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Natural Background and Enrichment Characteristics of the Stream Sediments
from the Hamyang-Sancheong Area
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Dept. of Resource Engineering, Chosun University, Gwangju, 501-759, Korea
“National Research Institute of Cultural Heritage, Daejeon, 305-380, Korea
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We investigated natural background and enrichment characteristics and predicted geochemical disaster for stream
sediments in the Hamyang-Sancheong area. Stream sediments samples were collected 95 ea and 150 ea in study area.
The stream sediments were well known that had not possibility of contamination effect and represented drainage
basins. We got the major and hazardous elements concentrations by XRF, ICP-AES and NAA analysis methods. Acid
decomposition for the ICP-AES has been used HCIO, and HF with 200°C heating at 1st and after that HCIO,, HF and
HCI with 200°C heating at 2nd stage. We could know the characteristics that concentration of Cu and Co decreased
when concentration of SiO, increased in correlation analysis. The enrichment factor of the stream sediments was below
2 in study area. This result indicated that study area belonged to moderate enrichment. The stream sediments of
Hamyang area were enriched in order of Pb>Th>Cr>V>Co>Cu and those of Sancheong area were enriched in order
of Pb>Th>Cr>Co>V>Cu. The enrichment factor(E.F.) of the Pb, Cr, Co and V was similar between Hamyang and
Sancheong area. The enrichment factor of the Th was higher in Hamyang area and that of the Cu was higher in
Sancheong area. The enrichment factor of the Pb was highly enriched in all study area than earth crust mean. But
we could know that study area was not exposed to the pollution of the Pb through the tolerable level.

Key words : stream sediments, correlation analysis, dispersion, enrichment factor

FEFAHAS sHIEAES AAMARA G $EEAEE LotRa, AT Ao thal A@sHnh 29 $3
7t 92, AFEANE dEZ F Sle IHYE AEE AFSIUT. XRF, ICP-AESSH NAA £4& o838l F4
Bead fai94 §3e 49 AEAES 132 HCIOL HFE &3t 200°CoA #ajrzl ¥, 222 HCIO,,
HF 2 HCIE &g $ 200°CelA] £3A1A ©lF 1% HNOz&H o2 whE3icth. e A sPdEAEe] S0,
Fo] F7tE4E Cust Codl Tl Fidhe 5L BYL € ¢ AUtk TFYW FF/3NL: HFEE F
AF 2 ol3l2 REEe] e, FEAY SMFHHELS Pb>Th>Cr>V>Co>Cuc 22, WA s HEL
Pb>Th>Cr>Co>Vo>Cuw 22 F3}=]o] 3ldct. Pb, Cr, Co ¥ Vel ¥3A 4= FUA A7 X elix] A9 H]
£ FI5E4E By, Thel F3Aee FEA9 AGelN, Cudl FAFe AN 52 FEHL &
ot Pbe] FEAFe= 2z 224F W), 257 oldeR F3Ho| SUSIAW, B 3 #HLd 38 WAA
(tolerable level)E o] &3t HWE AfMe go 53 =287 ¥ 2oz Addn.

FR0| : IHHE, FEEY, A, R
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HohALE] = Astel BASLR Qlste FEe &
FA7L oIS, L A AR} TiEe]
Zdo] #jdsfo & 71 Fa% A F R mes=
A HAH. ol#$ BAFAE sdshr] i Fol
s S s 9 = FEAA 4
e Ho}k AAHe| L F8E 7|2 AP o]FoA
oF g},

