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Cadmium is a class 1 carcinogen classified by the International Agency for Research on Cancer (IARC) and has a high
potential for leaching into groundwater. Therefore, it is necessary to address cadmium contamination by employing adequate
treatment methodologies. Although various methods have been suggested to reduce cadmium in groundwater, their applications
often suffer from various limitation arising from heterogeneous field conditions and technical difficulties. In this work, several
in-situ technologies to treat cadmium contaminated groundwater were reviewed and discussed by separately addressing
physicochemical, chemical and biological methods. In particular, the optimum cadmium remediation strategies that involve

physical removal of source area — physicochemical and chemical remediation — biological remediation were proposed by
considering reduction efficiency, adsorption rate, economic feasibility and ease of field application in groundwater.
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2} wEwe) FE%ol ASEE B AD0R fUSE
B9E WA Slsl @l HHstE Aekr T SE5
A Fal ¥t Zesit 59, 7lese SAY
T-A>(International agency for research on cancer; IARC)
oM ARHE 1 BEHCH, Akr T &= 7l
o} sl T 7k=d L9 diseke e HES

B3 4714 Uit wjdde] Basith Asge] Fa
FEDE PVC AF YA, 4 AR, AW BF 53

2ol 24eF o) AdAlel TEEE FEFTHKubier
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Asi % A= A skl te 313

= 9, AN 29E R3S Hslske W,
QPBAL o5 FAo] vhe BAR HYsieh
W, 0908 Aol el gl BAe Hejsle] A
83= Y, o 34 9L WX 93 292
o ol5g Bafsie WHoR ¥ X WHow BaY
-

I HHashim et al., 2011). AZFHoZ= 38k W
He 283t 39, 38H Flushing, 35H8 1A Sol
o, E¢]-8}8k WholAl= PRBs(Permeable reactive

barriers), 2, S5, ¥H I8lu 37 ]t” 5ol Jar v
Aok RS ol A o8, AR Ha)

AEshy Falog JEE 4= EAE}(Hashlm et al., 2011;
Kubier et al., 2019; Mohammed et al., 2011).

FaE AR 0 PR N2 PRSI 4wl
Ak, @l FHE A8k A T Lk o]
o AR JleE gor WA, §3, 5, B3
A 5 T TE Qe olgsl Agd). s o)
TE AL 33E 21 &8 us 5o EArF IS 4

H8317] o9 Ak F 7h=sol EEE 24y
A% 9913 sl Az el Ag diste]
Atk WA 2 AellMe Ask T Jk=s A
WS HEs] 9

OFO 32
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2.1.1. 3k A%

Al 99e oE

AT ol 2
Fole ofet %xoo] Ow} cleit 4% sk A2
£ BEHE o) 7MY T Adoln, BH34E Az
He T2 oows) o5 U MBEAl AH T

S o &-8FcH(Hashim et al., 2011). 535S A A7)
F Ok AVEES TEE0] Akle® fYdE)
ARE] WhHEo] hal(Clifford et al, 1986; Rao et
al,, 2010), 712 Ake} 3R} FAds) whgoln o] &
S-S o83l Flo] UukHolct,
rES EE THEY] YeiMe A4 A, 7]
A B e F2o|=y A TS g8

=
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F 9,12&1 HeleolE, HS 7k Ten 33 Besks

E 4 StHHashim et al., 2011). YEI W

H =
olEe 73% YA 9 BPEIS FUF D% o A
9B Ukg el Ay 20 fARE RoZ A

A HAmonette et al., 1994; Fruchter et al., 1997;
Hashim et al., 2011). YE|QUC|EE Y3t HFg-S 5
&l xS BHRH(S0™), Bl (S,057), oFk
Z~(HSO*)E /43l (Saikhao et al., 2017; Sedlazeck
et al, 2020) Cr(VHE Cr(IIDE A& 8-S A%
S (Kaprara et al., 2018; Sedlazeck et al., 2020). &
Zezx 9 Frgo] 52 EYA &8 ?;} T dom,
L“Q. X]Oﬂoﬂ :@]—&b‘]— /\ l—l—- _ITX]E’:]O] ]-;go] 9}\1:]—
AR FEAR fE7Rk dAshe \:]_-x‘jo] Art.
Thomnton and Jackson(1994)2 I FAMECZ o HH
EYS @A Faslele A3S dst] S8 23}
Fi 7EEE FHEAT FEaa TkEE C(VDE
Cr(IINE AZA7|AL A8k FEo] Aoz ZHA|
715 S s (Eq. 1), A ST FHAsE ¥
glo] Cr(llhe &l=r} Bol sk W 22F 29s W
A = St} sARE FEAER 7R 2AEh o
ool AR FYslel ool Ut

