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SUMMARY

I. Title

Development of Treatment Technology for Soil and Groundwater Contaminated by

Heavy Metals

IT. Objective and Necessity of Developments

Recently, environmental problems caused by heavy metals including aresenic from
abondoned mines in Korea and groundwater in Southeast Asia has been on the rise.
In this research, iron coated zeolite has been used for clean-up of such contaminated
heavy metals. Research on the optimal amount of iron coating for each of every
applicable areas and on ensurance of economic benefits through recycling of utilized
media has been studied. Moreover, commercialization of developed technologies

throughout the research would be prepared.

IMM. Content and Range of research
* Data collection
Collecting informations for treatments conditions of contaminated soil and heavy

metals inside and outside of Korea

* Research on Maximization of Efficiency of Adsoption Media

- Persistent research on optimal amount of iron coating to ensure maximum
surface area to treat the heavy metals including not only the cations such as
arsenic but also the anions together on a same media surface

- Research on the development of QA/QC for production and practical utilization of
developed media

- Research on the management of maintenance and findings of design standards.

* Development of Application Technology of Absorption Media
- Analysis of scopes of treatable heavy metals and adsorption efficiencies for not
only heavy metal treatment in soils but also groundwater and underground water
treatment using developed adsorption media
- Persistent research for suggestion of the quantitative analysis of treatment of
each heavy metals
- Research on disposal methodology for harmful heavy metals generated from
desorption from adsorption media
— Research of overall modelling and methodology for adsorption media production,

treatment of disposal heavy metal using media

- 5.



* Production and Operation of Pilot-Scale Plant

Production and operation of pilot—scale plant by using developed results

IV. Results

* Findings of optimal amount of iron coating
— Analysis of the characteristics and contamination of heavy metals in applicable
areas
- Development of adsorption media for As(II) treatment

- Study on the possibility of recycling of utilized media

* Acquisition of soil and underground water purification license
- Purchase of equipments for registration of soil purification license
- Purchase of equipments for registration of underground purification license
- Ensure of man-power of registration of soil and underground wate purification
license

- Acquisition of soil and underground water purification license

* Preparation of Commercialization using adsorption media
- Consideration of applicability for treatment of leachate from abandoned mines
and wastewater from mining pits
- Consideration of applicability for village unit tap water in southeast asia

- Consideration of appropriateness of new technology certification

V. Practical Utilization Plans of Results

The adsorption media developed in this research adsorb both cation and anion heavy
metals. And, new technology has been developed for removing As(III) with other
heavy metals. These achievements can be applied to the water purification treatment
which would be given orders by some of public enterprises, such as Reclamation
Corporation and Korea Expressway Corporations. Also, the application of
achievements can be expanded to southeast asia where has been suffering arsenic

pollution problems.
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# 14 HEY Sa2R 022 oX| A+ S35 9% (1)