A3 Asle AAEE &M A&FHOR o)F
HIE ol oF: A7 AA A 2 FAEAA 4
S FRAL, ol 2 HA ¥ XA3] Z1PE o
Yo Adog dtEle 797t Bol o n3le] 4zt
AL - A olEo tigt AA Koz HEI 7122
ARl B o] $ejo] Haslo), Bk A7sleky F
oM FAAEAL, vFIEHAL 2 JERYL B
AEAE A7) & LGS ARe] glon, B3] F
FEEY olF, A 2 Rl G FHo2HE
HAE, EY 12283 o8 E wE o5, 2y
A AHeEE 2948 o f3l EZo] H3lF
of AejAlel £4 &2 JIE v 4 UdrkDavies
and Ballinger, 1990). @A7A g% &3 17t
A7l A2e L vAe FAY SHULES AL
As, Ba, B, Cd, Co, Cr, Cu, Pb, Mg, Hg, Ni, Sh,
Se, Th, Sn, U, V 2 Zn 5°] $JOH(ATSDR, 1995),
olyg A FHYAELS T S E A
B2 Akl 29X 53] sPIEAEWS] AAA
EAAEEL SRl Hlgld Al7HY Wt {5 §
5 ol AHAQ FAFYEFS ks B A
A3 A78etE uijAE deA itk(Thomton,
1983). =3t sPIEHEL 2 &0 A £2 € F e
ZF22) AR Hwang et al., 1999 ZAHel o4
o] E & Qlvh 29| sHHHEE ol&S dFE
A2 AF3keky 54 A (Park ef al., 2002),
AP AARAR] AT Park ef al., 2003), JEF
LAE o838 PIEAES 79X dF(Lee e al,
2003) 2 SPIEAES TE5 LF989%T AREY
F(Youmn ef al., 2004) 522 HFe] HYr gy
o] A7 AL Wk ope} I ARG T AL FA
o2 ArE, FAERE, FAYE, MR E, s,
AREE 9 AdE RTS8t A RAg edeted A
BE AFsL Ut

ol AFr= 7|E&e] AddE A7EE A=
(1:700,000; Sin et al., 20070149 FHAY =73}

9 ol

1l

flo r

N

& B} o AEs, 1:50,000 AR E w2
9} %8R (drainage basin}2 th¥sh= 13 FA(QL
5 23 AN SEAES AFsi FAELA
2 FAFAL2(Cy, Pb, V, Th, Cr 2 Co)so) =
AR LR35 tEiA] dolry, FF A
Aol A B3 QFo] T ¢ e deot
2 oo tid oiA viAe] #-83 A FE AAFI2
24 35t

2. N8 W@ A

2.1, #AXYe X A

ARG B 35° 30~35° 40, A 127° 30~
127° 45' 02 e AMEd] fRshe, 550
2= E, ME0RE AR G AeE, EE
S8E s+, EEoze AXE AFsia ik
182 AE gEol 23 $AM79 Ade Fio
WEQl ER oz Aol g (s g
o v ), XEaH19154 myE gl F
3 ik Akl Bhg 7 93, 93l H
vBH, I, AW 5SS AU 2B A
ol23, M-eH1279 m)ellA] HYet $d WAHE, ¥
F9, UL A 5l o280k Efiblld 2
A3 FHLE A, AMFIEE AX g o2,
FAAlelA sl ejHo R FEE Ao T
o] FAZ E8 iy 7 A drge}
o] Hmiek B3R o} AFreir]e s 29E
HrhE gl e 324 Huld, g Halgd, ubhis
2 #Huiet g 9l Hulgbo] A= HolFl FAE
T A, SF5- g4 TR R o) Exgi.
SR El7E 2 Bole gl sdHER
g7t okslAl e AHE vehA] S s A2
2 zhgeto 2 ZAETHKim and Chwae, 1994).

N

<

2

r

2.2, AAX[fo X &a A

AR Ge B9 35 20'~35° 30, 573 127° 45'~
128° 00 o2 Ait FHe] T HgHE Ko
Ao R 2o FA] FEaith. AL AujE) W
g2 glon), QA E ARl NEAZE $AlsiH &
HollAe NNWAIS] AHA7} vl @Asich g7rt
Tl viste] oL FES XE L o)F Ut A%
o] Wkt A} FFES Ao Aol AR
&l AAEE X sk AR dEe e 2w
HA LS e WAYEHLRe EXAGoR Y2
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e AZe) garzel wWas dAske
FYAN THE 7F=‘ Hbﬁ—i we X5
o-];q—r T3

5}1—}%01] theh o

e N45°E Bzt :LEM *Loﬂﬁ =
AEZ o]2E Alele N3OW
. 733739 f27} 71ET)E o
o e 0171194 e o] el FFste S
o g Zgowl, Zl }HL 7%]— hEste Wl

s
o
oy
ttlo
X
)
I‘-YL oo(

A8 ‘#%%«] A& 2 “—‘"‘47]-4 5}7&%‘3’% Ll el
Z FAEHKIm et al., 1964).

