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ABSTRACT

Dispersion characteristics and environmental impactes of the stream sediments were investigated and geochemical disaster
in the Namhae-Hwagye arca was predicted. Stream sediments having no possibility of contamination effect and
representing drainage basins were collected. Major and hazardous elements concentrations were determined by XRF, ICP-
AES and NAA analysis methods. Acid decomposition for the ICP-AES have been used HCIO, and HF with 200°C
heating at 1'st and after that HC1O,, HF and HCI with 200°C heating at 2'nd stage. Hazardous elements concentrations for
the stream sediments in the Namhae area were Cu 5.66~168 ppm, Pb 18.0~40.7 ppm, Cr 21.6~147 ppm, Co 4.86~25.3
ppm. Hazardous elements concentrations for the stream sediments in the Hwagye area were Cu 16.4~41.2 ppm, Pb
26.5~37.5 ppm, Cr 79.6~153 ppm, Co 15.7~29.5 ppm. Concentration of Cu and Co in the stream sediments show a
negative correlation with SiO, in all study area. According to E.IL(Enrichment Index) of stream sediments was not enriched
in study area. And average E.I. was 0.35 (Namhae) and 0.56 (Hwagye) respectively. The stream sediments were enriched
as in order of Pb>Cr>Co>Cu. And the average of Enrichment Factor (E.F.) was 0.46 to 2.84, respectively. E.F.
concentration of Cu and Co were nearly similar enrichment characteristic but E.F. concentration of Cr were higher
enrichment characteristic in Namhae than Hwagye area. Pb was highly enriched in all study area but the tolerable level
that used to investigate the enrichment degree of hazardous elements, was not exposed to harmful hazardous elements.

Key words : Stream sediments, Hazardous elements, Dispersion, E.I., E.F.
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Fig. 1. Stream sediments sampling site map of the study area.
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50 ppm, EYOIA 2~100 ppm, 33eIXE 10 ppm, Al
DollA= 50 ppm A= grEo] AUckRose et al., 1979;
Taylor, 1964; Taylor and McLennan, 1995; Turekian
and Wedephol, 1961). @3|X| U F8](Cuy= ATFEES
o} F1 1O (Fig. 2), AIEME N-82(gshE EH U
Avke B2l FE(Cuel TS 168 ppmE EF
SHNA7IEA 202 B4, 71KD) 125ppm, ES 2
BAEY #7E24d 3§ 37X (Kabata-Pendias and
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ppmiT} U FEAS wHth sPRRHY ) (Cuy=
ATFEEE olF1L gor, 7ISTIME 274 ppmO S
Hhs3] AFo] A=A U THTable 1).

FPhe FFE0E AFPLolt AZA 10
ppm(Rose et al., 19790, EF ! E|HEQ] FH0d
5|8 37| x)(Kabata-Pendias and Pendias, 1984)% 100
ppm OJAYE, BXE AU OZ JAFE o] B Wo| &
of ot A 2 YIRS BFA RIS o]
FaL QO (Fig. 2), 7IslETdNE HeiRgelM= 26.9
ppm, SR HME= 323 ppmeE EFL ATV IEC}
A4y 100 ppmETh 2 FFEAS BTt

FE(Cry AZolA 100 ppm(Rose et al,, 1979)0]H,
33l M= 4 ppm (Levinson, 1974)0 2 2714 ¢0)
Bo] £33t EY ¥ EHHES 4o 38 AR
(Kabata-Pendias and Pendias, 1984y 100 ppml% X
7} o] AF(Cr) Tt X/} FHEAG B (CryFt
B AREE oAl A OH(Fig. 3), AIZHE N-61(d
s F3lg ok BelA 147 ppmoE H Sk
HArk 3PIAY ZE3(CnEae FHEEE o1 3o
™ (Fig. 3), AEWE H-37, 43GFs< AYA A2 ¥
ZYlIA 153 ppmo B EY 2 HAHES Ay &
SHAIX] 100 ppm B} =2 EFEA3S BIU ZislET
N FIRHL 59.7 ppmO 2 AHF R} IR
SPRAIHeME 121 ppmOE SRR Hulel M x|z
THT ¥ A4 BEEJKTable 1). 22} @8) £ 3}
MAY HFEHES] AAAGS R B8YF 2 3
kT AARBKAL Jom, 53 A8 o] =8 &
AU o] WAL A] golr], A3l F3l)r} =

