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The study of biogeochemical behavior of iron in low

temperature environments

QA M| CH =t



ild

Al

1o

-t

KO
<

&l
1l

oy

ol
ol
=

o

&l
wr

b

bRI2l 2

=

?”
b

o
=

)

X0
ur

Wl
o

A

tRIel 282082 HE

Rr
r2)

A0
=
<

—_

my

-
1o

LIC.

n

soip”

AN Fell A

|.

ol

P

=)

N2l X

.03

2017. 03

ol
=

B
Al
0

P

AICH St W Xl =2 Al

50
@

o)

—_

wr

ok

O

KJ

n0

ol
=i

)

-

wr

ok

L H e

2

80

-

ol

=1

©



BiA 22

el A A28 ol o] YA 51etA Feo] A%F AT
_ 3 FHA| S FeHA
EF 5 o] 1 ° 33 o °
AeATH AR} AR Ao o] 9] 2= 39 e 30,000,000
A8y 4 . - .
i;jl , % AA e A FA] 2 )8} 3} #7199
TAFEAT qd= Fol=d 713y
A
QKHATATHE FHOE %A 500401 FvAlE
T

1) EFA RS} s34 28 v gjotE ] &3k Fe-liberation batch A3
- Batch &3¢ time point# 2 H3hel dtegjote] Hl& W3S B4
- o] B Adel AAET control AF ¥ TEM, XRD &4
- 224 A RE g FE8HE 24
- §53 AFEo] U3t BEA T2EA,
- W8 AIZPE solution W3S RUE Rt FEwsle] 3t index® &&
- W57 gA2" AR el A

2) AW A microbes} F3}3} Hh-g-of <
- AW A microbe$} 3318 wh-g-ol] ©|gk Fe-liberation

= B2

(TEM, XRD)

Extent of Fe(Ill) reduction 7% 4

=

4 4

W3S LN222 35 WZ4AA B85S A3, MY FE 7+ &4
3l Fe-liberation A¢ Z7o| td A+
S gsty] A APEA test

3) 'itd 3= #A A=A ¥ AT
- Fe-8Ht A0 tigk 7124 218 &st7] g pre-test
g = | ok EA A, H W, A v, HEFE ol AxsEtd H 3
4 el of
(7 570 ©]h . . . e .
& o CO, reduction, Fe liberation, Ocean Iron Fertilization, Clay mineral
[¢]

alteration, Microbial Fe reduction




ko
12
el

[. A28 Aol HA5HA Feo] AFAT (1A

LY
A
Y

(]
k]

o
bt
N

12
2
>

L
A_
ifl
Jﬁ
rlo
Ju
2
ro
o
rlr
A
o
it
rO
N
Y
K3
1o
%
=
o

2]
T7F =387 (extreme env1ronments)a ode= &3] o] FojXal 9l o1k(Zhang et al,
q

2013; Montross et al, 2013), 54X FHAE 2 F*

eolMe] AFE oh&zA uHls,
SAGA NN BRI A Te] Wl .%L $E ¥ 3 volggol MRS 4T 3% wAY
Zol B9 AT/t 2 ARHlAT 9oy, o8 FHY F Yt BEFAH 54 9 MAYE
del A AT A9 REG AAelt Sal vAEA S8 FE | T2 AT
o) grue FEo TxA WHEY ole) ol Eisht E HetET Axgle] 2

FFS = B AT (Vorhies and Gaines, 2009, nature). 12} 2] EFSAG oA 2~
HEPolE, dEho]lE HEZE G Fe-oxided &2t d 39 mAE o3 2HElo]E-Ye}
ol]E Ho|da U Ho] Reductive dissolution®l] thdlt WA 3}z AA/AL HAA7IA ATH
vb 1oz, ol#fgk WiAYF o8 FEEH= Hel sl @At 9&Ss st =%
A+9] Bloomingoll Wik A#A A Hu # #f gloh

rr
>

M. ST e g 2 e

1) EYAEe sy H3 vhe|glofE ©] 83 Fe-liberation batch A3

® Batch 439 time pointdE g Hre g oto] HlE WHE &4

e ujofo] Et Ay AxEF} control AlE| tIE TEM, XRD #4: TEM % XRD &
A AdPATolA AHEFE BR o] & (Kim et al, 2004)

o 23t AAFE gk F=H4 4 (TEM, XRD)

=

)
‘I {
By
o

S AFpEol gk FESH FREA, Extent of Fe(lll) reduction 74 2 3|4

i
>

® A 7HH solution W3S ZUE 3], 3EM3lo] )8 index® &



o H3lyl B E A Ao HLL [N2OZ F4% WZAA WS X351, AAHE BE

Tz B

_IJH

2) AWA microbes} #3}8t HH-Z-o ©|& Fe-liberation A @27 tigh A+
® ZAWA| microbes} #3}st Hk-3-of 2|3k Fe-liberation2 &<1slr] ¢ Ad=xA
o test

