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Properties of the Variation of Fe and Mn in the Vicinity of Soil Affected by
Forest Fire for the Development of Technics that Reduces Forest Fire-induced
2nd Damage from Gangwon Provinces, Korea

Dong-Yoon Yang', Ju-Yong Kim', Keun-Chang Oh'*, Wook-Hyun Nam' and Chung-Han Yoon?

"Dept. of Geology Division. Korea Institute of Geoscience and Mineral Resources, Taejon 305-350, Korea
’Dept. of Mineral and Energy Engineering, Chonnam National University, Gwangju 500-757, Korea

This study was carried out to prove the factor properties of the soil affected by a forest fire through the physical
and chemical analysis and the data from the conclusion of those analysis are applied to the development of tech-
nics that reduces a forest fire-induced 2nd damage. The forest fire was in December 2000 at Gangreung city and
Donghae city, Gangwon provinces, Korea. Soil samples were collected at upper layers (0-5 ¢cm) and bottom layers
(5-40 cm) in November 2001 from the burned and control sites. Values of pH in burned soils of the upper layers
affected by forest fire are higher than those in control soils. Both the fragments of fire-burned plant and differ-
ences of geological properties are resulted in a class of soil. Contents of organic matters in burned soils are higher
than those in control soils, exceptionally the contents of organic matters in burned soils that contain coaly shale are
lower than those in control soils. Weathering indices in burned soils are higher than those in control soils and it
concerned with loss of soil. Iron ions (Fez“ or Fe3+) are easily extracted from the burned soils by rainfall, but Mn
ions are straightly exist in the burned soils by physiochemical adsorption of colloid. Through the sequential extrac-
tion in the burned soils and control soils, we are certificate the extraction of Fe ions and the disturbance of Mn
ions from the burned soils. As a consequence of factor analysis in burned soil and control soil, we are certificate
that the influence of forest fire results in a disturbance of positive correlation factors.

Key words : weathering indices, Iron ions, Mn ions, sequential extraction, factor analysis
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Table 1. Range and average value of the characteristics in burned soils and control soils from the studied area.
Samples
Characteristics A B ¢ b E F G H
| range 18.0~35.0 18.0~32.0 24.0~-36.0 25.0~30.0 22.0~35.0 24.0~31.0 - -
siope average  26.4 25.0 27.2 27.8 27.5 27.6 - .
H range 5.24~6.34 525~546 5.35~5.82 4.90~531 587~7.30 5.67~6.09 5.18~6.04 5.54~5.91
P average 570 5.36 5.54 5.13 6.41 5.83 5.62 571
Organic matters range 541~10.5 5.00~7.55 592~15.6 7.80~14.6 4.65~17.6 645~8.72 4.64~7.39 4.29~6.94
(%) average 7.14 6.16 9.34 12.3 8.42 7.62 5.80 5.86
ALOY(%) range 7.78~16.0 133~14.6 9.80~12.4 949~119 9.49~14.8 14.6~188 109~16.0 11.9~23.8
(4
2 average 11.8 142 11.2 10.4 124 15.8 134 153
K,O(%) range 399~8.64 539~10.1 1.66~2.78 1.69~2.14 1.79~3.00 1.90~2.45 199~3.64 2.16~3.32
(2
2 average 6.31 8.07 1.97 1.85 2.26 2.13 2.55 2.67
Na,O(%) range 1.23~3.19 1.04~1.50 0.52~1.24 0.64~0.82 0.54~1.08 0.39~0.67 0.41~1.01 0.66~0.85
c
z average 1.84 1.25 0.75 0.74 0.72 0.51 0.66 0.76
total Fe(%) range 1.14~2,18 1.44~1.72 1.68~2.80 1.78~1.90 2.05~4.73 2.89~3.98 2.39~5.32 3.25~5.14
(2
average 1.51 1.55 2.16 1.85 3.04 3.36 4.08 4.12
total Mn range 186~666 180~294 198~1254 276~342 426~1572 312~744 144~1224 336~426
(ppm) average 364 246 437 310 817 479 393 389
W1 range 1.11~1.78 1.25~1.96 3.00~5.24 3.20~4.82 3.23~4.94 5.32~7.84 3.25~499 3.62~5.97
average 1.46 1.58 4.20 4.06 4.21 6.03 4.25 442