8CrO,> + 3H,S + 4H,0 — 8Cr(OH); + 380, (1)

L9949 Aalkret EYY A3 Sl e 283 A7t
7S ARA RSt A A 2AERt AFE
St zvie] 75 73 SelAE 85T it o]
T Asheoles Aol o g SANA olFe W
= O‘E}(Tandon and Singh, 2016). Fe9} zZVIS &
sl o W] Fa555 S3BPY 8 sk W
He ASS’} HE3shH FXF AHEE  dihydrogen arsenate
(H2A504)EF— 3l %_O] HRAEE o] o™ Joo et

1, 2004), LS &85 749 Cr(V)E Cr(OH);, Fe,Cr-x
o]F X

(OH)& 39 HAAA 9 =Y F QJE}(Puls et
al., 1999). oW“P Cr(ilhe 2k o f54% Eﬂ“ﬂ
Cr(Vhe Zg|xdddM olsde 4 F Ue I

zﬂﬂu}(Bewley, 2007). 3FsHa 1143}ke] 73 %‘%jE%*‘%

ooz Agst AREIZE o™ tekst EysiAleL HE
(red mud)S EFsI FF4 ABIATIHA g3k 2
red mud} FRF o2 Al eHYglshE HiyS &8
&} tH(Lombi et al, 2002; Yang et al.,
AT S0 A2 HE 4ee =F A, Dol A
 olemshy} e 3}ekE =7k WPHo| 0/101:::] Za4
2 BB FRACE FEoRA PSS 14

FO
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A7l E8HT. 18a B8 -skehy Azhide S84
W Tz, 294§ ==

W T okt S 283t
FE434-3-H (Permeable reaction barrier; PRB)S -8
sk iPHe FA F3A 28, A, AESREE §
AaE FFAE HE(Red mud), BAE, A2t
, A E&A|(Zero-Valent ITron; ZVI, 3% 5) 59|
&89 5 Utk FHEL A5 HIX|ERRE] GFr)H
< Fohlle FRAA Bk S4olH AAAIAE
oF pH 8~10.5 F=9] &Ze] EZoth(Obiri-Nyarko et
al, 2014). 283l AFPUo)|EY} FRFH o7 A=
o] ol FE FESITHLI et al, 2022; Mucsi et
al., 2021). B3k, 7HHo] AHslaL 54 F350] £
w g2o] Z o] Fojx|R] o} AgAHoE FEsAd 4
U= o] At} Lapointe et al.(2006)°] W= Fe,
Cu, Zn, Ni, Pb AAE 99% 7Fs3lthe A7 A}
Jom 1 olejoll= Pb, As, Cd, Zno] FH= 7P
Ao 2 HUF Y tHHashim et al, 2011; Lapointe et
al., 2006; Wang and Liu, 2021). 3FX|5F pHol| &]&3
Zlo] ARdoln o] 2mix|Fo] 2k Jol2EE FESt

14
o
%

2

Sl
= ©@¢e] thHanumantha Rao and Gangadhara Reddy,
2017; Hashim et al.,, 2011; Lockwood et al., 2014;
Rubinos and Spagnoli, 2019).

A 5 GAC(Granular activated carbon)”} PRBs
gel= 71g Zo] 285%™ PABs(Permeable adsorptive
barriers)2% BT X2 JtH(Erto et al., 2011; Falciglia
et al., 2020; Ghaeminia and Mokhtarani, 2018). W%
ye ®EF ©F 1000 mYgt AC ol 2 i) 3=
e Hl§oF Ukt LASHES F820F AAT}
(Falciglia et al., 2020; Hashim et al., 2011; Marsh
and Reinoso, 2006; Mohan and Pittman IJr, 2006;
Montafia et al., 2013). &A% Cr, Cd, As, Pb, Zn
5 R 54 AlA AR E89a 9O (Egirani
et al, 2020; Hashim et al., 2011; Huggins et al., 2016)
As AA #FAE oFF A7 AsTt Aol v
< AT AyEo] FEE3ITHCaccin et al, 2013; Falciglia
et al, 2020; Li et al, 2014; Liu et al, 2014;
Vanderheyden et al., 2016).

