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Heavy Metal Pollutions of the Top Soil, Plants and
Stream Water from the Serpentinite Area, Chungnam®

Myung-Hee Kim?, Suck-Hwan Song®, Ell-Sik Min?, In-Soo Jang*

2 %

9 AEY AYGQ BAH, B, 9%, dF 2 XYY B AN YA, &, FridAdR) 2 A8
&, Ao S35 TS B4 29 AEY B9 Ni, Cr 2 Co €271 34 Y Eol vlsle] 10~139)
Eron, o] gAE0°] serpentine factor2 YA BT ALEY NGt E o1& Q49 alo)7} FR8IA] ¥t
ot AAY EF A EMR AHREY B 4 BoA Ni, Cr, Co 5° ot gthaviiel 94 53
Hl@2A wskn, 3% A EAM A2 ele] Ui ko] A4y dFH} ggton, AMEY EYdME Ni,
Cr. Co, Mo, Sc, As ¥ Fe 9450 &3} g A gt} ALESY BYoA A& 2 EX 245
AEEA E5A4E Ni, Cr, Co, Zn, Sc. As @ Fe 92 £dA 1 Mo 948 Z9AgA £& w9
Welol JEeA F4A5E Ni, Cr, Co, Mo, Sc, As 2 Fe 94 FAN oM 1 Zne FoA Eok} A
B EokojA Bz iy X429 94 Hol+ Ni, Cr, Co, Zn, As 2 Fe 94 da] 294 32 Mo
9} Sc 94 B7ithhvidA g3t

b AHRS B ANt B4 F4EE 5T FFEY U AL 28 Aoz AsEn., o
ZA oA Fate] e o] 2 EF D AU Ni, Cr, Co, Zn E Fe 59| 94 ¥5& 5/ stggon ey
AfFe L9479 94 ¥ g¥AA.

FR0{ : HAM, &, 27|ICAHR, 35, YEYS BT

ABSTRACT

Heavy metal concentrations in the soils, plants(Miscanthus sinensis, Artemisia vulgaris and
Pinus rigida), stream water and ground water were investigated for Kwangcheon, Hongseong,
Baekdong, Daeheung and Yoogoo serpentine area, Chungnam Province, Korea. The area was
divided into two soil types : serpentine and metamorphic soils. The nickel, chrominium and
cobalt concentrations in the serpentine soil had 10~13 times more than those in metamorphic
soil. These elements were supposed as the serpentine factor of these area. The concentration of
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these elements did not show significant differences among the sample sites in the serpentine
soil. The absorptions of nickel, chrominium and cobalt concentrations by plants are higher in
the serpentine soils than in metamorphic soils. The absorption of the heavy metal was low in
P. rigida relative to other two plants. The heavy metal concentration on the plants were higher
in the root than above ground parts in three plant species. The concentrations of nickel, chro-
minium, cobalt, molybdenium, scandium, arsenic and iron were higher in M. sinensis than in
A. vulgaris in the serpentine soils. In plants over serpentine soils, the biological absorption
coefficients of the above ground parts were high in nickel, chrominium, cobalt, zinc, scandium,
arsenic and iron of A. vulgaris, in molybdenium of M. sinensis, wheares those of the roots were
high in nickel, chrominium, cobalt, molybdenium, scandium, arsenic and iron of M. sinensis, in
zinc of A. vulgaris. The transportation of elements from root to above ground parts in serpen-
tine soils were high in A. vulgaris to nickel, chrominium, cobalt, zinc, arsenic and iron, in P.
rigida to molybdenium, scandium. These result suggested that M. sinensis had high absorp-
tion of the heavy metal and high tolerance against heavy metal in the serpentine soils. In
Daeheung mining area, the stream water and mine water polluted by mining development
were very high in nickel, chrominium, cobalt, zinc and iron concentrations and unpolluted
stream water decreased the concentrations of heavy metal of polluted stream water.

