KIGAM $3xExe 7

Interaction of Sb(III) under sulfide-rich reducing
environment and brief introduction of landslide
research in Korea

Young-Soo Han, Joo Sung Ahn

Korea Institute of Geoscience and Mineral Resources

I
a7

Dong-Hee Lim S ARE ST

www.kigam.re.kr



Korea-Italy Symposium on Landslide Monit@fing,
Firenze,ltaly, April 10,2017

ontents

+ Institution introduction

= Major landslide cases in Korea

= [andslide research in KIGAM
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What we are doing at KIGAM?
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L andslide cases

IN Korea
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Landslides at Mt. Woomyeon in Seoul ("11)
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Landslides at Mt. Woomyeon in Seoul ("11)
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Methods of
landslide monitoring

& warning
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Monitoring systems at 11 sites
in 6 National Parks and
1 metropolitan city (as of 2016)

2 additional sites to be installed
in 2017

Monitoring and analysis of data to

decide warning threshold
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v" Warning threshold based on gradient of the VWC change by rainfall infiltration

v' The gradient is decided by the rainfall infiltration velocity into the soil
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+ Sb(lll) geochemistry compared with As(lll)
= Brief introduction of As/Sb pollution
= Behavior of As/Sb in sulfide rich environment

+ Conclusion
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Toxic trace elements

Heavy metals

e Any metallic chemical element that has a relatively high density and is
toxic or poisonous at low concentrations

e Atomic density > 4~5 g/cms3

e eg) Cd, Cr, Ni, Cu, Pb, Mn, Co, Hg, Zn, U, Mo, V, Sb, ...

<Target elements in geochemistry>

e Group C elements: Redox sensitive and existing in varous forms
e Element of interest: As, Sb



What is arsenic?

7
73;;50 Arsenic

74.922

PROPERTIES OF ARSENIC ‘ —

It is in o sohd state while kept in room femperature
* Its molting point is 1503 degrees F
* In tha periodic Jable it is dassified os a semi-conductor

* Ity otomic weight is 7492160

* Arsenics density is 5.776 groms per cubic inch




Arsenic contamination around
the world

Estimated Risk of Arsenic in Drinking Water

w—
J 4
<D %
\ &%
P
Level of risk £ \ g 5{:“%7’
B High R~ ﬁ vl
4 A
Moderate =
] Low . d;?
] Very low i X
E SR Source: Schwarzenbach et al. 2010

Maximum Contaminant Level for drinking water = 10 ppb (microgram/liter)



Population in risk of arsenic poisoning

Country
Taiwan

Inner Mongolia
Obuasi Ghana
Cordoba Argentina

Antofagasta Chile
Lagunera Mexico
Cornwall Britain
W. Bengal, India

Bangladesh

Number
affected

20 000

50 000

Unknown

10 000

20 000

20 000

Effect unknown

38, 000 000

50, 000 000

www.youtube.com/watch?v=pyevjRiz1UI

(India and West Bengal)

Dangers of lead and arsenic poisoning

Arsenic poisoning
Nerve damage

Skin damage: A
®Hyperkeratosis e
(scaling skin) PR

mPigment changes

—
Aiionca

Increased cancer risk:

®Lung
® Bladder A0
®m Kidney and liver A .

cancers : _' ‘
Circulato ,{. .

problems in skin

vy =
Sources: Alliance 1o End Childhood Lead Poisoning and news wires

Lead poisoning

High levels of lead

® Mental retardation,
coma, convulsions and
death

Low levels of lead

® Reduced IQ and
attention span,
impaired growth,
reading and learning
disabilities, hearing
loss and a range of
other health and
behavioral effects.

b |

The Denver Post
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Geochemical properties of Sb

/_

Gastrointestinal mucous

membrane irritation, vomiting,

Abdominal pain, diarrhea,
cardiac toxicity Y,

\

Oxidation state: Sh=3 ~ Sh*

Oxidizing condition: +5
Reducing condition: +3

properties

Agueous oxyanion
Similar to As in chemical

Sb: oral ingestion —

unit: ug/L

‘ USA

0.75

0.50

0.25

Eh (volts)

o

-0.25

-0.50

Myocardial damage, liver
damage, poor reproductive
function (miscarriage,
\_ premature birth, etc.)

)

German

1.0
V\f\\f{?e |

0.5 Sb(OH); -

b(OH);

e Sh: lethal dose ™

child (300 mg),
adult (1,200 mg)

- /

canada UK v France | Australia | Japan | WHO
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Iron sulfide for Arsenic(Ill) removal

Sulfide minerals can be used to control arsenic concentration.