J. Soil Groundwater Environ. Vol. 27(4), p. 22~36, 2022

o,

RS- 9 A7 - g

¢

AglEE 3-D FH th3/d Fr=dgAolE
(e 52 g 22) F25 7Y 7o) AE
g 9 SAEN FE o]kudt SE I Az F3o]
7Fssitt. 1eja 318k 9 71A1A 43 pHell 59
A9l EAS 7}Xth(Burakov et al., 2018; Hong et al.,
2019; Ibrahimi and Sayyadi, 2015; Moraci and Calabro,
2010; Taamneh and Sharadqah, 2017; Tasharrofi et al.,
2020; Weber et al, 2013; Zhou et al, 2014). #|A
7Vs%t 8502+ Cd, Cu, Ni, Cr, As, Zn, Mn, Co
o] ot AEFFoR dal e Pb > Cutt > NitEe
ez F2F AR o] ¢hs] A=A 4THHashim
et al, 2011; Hong et al., 2019; Taamneh and Sharadqah,
2017). o]9lelle Sk AFgh H FA(zvI, $E%, S-
ZVI), 59 ] Ao, Fad sk, 22 <8
I, vle]eat, 718 5 vt FAAE 283 PRBs
ez} =AecH(Hashim et al., 2011; Obiri-Nyarko et
al., 2014; Song et al., 2021).

2.1.3. =3 A7y

AESH A7 AEssH, e F3 374
< Ikl Jlom, AiF o= whsle AEsH 714}
< &8sl o, AT d=2s d% AEsH
AT, 25 vAES 83 T 3 3, AE
AE &8T5 I, 8L A= w5 9 5ol
THAli Redha, 2020; Bashir et al, 2019; Hashim et
al., 2011).

A& 3 H-FH-2 ISBP(In-situ bioprecipitation)Z
E9H Al Holl 558 A4 FHE Jdr e W
Hog REshAle As onlshy iy 735 3t
52 83 v o] 5 o]EtH(Hashim et al, 2011).
SRS Aol FHSHA EAlshe Solel™ ik
A e Aslr AlzEolA Bl doju= A
22#]%- HHg-o]th(Hem, 1985; Miao et al, 2012). 3}t
H9] 2HINk3-2 ORPE 71EOE Fe 39 2 gt A4
W27 Atolol] o] FofA|m ofejgh gikee] ApAXTES
Aol AlzHollA T HAR &3] B 5 e ddeltt

(Miao et al, 2012). R4t Az wEgoll Hofsh=
o

BSR(Biological sulfate reduction)@ E2]H, 2|34
2 B, Felole, ohiElolE 512 B A4
FUsk= I PRBsHolA Ask Wk vt Wekow
EAAS FUsl] SRBY 415 w= Ao R Egdrt

(Amos and Younger, 2003; Angelov and Georgiev, 1998;



Ak & 7h=H A3

Benner et al., 1999; Canty, 2000; Kiran et al., 2017;
Kovar and Herbert, 1998; Waybrant et al., 1998).
Canty(2000)2] <720l &J3pH 7 7A%o] F=2& B¢
H5FE F7I1EAY FEHEAN 5258 vE A5 HF
W pH7} ds3hax 8= = Al Cd, ZnE &3
Aoz AASR= A& ERISINIL, Al, Cd, Zn ©]2ol=
27} &eje] F3245(Cu, Zn, Ni, Co, Fe, Cr, As) Aol
a3} e Aoz BuFTH(Canty, 2000; Geets et al.,
2003; Hashim et al., 2011). ISBP, BSRo|&Jo = T4
o] A8  gle AEAE 83 TE5 AATEH
e F2 A= AR, #7118 W F
T, AERe= 24 9w 247 &8)e] U
(Hashim et al., 2011).

