Jae
Zkal Qlo], Fagol FW FFoR &&d /Aol = ol Zno| olgAo]l @A AT B oyt ZnCOs9t
S o= ddd Zn(OH),°] Aol o3k Hxdzgo] dojd 2oz Azhert
(Benefield and Morgan, 1990).

(2) IEYo|Ed o3 LHAEHEW T AHst a3 Ay LAHEAE AFA Cugl o], ©ikd
HEUES H7HE F 150U ToF #Ed Ao gz 2 AEHE Fe uee 107%2 WA vk, WELe]
9 MA SAHHAEQ day)Fe HAE o &9 F E <tgsAl Hrbe & 51%= #adE AFS e
AE g 22L& oAl 3 WEUo|EY FE T Wrk(Fig. 3c). B 553 vlasfa o] 2ud wAbd
74814 o (Fig.3). 9 AsE Fue] Fa% vl go] wig wol A FW
nAg QAR AHE ARoA Pbe A FE = o)L Ao && d 7heAS Yol BT SR m A
W ek W ARt E FE B &S 60%E WA EA SAEAE AmdA Cue F71E AF Fei7b =4
el 3, 1502 9] o+ 3t 717k HoF 40.8%% 19.2%7}F Elia 9lo] 714 AR AW dojud f7)
7 s}oﬂcm:lg 3a). £3], QAEAHE U Phe A H B3 ZAgEo Jdd FFEel f71EY wd Tl 93
o v 5 eAEE e BE il wE o TSR olF JteAdE AR AUk (Fig. 3c). AT &F
e 578 9 AEE FP= nAe A=t ulwaA FsaHos 298 EY GAS AeAl pH 8 o]
2% Z71 I tHFig. 3a). MEUOE 7t ¥ 359 A714 FAA Cudl olsAol 238 Friste] <3
b3l FdeE ven e WAYFeR Qo £ 9l &S "olEg= AnE 2 ¥ % JvHKumpiene
o WA, MEYoE Hrle wE o4 AR U pH(82 et al, 2008; Spuller et al, 2007). °]& Cust 7% =
oA 88F =7} Z7tE QldH(Fig. 2) FH&Y $3E 3], & f7]¥r4 (Dissolved Organic Carbon, DOC)<}
&4 (PbCO3, Phy(COy)2(OH)5, Ph(OH),) =5 3 43} o #AE Fell ol & ¢ fded, fvle FEel =2
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A olFAdol =& Cu-DOC 3}gtEeo] dAd &
AE Aoz 4dHA Y (Spuller et al, 2007; Bruell et
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Fig. 3 Fractional changes of heavy metals in the
untreated and treated sediment: (a) Pb, (b) Zn,
(¢) Cu, (d) Ni

At -

49371

Table 4 The TCLP test results by the bentonite

(unit: mg/L)
TCLP EPA
Metals 0 30 60 10| Standards

day day day day
Pb 43.7 1.7 1.3 04 5.0

Zn 662 | 249 | 244
Cu 457 | 37 35 14 -
Ni 137 | 08 0.8 0.6 7.0
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