KEY WORDS : Miscanthus sinensis, Artemisia vulgaris, Pinus rigida, HEAVY METAL, BIOLOGICAL
ABSORPTION COEFFICIENTS
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dolza]7}, New Caledonia, 2] #&, L2E
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and Limpman, 1926). AlEY E<ke 22A
ol Bk st A EAol #HH factor,
e A9 factor® “serpentine factor 2 %23}
AH(Brooks, 1987). Kruckeberg(1951)& Azl
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¢ ko Ca, N, P 52 €3] ¥z 74

Mo9] 28 % Uebdtiz sttt Hunter(1954) ¢
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Figure 1. Sample localities and geologic map of
the serpentine area, Chungnam
Province, Korea ( * : Sample locality)

Age B9 36°30 ~36"3%, A% 126° 36" ~
127°00° 2] ¥gldl ZA e 11 ARG $3]
Fch(Figure 1). o] NG Aae Mggelopr]e
HAulol A S y|uleto 2 st oj9} B 2 ¥F
3 BAG e AEALF, FAN HFLF 2
o2 BYstE F79 #Y YAEE FAEHC U
(AAz 9} oA, 1963; o1 F8 T} A3+, 1963).
o] A5 29714 SHEL UFL Bl
e A Q5e) 1AL FEEWEg] AFAE AN
FRENA Z& 44 vH, Zole $URUE &
A By o 2Q7IAGe TAEEL AT A
o A AR A A 58 £,
AEetElE S ALEA AEA Y gake] 1 Al
o Wt E 2 FANE uel 435 o yehd
tHA A ekat A8, 1977 $97F 5, 1991 34
%, 1995), B3, 34 2 9% FAe AN UHRE
Mz gy Faoz /pEEN D $4 FAL H27
A AW LA ALEE] Yt AgE T H3EA
t}, & fFE AR ARHRHETE,
1972). 3, 24, 9% 2 g vy w2
wAdo] e YR FFAGS 2 HA W Ea
QT o] AL B F YRo] HEHL
AAE QL W RFo] WAE Adejolch whatA #F
A A g AEAe ThakslA] gskon A&
Ae AeE BFagn, 23y J3 F EES A

ool AAg oA (Robinia pseudoacacia),
271t AU (Pinus rigida) 52 A% dde 43
skt

B ZARGE F BHT 349 ARG FHRES
o B2 &e A& Y& (Gypsophila oldhami-
ana), M& M (Cymbopogon tortilis var.
goeringii), %M (Miscanthus sinensis) 5° &
#ulert =9ton, el (Lespedeza bicolor), °F
ANVE BT 2R HAEE F, 1997). #HE
o AEYg EEAdE dUE, AEA 2 Ad9H
(Persicaria blumei) o} £@st3ct. ®£3 $4d 3
3239 kel WAL AlRe] &3 FiEAE
u} 27} 2] (Metaplexis japonica), A FRE
(Lonicera japonica). 4% = (Humulus japon-
icus), A=, Ay &, P o] F(Dianthus
sinensis). % (Artemisia vulgaris), ¥4 ¢8
(Lespedeza cuneata), V|93 (Solidago virga-
aurea var. asiatica) 2 =93 E(Celastrus
orbiculatus) S°] 2@38 1 BEAGNME HlF
g . &M e (L. cyrtobotrya), A& E
(Commelina communis), MeolE, FAA, &,
Aeal (Allium grayi), 22T (Zanthoxylum
ailanthoides) $°] @3t Ut} F¥ g A
e zg AU%(Pinus densiflora), 35
(Quercus serrata)$t AAE e7|ttauF, 42
A2 (Larix leptolepis) B22 TR £4H
ot FFARL A% FEI Yadd o =
Jb vimA 22X gored FINE v 2715
A} (Spodiopogon sibiricus), ZotA & (Setaria
viridis), 299%0|%(Oenothera lamarckiana),
o) :1Ew 7] (Youngia denticulata), %8 (Ixeris
dentata), %(A. princeps var. orientalis, A.
vulgaris), W& %Al (Aster ciliosus), #Z
(Erigeron canadensis), < 8AH % (Viola col-
lina), A ¥ Z(V. mandshurica), &7
(Melandryum firmum), MZ(Amphicarpaea
edgeworthii var. trisperma), ¥ RLFUE
(Hypericum attenuatum) °] Z@3tx AT
B z2AE A9 F 3d, 34 2L 9EAgdM e
ubgol $HEd 2datn Jov dF & KA
oo thubEol @A ¥t

2. AEAH U B

(1) ESAR
EGA B E 143l eted AFRGAE NER 2
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Figure 2. Sample site of stream water and
ground water from Deaheung mine

arca

g ARG F 3, A, 8%, 0% $7 B3 A
oo ALEel F3lEe} U2FE S A9 BAAY F
EE AFBET. B EE T AadA 3 A3
0~10cm®] EEZ)A 24z} 1kg A=E A6k Z
T F ARE A7) #3819 polyethylene vinyl
o Wo] AHE kTt B 1047 FUA
2 ¥ 2mm H 2 A EHAEE AT FH1E
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Labatories Ltd.)ol4 ELAN 6000 ICP] 2l3to
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A 81 cH(Hoffman, 1997).