3. X|ot W FIEE M U

CEEELERERE LERTELEE SR B
% Cd Aol EIsm 9K Ao BT
e pHE APHoR zAss Az Aok A,
A, e 24 9 AR A4, ke

Aps B9 YR FHOR Q0K 5 JkTable 1),

3.1 X5k W FIEE M2 flet HEHE YUY

7IEFo R AEHoR QHHI Y= Algre

bRkl ok 25

&)ﬂ
2
R
[t
ox
u
_[ (
R
>
N
=
)
g
o
K
9
ol
ro
PR
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o

o, =ujellq tiFez A +UAT 4 s
A& & e 2AE G833k Aol BAIHolt). 1F
A7t 7R EE LEFJAATE A
o tigh FAEE sk e A9Y A5 Aol
7Fst Bslaie Ak eyl |ick. w3 W
ol A3 A7} 7Fsst, WAt A2 234 3 F
3H8- AokS &8sk WY QARA W AL S0l
29| T} ol W AESH A7 Sol AL
7Fssh 91X A7 $RToE B 4l

)31 9 s dgE 383 a5 AP
T AR HieAEY 7l=F AA Bol Z8=a 9
o, gAIAZE vl 27t Uth(Hashim et al., 2011;
Mariana et al., 2021). ©]eJdl= AE3}aL FU3}7]
TR 7|ERY, AlgeolEV) vk, Sk FEjol| o
2} 23 (Powder activated carbon; PAC), 33 (Granular
activated carbon; GAC), ~3-%(Activated carbon fiber;
ACF), 28 (Activated carbon cloth; ACC) & 47[AZ T
Eo] glom, o] FME HAFHY A9 289 FH
W Micropore W2 T34 o]2°] HIsl| £ HH3
TEZ Ho] Qlo] Sslet FEEe] st 11e] o]l
e 531 g=bo] £ol8ltHHashim et al., 2011; Mandal
et al., 2019; Wang and Wu, 2006).

7184 2 7j8de AER o= U WINE M F
H3l HA 82} E2(Shahidi et al., 1999) & 7}Z0]

Table 1. Summary of cadmium reducing technologies in groundwater

Division

Technology

Chemical treatment

Alkaline complexation agents
Atomized slag
Caustic Magnesia

Physicochemical treatment

Red mud
Activated carbon
Zeolite
Biotic components with ZVI
Inorganic surfactants
Commercial and synthetic activated carbon
Industrial byproducts and wastes
Ferrous material

Biological treatment

Planting of tree and aerobic bacteria
ISBP
BSR
Biosurfactants
Uptake by organisms
Cellulosic materials and agricultural wastes
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Aslar &3] 1 Bdolt}. agjal fARE BA
Z5 7R 71ER Bk 88 2 FEHE ge A9t
A% Fol or, T volole e Ay @ B
2AE 8 FHAE F2 FHEES Hole 3=
BuE St (Inyang et al., 2016).

AEefolEx A EAshe BElM 2 F

S HoJFHMochida et al., 2000; Motsi, 2010).

ZVIE =2 &8 B8 A"S 7o 74 |
A7, AFAEE A8l dHH R EEEI Qi
st PRBs 7'de] 3HAE Al ZVIE 83l Ta< Al
A S8l Bol dAFEolskon, Al&Tlo|E, S/derAo}
29 22 pH 2" Al9F gk ZE83ltk(Jun et al,
2009). ZVI & Y= 23S 71 nZVI(Nanoscale zero-
valent iron)= 7Pg FRLISHA 851l lom, Ak
Q93 vl8-2 B8N o}t A} Uie 712 2
o} AA} =77} vlad & zviHt QAEE AAd
o] & a¥E 7T 4 JTKStefaniuk, M. et al.,
2016). nZVI xS o2 /&3 SnzvIe] 49 He
HIEAAN, ik 8o, st Ldsdel=s, A4t
9 5@t 71E nzZvIHYg B8 HRSAS Hols Ao
A=) glom QAEAS AEHoz Ash= Ao
7Fsdte] we #AS Wl ok(Su et al, 2015; Su et
al., 2019).