3. MEAFH A EMUY

CHAAIMA 9 AlRR] 3
"EJIH dAlE 7 e S (order)e]o
= &

of FFFolmR 1:50,000 XY= FAH] 2
A 7heHE <SA— A7 Ak 2 ZZ oo ola] A

o) Ve
# EEQ)

F(Darnley ef al., 1995; UNESCO, 1990)
< Fsid, BUA 7 @A) Eo0] 523X Q=
12 FA IS 22F FA)E tdoE 20009 1085
12974 °F wigel 22X FUR o= 957, AHd
AgolMe 15018 AHsIATE AHAS WS 7H5
3 7 AU AR EHE AE 922 34
on, gAY sk uigeA 2 sk ARAY
£ dE3t= AEE A Ak siFelx ARE
-9‘3}7}‘1"\1 °F 50m A2 W] 33l % Sle 3
HAEE 5~107%00A o7 Wl 44 234 A3
(grab Samphng)?ﬂ*’% Shie] EFAER WhEo] Fo
A, AFE e HEe tEAYS F7AIFACHFE D).

SAEAEY deT ATER uE g Y=
o] MFEREES o]8F F Jon, FAVE vaE &
YsiAl Z WEE I AHe GH=EH EPdge] &
38 el Az st 4Aa719 sdE
AE AEE ¥ A7s AF 150 um 013k ¥AF
AE7F 7P HRRita ddEol(Lee ef al., 1999)
150 um o[3le} SMIEZES AFAsIAT). AHE S
EHEL 100 mesh EFAE o] &3, Aol =
2 wet sievings AAEHTE 100 mesh EFAE
T4 150 pm ©J3te] APH YAE 50~100g A=

o 2
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Fig. 1. Stream sediments sampling site map of the study area.
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3.2 BMYY

FAEYAE XA ¥ BRHERFCE 431
o}, £47)(YE Shimadzu Co., MXF-2100x= ths A
g Fejo, XA WY FEE OEG-76H¥ ],
¥AL ZFRhodium: Rhyelr}, $73-Fa]d4 FollA
Cu, Pb ¥ V& §52% Zoizv d24E 34
(ICP-AES)©. 2 Labtest UV25(1] 3 Labtest Equip-
ment CoYe371E o188}l EFE894S SPEX A}
o] ICP 48 EF8HE AR, fALE 549 94
=718) ple) 282 WPre] 01, 10, 10 pgml &
gl AN B SMIEAE 12 & AR
HCIO, 3mi®} HF 5ml & &3sle] 200°CE 7183}
o BajAZ) 3, 2212 HCIO, 2mi$} HF 3ml 28|32
HCl 3ml 2 3% &, 200°CE 71¥3k] BajjAzl
TS ©lE 1% HNO; §902 gheo] 2433t

Co, Cr ¥ The 347 WAlsE £4NAA)X s
A58k 494 2AE 98 Ak ddAEaT
2ol 2l= HANARO ¥AlZ2Hiflux Advanced Neutron
Application Reactor)E ©)8-3l15th S5 AT
AgE 2E o] $49x0 #ukg-g 4o H,
o] m AT WM HFo] WAlsE WA HFe
%ol vl sh=tl, NAA B e o8] Fof AR
7hed Aohdg ol4siet. vk AEele HPGe
7ol AEAEHE Ao, TR ER ]
A& 98 EG & G A Omimigam AXESJE A}
£33} o)gA BME F3} 3HES SPSS 11.0 for
windows EAITF|A] AZEH OIS A3l BAIAE
EiiA=

R

4. g3 o @

41, FHEL2 2MEYN

FHAE FEHAEA A FAEAELL T,
Si0, 43.7~63.1 Wt%, AlLO; 125~212 wt9%, Fe,0;
2.37~9.86 wt%, CaO 0.89~47 wt%, MgO 045~54
Wwt.%, K,0 191~53 wt.%, Na,0 1.08~3.66 wt.%,

TiO, 0.35~1.58 wt%, MnO 0.04~017 wt% %
P05 0.05~0.81 wt.% HHE HAL, ARGl
Si0, 36~74.6 wt.%, ALO; 116~262 wt.%, Fey04
2.18~129 wt%, CaO 0.30~867 wt%, MgO 034~
539 wt.%, K,0 0.61~4.77 wt%, Na,0 0.33~42
wt.%, TiO, 0.34~2.64 wt.%, MnO 002~028 wt%
2 P05 0.04~0.88 wt.%3HE RGrH(Table 1).