(2) A2 A B

A EAA B AR FREY] T EH= 2
A (M. sinensis)®+ %(A. vulgaris), 871tk
FE &0z AH3 gAY}, T4 dFA
oAM= Y YrIGAavEE THE 5 glivt Al
8F A7t BLT AL B9 FANA A FH s
polyethylene vinylell ¥o] d@Ad2 gtslo F7F
F2 MHste] FHe] oFFE AAR L I
Z E3he AgaddA 253 83 g A EH
9 2% #FE FHEY) A, AAR(4H &
719k A3 (¥E]) 2 o] plastic bagel W83}
o] 7ivicte] ACTLABs® INAA(Instrumental
Neutron Activation Analysis) #gd] 3t
(Hoffman, 1997) Ni, Cr, Co, Zn, Mo, As. Sc
9 Fe® ZF39d. dzrz Yeld 3% 33 2
N, WF 174 BdY FAERNA Y &dte
TS e B goln, ARG B A&
ste AEAY g2 3, 4, 9% UF € &7
Al o] HFgkoleh

(3) NESTL} BUFAIR

B 24 A9 E A7 A5 gle dE 3
ARG N ES9 ARFAIRE AF e ¢
AlY EEXx & Figure 29 2t P13 P2& #34
of A A Fe A B0, F19 F2e FAtes
NEE R Fe Aol AF 2| Fe A Eoln, M
P9} FAIF9 &7Z|Holv] LP13 LP2+: P1AIY 2
2RE 3500 nE Hojx| 1 PRYHL} FEI} &2

Table 1. Heavy metal concentration of top soil from serpentine area, Chungnam Province(SP: serpen-
tiné soil, MM: metamorphic soil)

Type Site Ni Cr Co Mn Cu Zn Mo Sc As Fe
(ppm) (%)
Kwangcheon 1490 747 62 501 49 40 2.0 3 10 3.140
Hongseong 1470 984 109 1150 60 48 2.0 5 10 4,190
sp Baekdong 1633 540 69 653 4 46 2.0 4 10 4.010
Daeheung 1342 679 62 505 25 97 0.2 12 174  5.250
Yoogoo 1276 870 83 437 64 47 2.0 7 14 6.540
N average 1442 764 77 649 40 55 164 62 118 4.626
KC1 284 144 33 780 48 73 6 10 15 3.89
MM KC2 18 39 11 617 13 48 2 7 48 3.91
BD 18 41 9 832 11 53 2 6 10 3.10
average 106 74 7.6 743 24 58 3.3 7.6 24.3 3.63
SP/MM 13.6 103 10.1 0.9 1.7 1.0 0.5 0.8 0.5 1.3
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Figure 3. Averrage heavy metal concentrations for the plants from the metamorphic(con) and serpentine
soils(ser.) in Chungnam Province (M: M. sinensis, A: A. vulgaris, P: P. rigida)
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Table 2. Biological absorption coefficients for elements in plants growing in serpentine area, Chungnam

Province
. lant tati .
Soil type P ar} vegetation Ni Cr Co Zn Mo Sc As Fe
species part

above ground 0.0189 0.0581 0.1408 0.3966 0.1152 0.0684 0.0148 0.0347

M. sinensis = 0.0724 0.2104 1.2105 0.6844 1.4030 0.8250 0 1066 04975

metamorphicA Ieari above ground 0.0219 0.0581 0.1539 0.4195 0.2606 0.0513 0.0148 0.0240
soil CVHIEATIS o poot 0.1729 0.1928 1.9382 0.7357 2.5303 0.7368 1.4292 0.3895
P rigida  2bove ground 0.0802 0.0858 0.1513 0.3793 0.0152 0.0908 0.0128 0.0386

root 0.1651 0.4595 0.5395 0.4914 0.0682 0.2632 0.0253 0.1380

above ground 0.0196 0.0547 0.0390 0.0287 0.4488 0.0681 0.2692 0.0377

M. sinensis = 0.0953 0.3325 0.1836 0.0462 0.1866 05081 1.3361 0.2380

serpentine A. vulgaris above ground 0.0304 0.0791 0.0714 0.0471 0.0951 0.1274 0.4385 0.0698
soil ’ root 0.0592 0.1890 0.1564 0.0465 0.1146 0.3319 0.3446 0.1475

P. rigida above ground 0.0102 0.0289 0.0260 0.0323 0.3250 0.0597 0.0571 0.0289

’ root, 0.0203 0.0973 0.0818 0.0359 0.1849 0.1322 0.5613 0.1999
Brooks(1973) 0.0750 0.0075 0.0500 2.2500 0.1000 - - 0.0300

A HA Az 59 93 898 53 .