Mackinawite (FeS) for As(Ill) sequestrator

Pyrite : inner-sphere adsorption (Zouboulis et al, 1993)

Mackinawite : outer-sphere arsenic surface complex and coprecipitation of poorly
crystalline arsenic sulfide (Farquhar et al., 2002)

Troilite and pyrite : a mononuclear, bidentate surface complex, arsenopyrite-like
surface precipitation (Bostick and Fendorf, 2003)

Disordered mackinawite : outer-sphere complexes (Wolthers et al., 2005)

Mackinawite : realgar-like precipitation and adsorption (Gallegos et al.,, 2008)

First mineral product when Fe?* and S?- react

S2- : Sulfide has a strong affinity for heavy metals

Commonly found mineral

Nano size 2 High surface area (~ 300m?/g) > High reactiv C

Need to control size of the FeS = FeS-coated sgnz




™ Objectives

Understand geochemical behavior of Sb with FeS

Batch and spectroscopic study

Compare its results with those with As-FeS

Simulate the Sb reaction in contaminated soil column

« Geochemical reaction in various redox environment
N-CO « Observe the change of oxidation state of Sb

N

D Expected results
- The geochemical reaction mechanisms of Sb under S-rich environment

- How to utilized well-investigated As chemistry to understand that of Sb



Rhizosphere/vadose zone column test

M Column study simulating plant rhizosphere and saturated zone

W

§\ ’ 250ppm Sb- | WL
% contaminated -
soil

Real time pH
ORP monitoring

M Objective of column study

1. Simulating and Observing plant-soil-water interaction
2. Effect of redox condition on Sb behavoir
3. Solid phase Sb speciation using a synchrotron X-ray absorption spectroscopy



Spectroscopic methods as an useful tool

Key note: which technique should be employed?
Minerals can "sorb” ("sequester,” "immobilize") inorganics:

surface surface ppt. bulk-phase

ion exchange .
complexation ppt.

contaminant conc.

energy loss (-AG,.,) -

mobility & bioavailability

analysis of sorption phases using x-ray tools

x-ray diffraction (XRD) <+«—

P

x-ray photoelectron spectroscopy (XPS) < g

<— x-ray reflectivity (XR) —>

A

x-ray absorption spectroscopy (XAS) >




Worldwide Synchrotron Facilities
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Synchrotron facilities worldwide http://www.vegter.co.uk/residual-stress measurement/synchrotron-diffraction
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Division of the X-ray absorption spectroscopy in energy regions

XANES

(X-ray Absorption Near Edge
Structure)

Electronic structure
Oxidation state

Bond covalency

Site symmetry such as
T4r D4y and Oy, etc.
Spin state (low spin
or high spin)

10 D, etc..

Pre-edge

EXAFS

(Extended X-ray Absorption Fine Structure )

Interatomic distance between absorbing
atom and neighboring atoms

Coordination number of the neighboring
atoms

Debye-Waller factor, etc..

XAFS Spectroscopy

Perspective Sketch:

Absorption: | =1 e™* Liquid
Fluorescence: |, =1 u Nitrogen
Dewar

13 Element Ge e

Detector (1)~ ;
aNn i
- L1 11| X-ray
£ i {7 Beam
E ion chamber } . ion chamber
2 detector (I) 53PS getector (| )
Q

T
% T T T T
E_ 5000 5100

. . Energy (eV) Slide from Dr. Sung in PAL
4955 4950 4863 4F70

Energy/feV

]




As/Sb removal under varying pH conditions

As(III) Sb(III)
100 90000009 150 __100 0—0—0-0—0—0,,,‘ 500
=) . 3 X - 450
o0 =
E a0l o AR EE s 80 I . - 400
2 2
I gg o6 100 g i XXX -350 I
3 o, © - g
2 o8 75 S g 250 S
g 5 9 E
= 40 | o© S = 40} ©©®7 200 9
= . 50 & = I €
z . s 8 00000 150 £
E o0 | oo0 2 % 2 ¢ © 100 g
3  2OO4 ¥ P e 3 2
K e o 2 L - 50
oeeeeeseedc o . . 0 0 000000888 e000000000e0
2 3 4 5 6 7 8 9 10 11 12 2 3 4 5 6 7 8 9 10 11 12
pH pH

+% Removed As(lll)

<Total As left in solution @ C18 cartridge passed

© C18 cartridge retained

+ % Removed Sh(lll)

© C18 cartridge retained

< Total Sb left in solution ® C18 cartridge passed

As(I11) and Sb(l1l) removal efficiency under pH 2 to 12 conditions with the amount of dissolved As or Sh
left in solution and its speciation (I,= 150 mg/L for As(l1l) and 500 mg/L for Sh(lll)). Aqueous speciation

was conducted using a Bond Elut C18 cartridge.