Table 1. Contents (ppm) of hazardous elements with stream sediments in study area

Nambhae area Hwagye area

Cu Pb Cr Co Cu Pb Cr Co
Min 5.66 18.0 21.6 4.86 16.4 265 79.6 157
Max 168 40.7 147 253 41.2 37.5 153 29.5
Mean 272 273 63.8 14.8 278 324 123 223
S.D 17.6 4.64 235 5.04 472 2.25 192 3.85
GM 234 26.9 59.7 13.9 274 323 121 21.9
Median 242 27.1 61.5 14.5 277 32.0 123 22.4
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Fig. 2. Histograms of Cu and Pb in the study area (unit in ppm).
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Fig. 3. Histograms of Cr and Co in the study area (unit in ppm).
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Taylor, 1964; Taylor and McLennan, 1995; Turekian
and Wedephol, 1961), E% 2 E3E2] 409 &
FAAE 50 ppmoltt. F AHe] FHE(Co) FHe At
EXE olFx glow(Fig. 3), BalXY 4.86~25.3 ppm
SRS 15.7~29.5 ppme 2 FHPsF A He FEER
R3UTHTable 1). 23} H3IAG] A8HE N-113¢35F
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35t
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EL7} 1 o2 53l A, | o3k vixs 1Y
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oA EIE 044~0.68, 715H3T 05602 F A BE
AA 1 ] HIRE QS & 4 UATK Table 2).
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SMIEHET} 12F FAIER 24F A B¥Esk= 7t
HEHe] B s13H F3pe ol A= fraell
of3] 24k, EH o] EFAHe AxAES 7 & =
RSy, SE&d vHYES & Wddhe g A<
AZuHE wolER] 1 §17] wiEelrt.

a8 R71E Tl oS G AAT BEY A
A o]83} EF(Enrichment Factor)g &34 THBruland
et al, 1974). EF= 9749 A59 R84 X9}
BEA YAo] HE A7t FEFE Hiro] F= Ao
o, REQLLE BT} 7P AL 940l SR
7 Fo| F2 o=, o AFelMe JiH 3
Fsly) ke GFulES o8, A4 HIFGS
‘Average of contents in granite and mafic rocks’(Rose

et al, 1979)) <3 LEH S A&

_ (X/ADsediment

El =——7—~>t—
(X’ADEarth curst

EF7} 10138 #3894 dafo] X2t Hano 243}
= Aeg 55d AYS vt

T AN FE(Cuys 0.12-2.730.2, AR}
23} =5 Ado] A1 2.73& T A A Fo|(NH-82,
78, 13; I AH T3, 189 2pHe], o)F5H 3
g 23 BEEAT FPbyS 2.01-4.690F FE AlH
oM AT Bt 27 558 A0E FAEIEH), o]
£ Rose et al.(1979)0] L H Fo] AZpE3ke] 10
ppmSlE], FFAHE ZE XYGA 10 ppms 2317
i Folth, AF(CrS 0.22~1380F AZAHFRT 23t
329 AYo] Ha 138 EF Ul A Ho|(NH-61, 82,
93, 99; Fel5 ot H, Hell AW T8, st

Table 2. Enrichment Factors (E.F.) and Enrichment Index (E.L) of each hazardous elements with stream sediments in study area

Nambhae area Hwagye area
EF EF.
EL EL
Cu Pb Cr Co Cu Pb Cr Co
Min 0.12 2.01 0.22 0.20 0.15 0.28 T 240 0.63 0.57 0.44
Max 2.73 4.69 1.38 0.95 0.67 0.68 3.18 1.36 1.04 0.68
Mean 0.51 2.61 0.62 0.56 0.36 0.49 2.85 1.08 0.78 0.57
SD 0.29 0.48 0.24 0.16 0.09 0.08 0.16 0.20 0.13 0.07
GM 0.46 2.57 0.58 0.54 0.35 0.48 2.84 1.06 0.77 0.56
Median 0.46 2.49 0.56 0.54 0.36 0.48 2.86 1.10 0.77 0.56
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Fig. 4. Enrichment Factor (E.F.) of each analysed hazardous elements (open triangle : Namhae area, cross hair : Hwagye area).
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Fig. 5. Correlation between SiO, against hazardous element in the study area (open triangle : Namhae area, cross hair : Hwagye area).