Ni, Cr & Co 944& A|H9E2 vlwdle B A}
B gt F5E Aozl vehiz gsted
o= o]lE Yirt Bl AMRUAS] Aty EAS
Yeh 3 glon oA #3890 o5 o Ua
£ AA%E o 4T vAA g ez A8
o 4% 5(1999)2 2oty F3lecky A4
FE AL v wstn AR FRESGS 150 2
Z24& gt stk A3 $(1998)e #
A, F, T4 AYQ AHES B9 Ny, Cr, Co 92
T2t A 9ge] wet & o)z} YeldA] ¥sitia
3=

279l WA FEWR Blate ALRY Egk
oA dulFez @& YihE Mn, Zn, Mo 2 As
T ol As 9ae gF FAAG0H B 5
A et As 9o ti3td s 3% e 248

Kruckeberg(1951)& 297149022y ¥4
EGAA 7HE Moo Zg o] Uehdtin a9t}

2. NEA Q| EtZHR|

ZAMRG A Gl 23] 23 FAAp, & 2
271t AU F34 dFE EHF Fddot
(Figure 3). A% ZTHEST AMEY F3EY
A3t 280 Y4 dFS vwahd e A
£ Ni, Cr, Co ¥ As 927} AFES BN =4t
on %9 Z 9= Ni, Cr 947}, 2lV[taui-e 7
$-= Ni, Cr, Co ¥ Fe7} AHEY EX0lA Z3th.
A g el Y4 TS WY EXAAE Ni,
Co, Zn, Mo ¥ As & FANET} £l £
om AHEY B Ni, Cr, Co, Zn, Mo, Sc,
As o] &Rt AAX AN F3uth AHEY Bk

A 7kt Ry 94 EXFE MoE A @ BE
259 F5Fol 13 Rath A8A A4y @

Skl YEAGo)N 583 golol ¥ o 47} &
A qRE W ¥ Aoz 4AWY.

Table 3. Above ground / root concentration ratio for element in plants growing in serpentine area,
Chungnam Province

Soil type plant species  Ni Cr Co 7n Mo Sc As Fe
M. sinensis  0.261 0.276 0.116 0.579 0.082 0.083 0.139 0.070

metamorphic soil A. vulgaris  0.127 0.301 0.079 0.570 0.103 0.070 0.010 0.062
P. rigida 0486 0.187 0.280 0.772 0.223 0.345 0.506 0.280
M. sinensis  0.206 0.165 0.212 0.621 2405 0.134 0.202 0.158

serpentine soil A. vulgaris 0.514 0419 0457 1.013 0.830 0.384 1.273 0.473
P. rigida 0.503 0.297 0.318 0.900 1.758 0.452 0.102 0.145




FEAES AY EF HEA L ARY 3

4

24 125

Table 4. The heavy metal concentration of stream water and ground water in Daeheung serpentine area,

Chungnam Province

Sample site Ni Cr Co Zn Sc Mn Cu Fe pH
P1 1.56 1.1 0.154 6.3 6 0.3 1.1 269 6.76
P2 0.61 1.8 0.108 4.7 5 0.1 1.3 202 6.95
F1 0.11 0.5 0.041 0.5 8 0.1 0.2 76 7.20
F2 0.12 0.5 0.042 .0.5 7 0.1 0.3 67 7.20
M 0.37 0.5 0.065 3.7 6 0.1 0.2 121 7.07
LP1 0.34 0.6 0.063 1.5 6 0.1 04 120 7.08
LP2 0.70 0.5 0.073 0.5 6 0.1 0.2 131 7.09
G 12.10 1.1 0.152 0.5 11 0.1 0.2 40 7.12
LF1 0.10 0.6 0.029 0.5 7 0.1 0.2 46 7.30
LF2 0.20 0.5 0.031 0.5 6 0.1 0.2 82 7.22

A Fge MY EXME Ni, Cr, Co, Zn. Mo
9 As FFE FANRY oM g3hon ARG E
%ol M= Ni, Cr, Co, Zn, Sc, As ¥ Fe 3o &
ol A Egtul AEA Fod 44 dFL gRE A
AR A ER A o).