= (ppm) Ag Al As Ba Bi Ca Cd Co Cr Cu Fe Ga In

Hes FAVEET) - 0.200 | 0.010 | 0.700 - - 0.005 - 0.050 | 1.000 | 0.300 - -

e AgE& 7IEMEY) - 0.500 | 0.010 - - - - - 0.050 | 0.050 | 0.500 - -
1 Theo Neo(#] 2] 4) N/D | N/D | 0023 | 0089 | N/D | N/D | N/D | N/D | N/D | 0006 | 0523 | N/D | N/D
2 Theo Neo(*] 8] %) N/D | N/D | 0021 | 0075 | N/D | N/D | N/D | N/D | N/D | 0003 | 0018 | N/D | N/D
3 Binh Tien N/D | N/D | 0085 | 0050 | N/D | N/D | N/D | N/D | N/D | 0004 | 0071 | N/D | N/D
4 Binh Thang N/D | N/D | 008 | 0056 | N/D | N/D | N/D | N/D | N/D | 0003 | 0035 | N/D | N/D
5 Khu I N/D | N/D | 0082 | 0063 | N/D | N/D | N/D | N/D | N/D | 0013 | 0735 | N/D | N/D
6 Bao loc 1 N/D | N/D | 0010 | 0020 | N/D | N/D | N/D | N/D | N/D | 0000 | 0014 | N/D | N/D
7 Bao loc 2 N/D | N/D | 0017 | 0012 | N/D | N/D | N/D | N/D | N/D | 0002 | 0015 | N/D | N/D
8 Bao loc 3 N/D | N/D | 0017 | 0021 | N/D | N/D | N/D | N/D | N/D | N/D | 1775 | N/D | N/D
9 2741 N/D | N/D | 0014 | 0125 | N/D | N/D | N/D | N/D | N/D | N/D | 0051 | N/D | N/D
10 272 N/D | N/D | 0015 | 0859 | N/D | N/D | N/D | N/D | N/D | 0002 | 0041 | N/D | N/D
11 21733 N/D | N/D | 0019 | 0201 | N/D | N/D | N/D | N/D | N/D | 0001 | 0155 | N/D | N/D
12 074 N/D | N/D | 0024 | 0133 | N/D | N/D | N/D | N/D | N/D | 0002 | 0024 | N/D | N/D

-39 -




# 15 HEHY SaR 022 oX| A+ a5 9% (1)
32 (ppm) K Li Mg Mn Na Pb Sr Ti Zn F Cl NO3 | S04
HeE FAVE(ET) - - - 0.300 | 200.000 | 0.010 | 4.000 - 3.000 | 1.500 |250.000 | 10.000 | 200.000
e AgE& 7IEMEY) - - - 0.500 - 0.010 - - 3.000 | 0.700 - - -
1 Theo Neo(#] 2] 4) N/D | N/D | N/D | N/D | N/D | N/D | N/D | N/D | N/D | 0181 | 15859 | 4560 | 10.681
2 Theo Neo(*] 8] %) N/D | N/D | N/D | N/D | N/D | N/D | N/D | N/D | N/D | 0074 | 12.855 | 3219 | 22259
3 Binh Tien N/D | N/D | N/D | N/D | N/D | N/D | N/D | N/D | N/D | 0062 | 17.937 | 10.186 | 54.613
4 Binh Thang N/D | N/D | N/D | N/D | N/D | 0002 | N/D | N/D | N/D | 0328 |134.228 | 77.866 | 125.081
5 Khu I N/D | N/D | N/D | N/D | N/D | 0007 | N/D | N/D | N/D | 0343 |104.701 | 5706 | 30.844
6 Bao loc 1 N/D | N/D | N/D | N/D | N/D | N/D | N/D | N/D | N/D | N/D | 35284 | 29.078 | 3.225
7 Bao loc 2 N/D | N/D | N/D | N/D | N/D | N/D | N/D | N/D | N/D | N/D | 269 | 3572 | 1.828
8 Bao loc 3 N/D | N/D | N/D | N/D | N/D | N/D | N/D | N/D | N/D | 0229 | 1.603 | 1.908 | 2.142
9 2741 N/D | N/D | N/D | N/D | N/D | N/D | N/D | N/D | N/D | 0345 | 27387 | N/D | 75.349
10 272 N/D | N/D | N/D | N/D | N/D | 0003 | N/D | N/D | N/D | 0204 |605.034 | 2072 | 32.011
11 21733 N/D | N/D | N/D | N/D | N/D | N/D | N/D | N/D | N/D | 0277 | 61.918 | 2.038 | 2881
12 074 N/D | N/D | N/D | N/D | N/D | 0005 | N/D | N/D | N/D | 0257 |682991 | N/D | 68.449
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A FeCl&9 15wt% =S 7183+ zeolited] ¥ +=t}). FeCl&HA 7} zeolited] 1 AH= 2:1
2 2Eg 449 Ao EFE F, NaOHE #7lsel pHZAAT. 1 Aoz

305N YT =5 Ut 1A WS Fvh 1A 2W 95 F, 3stE] Yol 3
AzbEst hedstdA 24k IES o BE AE 0 %Eﬂ?ﬂ 4 TE3 43 =
BEA 42 Z& AHstd AARH AHol 2Ud FAAZ AHEE 5 A

