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Abstract

Fractional composition and mobility of sediments some heavy metals in Okdong stream are
investigated. The fractional scheme for sediment heavy metal was made for five chemically defined
heavy metal forms as adsorbed fraction, carbonate fraction, reducible fraction, organic fraction, and
residual fraction (Tessier et al., 1979).

The most abundant fraction of the sediment heavy metal is reducible and secondly abundant organic
fraction. Adsorbed fraction is minor part of the total heavy metals. Mobilization of sediment heavy
metals in stream Okdong is occur 19.8~56.7% of total cadmium concentrate. The most abundant
fraction of the sediment metal is organic frction in Cu, Pb metals investigated.

Labile fraction of sediment metals are 0.5%~48.5% of total Zn,2.6% ~48.1% of total Pb, 0.2~
36.9% of total Cu respectively. Most of labile fraction consists of reducible fraction for Cd, Zn,
adsorbed fraction for Pb, reducible fraction for Cu, adsorbed fraction for Ni. The Mobilization of Zn
and Cu is most likely to occur when oxygen depletes and that of Pb and Ni occurs when physical
impact, oxygen depletion and pH reduction.
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Table 1. Description of water and sediment samples.

Sample i.d. Water & sediment sampling locations Site characteristics
M-S Myungjin abandoned coal mine Abandoned coal mine waste water(Yellow boy)
S-S Sejin abandoned coal mine Abandoned coal mine waste water(Yellow boy)
SD-S Sangdong mine Sangdong mine outlet water
KD Kedo mine Kedo mine outlet water
US-S Upperstream Confluence water of ab.andoned coal mine waste Water and
mine outlet water
NT-R New Tailing Dam Reference water
NT-S New Tailing Dam Tailing Dam waste water
OT-S Old Tailing Dam Tailing Dam waste water
MS-S Mid stream Surface water
L-S Lime stone mine Lime stone mine waste water
OK-S Okdong abandoned coal mine Abandoned coal mine waste water

Down stream(Okdong abandoned coal mine

DS-S
area)

Surface water
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Ztzkel AAAHAN AHT EFARE 242 TolLAA] vat Yol FIARFFAZ sfod FFo] &

= R4 SRR 447 Age JEHAR 245t 2m ZFA (8 mesh)E T F
thA 63mel ¥]E<4 A(nylon bolting cloth sieve)2 AAZ F zkzhe] X822 F5F sl Ao
ol& FAdstA Edstd $HE Agz A3

h ¥4 Wy
(1) $8%(Cy, Cd, Zn, Pb) ¥4
A Ael3t A 85-49L ICP (Perkin Elmer XL3100)2 24 3}9ic}.

() d=8A
Y= 4L A 2H(sieving)F A7 E-4(pipette method)S 5, AAISFATH, 1983). d= #42
Shepard(1954), 3 3] E(mean)= Folk$} Ward(1954)9] ¥5% wh-g wigich

G) #71& %
ARE 110CoAX XA F 2mn sieved FHF AR 0.5gF Hdt] 550CAA 247 7Hdd F
7tdsly) A A 2AE frlE R AU

4) 3=

E35A 59 ¥2A3l% = Hakanson3} Jansson(1983)9] 8uel T-N3} 73dziake] nj2A AR
ou, TNz} 7rgd7ieke] v} 20013l 79 Oligohumic, 20~254 7-$= Mesohumic, 250]0]4+d
wj+= Polyhumic g8 &=t}

(6) FF52 EAHH
ZF249 EAH = Tessier 5(1979)8] ubH o wle} adsorbed form, carbonate form, reducible form,
organic form, residual formZ ®A3}lP 1 0|59 §& FF o2 3l Table 2).
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A7 HHE olslety SAL ¥ANT A vwRe AS, dRRe] AES, FAY AES
Sol MiEsE AKHA DR, AAved, e, AW Y25 HH B4 F pHE e}
Wz gled 47189 ke A5eAds - 8w $AAN 2E A o] Aupdez Rsjso]
o] Aol AFAHelx AH Bl 5 LPXYYL & 4 Uk

Hrige] ARFslsrt flEE AfelA 23~522 7S dehiil o AHsaeias el
7b f3lHE AFlM 69~8322 F4 2wl dPsle o vehgritable 2).

ol A FEL 62~30.1 cmol(+)kgo2A 98] et dub FAA 2F FF 9.2cmol(+Vke(t
1985)2ch B9 Aol A vhehgrhtable 2). ol f3 FFES] wlF-Eo] golLelztm &
o 3hH FHE2RE 425E fi 84S Y $3 reldE BrHes 4 4 glol, 8
A AdAe FF4el 2 2o 7PsAle] Almsch
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Aae FFL 02~2.1%2 FFAYL Asls vide] A B 2.1%2 7 & #e dehe
o, A dAgFe] AU M BN 02%2 /P 4 ghog vehdti(table 2). ol2lg & A4
e 1993 B4 5(0.08%)9t A2EHA(0.2%)olA AT HAE 4715 vasid s AR

o} 4] 7]—,L——g Z33h= o2 velydt}. =3 19731 Federal Water Quality Administration(0.2%)el| 4
EHAE A Ko vlas] B o AXGM edd HHEZ EFHUSH, 19779 EPA®} ACOE(U.
S. Army of Engineersol] &J3} §5=9} sfjokollr] FAY AT 2 QAT HririEx e} vjaspd A
Z|Jo] Heavyily Polluted® %7}%¢]c}.