AEE Aelaiel] €83 4 e WHS A§ U]

[e)

[e]
EEO) ATHS AU ofF He FEE BelSE v
g )

oA

F Q3 ISBP, BRSS 17 3
Z719] w2} FH F8as ddsof st Aoz F
H Y RUEY A9 Aslg b S0 =t IEE
e

=3 7%, BRSE o83t WESH A7 283t
1o] niZsit). o]lox AEAE &8sk T
AESH AW 2 f71E Wl S5 W B3 2X)
3FA|H(Hashim et al., 2011), 2EAS Sgsk= HHS
T tdo] ofn o]e]ef whHE AR
HEe] o] ALJEl). v e R fjof] dggt -

fr
N

>

=\
t
¢

X
2

R R RRY

@

oM,

slek|, s18t4, AESH ek Ul 7l=F A7s 1S
HARAL IS TS Table 29} 2o] Akt
EATH Y ATM NS U SN ER Y A
E

T A7 HLo] golgt FHA(nZVI, S-nzVI, AL
Zho|E, 7|EA, A8 Biochar)ol €] AleF 18]ar
SRBel tigh &85 Alstgon, 77} 7 vy
QA F2AY A 7HES A FElEidnk. ke &3
A 2 g AloRS o] 83 AAEE © FFeEY
Q2 713 Table 33 2t}

3.2.1. ZVI

ZVI= US § 1.1~1.4/kgZ B AHS FoZ &4y
A Jor, Fud, A7IEEL, FUIEEAE o9 A
£ Aeb] fal B2 A7t Ao 18a 7
TH ol9ol= ot 2AEHd sl £ A a8
7HAL e AR dHA Utk FUIEeEE RSk
ollAl ZvI} Akslel] &gt 237t dojuax 3 =
58 N A T2, IHE f=she Y2lo|th(Ullah
et al., 2020) (Fig. 1 (a)).

ZVIE TR $39402 299 Aol AA1ZQ A
7ol FEjskRRt, Aelzog S48 A|ASAE B3}
= ZoE 4EA Q) ¢ dE AP T 219
2l WkE-ZZE 0|83l Zn, Mn, Ca, Mg, Cd, Sr, Al
AAEES H71e A} 46.7-99.6%2] E&S Hom,
FF=F2] A5 vhel kg2 22t 88.0, 95.9% 2] A|A
B8-S Ho] =& A7 8% HtHJun et al., 2009).

O

ofs

3.2.2. S-nZVl

S-nZVI= Fe(0) W9 A} AGS 71&:3)81H, 2%
4o i3t AAR7IHINE S ZTATE AewE IdEA
o™ nzZVIRT 2 RS 7Rl Flo] 4ot
4 o] A|AY] S 71E nZIVELE B& 345 A7t
B8-S Holn 1ol HaE 3alE- AAE FEole
o] eHAE AT Aow AU I B

Table 2. List of main technologies for reducing cadmium in groundwater

Physicochemical method

Chemical method

Biological method

- Zeolite

- Chitosan

- Activated carbon
- ZVI

- S-nZVI1

- Alkaline agents

- SRB
(Sulfate Reducing Bacteria)
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Table 3. Summary of adsorbents and alkaline agents’ efficiency and adsorption capacity to remediate cadmium

Reduction efficiency and adsorption

Division . Mechanism Ref.
capacity
VI - 88.0~95.2% - DO decrease, Fe(Il) increase — ZVI corrosion — heavy (Hashim etal., 2011; Jun
(Initial Conc. 0.08 mg/L) metal reduction, precipitation and coprecipitation with Fe et al., 2009)
S-nZVI ‘ 97%? -EC a.md sur.face area of nZVI ir21+crease — Precipitation (Liang et al., 2020)
(Initial Conc. 200 mg/L) efficiency increase (FeS + Cd*" — CdS + Fe(ll))
. - Clinoptilolite ' Alkalme metal, high on §xchanfg.e and. adsorption ?ﬁl (Hashim et al., 2011;
Zeolite ciency. Catalyze and sieving ability with 3D alumino- .
14.12 mg/g i . . Shin et al., 2014)
silicate structure including water molecules
- Chitosan
5.93 mg/g
Chitosan - Chitosan/Glutaraldehyde - Electrostatic attraction and chelation with fictional (Hashim et al., 2011;
Max 250 mg/g group(NH, groups and OH group) Vakili et al., 2019)
- Chitosan/Glucan
269 mg/g
- CAC(Commercial AC)
90.09 mg/g . . . .
- Adsorption by high surface area and surface functional (Fine et al., 2005;
AC + PeatNaOH rou Hashim et al., 2011)
80% group ”
(Initial Conc. 5000 mg/L)
- Lime
> 0,
: Lizli:A)Calcium carbonate (Fine et al,, 2005;
. ’ - Method to induce precipitation of heavy metal ions by Hashim et al., 2011; Lee
Alkaline agents > 85% e . .
. artificially raising the pH et al., 2007; Lin et al.,
- Lime/Mg(OH), 2005)
~100%
(Initial Conc. 112.41 mg/L)
- Flax shive
21.1~39.1 mg/g
. - H,SO4/Corn stalk - Negatively charged surfaces, specific ligands and
Biochar 364 mgg functional groups(-COO, -OH) (Inyang et al., 2016)
- ZnCl,/Corn stalk
324 mg/g