{ Zeolite 3'[-%*4}

308 SO 7rE

[ 1x3g 2 \
CeEEg7E)

(Sazr=or @

( #HZ7|o|M 75C2 AE )

gl 22, 1CZ =1

TEEH APE T 1ICZY HdY FHFS Frlskdoh Ao FAFS FHAAES
A A FHA L wAAA VS AFEst] fE v T ATt
Tt A% AAE vl o ICZ9F HIAG RO WHIAZHE 6AITO R FFTE E
gk o] *—clféou FEgol W esw Agte 8042% we =47 :1%-?%1 %‘%

=

289 1.0 mg/l, 5.0 mg/l 10.0 mg/l 25.0 mg/l 50.0 mg/l 70 mg/l 301rnlE Z}+2)
PE Tubed] ¥il ICZE 3g¥ ¥t thE PE Tubeol= NaSOs5 B4 &2 &2
&9 B4 30 mIgt ICZE 3g¥ WAt pH 79 =A< PE Tubeo| ICZ
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5 27} 05g, 0.7g, 1.0g, 1.3g, 1.5g, 2.0g, 25g 3g® ¥i NaCl 0.01M, SO; 2-
400mg/15 H7F3t 20 mg/12] BlAEAES 30ml% YAk THE PE Tubedl= 22
F} FFHO ICZ9 SOSE WA Fe HlAEY 30mlE WU Sulfate] FEE 9
o} o] A7E ol =) AWM WA Hd] ERY sulfate R SH
& 155 #3 Aoz HIAY. ICZ9 HAEAS €& AE8AS Over-head
shaker2 6417t wHk A]7l & 3000rpm o2 108 FoF ARG 2 e §F 459
20mlE  Hsle EA5A T H| 49l F5+ Anodic Stripping Voltammetry,
(PDV6000, MTI, Australia)?} Atomic Absorption Spectroscopy(AAS, Shimadzu,
Japan)2 23T AP AHE Langmuir EH0] plotste] ANEHFL 223}
Atk AEAHE ol Fel AHeAth A e FAHAXHANA sulfated] A
F5-ol d#glo]l ICZE 7.0 mmol As/ ICZ kg ©]7F ©]Uth vHlA29 FA=Z 2413}
™, 0524 g As/ ICZ kg ©] Ht}

# 17. ICZ9| AsOf Cfiet =|Cf S Sl J2tA =

pH Qumax R’
With SO~ pH4 7.05 0.98
400mg/1 pH7 7.66 0.99

Without pH4 9.25 0.93
50+ pH7 7.93 0.87

@) HAHZEE ==

h % &4 49

F2 sHS 492 FAEEE 2457 Aty FAsAT As(V)yE= 44.10ppb7t
E3HE B 30mlell Az ICZ 3gS ¥ol 10, 20, 30, 60&3F F2AIATE &9
&I FHAE AEHoR wHkste] Frof G A gte]l A|RE AF st dAEE F
s nlx F

rr

3

s

45ppbe] HIAFTER Q ¢ o

=73 ojffel
S Y & 7159 10ppb7hAl Al S AT
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Residual As(V) concentration(ppb)

0 1 1 1 1 1 1
0 10 20 30 40 50 60
Adsorption time(min)
a7 23, AlZHo 2 HIAKAHE
FF 9% 54e 2457 ts 27HA BdE ARSSESATE pseudo-first order,
pseudo-second orders 283} Th

Pseudo-first order =22 T2 2] 13 o] FoZit},

In(g, —q,) =1ng, — kyt Eq. (1)

A71NA g, ¢ A2 mg/g GHE AFESH HY oA FAFH oW AT tof
Ao FRFS YretH, kS 1A HSEENTE YrleiH Eee

}.