Ignition loss®] FHFL 1.2~15.6%2 FFHAY AFe] A S-SollA 7 2 & veplleon, 7
FAAE] At vl A Q] HAH OT-SellA 74 ‘é-"— o2 Jehygrt ol2id Ignition loss &
e 199313 ST 0%)94 AEEHA(10.0%)14 At A E TH7EF vty &4bE
Eo] dF-EA N 71EE 25l go ‘Jrﬁ}‘;%ﬂ}.

A3 == 0.6~4742 54 dv3e] AE4rl fEEe A HAEAA 76602 g & ¥
AH e g vehd didel] 3] AEgrt viEse FRAY Aske HHEoA 482 sHA Yo}
FA57F & A9 YR ebdritable 2). _

HAEY glze difRo] Silte} clayd FaFe] ¥ claysiltz, MAIS|&RA|Ge] A EL {0
w2 FHAHEAGQl A S-S(sand)S AT HAHo] sansicl, siltyclayZ ehgt. olejdt Az 4
ARG 42k Z7] BR8] silts} clayE F - SRk AR YAFEE 7R ol £9EAY
F%9} 64/mo)st gJAFAteldl UWAZ ABAAE 71A] 19 =(Kyle, 1991; Horowitz, 1991; Lin and Wu,
1992; Barbanti and Bother, 1993) ZoZ v]Fe] F . sHfickes AFAYY HHEY L9EHFE
7V =& ALE AsEH, =3 AYF sl € 2712 A= oI(De Groot, 1982) glel F-del 2
8 g 8ol SFE o|F5¥ rlede] & A2 A€

Table 2. Chemical and physical characteristic of sediments.

Site pH CE.C. TKN Ig. 1.G/N Texture
1.5 cmol(+)Ykg (%) (%)

M-S 23 30.1 03 14.2 474 clayeysilt
S-S 25 255 04 15.6 354 siltyclay
SD-S 75 12.1 1.6 14.2 8.9 clayesand
KD 8.0 13.9 04 15.3 383 siltysand

US-§ 6.9 13.3 1.6 14.3 89 sansicl

NT-R 5.7 9.6 03 142 474 sand
OT-§ 1.5 13.2 21 1.2 0.6 sand
MS-S 7.8 10.5 0.6 13.7 24.0 sansicl
L-S 7.0 7.7 0.5 15.5 30.9 sand
OK-S 52 145 07 15.0 214 sansicl
DS-S 6.7 6.2 0.6 15.3 23.7 sansicl

LL. =59 ENSBE

Fago] AR IS A Aol 8T ATF ol M 4L vA & e Y
adsorbed fractiono]c}. zejvt ElAE3 AHstw e FA9 AlSY7E 2AMS ] s pHIL dolAA
U 3714 Arslo] =9 carbonate fractione] 4-FC.2 o3t A AefA £F A A S
Z 7422 d&"cKTesseir, 1979). =g gFHEo] a1 72 Folut F4dl u-]fﬂ] w3 34
o BN FA9 AFe] ¥4 Ase] I At FF LA AstEdEAs AT IAE
ZFA 3 Q<= reducible fractione] AV AYHAZ o] FH 7lgAde] di¢- -‘;‘E-°}Z‘IE]{Telsser, 1979).
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Fig. 23,4 A& F 7 $3%59 & ¥&5 F A4 3 AAR olF 7HsAe] s+ Cd, Cy,
Pb, Zn¢] ZAYeHS vhehdl Zolch

3 A g X¥¢H FI=F F FAR o]FH 4 o= labiledt FEL 19.8~56.7%F AEH AT
HAA G Afe} A& FEFA A7 FHEe AA US-SHA Ad o]FAe] EA vebte
o g3 299 AF7L fdHs 2o HHENA 7Y & gE ehlen(Fig. 2), Tl S8l
550.9~1,515.1mg/kg 2 A5Fg449 &7t Y= A2 =HA4E54¢ AA SD-SollA] 1,515.1mg/kg
o2 b Egken % duste] A4 fse AR 4T Y OK-SAH 550.Ingke 2
V¢ e ko2 vhehdkFig. 3).

