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ABSTRACT

Fractional composition and mobility of some heavy metals in sediments from Okdong stream are investigated. The
fractional scheme for heavy metals in the sediment was established for five chemically defined heavy metal forms as
adsorbed fraction, carbonate fraction, reducible fraction, organic fraction, and residual fraction. The most abundant fraction
heavy metals in the sediments is reducible and secondly abundant is organic fraction. Adsorbed fraction is minor part of
the total heavy metals. Mobilization of heavy metals in the sediments from Okdong stream occur 19.8~56.7% of total
cadmium concentrate. The most abundant fraction of the sediment metal is organic fraction 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, and 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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Salomon, 1991). o]&A FHAHY] Aol FFS vIX]
= 9o UL FA HFa) o) WAEE f8) =
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1995).
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Table 1. Description of sediment samples
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Sample ID Sediment sampling locations Site characteristics

M-S Myungjin abandoned coal mine Abandoned coal mine waste water(Yellow boy)

S-S Seojin abandoned coal mine Abandoned coal mine waste water(Yellow boy)

SD-S Sangdong mine Sangdong mine effluents

KD Kedo mine Kedo mine outlet water

US-S Upperstream Confluence water of abandoned coal mine waste Water and
mine oeffluentsr

NT-R New Tailing Dam of Sangdong mine Reference water

NT-S New Tailing Dam of Sangdong mine Tailings Dam waste water

OT-S Old Tailing Dam of Sangdong mine Tailings Dam waste water

MS-S Mid stream Surface water

L-S Limestone mine Limestone mine waste water

OK-S Okdong abandoned coal mine Abandoned coal mine waste water

DS-S Down stream(Okdong abandoned coal mine area) Surface water
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Fig. 1. Location map of sediment samples in the study area.
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Table 2. Sequential extraction procedure(Tessier et al., 1979)
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Al&E 110°CA AZAZ F 2mm AE FH3E A
= 0.5g8 FH3 550°C0lM 2212 7183 & 71981
Ae] BA AZ H71% gz ).

(3) FAsk=

EZEAES] B85 Hakanson®} Jansson(1983)9)
TEHQ TN Ad7kee] vz Agsigon, TN
Zrdzhwke] vz} 20 ©)Etd 9= Oligohumic, 20~25
Y 79 Mesohumic, 25°] 13 = Polyhumic®
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@) T35 EA%H

A% 349 FF/ Cd, Ni, Pb, Zn, Cu So[H,
oo EAFEE Tessier 5(1979)9) Wio) wa} &
2 el el (adsorbed form), BAFSIRET ATE P
(carbonate form), H 2 WA E3 AFHE e

€]
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Chemical fraction Extraction technique

Procedure

(@ Adsorbed fraction  Exchange with excess cations

(@ Carbonate fraction  Release by mild acid

® Reducible fraction  Reduction
@ Organic fraction Oxidation
® Residual fraction None

8 mL IM-MgCL(pH 7.0), shaking for Sh at room temperature.

8 mL IM-NaOAc(pH 5.0), shaking for Sh at room temperature.

20 mL 0.04M-NH,OH - HCI, shaking for 6h at 96+ 3°C.

3 mL 0.02M-HNO; + 5 mL 30% H,0,(pH 2.0), shaking for 2h at 85+2°C.
3 mL 30% H,0,, shaking for 3h at 85+ 2°C.

After cooling to room temperature, 5 mL 3.2M-NH4OAc(in 20% HNO3),
shaking for 0.5h.

2 mL HCIO4+ 10 mL HF, digestion to near dryness.

1 mL HCIO4+ 10 mL HF, evaporation to near dryness.

1 mL HCIO4 evaporation until the appear- ance of white fumes.
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(reducible form), F-71€3 ZFE el (organic form),
ZEEF (residual form)2 AT 0159 #L &
FO 2 BIHTH(Table 2).
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AR EHES] o|s}sty EALS
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e AFERHEE, MR, 25w,
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oA 219H &Eel o5t L PAYGYS & 5= Ut

- Fege] MR fdEle ARl 2.3~52%
e e ov AeEdas wigar) f9EE
2AFA 6.9-8302 FA 2 FZe)Add sgEE e
2 UEIS O™ (Table 3), Yol 2X8-E2S(CEC) 6.2~
30.1 cmolkg 22X 8] U} Uit 73R BEY FH
9.2 cmol®/kg(Park, 1996)H.t} thiEe] AX|Hol|A EA|
LERRTHTable 3). o1& f3ll $549] tifio] Jole
olgka & v 31 EHERTEH 4&5dv f 225
3IHY] 5 YRelMe agHoR T3 4 glo, 8t
A A FEE0l 98 29 7FsAdo] et