Pseudo-second order @242 th5-9] 2] 29} o] FofZit.

t 1 4

LA S A Eq. (2

qt kzqz qe q ( )

AANNA kE (g/mg/min) BHAE ALV, 23 FHUSEE Aot 24 v
He &5 74 WA Yom, o] £ AYWAE HAAFH == FUNIAL
ofe) o,

H 18. H|A kinetics modelQ| AratA| =

Pseudo first-order Pseudo second-order
qe(mg/g) 1.6084 0.3986
R2 0.8662 0.9968
K 0.1232 1.4059
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0.00 L L L @ 0e T T T
10 20 30 60 0 10 20 30 40
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2l 24. H|A 9| Adsorption kinetics model
Ao A pseudo-second order model©] ICZ| W3t arsenice] F2E5AS
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(h Ax =4

0.5, 1, 3, 5g& wolA 1A1FEt &

\BO

o]

Hoh o ge

i
2s
ojp

el

AN

2 ®MAED)

19. 20 M2

H

Adsorption result

Removal(%)

25

46

78

98

99
99
30
83

98
68
99
99
51

98
99
10
27
78

96

of
adsorbent(g/1)

Dose

16
33

66
100
133
166

33

100
166
66
166
200
33

100
166
16
33

100
166

Temperature

Temp.2

Temp.3

Temp.2

Temp.3

Temp.2

Temp.3

Temp.3

Temp.2

Temp.1

Temp.2

Condition | Coating order
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100 > @ Q Hay
S w0 )
-’
= o
2 60}
£ o
= o
g 4f
= -
) x @ Condition (1)
4 [ V¥V Condition (2)
< 20 F @ Condition (3)
<> Condition (4)
A A Condition *)
0 Il Il Il Il
50 100 150 200
Adsorbent Dose(g/l)

a8 25 ICZ =0 M2 Hl2 MAH=D)

# 20. 220 OE H2 HAHEQ)

Condition

Adsorption result

Coating order | Temperature Dose of
Removal(%)
adsorbent(g/1)
16 92
1 Temp.2
33 94
5
100 93
2 Temp.2
133 93
16 85
1 Temp.1
33 92
6
100 98
2 Temp.2
166 96
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100
4
o ¢ ) é
v
-~
c\e 80
N’
p—
g
e 60f
=
)
R
2 d0f
=
%}
4
20
< @ Condition (5)
V¥ Condition (6)
0 1 1 1 1 1 1 1 1

20 40 60 80 100 120 140 160
Adsorbent Dose(g/l)

a8 26, ICZZF 20| WE H|AMAHE(2)

(th Az arefud
Zeolite9} FeCl3-8A-& Este HIES WSIAA Az ICZ9 FHAE5S Golr
7] 93 Aol I AR Ax B ICZE Z 05, 1, 3, 5g8 2olA 1A7HES
FAANATD A4S F, 2YzE 53 245 EAEAT
Zeoliteo] ™3] #H718}= FeCl§Ho ¥ #aA7H 4

o] A Hol WS UoA F YE HEo| FopxA Ak
)

a8 27. H=20lEEh) H ICZ(R)
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# 21 ME2E0|E @G EY HE0 HE MAE

Solid and liquid

adsorption result

Number ) Reference Dose of .
ratio(g/1) Removal(%)
adsorbent(g/1)
16 82
Mixing b d
1 1000 g y Toun 33 A
concentration evaporator 100 93
166 9%
16 88
33 89
i impell
2 1000 Mixing by impeller 100 %
166 9%
16 70
Mixing by impell 2
3 2000 g by 1mpeller 33 8
addition of solid NaOH 100 85
166 9%
16 84
33 94
4 i impell
2000 Mixing by impeller 100 &
166 98
Ming by impeller(stop ;g Z;L
9 . s ¢
5 000 after 6mln) addition o 100 o
solid NaOH 166 97
100
: v ‘
-~ . |% & 0
c\c 80
%’ 5]
A
Z 60
=
o
=
2 40r
5 @ Solid and liquid ratio (1)
z W Solid and liquid ratio (2)
4 20 @  Solid and liquid ratio (3)
<> Solid and liquid ratio (4)
A Solid and liquid ratio (5)
0 1 1 1 1 1 1 1 1
20 40 60 80 100 120 140 160
Adsorbent Dose(g/l)
a3 28 M220|EEEEY HE0 HE HAE
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100 F I Adsorption
I Desorption
80 |
e
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> 60
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=
D
S 40
< I
=
=
20
0
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The number of times

a8 31 X8 ICZE 0| 8% MEis
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- Pre-Oxidation (F4}s})

