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ABSTRACT : The present study is focused on the granite weathering and soil formation, and the heavy
metal contamination in soils in the Onsan industrial area. For profile study, soil sampling was conducted on
each depth and experimental analyses have been conducted on those samples. X-ray diffraction analyses show
that clay minerals consist mainly of kaolin minerals, vermiculite, and minor illite. Most of kaolin minerals in
the lower part of the profile consist of halloysite as confirmed by formamide intercalation, but the content of
halloysite decreases gradually toward the surface since it has been transformed to kaolinite in the upper part
of the profile. Thermal treatment by heating at 1107, 300°C, and 550°C shows a diffuse and broad peak the
between 10 and 14 A region in X-ray diffractograms. This suggests the possible existence of the hydroxy-Al
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interlayered vermiculite. Na-citrate extraction method reaconfirms this result showing transition of 14 A peak
to 10 A by removing the interlayer materials and restoring the vermiculite to its original state. The
occurrence of hydroxy-Al interlayered vermiculite is also supported by soil pH distribution from 3.9 in the
lower part to 3.6 in the upper part of the profile. Sequential extraction experiment was conducted to
investigate the states of heavy metals in soils. The experiment shows that relatively high amounts of heavy
metals are concentrated in the upper part of the profile and that most of them are bound to Fe/Mn oxides
and organic matters while less concentration in clay minerals. The result indicates that most of heavy metal
pollutants are concentrated in the surface soil and that the low concentrations of heavy metals in clays are
mainly due to the low adsorption capacities of clay minerals such as kaolin minerals and hydroxy-Al
interlavered vermiculite in aciditied soil condition.

Key words : acidified soil, hydroxy-Al interlayered vermiculite, heavy metal concentration
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Fig. 1. Geological and location maps of the Onsan
industrial area.
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Fig. 2. X-ray diffractograms of bulk soil samples in
the weathering profile in the Onsan area.

Table 1. Quantitative mineralogical analyses of soils

from the Onsan industrial area. (unit : wt.%)
Horizons Quartz Plagioclase  K-feldspar
A Al 1467 (11.5) 11.0 (£0.8) 26.5 (t1.9)
A2 [44.0 (12.2) 142 (F1.5) 254 (£2.5)
p LBl [43.1 (£13) 160 (+0.7) 252 (*+1.6)
B2 442 (L14) 17.0 (£0.8) 182 (£1.8)
Cl |37.1 (L1.3) 19.0 (£0.9) 15.1 (£1.9)
C | €2 1293 (£0.9) 292 (T1.0) 13.9 (L1.7)
C3 1247 (+0.8) 356 (£1.2) 15.7 (£1.5)
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Table 2. XRF analyses of bulk samples in the soil profile of the onsan industrial area. (unit : wt.%)
Horizons Si0;  ALO; FeO; TiO: MnO CaO  MgO K-O Na.O P.0Os LOI Total
A Al | 6256 17.36 5.59 0.56 0.09 1.05 0.74 3.16 0.84 0.08 7.96  99.99

A2 | 6237 17.79 573 0.56 0.10 1.16 0.71 3.04 0.72 0.06 791 100.15
B Bl | 61.75 18.13 5.84 0.62 0.08 1.28 0.68 2.70 1.07 0.05 7.91 100.31
B2 | 61.58 18.62 5.86 0.65 0.08 1.28 0.71 2.64 1.00 0.05 825 100.72
Cl | 6097 1850 6.02 0.57 0.08 1.21 0.82 2.82 0.99 0.05 7.69  99.72
C C2 | 6222 16.65 5.37 0.56 0.10 1.50 1.11 2.73 1.71 0.04 6.23  98.22
C3 | 61.77 17.08 5.03 0.48 0.09 1.61 1.04 2.98 1.95 0.03 571 97.74
SiOp (wt.%) Ai203 (Wh.%) Cal (wt.%) Na,Q (wt.%)
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Fig. 4. Compositional variations of bulk soil samples analyzed by XRF (wt.%)
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Fig. 5. X-ray diffractograms of clay fractions in the
soil profile in the Onsan area.
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Fig. 6. X-ray diffractograms of the clay fractions after
formamide treatment.
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Table 3. Chemical analyses of the supernatant solutions after Na-citrate extraction of soils from the Onsan