*Abbreviations are A: burned soil of hyangho-ri, B: control soil of hyangho-ri, C: bumed soil of Yimgok-ri, D: control soil
of Yimgok-ri, E: burned soil of the upper layer from the site of Mangyang-dong, F: control soil of the upper layer from the
site of Mangyang-dong, G: burned soil of the bottom layer from the site of Mangyang-dong, H: control soil of the bottom layer
from the site of Mangyang-dong, and WI: Weathering Index.
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Fig. 5. Physical and chemical properties of soil from the studied area. Abbreviations are 1: burned soil of hyangho-ri. 2:
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site of Mangyang-dong, 6: control soil of the upper layer from the site of Mangyang-dong, 7: burned soil of the bottom layer
from the site of Mangyang-dong, 8: control soil of the bottom Jayer from the site of Mangyang-dong.
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219 Fategho) WA et A AEE Q3 25
A g@ 7t AEx] HE9 AbS 2 A=
AFRES 2y e Fel =

gz Hdo] HAoa FEZH Asted glon,
o) o] w|egk AdEelA ey A, e
uhgr Sof <1sh 23189 Bkl dFo] A %
e Aom AlEEY, Weks SalFAA HEY A
Lol 2MEE QlEle] HENTL Apde] kS Wb
AR T AE(B-40 cm)7PA ] G 7R F& Ao

2 9% 4 k.

4.6, FeltE BEEXEY

2zl Feghagko]l w7] o] EY F Fedtdk
3.8%=Z v|n3 =A EEdrh =3 33E, FAEY
Fedhae 0.35~059%% V|3 w2 whHo| T E9
Fedhae 93%% Hlnd & 702 d4uA ke
AZ . 1996).

Age] AFAE =o]7] Y35l blank test, duplicate
test, overall recovery rates testsS AN oH,

g - 02F - UeE - 24

olg] A FFsl AnE FAskL BA s

TR G| Fe@dre FawiA A%}
R G52 2SS AYslas AHEARTRE Y
ol e i REE Jeplon, FES} AE
H\ w3 Aaks v)wA)9 AHER] FE02 HECXA
9 =& FedFEEE Jeplin Jrik(Table 1, Fig
5). e AME 2EF F9 Fedit FeftollA
Fel*2 47 8% risdtnz 7t A5l
oJated AHEX|Q ZAYA TAE wEh TR 4
A S2EUL Aoz AL} uebA Feghade 4t
EX R BaAoA] 28)E & FFREE VE
Y 2oz sddn, dESe Fedtdgo] &2 ol#
T olfF oY RoE AlEdrh 2y, A5
5= d9Hog PuA T 1.85%) Rk 23513
AERFHF 2.16%)004 T B Fe@gs Holed],
ol RE9] wgo] HAE] u|ekst ¢lFa]e LHEA|o|
A AER QlEk] AbslE el ke FIRBIRAAIT -
U s ot falEvg 28] JF e
2 2y #AZ vwA f4e] FEkel AUE A
o2 g 4= Auk 2 AR FEO| AR
A go] 2HEE sl ojujgh Jaks WkEA] AL
e A7} AUrkar £t

A&FE ol g 4HEA9} vl BE0-5 cm)
Z Fedl A 82542 59H419] Residual > 447
9] Organic and sulphides > 1574 2] Exchangeable
> 3241¢] Fe and Mn oxides > 2247419] Carbonate
or specially absorbed fraction?] &=AZ o] &2
5L Bk =3, A wks el at2e
AHER) 9} ¥ A HEG40 cm)e] A5 AP
HESE 27 28 5979 Residual > 19719
Exchangeable > 32412l Fe and Mn oxides > 457
9] Organic and sulphides > 2%7] 2] Carbonate or
specially absorbed fraction®] A Z FEo] 2 &
£EAS JePUt(Table 2, Fig. 8).

Feo] 8&EXoA Boldt AR AEAM 4=
9o £2%%F4S YEhWY 49412 Organic and
sulphides fraction®] FENME 28K 2 & £&3
& Uehd Holt}. ol vlte] wetd EckFd B
o okt Avke] ez EAskE 19Alet 39
9] Feol2E0] AHE3o 7950l ¢J3te] FeAd#ol

85 o] vehdt Az siAdn.

o
B
gﬂ
400
=
2

5

i

3

4.7. M\n&t2 2xsYy
ok 2 w7re] ke 850 ppme g Azt & Y7k
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Table 2. Sequentially extracted Fe and Mn concentrations in burned soils and control soils of the upper layer from the

studied area.

Fe (ppm) 1 2 3 4 5

A range 14.2~308 20.1~33.8 45.2~151 72.2~194 8163~20887
average 136 29.0 80.1 136 11582

B range 8.60~151 36.6~41.7 50.1~69.4 82.4~111 7549~12974
average 79.1 39.2 58.6 96.6 10790

C range 67.4~271 10.8~49.6 85.0~264 755~935 13896~28548
average 162 343 157 825 18204

D range 14.0~122 17.5~29.4 56.4~270 726~937 12762~13522
average 77.8 242 136 806 13262

B range 45.9~266 1.92~12.3 78.6~177.9 145~244 18765~49869
average 123 6.11 123.4 193 31535

F range 18.0~179.7 0.56~17.4 81.5~124.8 152~195 17577~42444
average 69.7 11.4 105.7 176 32108