AA A e FACE As(V)2h As(I)o] &A1 = ok pH 4100914, As(V)E &
Asts "y, As(l= Asts "R ZFe= 5AHo] Aok ojzid o|fF= duryo=z
coEbA o] ol As(I)<

As(V)o] A AEo] As(I)S] AAERT AR =t
As(V)Z2 2HgAIZl Fol As(V)E A she o] AAZL 349 58 =4 5 3

o} o]lgld H AsldA|ol= chlorine, permanganate, ozone, manganese dioxide
media 5°] AFEEH, F7Y Abdel] 93t EFV)= a3F Q) 4bstHo] ofd RO =

dH A A

- o] %k(ion exchange)
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o olem #A9 BA% wBse] AA}E Wtk HAwy} At acky
e olemBrAdl AW golwo] Hid olend Wee F F Atk AFE
A5 WEE P AFVlA b AuHow AgEE Pioln, HEAA 5
Ao goled LUBAL AwgAre AE Wol AgHD Utk TeLh As
(Il ShehHE ol em@ wgo] EzeolA] Yrh ojemBFAEL F71HA Aol
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2l 39. Schematic of Layered Double Hydroxide(Goh et al., 2008)
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Edo] Foled 2 25 &
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Rk otk i EA o 2= Mg¥eh AL 7Hd ol AS-Hth As(ll)S LDHZ A%
A7 BAE ¥od, LDH 7Aste 5459 Rl weh As()e M= 7hsst

2gt AdETh

2) A7AEHE %2 A

7}) Layered Double Hydroxide A= 2 574 7}

U2l Layered double hydroxide(LDH)= Fe/AlZ A|x3tcth. e}, As(I)Z
AsVYE EAG] A3 AT As()S AEAA As(V)Z W & 5 e 2
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a2l 40. Mn-Fe LDH X|Z= 1Hd

=
As(V) &AL A x3} 0
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shee.
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AletAth. LDHE MnitstE 3 FeqbstE o] £9E] ofg
Mn# Ferb Aztz <Qtoll E3E Fejo|th webA] MnitstE3 FeitstE 7479
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12l 41. XRD pattern of Mn-Fe oxide
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Hoh 22 Al A7 S E e FHolth
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2l 42. SEM-image of Mn-Fe Layered double hydroxide
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2l 43. EDX of Mn-Fe layered double hydroxide
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12! 44, Adsorption kinetics of As(Ill) and As(V) onto Mn-Fe LDH

& TH SA4S B4 A 37FA FEe FEEH Bl S AREste &
A3t} pseudo-first order, pseudo-second order, “12]il Intra-particle diffusion
2d-s Agshaidt

Pseudo-first order =212 tfhg-2] 2 13} o] FofXRt,
ln(qe—qt)zlnqe—lﬁt ......................................................................................................... Eq (1)
A71NA g, ¢ D7 mg/g GE AFESHH HIFANAMY FERF ofE A7 tof

(e}
Aol F&REFS Yu|stH, k2 13 HEEEATE et @dee (min-1)S AME-
Eia=
Pseudo-second order @22 t}-5-9] 2] 29} o] FojZt}
t 1 t
Jh— LT L T P PP O LT PP O LV PPTOTLPITD E . 2
Qt k;qu QS q ( )

