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The Effects of Carbonate Minerals in Gully-pot Sediment on the Leaching
Behavior of Heavy Metals Under Acidified Environment

Pyeong-koo Lee'™ and Youn-hee Yu'’

"Dept. of Environmental Geology, Korea Institute of Geoscience and Minerals
Dept. of Earth and Environmental Sciences, Chonbuk National University

One of the main interests in relation to heavily contaminated gully-pot sediment in urban area is the short term
mobility of heavy metals, which depends on the pH of acidic rainwater and on the buffering effects of carbonate
minerals. The buffering effects of carbonates are determined by titration (acid addition). Leaching experiments are
carried out in solutions with variable initial HNO; contents for 24h. The gully-pot sediment appears to be predomi-
nantly buffered by calcite and dolomite. In case of sediment samples, which highly contain carbonates, pH decreases
more slowly with increasing acidity. On the other hand, for the sediment samples, which less contain carbonate
minerals, pH rapidly drops until it reaches about 2 then it decreases slowly. The leaching reactions are delayed until
more acid is added to compensate for the buffering effects of carbonates. The Zn, Cu, Pb and Mn concentrations of
leachate rapidly increase with decreased pH, while Cd, Co, Ni, Cr and Fe dissolutions are very slow and limited.
The solubility of heavy metals depends not only on the pH values of leachate but also on the speciation in which
metals are associated with sediment particles. In slightly to moderately acid conditions, Zn, Cd, Co, Ni and Cu dis-
solutions become increasingly important. As deduced from leaching runs, the relative mobility of heavy metals at
pH of 5 is found to be: Zn > Cd > Co > Ni > Cu >> Pb > Cr, suggesting that moderately acid rainwater leach Zn,
Cd, Co, Ni and Cu from the contaminated gully-pot sediment, while Pb and Cr would remain fixed. The buffering
effects of Ca- and Mg-carbonates play an important role in delaying as well as limiting the leaching reactions of
heavy metals from highly contaminated gully-pot sediment. The extent of such a secondary environmental poliu-
tion will thus depends on how well the metals in sediment can be leached by somewhat acidic rain water. Changes
in the physicochemical environments may result in the severe environmental pollution of heavy metals. These
results are to be taken into account in the management of contaminated sediments during rainstorms.

Key words : acid rain, leaching experiment, heavy metal, spcciation
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ZHE opd F e FEELFLENEH AR
& 1% BlEO Wi Fe] 9 A W] ek AT
7b ghats] Fa = 2 th(Verbanck, 1990; Benoist
and Liklema, 1990).

q7] Zol /9 vAwRe} m2dd] %o Qe
HAEd 299 FE52 M YT &9
7] w2 5549 fevt A SVHEE o=
dHA Aok EAAHAA Wels AdE]e] 71915t
2 903w sk 5o FAISAES AdskE]o] F
Ao FztElo] ALY grdRE 5o AtslgEe

’

)
o]
:

o 8

(Zn
}ef

o)

FH= EAete 984S 93 52 &INA 24
Hog FAE QA= AR dHA T Utk(Davis
and Leckie, 1978; Carignan and Tessier, 1988,
Lee and Touray, 1998; ©|¥-<} o]z &, 1999). Lnt
Ao QHHA & HIE9Y pHE 653 Zies &
Bz o, r1edde] AErE 7] Foll Exsh
SO,%+ NOx= 18] pH 5.601812] 4kdu]7r WAl

b Mg A d=d el Fa pHe 97d ©f
5 pH4.8-587kA] ZA AL, 2000d%9] A9= <
e pH 4.82 vERsith AHdu7E Ygle A o
gl AgEY $AE Zlog yebgou & pHel A
ol HolA| egten, Aupr|k] AFHA Wele
E9] pHe dubdoa 4894 509 ¥HE Hole

Aoz 71&50] rhEaH, 2001)

ol A7 e widREg EgE dE $
FHEHEE oz SR Ee] FHe Fols} 4t
S(acidity)®] WSt FE458E A mRle 92
HrRsloAb sk, Abgeiel F&she Ze a8id At
Aol SaEE B 549 e § )
2 Hollx sty AvtEn), A, Adulel HE
39S 5ol £ th
23] FEE o234 Qon, AuHe fEwe
3= =g s

Zu 20

il



pr'}l:‘:&l:‘]z“l%q] ?:H’DT‘E‘ T Lu’Lo)’EO] A]ﬂﬂ%§].7ﬂoﬂ/\10] —6;_‘ %37—]-51011 U]x] fg: %17} 259

AlBlGit o] 8EHEL A HAE FRE
AAFEe] 4, ST EYpH & 55 2Tty

By 8l AlRE A o}aiu} :KD-1, KS-2, KJ-2, KJ-
3, KU-6, NW-2, J-7, J-10.