G range 51.4~223 2.16~18.6 60.2~106 11.1~59.4 21087~66600
average 108.7 11.5 81.4 30.4 39780

H range 86.3~161 0.88~9.60 67.7~127 19.0~78.4 25492~48060
average 126.9 4.75 94.7 44.8 35002

Mn (ppm) 1 2 3 4 5

A range 6.08~34.2 5.04~51.9 12.5~78.5 8.62~33.8 43.2~299
average 20.7 16.4 444 216 152

B range 8.76~19.3 4.32~8.08 6.88~20.0 4.60~8.88 84.6~169
average 1.5 6.18 12.1 7.32 114

c range 3.80~37.8 6.88~29.2 9.90~145 5.50~24.7 101~140
average 15.6 13.1 41.6 109 123

D range 7.88~52.3 8.08~16.6 16.5~26.4 7.36~15.7 108~122
average 19.5 14.3 22.4 11.6 113

E range 5.44~27.3 8.80~23.0 51.1~367 26.6~48.1 128~218
average 10.0 13.5 161 35.1 155

F range 0.92~3.48 6.32~13.4 30.8~104 17.4~40.1 110~268
average 1.99 10.8 67.1 319 161

G range 6.00~16.8 7.92~10.8 7.66~498 5.92~9.74 93.6~205
average 8.97 9.37 83.5 7.61 143

H range 4.52~8.08 7.84~10.1 18.4~89.3 5.76~8.40 95.4~234
average 6.50 8.80 39.5 6.64 146

I: Exchangeable fraction, 2: Carbonate or specially absorbed fraction, 3: Fe and Mn oxides fraction, 4: Organic and sulphides

fraction, 5: Residual fraction. AH are same as Table 1.

o] glakel 950 ppmat} HiSzaITh. W7k Ho[7tm=rt A
2 e YAT St HYo s S o, A
o] W3} B Z FAAHHA MnO, Mn?*Mn*t0?
(OH), MnS, MnCO; 5o g47HEg 4=
3hY, 2189 SFEAET FPAARE F/T Haol
W, 3 2EA Wel Fat e AxIgAle] dEe
= F AthYEF, 199).

B AR HEZY MnHadh#e HmA oA 7}
z} 246, 310, 479 ppm, AHEX|A ZHzt 364, 437,
817 ppme = Ao, HEFS] MnH 8
Bl 2o 389 ppm, AHEAIOA] 393 ppmO.E A
Hoh AR Heet RS vudt die A
B9} njuA FEoE FEFO MnHudrdge] 95
3] ®& oz Eldti(Table 1, Fig. 5). o138 2
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Ag. 8. A diagram of sequentially extracted average concen-
trations of Fe and Mn from the studied area. Abbreviations
are A: burned soil of hyangho-ri, B: control soil of hyangho-ri,
C: burned soil of Yimgok-ri, D: control soil of Yimgok-ri, E:
burned soil of the upper layer from the site of Mangyang-
dong, F: control soil of the upper layer from the site of
Mangyang-dong, G: burned soil of the bottom layer from the
site of Mangyang-dong, H: control soil of the bottom layer
from the site of Mangyang-dong.

e AEER AAE 2E5F F9 Mno| 5y AET
of ojsle] wirkE FAER R F FYHEES I
ko] HER BEeF ol IR AREEe EA E
% & MnE#el =74 veid Aoz MY, HE
Zo] Mntgo] vlsle FEZo| Mniho] 52 o)
T ZEF YAEEe o8t Yoz Myoe] riEst
o}, 2 AFzAz v|sg ARk s 17 Ye] Ad
AHEAE YdeRE MngEe 493 A7 (Gonzalez,
P ] etc, 19960 4AH2A9} Blwx] & F9
Mnsd+sheo) z+z} 916, 434 ppm, AFER|2} )W)
HE o] Mngastede zhz} 585, 241 ppme 2 1}
et 015 2 dA7rdxe} vlwst s, vlmAe} 2k
A HE Fo| Mnge] zol= M= vkt A4S
HYon, 28X AE Fo MngFe Aole
Gonzalez 5(1995)°1 2t A A3} dolslaict.

[

L

g - 03W - 9SA - aHY

Al 2 JrAd PkE FelFL A
o] AMETEA] XA g2 Aiolrt.

& gk AR YA HE(0-5cm) 5
o] Mno| £-&5/92 5479 Residual > 32719] Fe
and Mn oxides > 2Al9] Carbonate or specially
absorbed = 19HA419] Exchangeable > 42412] Organic
and sulphides fraction®] £=AE §Hgko] & EAS
vebich £33, el BdE SelaALT2e e
A AEG40mY] AEFELT A= 55A 9
Residual fraction > 35t412] Fe and Mn oxides > 2
A2l Carbonate or specially absorbed = 1%HA2]
Exchangeable = 4% 2] Organic and sulphides
fraction®] AZ o] F& B4 velon, v
A AES A%FZAAE 0|9} vl tE &
Z7%ko] T35 55HA19] Residual fraction > 3517
9] Fe and Mn oxides > 2%+l ¢} Carbonate or
specially absorbed > 1%+4]2] Exchangeable > 447
2] Organic and sulphides fraction®] &A1= e
tH(Table 2, Fig. 8).