industrial area. (unit : ppm)
Elements Al Fe K Ca Mg
Horizons avg. (8.D)) avg. (8.D.) avg. (8.D.) avg. (S.D.) avg. (5.D.)
Al 75.36 (0.72) 20.32 (0.08) 14.38 (0.02) 4.99 (0.02) 0.83 (0.02)
Bl 87.68 (0.43) 16.16 (0.11) 10.98 (0.01) 3.97 (0.02) 0.78 (0.02)
Cl 66.72 (0.43) 12.88 (0.18) 12.58 (0.01) 4.14 (0.03) 2.43 (0.02)
C3 ‘ 47.04 (0.62) 8.26 (0.22) 6.78 (0.00) 3.44 (0.02) 0.88 (0.02)

(avg. : average; S.D.:

standard deviation)
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Table 4. Heavy metal contents of soil samples in
the weathering profile which were measured by

sequential extraction procedure. (unit : ppb)
Fractions Profile Cd Cu Pb Ti
samples
Fraction | Al | 213 425 638 956
b BI 118 <01 118 472
(extracted by T 001 <00 <0l
distilled water) ™37 070 119 < 0.1
Fraction 2 Al | 433 3685 16484 2287
(extracted b Bl | 219 <0.1 20766 3052
M MoCl Y oI Cl | 258 <00 14219 3380
gtl) C3 | 111 <01 2553 2776
Fraction 3 Al | <01 730 850 122
(extracted b Bl [<01 <01 2267 120
lMeXCl?lcCeOOT}\/l Cl |<01 <01 1133 267
: A3 <01 <01 515 276
Fraction 4 Al | 717.1 9441.6 222503 < 0.1
(extracted by Bl | 7466 < 0.1 170553 < 0.1
0.1M Cl | 8635 <01 164338 < 0.1
NH:OH - HCl) | C3 |1002.7 < 0.1 65755 <0.1
Fraction 5 Al | 893.1 4215.0 6993.1178878.5
(extracted by Bl | 364.1 2357.8 11391.5 89348.5
0.02M HNO; Cl | 1245 1179.8 71322 72998.0
and 30%H:02) | C3 | 61217499 1774.5 874812

A5 Sl Fig. 9-C). ol &
Aagteln) MEal EAs

L

=
Aol gfst dA F7] WEdd

e By olygr EFY 40 =7t
UFE w7] o] Es) ojFdx thE git
& %“«1 PAo] ofHY S Aoz BT
AdGA N M= FAkgtolld A dS o
£33l FHoleS FEHs9. 1 A3} Pbe}
Cd7} E%F BE ZoloA i—r:% FeE A&
Rom Cud 7% o dA A} uR A2
Aot Jugog we gor FH

o} AATHFig. 9-D). SAH .= Tie] 7§
dANA A HEHA FUt o] @AM
vg-

Ae Ao FHEHM, o] GAAN F2H o
9] ko] AAHO T ThE WA MWE.E} “‘E}
= e 082 EY FHEERY sy A
5 O B 49 FH0125 FFtn e
AE ou|grh

052

A = A SEA O A BHabslra EHE o] &
sto] FE3 A9, E4% U g4 25 AT
e o] F&5 AUrhFig. 9-E). oj3 A=
EG W o] Agugo] EY F7]1E <
ol FAH USE s 53 Tio A4
EY U T3 F55% TFEY AY dFEo]
o] dAA FE2H FoZ yeyton, o&
ES Ul Tigl F&o] tjiE 7= o o
ojula UL AJAREILE dutdg o g o] whA o
A FEE YR A4V ES ARZ A5E
I o] HAR FhEke AEE RAFe AL
FEEol B ARAAM FYHAS B oy
2t BEY ARE 45§78 Hl&0] oA
7o YEhe HEQ Ao g A E