ERE U Ao e 022.1%2 A3 T3
o] Al uiEe] HAEAN 2.1%2 7P 2L e
veldien, B3 Hesge] ulse] FAHENA 0.2%2
7P e Fre @ JelgtiTable 2). ©)2E & 249
TR 19939 E3%0.08%)2F AEEHA](0.2%)0014] A

Table 3. Chemical and physical characteristic of sediments
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A% HHE FH7IEH Hlwahd A NFeN 71EE =

el o= Jelhdtl w3 1973'd Federal Water
Quality Administration(0.2%)°14] EZE FA|X]2} 8]
3 E o A AN oF9E EFEE EFIeH,
19773 EPAS} ACOE(U. S. Army of Engineersl] <
3 S} gl TR BXEY L93E HrpE
29} Hlawabd A A Ho] HskA oF9d AeE Yepdtt

27 = (Ignition loss)2] TS 1.2~15.6%F T34
Ao A SSelM 7P B8 g vEeH, 7
BAEe Asl viere] A8 AA OTSolM 7P
e gro = eyttt oledt razE ke 1993d
B3R(7.0%)2F MEEEA(10.0%)014 Akt BlHE 2
A71Ed vlwsle BH SPIEEEo] tifR x|l
78S 2k e yehdt

A8 =F 064742 93 Helge] et
He 3k HAENAN 76.60F 7 e BAXTE
R whdol| FRAe] HEav) viEEe 73
315 B HE0A 4.82 71 o}l BAE) 2 78
B2 JERSTH(Table 3).

HEEe] dee tiFio] dES} HE9 o] &
silticlay®, MAHEFA Ao FHEL f&o] wE
FAH] A S-S(sandyS A3 A R Yo] sensicl,
siltyclay® WERTE o]gjdt Avh= AFA9e] Qi =
7] thE-E0] silte} clay® 3 - SMR-RT} B)A|E YR
E 71 Yo} L FEAS] FES} 64 um 013} YA
of YA AHAIE 7K JE=(Kyle, 1991; Baudo
et al, 1990) ZAo0Z H|Fo] F . FIFHEUE AFAGY
HHEY] LHBATTI 5 Ao AleHY, w3 A
-1 7FsAdo] & AV12 2A350] fkl 28 edEd

S; pH CE.C. TKN Ig. LG/N Texture
ite

I:5 cmol(+)/kg (%) %)
M-S 2.3 30.1 0.3 14.2 474 clayey silt
S-S 2.5 25.5 04 15.6 354 silty clay
SD-S 7.5 121 1.6 142 8.9 claye sand
KD 8.0 13.9 04 153 383 silty sand
US-S 6.9 13.3 1.6 143 8.9 sansicl
NT-R 5.7 9.6 0.3 14.2 474 sand
OT-S 7.5 13.2 2.1 12 0.6 sand
MS-S 7.8 10.5 0.6 13.7 24.0 sansicl
L-S 7.0 7.7 0.5 155 30.9 sand
OK-S 52 14.5 0.7 15.0 21.4 sansicl
DS-S 6.7 6.2 0.6 15.3 23.7 sansicl
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o] FFE °)FF riEAel & AoE wedt fromo] 5502 olg3le] A Al 5 AfelAlel B
e & AoF o E¥ri(Hakanson and Jansson, 1983).
3.2. Z350| EXIEY T3 EHEo| 3k 2 ot sdl) MEA =HE st

a0 TE $gslellx A8 skFE o) Az T S FAY 4%l U Aol 2 4
5490 718 93-S nE 4= = FHIE adsorbed from©] St % DASHEe] skl D% WAE
ok aElu 838 Haln Je =AY AN 29 7FA3 Y= Reducible fractiono] =AU AJElAIZ o5&
3lol oJa] pHZ} RelR AU 8714 48] HH carbonate 7¥Fs4de] - FoFIt(Hakanson and Jansson, 1983).
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A+CH+R  ; adsorbed + carbonate + reducible fraction
A+C+R+O : adsorbed + carbonate + reducible + organic fraction
A+C+O : adsorbed + carbonate + organic fraction

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.