SEIR B davisle YoM} Ee tkd
BHA B4E HolEZE ofg IEdle] FEAEA
o FAHEYAT] AL dolry] fla] AR
< A B THTable 2).

AFR Y BFA Fe,0/3%0] =& A &
FFA) 53] FAA DM Fe,042F MgOlX=
0.904**, AR M E Fe,048 TiOLNAE 0.738**
2 7V e A 2o, 1 Yelx 3AY
oA Nay0, TiO;, MnOolA ZHzH 0.703%*, 0.898**,
0.727+*, A Ao Me Si0,, Mg0, MnOdlA zHzh
-0.721%*, 0.538**, 0.618**2 & APAS HojFr),
ol Bt T 7] e T3l &4 2 e
FGA B3] 49| o|FH IF T Al o3
Aoz wereEn), 3} Fe,0/4 0] AN AN
59 A AEE Yl oA PAEE EA), ARt
7] qELE FZHErHFig. 2).

FRAEAE 7hed T 2 WRE T

Table 1. Statistics for the contents(wt.%) of major elements with stream sediments in study area.

Hamyang area Sancheong area
Min Max AM. STD. GM. Median| Min Max AM. STD. GM. Median
SiO, 437 63.1 55.1 42 54.9 55.0 36.0 74.6 54.1 6.80 53.7 53.2
Al 04 12.5 21.2 16.7 1.6 16.6 16.5 11.6 26.2 17.8 2.61 17.6 17.3
Fe,0O; | 237 9.86 5.07 1.62 481 492 2.18 12.9 7.19 2.26 6.80 721
Ca0 0.89 4.70 1.82 0.64 1.73 1.65 0.30 8.67 2.94 1.93 2.34 2.32
MgO 0.45 5.40 1.28 0.73 1.13 1.12 0.34 5.39 2.17 1.15 1.87 2.07
K,0 1.91 5.30 3.06 0.56 3.01 295 0.61 477 250 . 092 231 2.58
Na,O 1.08 3.66 2.09 0.58 2.01 2.02 033 420 1.79 0.82 1.59 1.76
TiO, 0.35 1.58 0.75 0.22 0.72 0.74 034 2.64 0.90 0.29 0.85 0.88
MnO 0.04 0.17 0.08 0.02 0.08 0.08 0.02 0.28 0.12 0.04 0.11 0.12
P,05 0.05 0.81 0.18 0.10 0.16 0.16 0.04 0.88 0.18 0.11 0.15 0.16
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Table 2. Correlation coefficients of major elements with stream sediments in study area.
Hamyang area Sancheong area
SIOZ A1203 F6203 T102 5102 A1203 F%03 T102
Sio, 1.000 0.495%* -0.148 -0.117 1.000 -0.313%* -0.721** -0.467**
AlLOs 0.495** 1.000 -0.306** -0.353** -0.313** 1.000 -0.052 -0.107
Fe, 05 -0.148 -0.306** 1.000 0.898** -0.721%* -0.052 1.000 0.738%*
CaO -0.248* -0.167 0.645** 0.629*%* -.0303** 0.534** 0.028 -0.051
MgO -0.132 -0.280%* 0.904** 0.820** -0.452%* 0.155 0.538** 0.291**
K,0 0.514%* -0.013 -0.036 0.006 0.576** -0.500** -0.353*%* -0.255%*
Na,0 0.197 0.537%* -0.703%* -0.696** 0.298** 0.031 -0.351%** -0.257%*
TiO, -0.117 -0.353** 0.898** 1.000 -0.467** -0.107 0.738** 1.000
MnO -0.236* -0.186 0.727** 0.630** -0.404** -0.067 0.140 0.452%*
P,0; -0.411 -0.411* 0.520%* 0.634** -0.469** -0.181* 0.523** 0.439**
**Correlation is significant at the 0.01 level(2-tailed).
*Correlation is significant at the 0.05 level(2-tailed).
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Fig. 2. Correlation between Fe,0O; against major elements for the stream sediments in study area(open triangle(HY):

Hamyang area, cross hair(SC): Sancheong area).