o) EUHE 29.6~6446mgkgT SEA RS SF AR wE S0k SF9 AFVUAA 4
Fa47k fUslE he] 948 AP OKSA A1 Eskes AR AR It 499
£ AFe 912 Y KD 249.69mgke L2 b F 3he R vtk S0 ¢41 Wl
ZA3 e+ adsorbed fraction 0.2~18.8mg/kg 2, carbonate fraction® 7.1~40.4mg/kg, reducible
fraction 19.1~140.4mg/kg, organic fraction® 12.2~188.8mg/kg 2 & viehydcl A2 setge] A3
A7t frdslol A2 pH7E 3.0 o3kl A S-SellA] 125.7mg/kg 22 7H} 2 goE ey

otele] FTFL- 214.0~2,945.8mg/kg o2 A7 H&Fe] wiE5rt FREe AA S-SellA] 2,945.8mg/ke
22 7 & & ez, 9] s 2 &5 s AR AR wiEsrt
e AF 2 A dFEEAA A gt fdEE AR AR A7 fdEe A
F7b s 52 £5 F3e AA MS-SolA 214.0mg/kg o2 M 2 ge g velyict

ofedel Z|3el= adsorbed fraction 1.0~18.7mg/kg, carbonate fraction> 4.3 ~68.7mg/kg o2 el
whet.

Reducible fraction2 12.6~414.3mg/kg -2, organic fraction< 12.2~630.4mg/kg, residual fraction
108.3 ~2787.0mg/kg 2.2 epydT).

AFAEed S5H A =HHE FH=e e Cd, Cu, Pb, Zn® EA el EAAL residual
fractiong A3 &3] £ organic fraction °] 7} ¥ EEE Yepi o, yellow boy A
Bolx A9 g EA] reducible fractiono] 7} £& F-¥ wl&& AR st o]y AL Al
3 37 AstE 23¢9 FeQ reducible fractiono] yellow boy(3243AE)2] T4 £ Fe,0; %
SO;, HOZ A ¥ FesOs(OH)as(S0s)17s (Bigham etal.,, 1996) A 3135 E5rAEEEA], Ut
Moz o) RWe Faulel EAsHe OHol o8 Furldez $4¢ =7 HckKinniburgh
1981). EZ}F o]So] g-Auol] EA3A ==, Tl 33 H'9} OH'Y ool wla} A3t A4 =)
% pH7F dod, 489Ul H' ol&50] BArl4ez P4dl OB FEolese] Fae waea,
W) 2 pH7Y Fom, F40]&50] IAEY Fdd F25o] 9de H o3 mshikg-& siAl =
Age) Eel FAY 4 Aok, 1998). weby s etzAel Astold 2 4+ AAY FAE
259 ok FH3UL ALYl g} 159 T FAl] AR} T A=
o2 ALRTT Gebd yellow boy Al vhehd Aol 224 ZAFH 3 o] Aush
TFZol o3 ZAFE Hefo reducible fraction®] v]go] FA vehd o2 Algxc]

F7189 F23E 345 = 771E o 8 F3EE EAlsle TR A A &
7152 A 450] dofd 7H5Ae] AEE HAEY FY AEE WY + e ¥AEE 24
3to] o]F7le Al AR AIAE dolhs Zlo] FRE LR ARHH, FEY A T2 &l EAF
T FEEHLE AAdH BACAAME AY &5 =HA ot F3 Y Esli(decomposition) Foll 234
4249 7FsAel slovt vl e Aoz AlgHr.

md
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Fig. 2. The ratio of labile fraction to total metal content of cadmium in sediments.
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Fig. 3. The ratio of labile fraction to total metal content of lead in sediments.
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Fig. 4. The ratio of labile fraction to total metal content of zinc in sediments.
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Fig. 5. The ratio of labile fraction to total metal content of copper in sediments.
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el A A7t 4SS A P9 FFEo] HAHEA Jehve dA4eE Atgsd

3) o]57FeA Fiol ¥ Hrie Rt XA HHA FA Jehd 3 HHE BYed QoA
A Ag ¥ gz g

5. JazEy

1. Park, Y.A. 1996. Designing and applicability of soil pollution indices for estimating quality of soil
polluted with heavy metals and arsenic, J. of KOSES 1(1):47-54.

2. Forstner, U. and W. Salomon. 1991. Mobilization of metals from sediments, Metals and Their
compound in environment, Ed. by E, Merian, p.379-398

3. Jung. 1995. Heavy metal contamination of soil, plants, waters and sediments in the vicinity of
malliferous mine in Korea, Ph.D thesis, University of London, p.455.

4. Sengupta, M. 1993. Environmental impacts of mine drainage on streams of United States. Env. Geol.
Water Sic. 11:141-152

5. Davis, J.A. and Leckie, J.O. 1978. Surface ionization and complexation at the oxide/water interface,

- 62 -



Journal of Colloid and Interface Science 67:90-107.

6. Tessier, A., P.G.C. Campbell, M. Bisson. 1979. Sequential extraction procedure for the speciation of
particulate trace metals. Analytical chemistry, 51(7):844-851.

7. Park, Y.A. 1984. Distribution and transportation of fine-grained sediments on the innercontinental shelf
off the Kuem river estuary, Korea, J. of Geo. Soc. of Korea 20(2):154-168

8. Hakanson, L. and M. Jansson. 1983. Principles of lake sedimentology. Springer -Verlag, Berlin, 316.

- 63 -