A goMe b T o] g B wE o AEH
BNA/ESY L qFo2 7 ABHH FFAS
E A3t (Brooks, 1983). ¥ ZAMNA A9&
HAdeh) AMESE A HoZ 1pro] 2 A EFEE A
e} Balg pRI T 7 FFEF dste] e
3 AEEE EFAFE Table 29 2ol WAL &
ol Al &3l 4B NA4F YEGH FoAle
£ Ni, Cr, Sc 2 Fe 94& g7tdauFo A 713
Een, Co, Zn, Mo ¥ As 94E %A 718
=un. #ele HEdH F+AFE Ni. Co. Zn,
Mo % As €4 oA 11 Cre 27lckihuid
A ko Sc ¥ Fee FAAoA 34t ALES
E A ASshe A EA R4 Ee] AESE S5
€ Ni, Cr, Co, Zn, Sc. As @ Fe 94 £dA]
718 #3h0 Mo dae FdNeA g2 v, ¥
o] BEEH FFASE Ni, Cr, Co, Mo, Sc, As
9 Fe 94e FGAdA /M 1 Zne &M &
gteh, 3 359 A B iR E dio AL 2
BHohe ey FAT 0. dade By
WHE Ni. Cr, As @ Fe 59 AEFA F5A4 571
wokowt Znel A BAY R Go] ARG A HHT
E2 Age] YEebdTh

7} A EA ] Helol M A FE2e] Y4 Holg =
o}3}7] H3led Bielo) ek AR U vl e
B (Table 3) AHESF A Foll M B{3e Kol
P4 Hole w1 gAY ¥4 Hole 2A
Ve ol Ate] AnE nEd B o) AR £3)

EGA A7 H& 4458 ¥4 Fsie d
FAq7 Bt ARALE ¢ 7 A3 ARG A G
A g Aol FuF 2B Hol FF&
3 W= 2 Zoz Ardnt =3 280 3
AN7E g FoEe] BHilE E7sta Aol
g AL oA AGFRe Holgo] ¥ AL
g g9le] @ Aoz YA HFI F(1999)
AHEY EFAM A&dte €9 Fe:Niol v &2 %
AAf R} so] Niof| thgt Wiidol oFd Aolet 3k
o 714 5(1993)3 d4ZE §(1996) & B4t
B A EAe Aol HEe] 27 9 F85 TR
met Frga g atelzt ot sk HES
7ol Bl 4AE dgHor F3tng 5
Hol F¥ A& nAe TS Aot EY
& FFET ol 7 A Qo] HAY, 2=, FFF,
AL, B 54§ 0UE 8oz gadEt(H
A9 g, 1991). Chaney $(1997)2 &
% 29 BEY9 BEAFY WESY HEE vy
LA9E AA & £ A& Aol st AR
ele] #dF& vustd dF F5E At 2y
oM & Aoz vetwrh. JaH3} FHEA(1991)
< Ca, K, Zn $& 10~0.19) H9l Uz 2 EA
el vlwA gao]l AL Mot HE Al Fahdt
Cr, Co R Ni 59 #E%44 F4A5E 0.1 o3
o3 BT

3. THS HEx 4K

Zt FEAAe AE S T AT gE 234
VALEES BT 43 34 2099 3oz Hols
Q2% Ni, Cr, Co, Zn, Fe Sol9o8 pHE o]
7} 99%tH(Table 4). AAHA F13 F2, LF17
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LF2%& A 97te) & ol7} YehtA] sith 2.8
Fot AFANF EFAHEA MAHES Ni, Co, Fe
B2 FEE Y F UE RS ¥ LFAF LEAF
9] 94 g go| AR R, AR olfFoE &
FE et Wold & & 4 vk AW A8k Ni
FEE s w3t pHe S TBE ARY B
pH 7.0~9.59] M2 v LTl E e oy
(AEsst Y4, 1999), thEe) EXF MEA=
QA 7} AR Bk pHIL $ Ao Vehdtt

ANZBEEH

AFB(1972) &=ef FHFA, AJYFFZAETE
3. FHAARAA A145: 5-121.

AW E, Y 2(1999) AHEY AGefM H5dte Fel
Kol 284 3. SO =83 13t 47-58.
ZAWE, N $A8(1997) AL AdojA A58
= WY E(Gypsophila oldhamiana)?dl $8% %

2. {2 ESA 20(5): 385-391.

A N FMZ(1998) ALY ALEY 2 &
Bol Ald RE &M $34 7 v, 844
g3 A 13(2): 176-183.

Mg, B3hE, A7), Ay, dA48, A28 (1982)
Bok 2 2240 FARIT ZAL MEEYA B
F7AAT4AE 21 136-140.
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