H45949 ALOSHY Wl W YRS Aus
H(Table 2), FIAGoNNE ALOY T3] Foigtel
we}, Na,O, SiO %A 742 0537+, 0.495%* 2 &
2 H(+)2] FHABAE Holn, ARG = AL,
o] o] Z7Kg ulet, CaO, K,04&8A 2zt
0.534**, 50002 F FLIAE BHAFE Qlrt
(Fig. 3).

42 AL BUE

TEAY SFEHE T f3day] FFS, Cu
5.54~26 ppm, Pb 23.6~314 ppm, V 23.7~114 ppm,
Th 6.68~49.2 ppm, Cr 242~134 ppm % Co 431~
229 ppm HWHE B, ARG Cu 3.17~
959 ppm, Pb 156~36.5 ppm, V 17.4~231 ppm,
Th 1.68~249 ppm, Cr 9.66~168 ppm L Co 335~

0x
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Fig. 3. Correlation between Al,O; against major elements for the

Hamyang area, cross hair(SC): Sancheong area).

stream sediments in study area(open triangle(HY):

Table 3. Statistics for the contents(ppm) of hazardous elements with stream sediments in study area.

Hamyang area Sancheong area
Min Max AM. STD. GM. Median | Min Max AM. STD. GM. Median
Cu 5.54 26.0 12.6 472 117 11.8 32 959 213 132 18.4 18.2
Pb 23.6 314 278 1.6 27.8 279 15.6 365 260 34 25.8 26.1
\' 23.7 114 486  16.1 46.1 45.6 17.4 231 78.6 34.0 71.8 72.4
Th 6.68 492 20.8 796 194 20.6 1.68 249 9.09 5.53 7.44 7.96
Cr 242 134 55.0 247 50.7 48.5 966 168 70.7 34.1 61.9 70.4
Co 431 229 9.34 427 8.53 848 335 32 12.8 6.01 115 12.4

32 ppm HEE R KTable 3).

Cue tEZQ] 21594 FE50=2 G714 vz
k] Z7] AARANA vlartERE fel =] vhe.
22 #4E BEd= B0 & gle EFL 7Y
(Wager and Mitchell, 1951). 53} X ZHEarth crust)
oA 50ppm, EUoA 2~100ppm, E7FLorE
10 ppm, AYME 50 ppm AE Ao rh(Rose
et al., 1979; Taylor, 1964; Taylor and McLennan,
1995; Turekian and Wedephol, 1961). &<kAHd %]
A Cue AHEFE o|FaL UoH(Fig 4), AEH
T HY-6(F%7 B9 oieke] $2)elA 26 ppm, A
EHE SCLI9NHE 2 Ad f8y F2)A
95.9 ppm©.E Cughde] Hdigte] A=) o) &

Fe EY 9 HHEC] $H 0 34 AN (Kabata-
Pendias and Pendias, 1984)S] 100ppm ¥ E%3AH
A Aledra A 202 2 ESEUAr|EeRG)
9l 125ppm Ht} dr} Z2h ABAGY A8
SC-1195 1|%E3ld SC-121(51.6 ppm), 123(58.9 ppm),
131(68.9ppm) = 139(64.6 ppm) 571 AHANME E
FEARAY Al Al 29| 5 BH B H9H
7151 50 ppm Bt A JERgth ol 23 3t
&8 2 HA PN B3] 9ad ol ] 9
3 #J FHE Ao AIEHBE At gesit)

Pbe FE&522 IEYsolth. XZeA 10 ppm
(Rose et al., 197901, BX= AiFog FFgo]
ol Hol Bed Ut FgFARY X Poe= AT
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Fig. 4. Histograms of hazardous element in the study area(unit in ppm).

FEE o]F3 Jlon(Fig. 4), AlEWME HY-27(@4<*  and Pendias, 1984) 3 ESEEAY Al A 1
AR S0 B2l 3L4ppm, AEWS SC-18F 29 5 B ERedSeZIECRIGR] 100 ppmEth
A7 MW 52 £2)elM 365ppm ot Poge Yl