1) EGAIES 34 HE vtd glolE o] &3 Fe-liberation batch A%

® Batch 439 time point'BE g e goto] HlE& WHEE &4

=

o =3 AdEd g FEHH FEEA, Extent of Fe(lll) reduction 4 9
2

® Bioalteration ©°l 3l E2]
HEZZ9 A8t Hol A&

2) ZA] microbe®} 33}t BEZ-ol |3 Fe-liberation A @0l thdk A7
® ZAY A microbe®}t 33}t REZo] 93 Fe-liberations %18t7] 93 H A 9
APz gl 1Y
3) Bt F= A A9 =4 d9 AT
® Fe-THitd FA tg 7122 21E& &) AF pre-tests %13
AL ARe] 8AE
Fe-&4H 3= (siderite) o FAHS B3 Saed AABE osfstr] 93 HHog B o
79| Fe HIS3LE S &A% Ao Astetd 7ute AgsE F Ue 72dT AR
ggo] 7hesttt. ol#d AAREL EFH o] F& A HolA Y mineral alterationo] U]
biological effectell W& 7FsdS AASL Jdom, EYF Ao A9 Fe liberationol] <|gh
antarctic ocean®] M Z-& Fe source®| new pathwayZ4] 283t g4 A7 d&& 3t
AEA EFAEY Bloomingdll = ¥FS £ F Ue A= 3T B3 dF8) oA X
BA AR89 olitEt e S A VRS 1EE F de 4 V1x AR FE Y o)4tE}

©a Y A 71E Al AZsE G4 AR FE Bl shsseh



SUMMARY

I Title

The study of biogeochemical behavior of iron in low temperature environments

II. Purpose and Necessity of R&D

This proposal is focused on the microbe-mineral interaction in extreme
environment, for example the bio-alteration of smectite clay minerals in soils
of the West Antarctica. Although the study of mechanism for microbial mineral
alteration and transformation in the polar environment has been recently
launched, there are a few of research about relationship between mineralogical
characteristic and microbial activity. Particularly, mineral structure modification
and chemical composition “of soil are altered by microbial extraction and
reduction of structural Fe(3) from minerals (Vorhies and Gaines, 2009,
nature). The objective of this proposal is, therefore, to understand effects of
microbial alteration (that accompanies with physical and chemical weathering)
on the soil minerals that influence the origin and distribution of clay minerals
and iron oxide. This result will indicate that the feasibility of the microbial
Fe-respiration utilizing minerals and possible mechanism of phytoplankton

blooming by Fe-liberation related with CO2 reduction to the Antarctic ocean.



III. Contents and Extent of R&D

1) Fe-liberation batch experiment using soil sample and psychrophilic bacteria
® Analysis of proportional change of Fe-reducing bacteria depends on each time
point
® TEM/XRD analysis of the consequences of microbe-soil interaction and control
(Kim et al., 2004)
® Mineralogical analysis of microbially induced secondary mineral formation (TEM,
XRD)
Interpretation of mineralogical analysis, extent of Fe(Ill) reduction

Observation of solution change to use index of mineralogical change

2) Study of microbial Fe-liberation experiment condition in the freezing process

3) Experiment of carbonate mineral synthesis : international cooperation study

® Pre-test to check condition of Fe-carbonate formation

IV. R&D Results

1) Fe-liberation batch experiment using soil sample and psychrophilic bacteria
batch experiment using psychrophilic bacteria
Analysis of proportional change of psychrophilic Fe-reducing bacteria depends on
each time point
® Measurement and interpretation of structure of altered minerals, extent of Fe(Ill)
reduction

® Discussion about bioalteration of clay mineral

2) Study of microbial Fe-liberation experiment condition in the freezing process
® Determination of optimal experiment condition about microbial Fe-liberation in

the freezing process

3) Experiment of carbonate mineral synthesis : international cooperation study

® Pre-test to check condition of Fe-carbonate formation



V. Application Plans of R&D Results

Research purpose of this study is to understand the carbon cycle in Antarctic
ocean, it can be used as a basic study in order to provide geochemical data
about CO; reduction through Fe-fertilization. These results suggest the
possibility of biological effect of mineral alteration in polar environment. It is
also expected that the new pathway of Fe-liberation to influence the
phytoplankton blooming which can affect CO; reduction in the Antarctic ocean.
It is possible to utilize the Dbasic research about mechanism of

eco-friendly/low-cost ocean sequestration of CO, in the Antarctic ocean.
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19 1) Monitoring of Enrichment culture and control of NAu-1 sample
(Kim 2014, unpublished). (54} ¥3}7} iron reduction)
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1. Lepidocrocite(Lp) 2. Goethite (G)
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1. Iron Hydrogen Carbonate (FC) overlapped with Chukanovite (Fe,(CO3)(OH),)
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