A&FZA80] 7+ AN veld dis
S %8 2d AEE AV f71E JHE
Ao e Fad oY Mg E A
HZ EAste AR AdFos Ete AR
S & g Utk oo v HERFEY HEe
1 FA HlEo] Aoz v e B T 9
ok 39 V1Y EY oA 545 F4
Foste B4 A HEHFE, i E, 19
I F7E 5 A 7M. B o9, olyd Ay
t HAERE & F A ug Aize
2 F3RFYo] WolzAgE AL v

Olﬂ%?‘& A7 YA 9 olf= AA F 7}
Xli . AAZE AR2FEH HEEE

o]

_4

mﬂmﬁ AEEo §718RTE A
7_4—;0; AdtEo] ok3l HEDBE Z2w)o] 9
£ F&olesol BAHYY] fRolth el
Fe PAHE FEFET AA7} ol A
Hol AdHoR e B2 745 2]
Fol, A B U] FEBEA IF FIS
2o Faseol Wolx] Wiolth AET
9 Hd% dzgue 2

Fl

i &

N

Br

=

2 o
it
2
ok

o=

st

o
Mo = o -

&L o M o
X O lo phy

o,

o rfo

7] w E EYd A e
AA Zehal B Ashy 08 =7t
A HRE Aer 50



SAFYAYG A BY 225t oMo dELES AT FF& ol AFel A FE}Y A7

(A) a) Cd b) Cu (B) a) cd b) Cu
0 10 20 30 40 5 0 10 20 30 40 50 10 20 30 40 50 0 100 200 300 400
o A 0 . 04 ! | A 04 ! L | ,
» P S~ S — <
Depth . Depth| . ~ - = Degpth - Depth{ - -
(em) » (em) & {cm) . (cm)
‘. ’ \\
,
50 4 50 4 50 - . 50 4
.
K
100 -4 100 -9 100 o~ 100 4 5
c) Pb dy Ti ¢) Pb a)Ti
0 10 20 30 40 50 60 70 O 20 40 B0 80 100 0 500 1000 1500 2000 2500 O 100 200 300 400
0 P S S M S R MO PO " o ! : . i
P Y 17 Y < !
Deptty -7 Depth - Depth ~ Depth AN
] . (em) e (em) V| em . \
’ ’ . -7 , ., \\
1 , .
50 4 50 4 50 4 K 50 4
\ p
Al .
. ,
100 e J 100 4 100 « 100
() a) cd b) Cu (D) aca b) Cu
0 1 2 3 4 5 0 20 4 6 80 00 03 06 09 12 0 2 4 B 8 10
0 I L 1 ! 0 s L L 0 1 1 0 S S L
—
Depth Depth| . - ----""-"* Depth * Depth{ _ . - -~~~
fcm) (em) {cm) Y (em) &
\
\
\
50 4 50 4 50 4 . 50 4
\
.
,
\
100 + 100 4 100 - o | 100 4
c) Pb d) Ti c) Pb d)y Ti
0 50 100 150 200 250 O 10 20 30 40 50 0 5 10 15 20 25 000 005 010
o P S N A o TN o h
Depth T~ | Depth ’ Depth L= |oepth
(cm) s | fem) . {om} . (cm)
)} \
R |
2 ‘ > ~ !
50 1 & 50 1 A 50 - ‘ 50 4
;
L7 | ’
. ) ,
, ,
. ' -
. ) ,
100 ~ L 100 . 100 [ 100 4
(E) a) ¢d b) Cu
00 03 06 09 12 00 10 20 30 40 50
04 : i i I o
Depth PP Depth e
(em) s om) »
, ,
, .
B ,
504 » 50 .
)
,
|
.
.
I
I \\
100 100 .
¢) Pb d) Ti
0 3 8 9 2 0 50 100 150 200
o ; 1 ! o h i
Depth MR Depth -
©m o] fem) .
- - ’
- g !
50 R4 50 .
. |
i \
. ‘ '
, \
w0 o 100 .

Fig. 9. Heavy metal variations with depth in the soil profile which were measured by sequential extraction
procedure. A) Eeasily-soluble phases (step 1), B) Exchangeable phases (step 2), C) Carbonate phases (step 3),
D) Phases bound to Fe/Mn oxide (step 4), E) Phases bound to organic matter (stepS).
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