SHAl nzvl 1H B2E 33EE2 Fenton ¥R
AR 318 1hg-S Holr 8 At e AdHlelA
nZVIETh 22 OH Aol Fl3lekSu et al, 2019).
Az o g AsHAo]E (FeCl)s =% Fe' T80
Az & FASEANEF(NaBH,) T S-A¢] Tl
AIEF NS0, 3H71eE NaBH,-NayS,0, T84S
E3tete] o) B8l HxEo] FRE S-nZVIE Alx
3t} o]F Sanzvidl| 229E 71 &, Ak HA3 &
FrE AlAEske] W] ELES AR 55 =0l
£ Aol FesltHLiang et al., 2020). A3k WollA]
9] Cd*e] AA7IRRS FeSe Ferl CdZ wAEHA A
AEHUllah et al., 2020)(Fig. 1 (b))(Eq. 2).

FeS + Cd* — CdS + Fe(ll) Q)

S-nZVIE 7133t Zhlshe 32 3] ofue] d%
Hgo] HQast A tjEke] nzVIE 7i&3oF SIARt Liang
el al.(2020)2] AR =W Cde] 271%E7} 81.8 mg/
LS WES-Fo|M nzVE= 1AIZF B¢t 10%2S AAYAR
S-nZVIE 302 B¢t 97%= AAsk] wkgAlo] Eow
25 w3k 953k Aow AEe] FR3| 1 vbs
g Aol

3.23. AlgE|E

ALTP|Ex 4] FEo= olxuwd T3 F3s
go| 953 ZoE dHA O (Hashim et al., 2011),
FolS WIlAIA T2 F S-S SIS W

R o= o

o7 @o] &85 JkShin et al., 2014). F=-8-2]
dRlez= ASTolE U & A EFslaL 2 3D
Aluminosilicate 7-Z°l 2J3] HAEE Ao Z LHA

J. Soil Groundwater Environ. Vol. 27(4), p. 22~36, 2022
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SRS -7 9 AR - P

on o3t 1Vt EAE AYFE T8 /KA e HTddle AETYO)ES o83 o] uBTFAE ]85l
ZAow 4#lA UthHashim et al., 2011)Fig. 1 (c)). A HiEEe FE5 HF U 555 95-98%7t

A

W\l
% 3\\0
o

® © @
q

Fresh S-n/ZVI1 Fe 2 cd

b) S+1ZVI
Sorbed Oxyanions
Surfactant
Bilayer
| /
Sorbed Oxycations
(©) Oxyanions and metal cations in surface modified zeolites

Fig. 1. Introduction of the mechnism each adsorbent(Inyang et al., 2016; Liang et al., 2020; Ludwig et al., 2002; Mochida et al., 2000;
Scherer et al., 2000; Shen and Buick, 2004; Ullah et al., 2020; Vakili et al., 2019).

Zeolite
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Metal ion
solution
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@

\ /
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solution

Saturated Iﬂwrbul)
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SHK(Shin et al, 2014). 5% AASTEHS Pb* > Cd*
>Co* > Cr'>Zn* > Ni*' > Hg?" £02 ®om Whgx
oA ALEe)EL] Pb, Cd, Cu F& AES 2Y3 A7}

_(5'
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“50-C=0 R-O-H

\1.'
Electrostatic

interaction
) Biochar

'
4

lonic exchange
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=] o

Z}z} 1513, 14.12, 12.64 mg/g % 58S Ho
= Zo=Z FI=tk(Shin et al., 2014). 223 NJ A&
Zo]ES 383le] pH 3, Z71E% 30 mg/l Z0NA 5
A7 Well oF 96%2] Ccde AAReH FHeEe