Fig. 2, 3, 4, 5= BAE & & 2349 % 5% % 3 HH8d ¥ JI=R T FAR o152 5 3l
FA)2) 524 o3 JaF, FAole FES I EE £ £ labiled FEE 19.8~56.7%F e ATERA 9
2o] 8= 4ao] Tgel O WY BPoz Weh, B ARe} ARY} &P ARV} YRIE B UsS
2glzd] WE f71E Bl s HHE W] FE50) o A olsAgo] A VERton HERE Y A
SAU S AHAR o1 7FsAabile] e €4, 7F HSIshe 2ol BB A Re e veiien]
Cu, Pb, Zn?] EAFE veld Zolh. © (Fig. 2), 78& £%°] 550.9~1,515.1 mgkeE A52Y
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49 WiES7T = ARl E5ER] A% SD-SelA
1,515.1 mghkgl 2 713 E9kon S% Hexnte] J&
7t FEE AR HHE B3 OK-SelA 550.9 mg/kg
oz sl we ko vehitkFie 3).

o] Z2ke 249.6-644.6 mgkesE SFH 3 SF
Hebgel viE 59 859 AFEIAG A"t
FYse 39 538 B3 OK-sA 7 E8keH
AT HFEFde] gyt = AR #5HEY
A7 KDOIA 249.69 mgkgl & 7P ¥ 3oz el
gtk HAHEY gHE Fo SAYEHE adsorbed
fraction 0.2~18.8 mg/kg 2 2, carbonate fraction 7.1~
40.4 mg/kg, reducible fractiom 19.1~140.4 mg/kg, organic
fractionS 12.2~188.8 mg/kg® 2 LERITH A3 Hgkge]
AdglgT fElel 419 pHrt 3.0 olEk] AR
S-SM 1257 mgkgo 2 7 e ko2 Uehgo,

o}de] ZEL 214.0~2,945.8 mgkglE A7 Heksge]
257l FRsE A S-Sl 2,045.8 mpkeS E 71
£& 2 Uthly, ARgel A 8 3257} £
H AFsh HEBUY 5 SR AR 2 7
T H3E34e) AW wigrt flEle AR, B
9] A&7t fYEle ARVE FRE0] 12 Rl F
319 A MS-SolA 214.0 mghkgl & 7 B 3o
2 vebdtt

olHo] EA|Hel= adsorbed fraction 1.0~18.7 mg/kg,
carbonate fractionS 4.3~68.7 mg/kg® = YERTE.

Reducible fractionS 12.6~414.3 mg/kg S =, organic
fractionS 12.2~630.4 mg/kg, residual fraction 108.3~
2787.0 mg/kgS 2 WERITH

ARG L5 3 EHE] FFE0] e Cd,
Cu, Pb, Zn9] ZAHel= EA residual fraction2 A
3 EAEE % organic fraction®] 7} & F=E U
Bl o, yellow boy @42 Hole A He] FHE|A
reducible fraction®] 7Fg ¥ H& HIES XS
ol AL HislEd Wt AlEd AdE FEHU
reducible fraction®] yellow boy2] TAER Fe,0; %
SO;, H, 082 FAE Schwertmannite(FesOg(OH)45(SO4)1.75)
A FREL BT RIBESA, gibHe R ol &
e FzUd] &a1ske oHl 93 FH71HeE &4
< =) "k E=3 o]S0] EAjol]l EAEH =Y, &
Holl 218 Ho} OH9| Yol wel Asp} Aydrt. =
pH7} $ow gdgle) H o]Eo] FHrIFo=E <
A2 8 FoleEe] F2L WalskH, viiE pHt
Fom, FEo| 0] HxEe W FFE e H
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ol WEHE-S A Hol AMES] HFHol| FIE F
AtH(Sengupta, 1993). WebA 3R shekzAde] Wl
A E YR AR A2 e 4R
AR vl 259 34l F2Eo] AAH HAHE
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E 7z old] A el reducible fraction®] BlE&
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2R 72 &) BAE FIE0E AAH BRI
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HolE FAET 1 FHAS
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HH B FhE FFE EXFE] T olF JFsHld
st vl Az 9B FFE(Cd, Ni, Zn)ellA] adsorbed
fraction®} carbonate fraction o] LFXEl oA 3=
HAeg A Guo) FE5350 433t Aol 2 4
S Hoj o] AL v pHY| 98] EAE FiEo| %4
S ke Ao F gk

Cd, Cu, Pbe pH7} A YERE AHelA reducible
fraction ¥]&°] FoMAl = A Holx glo] H F Wzt
A8Es) A%tE gele) SEge] FAHEA Uepe
HAgo g AlFEEHY, o)l7FsA a2 tid e He
% A de) FHelA A VRt 3k HHE B 3l
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