EXAFS results of FeS reacted with As/Sb

X(k) k3
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e
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As{V]-solution
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T
3456 7 8 9 1011 12 0o 1
k(A)

pH5
pH7/
pH9

B
2

I T
3 4 5

R+A(A)

As-FeS reaction Sb-FeS reaction

As,S; ppt
As,S; ppt

Thioarsenite adsorption

Sb(III) Sb(Il)-O Sb(II)-S
[
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pH9 Thioantimonite adsorption



Sb(V)-cont. soil column test results(I)

1. After the initial weakly-bound Sb outflow, the Sb efflux of the
rhizosphere zone is more prominent

2. In the anaerobic zone, the reductive dissolution of iron in
natural soil was observed

3. The ratio of Sb (III) / Sb (V) increases as the reaction time
increases in anaerobic zone. The role of Sb reduction bacteria?

Q
E
7 14 - =
~ s Sh(II) 12 = Fe &
K S
é 4 [ | Sbm g n Ml‘l -E
v 3 5 1 =
2. 8 5
o 2 @
0 -+ T T T 1 0 - T m T T T T T 1 {
5 12 19 26 33 41 438 5 12 19 26 33 41 48
__:_____________; _______________
—~ 6 12 -
%I 5 10 - g
‘ E - 8 9
‘r‘ & o 3 6 )
£ 4 o
S . ) o
ooty B, . :;’ 0 o H g
T T 5 12 19 26 33 41 48 5 12 19 26 33 41 48 S
Aty o f’*ﬁ Time (day) Time (day)
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Sb(V)-cont. soil column test results(I1I)

1. Distribution of microbial communities in the plant rhizosphere and
column lower saturation zone
: ‘ 2. The redox state of antimony may be changed by microorganisms.

i . Before test | == ' B I
b |

@
|
‘ A - , @
o | W Nl £
= Rhizosphere o | Werci<ion
) k. ft 30d i El (i Saccharibacteria TMT |
N (a er ay) l | -__. I—l '_E Planctomycetes
: ghd = B Verrucomicrobia
a _‘ 4 -,:":, I ' I -_. l_l E B Germmatimonadetes
- Rhizosphere - g :’-?h'wﬂr*-
¢ (after 50day) < fedchactene
) B Firmicutes
l I -:. l]‘ B Actincbacteria
______________________ ] Protecbacteria
= CF B
] Sat. zone E Il Chlorobi
, (after 30daY) . | __- Ll E‘ _ Il Percubacteria 001
"‘ & U
¥y ¥ -
B N i
s - ' % . Sat. zone 8
3 S RS
' v SN R e ., - (after 50da ) :
, R g g Bl <
Column # 2. ' %

~



Sb(V)-cont. soil column test results(1V)

PR S VS

RS 1

b N

' Upel

& {;s' P

[ RSN

i .

Anaerobic zone &=

% Aerobic rhizosphere &

Column # 2.

o
..

P
O ‘3 oy .
g

S R

Sb K-edge XANES measured on soil samples from the upper
part of the column and the lower column saturation zone
Sb is more reduced in anaerobic soil than in upper soil. >
Reduction of Sb (V) to Sb (Il

5
X 4 ]
¥

E i E ——Top —

2 |

% i i ——20em - Sb(V)

= |

: I o

= i H —7cm
¥ Sb(I)
i i ——Bottom Ocm

T T T
30480 30490 30500 30510

Energy (eV)



Conclusion

- Interaction of Sb(Ill) with mackinawite was tested under acidic and basic pH
conditions and the reaction mechanisms of Sb(Ill)-FeS and As(Ill)-FeS were

compared.

- In both Sb(Il)- and As(Ill)-FeS systems, pH was revealed as an important

controlling parameter.

- Under acidic conditions the dominant reaction process was precipitation of

as sulfide minerals.

- Surface complexation was the dominant reaction process under basic pH

conditions.

- The redox condition of soil environment seems to be an important control

of Sb redox states