Jro &3
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024 mg Cd/gZ H7}=ATHBaker et al., 2009; Taamneh
and Sharadqah, 2017). ©]9]o|= NaOH *I2]3+ Sl5E
ZglolE % AHlo]EE 100100 mg Cdlg oVde] F25
2 717 Aoz U#A 0™, Crosfields Lid.,UKOIA]
NAS Zeolite -4A, -P, -YY B9 77 100 mg/g,
50 mg/g, 20 mg/g¥ 7I=F FEsES 7L e RS
2 HuEAckSingh et al., 2000). PpAEO g Al&Tlo]
Eo] /1AL $2.0/kg ©3kE Uyt GACETF A3 714
o=z APgo] A= Ut

3.2.4. %

SRS § 20.0~22.0kg BES] 7H2o] FAEo] gl
™, 52 WY FAY hydroxyl, carbonyl, lactone,
carboxylic acide} 22 7154 Z871E0] o] $2kd
o] Z3l(Hashim et al., 2011), 7}2 =3+ AHslo] ohi
Ho g FEHY . GACE E2°] macropores A}
microporeZ ©]&3F7] g+ go] "ash} ACFe] 7%
macropore 50| §10] HIZ micropore® E&o| o]F3}
of ol agh o|A ARge] FaEal(Fig. 1 (d),
Uk CACHEYE)o] GACHT} t b 7H8w3E 7}
Aa o] FREES} 23 St WE Aol ot
(Mochida et al., 2000; Zaini et al., 2010). FZHA=Z
A3 EAJek(Prepared activated carbon; PAC)Y A
4 EAek(Commercial activated carbon; CAC) “12]il
2474 oz JfAg E/dek(Sulfurized PAC; SPAC,
Sulfurized CAC; SCAC) % 47FA &gk tialA
Cd* §254<S vlugt 43 & 7id g4ete] 5364

1o =

o] ¢F 40% VI AS SRISHHAIL(Tajar et al., 2009).
o715 283 48 SAER] SPM(Sphagnum peat
mossy& IN NaOH &0 =23 SAeke spMme] oF
2 FaEo] slig]Eo] HS o] udto] golgt Na'= uf
ol FAsEES =Y 5 o, WA el WE Cd

oo

[¢]

i
toty

RS- 7 G AR - AT

AA THE vlusiE A7 NaOHE 2A3kE SPMe]
Z71E=7F 5,000 mg/L]] CdS 80% S-2H(1:25 peat to
water ratio)dF= AS ERI3ITHFine et al., 2005).

3.2.5. 7|EA

7Bk wlg- B35 A AR w2 71, S,
HIEA, s o2 Axakgo] §lo] AEsHA7te] 7}
53, macro =] = 729} 49E 7L =
T Aol He B 54S 7 ) AN 29=
A= xslE 71EAR] A9 FA40] Qlo] AESHE A7to]
FET F2AH LPGEHe] $HoE gA WEd 71
7EAaL Jrh(Vakili et al, 2019). 7|E2k] FFsee
TE EWS NH, 2F°] T84 s doTle T8
U371 OH I8% Sl 7]of3h= ¥hg7IthkFig. 1
(e)). ©] ¥e] 712 A7 1g ¥ deo]=slo]n pH
o PIS wWo] WH=Th(Vakili et al, 2019). YRHHo=
7IEARS dAke] =710l wet thE 4 JYAIRF 5.93 mg/g
Axe] FAFES AU glon sfdste] &8 ¢
100 mg/g o] F2s8S 7IRIth ApAgh AR o))
Table 4] “g2J3l5dT). PRt o 2 7|EARS: F8sle &
AEHPAC, $ 20.0-22.0kg) 7Aool FAEH <F §
15.43/kg =2 71Z0] =0} Ut

3.2.6. ¥}°] 2 2}K(Biochar)

Hlo| 9 3R= gl B vlo|omE FR)EI
ol AL gdoln, 7HAL b2 FEALL Zo| 3
o uje} thEAT § 2.58ke AR A HZole
Ego HEEE FXIstal ulo| o] Ailel] ARS-E™
3 ) Bole AMgEE 5 ohides 883 4
Qo] e S w1 Qti(Inyang et al., 2016). Ho]
A= ofe} FEAI o] T 71zte] opel A, B

A B4, ol F71A A, =94 ST 2o

rﬂ
it

N
il

Table 4. Adsorption capacity of various adsorbent related with chitosan for cadmium (Benguella and Benaissa, 2002; Bhatnagar and