Table 3. Correlation coefficients of major and hazardous element with stream sediments in study area

Nambhae area Hwagye area
SiO, Cu Pb Cr SiO, Cu Pb Cr Co
SiO, 1.000 -0.533*%*  —0362** -0.239 —-0.660** | 1.000 -0.381**  0.092 —0.029 —0.617**
Cu 1.000 0.218* 0.397**  0.709** 1.000 0.196 0.174 0.396
Pb 1.000 -0.230 —0.048 1.000 -0.124 —0.054
Cr 1.000 0.641* 1.000 -0.509*
Co 1.000 1.000

** Correlation is significant at the 0.01 level.
* Correlation is significant at the 0.05 level.

pa!

W2 HAe] el B3] g ol 2Rl o
39 BP9 Zele, Wl delg ojae] 2ol
SB(Cre] Y 2 2% 409 3HE IAAR
=

& AL AspalRel Bslrt Al Aoz AL

=

=33l felrt asita sdEn) ElLoME
EE AYe] 1 vkl viRs xgoz A oL}
EFolMe el A S8 F2Ms F=l(Cupt &
3 o] FolMe AB(Cre] ¥t A= Alg
2=
2. 3PIAYEL Cu 16.4~41.2 ppm, Pb 26.5~37.5 ppm,
Cr 79.6~153 ppm, Co 15.7~29.5 ppm¢] EXEAS ®H Y
ok FE(Cr)e] BAEANA st A EAE B
£ T3 PIAE el EY 2 H§HE] 3740
& SHAIRED 2 BAEAS Bk E3] EFOA

O
jhg‘;url 4
Lﬂt.ll o il o2

v 35 AW 3E H2E H1E F A4l AYo]
KapARe] oA HFEATE et B3 FE(Crn)
9] ogde] AR = Hog Hol, AspiFol
37t EAlske AR AaET, EYAVIE da]
Créoll oigk F7HA AZAPE Bad Aotk Elddxe
ZE AYo] 1 vRiRl viFE} AHog AFFIOH,
EFolMe FLE(Coyt 3 A A7 FolA
Rty Rog Algdd)

3. BRI E ATFAS BFoA TASI0)e] T
o] ZytarE FE|(Cuye FBAGTIT 44 05337,
—0381", FLE(Coy= F AT 244 -0.660", —0.617"
o7 ghigo] ik H(-)¥] ATS EAoH, 4 A
¥ SAAAAET] ATAM HAIGS SEE(Co)
9} FEj(Cw)d] ABAF 0709702 T A (+) AHEA

Journal of KoSSGE Vol. 12, No. 6, pp. 107~117, 2007



116 U S - AEE - $2A8) - QA

£ By, sPIXGelM e ZLE(Co)st T2(Cr)e) A
AT 05099 =2 H+H) ABAE BTk

4. F(Pbye T A BFoA ELSHRAN A8
ERRETIECIAY), EFLANAAFCIAY) 2
EY 4 B85 #32% 38 A (tolerable level)
Ho} e BAEAEE Hold, EFlME JeiAlY 257,
SPIAY 2842 XY AAoA Hild Ao wekdn)
ageg gl Agel digh &0l #a)r) o]Fo]
Zof & Ao}

AL A

=R vjulg $io) sl TAZTL Adehl 4
B SES A F 8 AN o) =Y
o} o] P WASFATI IR MI@ENE XA
SRR s XA SR Qe Wol Ay
siglom, ofo] k=g,

g1

re

WA, A, RIS, A8, A, N4, 2002, FEX G
13| 3P E A Be X ARehE A 783k EX T 81
o thgh A7, AL XA, 35, 509-521.

ukg A, A4, ZEA, 2003, THIAS s E 2B A A7
'8 ZpAu X ol it AT, 219875214, 36, 275-284.
FA,EEH, IF, AR, HEE, 80,499, 37AE,
A3, wkley, HA)ek, F W), A4, o)W}, $-94, A,
A7, A, 2%, I, 2w, 2o, 7 8k, o114,
HEE, 889G, 71, 758, 1), 297, H3he-, 254,
1995, A2 A8 42074 2 A=A A28 A, dERb
A4, KR-95(T)-10, 419.