Mnol&2& o]FAo] AL gl dARA o=
ol 9gk Mno| £92 Aol gigled, 238
ujFgounl TEZFA Mnghao] Z7Hsk AREE ER]
g uf ok 919 EEAAAME Rl B 1
Aol 3Tl e HE HEFAM 2 MnY &
Edo] FEISHA T 2HA|, 194, 18]al AgA oA =
BEZFo &840 watse 48 #R1% 4 rh
ol AMEE %l Y Mnol&Eo] vl He
sreko 2 EAdhe AgdAlel dEFS Fof Vet A
=2 Aladnh

EE

g o% 1%

4.8, 20EH

A AFAY 2] AbeAet vlwAlel ik &
2] 5%k Fe, Mn5-9] sFeHEAM ol thale] 4%
221 (Principal Component Analysis)Ho 2 Q91
FE35on, g 9918 FZ317] 2l5) eigenvalue
1ol e AEsiich. a1y} WMk Al 4
| 3171 $15te] Verimax 34%-S o8-8l eigenvalue
£ APtslslom, 9d¥=E 0.70]/d9] $E(positive)st

LAAAFE A 3 HdFye zhe AL BRHS

Y

(od

X,
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Table 3. R-mode factor analysis for the burned soils and control soils in the surface (0-5) from the studied area.

Principal X . . Eigen Proportion

Components Elements of positive factor loading value (%)

Factor 1 Mn-pH 2.34 39.01

Factor 2 - 1.45 24.11

burned soils 5 5 -
L . Gy . 1gen roportion

Varimax Elements of positive factor loading value (%)

Factor 1 Fe-pH 2.16 39.01

Factor 2 Organic matters-Mn 1.62 24.11
Principal . . . Eigen Proportion

Components Elements of positive factor loading value %)

Factor | Fe-pH-Mn-WI 3.13 52.15

. Factor 2 Organic matters-slope 1.54 25.75

contro| soils

- o . Eigen Proportion

Varimax Elements of positive factor loading value (%)

Factor 1 Fe-pH-Mn-W1] 3.13 52.15

Factor 2 Organic matters-slope 1.55 25.75

Table 4. R-mode factor analysis for the burned soils and control soils in the subsurface(5-40) from the vicinity of Donghae

Service Area of Donghae city.

Principal e . Eigen Proportion
Components Elements of positive factor loading value %)
Factor 1 Fe-WI-Organic matters-(Mn)-(pH) 3.65 72.98
burned soils - - - -
Varimax Elements of positive factor loading Eigen Proportion
value (%)
- Rotation not possible with 1 factor. - -
Principal o s . Eigen Proportion
Components Elements of positive factor loading value (%)
Factor 1 WI-Mn-Organic matters-(pH) 2.98 59.62
) Factor 2 - 1.28 25.53
control sotls - -
Varimax Elements of positive factor loading Eigen Proportion
value (%)
Factor 1 Organic matters-Mn-WI 225 59.62
Factor 2 Fe-(pH) 2.01 25.53

9l 12, 715943 Mavlo] 9] 28 RRs:
01:6} u]t— /HQA 14'75}"4%1 °'Tjr(Table 3) :LdL)r ]n_

o o o

o] A=
o= 3% #efl= WI-Mn-Organic matters-(pH)7*

&k LtcHTable 4), Hliz] Ao

Al HEAIRA tieh 20 Ao meaxﬁ]** [RIEF7E oF 60%4] ¥ AYEE ke sl
A3 5‘?-01] FEH0 8 FepH-MnWIVt oF 52%9] # e o) Varimax 314 Folli= Organic matters-
S AHEoR g%l 12 EREI 9dom, 2] 28+ MnWIsol £2] 12, Feot pHy} 891 22 1 ¥&
F71EEE Ak dedt BR5ES VRN S/go] AR Blom Vepgrh(Table 4).
L}(Table 3). =9, A BFE FAlFAA T2 oldel L Fol 2 A, AHeA| ke A9
A AEo] e 8FFAANME FeWl  oliz aQl¥f5Aol Daly el sk 49
Orgamc matters-Mn)-(pH)7+] 221877} 72.98%2) 21z v Hale] we ubHo] ulwx| HEe| 7
wE AREE zhe A0® YEEOn, Varimax 3% Solle o9 xS0l 24zt FEd SuREAS ek
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