2 o glo] AN, 7aEdoM s FEGe Cr& A|zkollAl 100 ppm (Rose of al., 1979)°1, &}
278 ppm, A H2 258 ppmelth(Table 3). ol= & Zr= 4 ppm (Levinson, 1974)02, 2471430
4 R HAE #F2Y 38 PAX (Kabata-Pendias B £X5H, B 2 HHES FH2F 3§ A
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X](Kabata-Pendias and Pendias, 1984)= 100 ppm<
2 A7 9 Crdtaat Yxgc). PF4A A9 Cr
2 FHEXE ORI JloH(Fig 4, AEE HY-3@
Fz WAE wigke] F2)1M 134 ppm, AERE SC-
5OGHEZ AHBY $AR] F2)IM 168 ppme Crit
o] Higrel BAEA. ols AWt ofler TF
A< HY-14(111 ppm), 29219 SC-12(102 ppm),
29(114 ppmy), 36(117 ppm), 37(164 ppm), 48(113 ppm),
80(133 ppm), 101(137 ppm), 118(133 ppm), 119(101
ppm), 131(106 ppm), 133(111 ppm), 135(109 ppm) =
144(113 ppm) AL T3, FFAHH T 160 A
M EYF 2 EHEC] #7424 38 FAIX 100 ppm
BHo} & FFEAS Bk 22v AW st
FEAEY] ARG R S ¢ EvitRvt
2R B Yo, EEE] Crgdol ¥8 4 Ide 24
Ho| WAEA] grobA, Al Fo F3 7t Sk
Ro2 gt} E3t EYRAHEAY AP EF
L2g9EE 2 A7) E Cétll g 1&g
AXEo] glojX ARG} T v} o9, o
€ AHEY F7HQ Cf*oll tigk A} o) Fejx{o}
g Ao FHodrh

Coe F3%oln gfgdlolnh. Co*tolRe] 7]

I

(0.74A%= Fe?*012(0.77A)% A9 Zom=z Cofte
Fe?*313E-&ol 91350] ik 22y CoFexs v}
anb Balzr]d] whEoldl FEA i FEggol
8ol whet HAF Hadke Z%e] AthMason and
Moore, 1982). A1Ztollxd 25 ppm, ALl 20 ppm, &
Tl 50 ppm, 3elA 1ppm &2 G714l
A E53IcHRose ef al., 1979; Taylor, 1964; Taylor
and McLennan, 1995; Turekian and Wedephol,
1961). 84y AW Cos AHEEE o]F2 e
H(Fig. 4), AlEHE HY-3@S 9HH gigke] #3)
oAl 22.9 ppm, AlEHE SC-118¢:H= A4 #HE
2 H2)lA 32ppm 22 Coee] Hujglo] A3w)
Ao, 7T FFEIGNM = 8,53 ppm, AF
A QoM = 11.5ppm o] FFEAE BAKTable 3).
A Cottre EY 2 5159 BE04 58
SHA| X] (Kabata-Pendias and Pendias, 1984)21 50 ppm
BT} W geF BAS HoE

43 FHE ¥ BURHYL HE 8L

¥ % WA SHYEFEY FAALTS T4
U2 Si0,2) Tyl mE WS Avugi). o
2 A4S R o54o] 2 Cu Si0,0) To| 7t
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Fig. 6. Correlation between SiO, against hazardous elements for the stream sediments in study area(open triangle(HY):

Hamyang area, cross hair(SC): Sancheong area).
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TS F7RIE ()] ATE Hole Zlo] At
Exol|uk(Lee ef al., 1999), T E AHAH 2E
oA 2 wihel Z2 0.241%*, 0.563**0.2 Si0,9
o] Z/EFE Cud] Fego] 23l (9] A
58 EQtHFig 5). Cox 97140l F73 4
E2 S0y} S7Hl meh W g 2 ZeE
&84 de=d|(Taylor and McLennan, 1985), & A
o mEoA Zhzt 0.142%* 0573*% o0& S0t &
7¥go] & Codl §heo] Zadhs F()9 AFel &
F=EATHFig. 5). FIYAE 7] AsoM TS
o] SPJEHES Codll tigh Crol 0.946**2 2 w9
T AHde HY® ofzh Cud wigh V, Créb
Co¢l dhepuslol] zHzt 0.779**, 0.802**, 0.860**, V
o 3k Crel gzl 0.766** 02 H(+)9] ¥
JBAE Bt B3 ARG SPYERES VA
gk Cre} Cool apisloll zbzt 0.565%*, 0.737**,
Croll thgr Col Fepislol 069028 A(+)9] 4
#AE B¥cH(Table 4).
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FIAEE 7 3= A B3 Fasta BHE
th ol& SMEAEo] 13} FAREYE 23 FADA B
¥ahs 7hk@ehe] Eo)-3leE Felzheel o3
A= fpoll o3l 24, EAEHo] SAAHY A
EAAE 7 F S, a4 vFES 2
Hkgshs dhe tEA AR dolsoX]3L Q)
7] wi&elct.
sl f718 gl o3 ek AAS BEY