B4yl AMgsle WS BIE9] qlkel gt
%7] )8l analytical gradeMerck)?] ZHARS €
(deionized water)e]] @3t S Hvjsle] Al s
0.00-0.1N(0-100 mmole/y74A] 0.0IN &= HsirA
F)E T §E4E LS -8 100 mPl AlE 5g8
Sghsled 2407k F9F A2oA wukslglon], A Ee)
Hhe-golg EEshe ZA parafim© 2 F4E YTk
gk g, gdlof pHE ZAE oM, £ 045 um
AP Hlo 2 ofsieirt,

22 534 #HEEY
3% ggre] e [CP-AES(Perkins-Elmer
o]

S|
Optima 3000XL)E ol &stgow, ¥X%x7H& RF
Power 1300 watt, Plasma Flow 15 L/min, Coolant
Flow 0.5 L/min, Nebulizer Flow 0.8 L/min ©I%it}.
ICP ¥4 A}g% Cd, Co, Cr; Cu, Fe, Mn, Nj
Pb, Zn®] standard metal solution< 1,000 ppm
stock solution(Merck)S 34)sle] ALg3I%Ic) A &
Mo ol8d "ol&rE A7l 3 MiliQ
Millipore systems AH&-31% T
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Fig. 1. X-ray diffraction patterns of gully-pot sediment
showing the occurrence of carbonate minerals. Qtz: quartz,
Mic: microcline, Ab: albite, Mus: muscovite, Kao: kaolinite,
Cal: calcite, Do: dolomite, Ch}: chlorite, Hb: hornblende.

KD-1, KJ-3 € KS20lM& Agkogd &=,
KU-6, KJ-2, NWZB}J%]EOHHL AR %%E At
Z=%rh W42 KU-690 4=
KJ-39} NW-2004] -‘?—*é%j—ﬂ”i *H‘ HRon, J-7
woMo] ZARMEE AZFCKTable 1 2 Fig
1). &4 A]%tz Aze] BEokki(soll pHE &
Apo) 7t A2 ke, A A
o7 FA 69904 zml 8.880)1tH(Table 1).

32 85899
pHgt st
LEgoo EerslE 0.00NolAM 0.IN2] F=7}h
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pH3tel viglgele 24 AR 72 5 Ui
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Table 1. The total concentrations of heavy metals and XRD data. (mg/kg)
Samples J-10 KD-1 KJ-3 KS-2 KU-6 KJ-2 J-7 Nw-2
Soil pH 7.93 7.69 7.78 8.15 6.99 7.87 7.57 8.88
Cd 3.19 2.66 2.01 1.46 2.31 1.83 2.44 1.28
Co 13.8 16.1 10.7 11.3 107.3 8.8 11.8 7.5
Cr 129.2 72.5 109.7 68.3 172.6 99.1 135.4 355
Cu 379.8 120.2 228.1 122.9 1545.1 327.3 379.7 113.3
Fe 33129 60458 41228 36975 36953 34445 33586 24567
Mn 471.2 4649 706.5 490.8 3269 457.8 4079 665.2
Ni 779 322 40.2 333 86.2 41.4 715 19.7
Pb 130.2 60.7 109.2 65.4 198.3 167.1 226.9 118.5
Zn 805.5 673.3 1989 1892 1266 1821 3278 1050
Quartz XXX XXX XXX XXX XXX XXX XXX XXX
Albite XXX X XX XX XX XX XX XXX
Microcline XX XX XX XX XX XX XX XXX
Muscovite XX XXX XX XX XX XX XX XX
Chlorite X XX X X X X X
Kaolinite X XXX XX X XX X XX
Hornblende X X X - X - X
Calcite X X X XX XX KX XX
Dolomite - XX - X - XXX XX
xxx : abundant : xx : common ; X : rare.
12 W-g-ahA =19 2E pH wel FAH HolAlA He
1o ez, 0.INY Q—gﬁ"“ﬂ% uke-sld = #ZFpH7t 2.0-
8 3.0x0eld = HEINW-2, J-7).
a6 Type 1¢] 45, S& &9 2EEs} 0.02NolA]
4 0.05NAtelol|l A, §Eg-5- 2FpH7LS 50|81 Ve AL

D 001 002 003 004 005 006 007 008 009 0.1
nitric acid mol/L

Fig. 2. pH established after 24h of interaction with HNO;
solution of increasing acidity.
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Fig. 3. X-ray diffraction patterns for untreated and 0.01N-
0.1N HNOjs-treated gully-pot sediment (KJ-2). Qtz: quartz,
Mic: Microcline, Ab: Albite, Cal: calcite, Dol: dolomite.
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Fig. 4. Concentrations of heavy metals after 24h interaction with HNOj; solution of increasing acidity (4 : J-7, l : J-10, A
NW-2, @ : KU-6, <> : KJ-3,[1: KS-2, A KD-1. O KJ-2).
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