A7 k= (g/mg/min) TS ARS8, 23
e &5 A4 DAV lew, o] &= A
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2l 45, Model fitting for removal kinetics of As(V) and As(Il) by LDH

ofeh o] ol Zhzte] mell Aol i ol FaATE HERA AT

# 23. Kinetic model parameters for As(V) and As(II)

i Intra—particle
Pseudo—first order Pseudo-second order . .
diffusion
q.(exp) gq.(cal) K 7 g (cal)  ky 72 ki, 72
As(V) 2.58 0.263 0.005 0.893 2.61 0.097 1.0 0.149 0.999
As(I) | 2.58 0.014 0.001 0.973 2.57 2.043 1.0 0.009 1.0
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FAA A 9} A-HE o)y, X0 o 2le g2 kA Mg A
stal ok As(V)= gepxoz 54 HX]Oﬂ ‘fﬂﬂﬂ of &1, 7}7te] 9x=

st As7t ApAE ok stk S F32E As Alolol= oWt interaction® §lofoF

ul

A| =

=

i

gttt ol gk A stel Al HEA S Mn-Fe LDHS As ©302 715 9= 3
{83 23 As(V)9] Hdl F2EF2 1331 mg/g,

[}
< 9u| gt} Lagngmuir modelS 4 8-t
As(I)e] HNEFZZFLS 131622 As(V)E 7|52 2 ICZ(iron-coated zeolite)9} H]nl
~

3] B oF 25w F2EFo] FUMSE Aotk ICZ7F As()& F&38kA] Eate AS 1
HalH 52 TYo| HgH oz FUHs AS & F U
Mn-Fe LDH9] Asol W& K, As7} LDH %W &F3sle duAE 9udith &
As(V)7} As()# vzttt AS & F ATh o3 As()Y FH=Z FHH= A
o ole} As()e] As(V)Z AFEHElo] As(V)7h B2H 7] WEo] FReluAs} uls
shA vERs T
I OE gy 5 &2 Fd& Freudlich EdE S A|o] As7} ©@=o] o} t}
o2 FFHEYWHE Langmuir modelEth &3 EA4S © & AW F Ut
Freudlich €& th3 213 o] @A

1
q = KFC;; ........................................................................................................................... Eq. (5)

A7 A Kpok 1/ne 5ol
£ 20 ZZte] mYlXe] A& AFRE st YUY Langmuir Ed o]
Freudlich model®t} F#ATZE Add o FHE5HS ok & 49T 5 AATh
o] = carbonate2} As®] o] 3k 5t &2Fo]7] wjiFol Langmuir Edo] Rt}



I3t Ao =
SHAT

H 24. Adsorption constants for the Langmuir model and Freudlich isotherm models

r&/

"ot ot afe] 52 2 2%} Langmuir model 235 EA|

%

Langmuir Freudlich
Gm ax KL 7’2 KF 1/n 7’2
As(V) 13.31 4.17 0.994 0.00085 4.653 0.996
As(II) 13.16 4.07 0.986 0.2001 1.782 0.667
20
® AS3
v As5
15
g °
g 10
o
(op
5
0 1 1
0 5 10 15 20
Ce(mgll)

T2l 46. Adsorption isotherm and Langmuir model fitting
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s(I) &9 pHE 2~130.2 %3
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o A= FFS HIEAH. LdrH R As(V)= A FDHAAM F2o] AA St
gt ol E FWe H+E st W Ayt +2 Wely] wwolm, T4 9N
AR AFF FAFS A Haske Aol dubFeln. Yy oy ¥
A e wkel Zo] pHel tid d&dFs A9 fle Ae= yeyo. di-Hd 3¢
+ OE AL interlayerd] &A= carbonateZ A3 =2 pH ¢4F58 WFo=z
gy A F2e] d5d o]F &9 pHe 91002 LA ds HEhS

o 271 pHel Z#gle] ZF pH 9 2A 9 H¥ pHE A3t ©l= carbonate
° pH ¢F &7t =7 WESE FATGEY. carbonate= H+$F A3}
& 4 glovl, OH-s} o] 2adel <fs) F8eje) pH 5= oA

o,

bicarbonateE &
EIgEa =5
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2l 47. pH effect on adospriton of As(V) and As(Il) onto Mn-Fe LDH
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