YAE 0}23l F3X4(Enrichment Factor)® 23}
S cHBruland et al., 1974; Sutherland, 2000; Teixeira
et al,, 2001). FgA T A7AH A5 fads X
oF BEY dao] viE Azt FFFH|Z o] F
Zojn, HELYALE BAEES) 7Y 22 94
Q) @FHF FHo] FE o]gHE], o dTlA
= A st 22 gRuES oS
], Xz} PFEEE Rose ef al. (197900 s wHEE
#He AMgskch

_ (XADsediment

- (XADEarth curst

kR g 9] B3k 4= Cu 0.09~048, Pb 2.12~3.15,
Cr 021~121, Co 0.14~0.84, Th 0.55~4.46 2 V
0.13~0.75 WAE 2GH(Table 5). A9 ¥ 4 Sl

rlr

Table 4. Correlation coefficients of Si0, and hazardous element with stream sediments in study area.

Hamyang area Sancheong area
SiO, Cu \% Cr Co Si0, Cu \% Cr Co
Si0, 1.000  -0.241* -0.175 -0.271 -0.142 1.000  -0.563** -0.520*%* -0.3]12%* -0.573**
Cu 1.000 0.779**  0.802**  0.860** 1.000 0.444**  (0.385**  0.678**
v 1.000 0.766** -0.853** 1.000 0.565%*%  -0.737**
Cr 1.000 0.946** 1.000 -0.690*+*
Co 1.000 1.000

**Correlation is significant at the 0.01 level(2-tailed).
*Correlation is significant at the 0.05 level(2-tailed).

Table 5. Enrichment Factor of each hazardous element with stream sediments in study area.

Hamyang area Sancheong area

Cu Pb \ Th Cr Co Cu Pb Vv Th Cr Co
Min 0.09 2.12 0.13 0.55 0.21 0.14 0.05 1.48 0.09 0.10 0.09 0.11
Max 0.48 3.15 0.75 4.46 1.21 0.84 1.78 3.30 1.25 2.15 1.50 097
AM 0.24 2.57 0.30 1.93 0.52 035 0.37 2.26 0.46 0.83 0.62 0.45
STD. 0.10 0.21 0.11 0.77 0.25 0.17 0.23 0.26 0.20 0.53 0.31 0.20
GM 0.22 2.57 0.28 1.79 047 0.31 0.32 2.24 0.42 0.65 0.54 0.40
Median 022 2.54 0.29 1.92 0.46 0.32 0.31 2.30 0.44 0.73 0.58 042

A five-category system proposed by Sutherland(2000) runs as follows: <2=no or minimal pollution , 2-5=moderate pollution,
5-20=significant pollution, 20-40=very strong pollution, >40=extreme pollution
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FAGNN F3IEA] 2 AoFE FE=|g o), Thel
A AEHE HY-57(446; 8 Ash S48 #4719}
£), HY-62(3.65413 ¥Fgvkg), HY-64(3.10,413H%
=)ol e Al v =4 Rl HeE #
29}, Phellde HY-27(3.15;8 %2 HAw il
FA), HY-13@12;A4 3 38 S-3hvlg), HY-
2760M4H SRl =A Rl RAoE s
Aow, Hepxprt 1o1dE faida o] A 3
FRose et al., 1979HT} 2Fsl= AoZ F&2H A
A& sz, Pbe AT 957 A BFolA A

e - A

AYwErt 23 558 A9 A H(Fig. 6).
Jeigd EY B HHEY #H2d & AR
(Kabata-Pendias and Pendias, 1984) ¥ EY3734
A Al Al 129] 5 B BERLIEIIE0H
)21 100 ppm Huls @ FE T 314 ppm)oE
LEE ST AxE ohigln #add
A G ME= Cu 0.05~1.78, Pb 148~33 Cr
0.09~15, Co 0.11~0.97, Th 01~215 2 V 0.09~
1.25 HHE BEHTHTable 5). A9 ZE X HojlA 2
stER] g2 Zloz FAHUOM, A AW &
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Fig. 6. Enrichment Factor of each analysed hazardous elements(open triangle : Hamyang area, cross hair : Sancheong area).



