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Abstract: This study was conducted to build up the inventories of Pb isotopic compositions of major Pb pollution
sources in South Korea. Since non-ferrous metal smelters are one of major anthropogenic sources, two smelters
for zinc, each one of smelter for lead and copper were selected for the study. The Pb concentrations and isotopic
compositions of metal ores, wastewater, sludge, metal rod and produced sulfuric acid were analysed to understand
the Pb isotopic patterns in environment. The isotopic ratio, 2°°Pb/*"’Pb, of zinc ores from zinc smelter were
in the range of 1.179~1.198 and the ratio of waste, flue gas and products samples were 1.105~1.147. This
results implied that the isotopic patterns of output samples showed mixing patterns between two distinct metal
ore soerces. In 2011, major importing countries of zinc ore were Australia, Peru and Mexico. Thus Pb isotopic
patterns from zinc smelter is originated from the mixing patterns between less radiogenic Australian ores and
more radiogenic South America’s ores. Lead smelters also showed the same mixing patterns with those of zinc

smelters. However copper smelter showed same Pb isotopic patterns with more radiogenic South America’s ores.
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Table 1. Sample lists from non-ferrous (lead, zinc and copper) metal smelters
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Type Zinc smelter 1 Zinc smelter 2 Lead smelter Copper smelter
Ore zinc ores zinc ores lead ores copper ores
silica rock
Waste sludges sludges sludges sludges
wastewater wastewater wastewater wastewater
Flue eas roasting process roasting process roasting process roasting process
& casting process casting process casting process casting process
cadmium rod cadmium rod lead rod copper rod
Product zinc rod zinc rod S Pper roc
S S sulfuric acid sulfuric acid
sulfuric acid sulfuric acid
2 Algldi Table 2. Operating parameters for MC-ICP-MS
RF power 1200W
21. AEXF Cooling gas 15 L/min
ZAF AL B A FE AEANA F ), ol W Acceleration voltage -2000V
Felel 17 A AR dgstanh AA Sl — et
Sample cone Nicke
ooL:]_X% N Al A 1)-;(% N Al = X@ ) )
FAAE 2 8 Al AR TR A B A Skimmer cone Nickel

17 Aol o, B Al A= o5 AldE A}
g AEE ARSI T AR E AlEEE A3, B
A8, WiE7ke, S8R 2 W5 53 @ ofdy |
943 5o AEF RAEE AAEE 3 5L AF
stk ZAHNA Al A ZAF WSS Table 19
A A3

Az F HAAPEE o]

A3z} st on #AsE A5 02 g A=
ZE 13| &7](Teflon digestion vessel,

Savillex, USA)9l 93 E32HHF+HNOs+HCIO,)S
o]gato] et AFTHLRE 1% HAEHe R
20 g "HE0f, EPA AW 305190 whet ICP-OES
(Optimer 5000DV, Perkin Elmer, USA)= " sEES
A 8T o] F o] &S T 20 ¥ FASaL o
7)ol AeFtE-g A1 98] Thallium (TS spike
sto] Aisls tEAEAEr] FEAdES=EA 2
2524 7] (Multi-collector Inductively Coupled Plasma
Mass Spectrometer, MC-ICP-MS)Z & T H94&E &

EEFER

23
=2 A3
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Table 3. Cup configuration of MC-ICP-MS

Mass resolution
Sampling mode
Integration time

Low (m/m=400)
10-15 cycles
4.2 s per cycle

Nebuliser PFA-100
Sample uptake rate ~0.1 mL/min
Auxiliary gas 0.7 L/min

Sample gas 1.0-1.05 L/min

pul— %_?,] %i(ZO‘le’ 206Pb, 207Pb, 208Pb)_E %_ 9 7H 715]
Z7] 5 center faraday HE71E 7|FoE 2Z 9
A8 L1 AE7IZ PbE &5, LEZF A%
H1, H2, H3AF&-3}o] 2Py, 207ph, 28ppE =4 393t}
sk Al 5o H7VeE 29T 25T1S 2+2F .29} center
AE712 FH3H, 2¥Pbell FH == **Hed 74
S BA357] 98] *MHeg T4 PHeE A3
ATk Pb YA AFEZZE NIST SRM 981
AV&3BIATE. Table 23 Table 39 2+2F 71712327
I Pb YL SA] HEV] wE S BAAT
g YL BAL 72 R AT RN

= AT}

L3 L2

Ce H1 H2 H3

Cup Configuration”

ZOZHg ZOSTI 204Pb 205Tl 206Pb 2O7Pb 208Pb

Corr-Interfer MHg

"205T] and 2Tl were used mass bias correction
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61.9-652.9 mg/kgS &, o
TH FYEE 202 R A ofd #
% 9] 29Pp2%Ph 2 1.179~1.198% EFSETH o}
AAA AN B Fo2 MlEHE F T2 ulE
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Fig. 1. Plots of 2®Pb/2*Pb vs. 2Pb/"’Pb of ores, flue gas, wastes and products from (a) zinc smelter (b) lead smelter (c)copper

smelter.
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Fig. 2. Statistics of imported metal ores of South Korea (Korea trade statistics, 2011).
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Table 4. Lead isotopic compositions of lead ores from various
source regions

Location of
lead ore
China
South Korea
Bolivia
Australia

206pp,207p 208pp/2%ph  Reference

1.025 ~ 1.106 -

1.155 ~ 1250 1.99 ~2.15
1.175 ~ 1206 2.05 ~2.14
1.03 ~ 1.10
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products from non-ferrous smelters.
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