EX o, AW, 3718, AT, 1964, PR 3)

=5, 39,

ST, O1HT, AUNF, A, 743, 2004, 2L AR
W 3MIEAES $54% 2 9483 2 ASEA, 448444,
37,311-324.

o5, W, TAA, FAT, 2%, 2003, HEFULE o]
|8 RA S A3 FA sHE A 89 719A) A, A 4E)
3]%], 39, 81-97.

oA, ZolE, 0)33], 1999, Y= Lol T} s E] X
T3 i 2 K] AR A8k ), 32, 247-260.
71, 0194, A, 1989, F=AAE G I EE A AR
TA, R AT,

e, 1995, BN ARl 549 F4AarTe) ik o
A37F, kA 28t3] Ui} A3 AR A eks FE8e7193)

Journal of KoSSGE Vol. 12, No. 6, pp. 107~117, 2007

LE=E3, 8-31.

B2, 378, ol BT, 1999, AT AITE) ) 23 3
S P AE 0] vk 94 R QAL A IREAZEA, 32,
63-72.

ATSDR(Agency for Toxic Substances and Disease Registry),
1988~1995, Pubiic Health Statement; http://atsdr].atsdr.cdc.gov:
8080/ToxProfiles., ToxFAQs; http:/atsdr].atsdr.

cdc.gov:8080/ToxFAQs/.

Brooks, R.R., 1983, Biological methods of prespecting for min-
erals, John Wiley and Sons Inc., p. 321.

Bruladn, K.W., Bertine, K., Koiole, M., and Goldberg, E.D.,
1974, History of metal pollution in Southern Califormia coastal
zone, Environ. Sci. Tech, 8, 425-432.

Darnley, A.G, Bjorklund, A., Bolviken, B., Gustavsson, N.,
Koval, PV, Plant, K.A., Steenfelt, A., Tauchid, M., Xie Xue-
jing, Garrett, R.G, and Hall, GE.M., 1995, A Global Geochem-
ical Database for Environmental and Resource Management-
Recommendations for International Geochemical Mapping,
Final Report of IGCP Project 259, Earth.

Davis, B.D. and Ballinger, R.C., 1990, Heavy metal soils in
north Somerest, England, with special reference to contamina-
tion from base metal mining in the Mendips, Environ Geochem
Health, 12, 291-300.

FOREGS(Forum of Euroupean Geological Surveys), FOREGS
Geochemical mapping field manual, Geological Survey of Fin-
land Guide 47, p. 1-36.

GNHPR(Group for Natural Hazard Prevention Research), 2001,
Korea Institute of Geoscience and Mineral Research.

Kabata-Pendias, A. and Pendias, H., 1984, Trace elements in
soil and plants, CRC Press INC, p. 315.

Levinson, A.A., 1974, Introduction to Exploration Geochemis-
try, Applied Publishing Ltd., Maywood, p. 614.

Porter, E.L., Kent, R.A., Andersen, D.E., Keenleyside, K.A.,
Milne, D., Cureton, P., Smith, S.L., Drouillard, K.G, and Mac-
Donald, D.D., 1995, Development of proposed Canadian envi-
ronment quality guidelines for cadmium, J. Geochem. Expl., 52,
205-219.

Rose, A.W.,, Hawkes, H.E., and Webb, J.S., 1979, Geochemis-
try in mineral exploration, 2nd ed., Academic Press, p. 657.

Taylor, S.R., 1964, Abundance of chemical elements in the con-
tinental crust: a new table, Geochim. Cosmochim. Acta, 28,
1273-1285.

Taylor, S.R. and McLennan, S.M., 1985, The Continental Crust:
Its Composition and Envolution, Blackwell Scientific Publ,
Oxford, England, p. 312.

Taylor, S.R. and McLennan, S.M., 1995, The geochemical evo-



H@el-BHAS 12} A SPEE AR BERadA RS 117
lution of the continental crust. Rev. Geophys, 33, 241-265. America Bull, 72, 175-192.
Thornton, 1., 1983, Applied Environmental Geochemistry, Aca- UNESCO, 1990, Geological Map of the World.(Scale
demic Press, p. 501. 1:25,000,000; edited by O.Dottin.) Commission for the geolog-
Turekian, K.K. and Wedephol, K.H., 1961, Distribution of the ical Map of the World, United Nations Educational, Scientific
elements in some major units of the Earth's crust. Geol. Soc. and Cultural Organization, Paris.

Journal of KoSSGE Vol. 12, No. 6, pp. 107~117, 2007