FEFARAS A ES] AR 9 FeEY 205

Hel 4% 22oME Cuh Phol Bax% 7k
1783} 3302 A7 ol 71 EE RS e
Stk Phe UGS} s R 2E Ao
AZBEEG 23 558 A|do] BAAYAL, 09
& oY AEE opjelT woE,

Axe] BIHES vlLew, P Th, A4
de Cwl B $3EHS wolr, YmA ~Vi ¥
29 R3E4L HATATFig. 6).

)

o

4 B

g g AW 1A} FATF 2xA) &
Ak PIEHE 95719t 15070 A8E e &)
S Ffstal FARA, FIATE =23 43
g3 2 AEE 45 7 UM

1. gIHH L Si0, 43.7~63.1 wt.%, AlL,O; 125~
212 wt.%, Fe,04 2.37~9.86 wt.%, Ca0 0.89~4.7
wt.%, MgO 0.45~54 wt%, K,0 1.91~53 wt.%,
Na,0O 1.08~3.66 wt.%, TiO; 0.35~1.58 wt.%, MnO
0.04~0.17 wt.%, P,05 0.05~0.81 wt.%, Cu 554~
26 ppm, Pb 23.6~314 ppm, V 23.7~114 ppm, Th
6.68~49.2 ppm, Cr 24.2~134 ppm % Co 431~
22.9 ppme] FAEAS Roln, Eax|FoM= Ao
F3l7h JAEA] g2 Aoz AdE

2. A AE L2 Si0, 36~74.6 wt%, Al,O; 11.6~
262 wt.%, Fe,05 2.18~129 wt.%, CaO 0.30~867
wt.%, MgO 0.34~5.39 wt.%, K,0 0.61~4.77 wt.%,
Na,0O 0.33~4.2 wt.%, TiO, 0.34~2.64 wt.%, MnO
0.02~0.28 wt.%, P;05; 0.04~0.88 wt%, Cu 3.17~
959 ppm, Pb 15.6~36.5 ppm, V 17.4~231 ppm,
Th 1.68~249 ppm, Cr 9.66~168 ppm ¥ Co 3.35~
32 ppm¢] FAEAS Hon, RsfRlpolM e A F
7t A=A @& Ao wetE,

3. ATEA AN E ATAY EFolME Fe08%
o] Az HHA Fof H AsE el ojxpy F
AER EA, ARG BY Fo 27) e F3
2 3 ] Hgelr 53] Qa9 o5 AF F
o] dR1e R, Fe,073%0 £ A3A7E #3d A
oz A, 53] U QM= Fey059F MgOoll
M 0.904**, RGN = Fe050F TiO0AM=
07382 71 & S BAET tE daE
BT} o]FAo] & Cue SiOH AH(+)9] AEL Ho
= Zlo] Ukl EAolR|T(Lee et al, 1999), IF
A BFA 2 whel 74z} -0.241%* L -0.563**

o2 Si0,9 §EFe] FUHErEE Cudl Fadol 7HAst
 F0Od AsS Btk

4. FF BRI T CrgEela A
o2 Ay tieke] ¥ZolA 134ppm < HIE 24
M, NG oFA ulx] AMA F2elA
168 ppm & FHIZ 1] ANGA EF € HIHEQ
B2 58 AR 2 ESBEEAY A Al
129 5 38 EYE9E712C¢ )R] 100 ppm 2
o} =2 FHFENG Yo, diRE YR 2 W
viobg AAMGo 2 583 eEYe] dAHA Yol
285 Byt Exlshe A0Z dAEn, o
A FFel Axed Wi A58 AsksEs 7
T yen 244 7IAE CftY B2 g§ F1
ol AL Basitha Als T

5. Pb §Fe F A7AY BFFYG 990 A9, &
#1507 Aol EY 2 HAHEY e d e
FHA R (tolerable leveDE T} Wo EAEANL Ho] Q

2 9T £ o) AT FAFI Y
257, 2H 2242 5 A AA M Byt A A
Aoz HoEw, Phe] Rt e A&zl #Hevt
o]Fojxel & 7o\t

A M

o] w=i-E 20088t 2N SedTHe A
4E o}l ITEUE

DE2E
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