Sillanpés, 2009; Hasan et al., 2006; Jha et al., 1988; Vakili et al., 2019)

Adsorbents pH Capacity(mg/g)
Chitin <7 14.0
Chitosan 6.9 4.10~5.93
Chitosan/Glucan 269
Chitosan/poly (methacrylic acid) 5 158.22
Porous-Magnetic Chitosan beads 6.5 188~518
Non-cross-linked chitosan beads - 169
N-acylated chitosan beads - 216
Chitosan flakes 9.9
Glutaraldehyde cross-linked chitosan 3 134.9
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53 7R B8l FEgs AASHEFig 1 ().

FToude g2k AFAR W7 F 9 S22 bt
oleAw B A% HH uwjFol] AYEhH (Kasozi et al,
2010), 712 2] vlo] 227} micropore, mesopore,
macropore®] 327} TRAlEAl 3/d5]o] o] He FH4
< 7K o BRIt Mukherjee et al., 2011).
< A Har o] A7 S S3)
FAE 7FsetH, 39 =s} 71sd aFe] Jo F
5% EFAE olF= = &olsithDong et al,
2011; Wang et al., 2015).

ulo]oat w3k e FRAIEY A STt ohdsi
Flax shiveE ©]&%t vlo|xte] 7l=f F2F 582
21.1~39.1 mg/g, Corn stalkE H,SO,, ZnCLZ *8]&
S 7 364, 324 mg/g A= S Aoz ERIS
CH(Inyang et al., 2016). pHoll S3s3o] el F2HA|
9} o] WS, SA6(Pig manure)s 71=g 8
of Egstal pH Wil e FAAREE Jrist 27
pH 5914 Hl &F25(16.60 mg/g)S HATHWang et
al., 2015).
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S & 4 UtkHashim et al., 2011)(Fig. 2). Lime, Lime-
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3 Yol B Sol 29 glo] At rkset ol
t}. Lime?} Lime+ CaCO:= ©]83F CdE71E % 4 mg/
L) AA 29 A9S &k A7 47F 93%, 85% o
AAS R FReMS AP F=HI9 1808 T
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88 BHATHLee et al., 2007).
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3.2.8. Sulfate reduction
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Fig. 2. Eh-pH diagram of cadmium (Fine et al., 2005).
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Fig. 3. Dissimilatory sulfate reduction (Ludwig et al., 2002).

ZB|E)T FERiglo] AR pHY} Al EnlE B
4 ATHMiao et al., 2012; Shen and Buick, 2004)
(Fig. 3)(Eq. 3, 4, 5).

SO~ + 9H' + 8¢ — HS + 4H,0 3)
SO42_ + CHzO g H2S + HCO3- (4)
SO,* + H, = H,S + H,0 )

Akl x7k HAES] ORP ZAES 40 ~-500 mV
oM F438] F7hhe Ao=E AFEHAUCH (Fig. 4) &
A HPE A o] Ak 3ol wet FERiedo] W
AYSPHA pHZL 285]o] SRBY A4S HASAT)AL H
THEE AZE Hse 35 ol RRE3le] &=t
g 75 3IES FASIA EHFrindte et al,
2015; Ludwig et al., 2002)(Eq. 6).

Me?t + H,S — MeS| +2H" (6)

F71e2E PRB FHIE ol Tt F3l= A
F 2AE AEshe A FEES 88 0E I
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Fig. 4. Hydrochemicalchanges in the overlying water of an incubated sediment core during redox succession (Ox : Oxygen consumption;
DN : Denitrification; AOM : Anaerobic oxidation of methane; MA : Methane accumulation; SR : Sulfate reduction; SO : Sulfide oxidation)

(Shen and Buick, 2004).
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Fig. 5. Cross-sectional profile of dissolved sulfide (S*, Cd) 21 months after barrier installation. All units in pg/L (Ludwig et al., 2002).
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AEFeHA olk(<0.1 pg/L)Z HAEHE ARIZF Jth(Ludwig
et al., 2002)(Fig. 5).
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5ol o3k A3l LH pH @%O] %“T_:L & %(Colombam
et al., 2020) 5 TFFsF At EAIHS o g £ e
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3t mEby, FEE L9FA AR 28 9l 34
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