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This study was conducted to evaluate lead(Pb) pollution near a zinc smelter using Pb stable isotopes as envi-
ronmental tracers. Environmental samples such as air particles, precipitation, soils, conifer leaves, and tree
rings were analyzed; input and output materials were also collected from the zinc smelter. The 2°’Pb/**°Pb
ratios of the output materials from the zinc smelter were in the range of 0.865-0.881, and plotted on a mixing
line with zinc ores from South America and Australia as the two end-members. The 2°’Pb/2%Pb ratios of air
particles, precipitation, and conifer leaves were in the ranges of 0.822-0.887, 0.853-0.882, and 0.866-0.877,
respectively, and fall within the line attributed to the smelter. In contrast, the 2°’Pb/?%Pb ratios of soils fell
within a broader range of 0.694-0.893. Soils with a higher 27Pb/2%Pb ratio of 0.850 were plotted on the smelter
line and showed high Pb concentrations of 207.5£141.9 mg/kg. Soils with a lower 2*’Pb/??Pb ratio of 0.850
were plotted on the Korean ore line and showed low Pb concentrations of 60.5+44.2 mg/kg. The 2°’Pb/**°Pb
ratios of tree rings showed an increasing trend toward the isotopic composition of emission gases, implying
that the source of Pb pollution changed from the local mine to the zinc smelter.
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Fig. 1. Sampling stations for atmospheric, precipitation, soil and plant samples near zinc smelter.
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Table 1. Operating parameters for MC-ICP-MS

Instrument settings

RF power 1,300 W
Acceleration voltage 6,000 V
Coolant gas flow 13.0 L/min
Auxiliary gas flow 0.8 L/min

Cone (Sampler + Skimmer) Ni
Analyzer pressure 6.0x10 mbar
Signal intensity 32~354 V/ppm
Sample introduction

Desolvating system DSN-100
Nebulizer type GE micromist nebulizer
Nebulizer pressure 30.5 psi
Sample uptake rate 100 uL/min
Spray chamber temperature 110°C
Membrane temperature 110°C
Hot gas flow 0.3 L/min
Membrane gas flow 2.30-2.43 L/min
Analysis
Scan 50 scans (2 blocks)
Mass bias correction Standard—S:ample
Bracketing
Instrument drift < 0.3%
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Fig. 2. Plots of 2%Pb/2%Pb vs. 207Ph/2%Ph of samples col-
lected from the zinc smelter.
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Fig. 3. Plots of 2Pb/%Ph vs. 207Ph2%Ph of air particles.



168 LI I I
0.90
*0
0’ . *
Ay
0087 | 4% Ad
[ *®
g m A4
b F s
= T ]
S L
S
~ 084 - P~ PR
A A

0.81

0.00 0.05

R - A - AR - A9
.

[ ]
ojuiy

A W September
4 October

0.10 0.15
1/Pb(ng/m?3)

Fig. 4. Scattered plots of 2’Ph/?%Pb with lead concentrations of air particles.

o2 259 36.2+42.0 ng/m’l| Bla] A UERTH
Sk g FH9A v AlEAF ARE Aols YER)
2] ggokem, A7 ue} dEiAE 3k RSITh(Fg.
4). o= ZAF AIZER AMREE Ao 9t HEo] A
o|Z <&l tI7|Z wiEE = F T4 v7t @A 7]
5ol Ao FHE

EoF A|ge] 207pphLph 7k .823+0.046(0.694~
0.893)°1212™, Fg. 5014 & 5= & ule} o], th7]
9} SRl 27Ph%Ph Zho] 0.85 o)Al AeE FE
Aol 28 F FUL, 0.85 oI5l A= =)
sboll ost i 79 FEE I W= Flo= 4
TS Ald A 93t JFS e BY IFE0=12)9] &
Fev 207.5+141.9 mgkg, THE I {m=29-> 60.5

+44.2 mgkgl 2, T 17| TS F T 2o
7F YRttt

o83t A2 HE olAAHAIA 91 Aol
A 2 B 5 e, 9 o) = =
AHE ofFAEAERRE T2 FYEH, A 5EY o
£ 71E EYoERE fYHE Zlog FHH.
739 % DTPhP%Ph 7R 0.868+0.008(0.853~0.882),
A4 0.872+0.003(0.866~0.877)= ZH =Y.
E A|79] 207pp~%Ph Zho] 0.850 oo R, Al Ao
4 HEl e mEs 210 velth tdi7let B
= g giiRe gol AlHauiH 98 AL
Hw, ek Bfolut ti7le) vsf et el
TAYA R WHaP 9 FA et

olo
3T

(o o
< Olﬂ
>

1o I o2
ol ;&‘

2.25
Zinc smelter
y=1.2941x+0.9843
2.20 R?=0.9731
207pp /206ph, 0.850
2.15 1 N
¥ i
& ' AD
1y Korean ore 8% 7
& 210 y = 2.4847x+ 0.0324 o " o
3 R?=0.9977 A !
2
A A
A H
2.05 G
A
M A H
M ]
2.00 A . .
: I:> Zinc smelter soil
» Koreanore ¢
1.95
0.78 0.83 0.88 0.93 0.98
207Pb/206Pb

Fig. 5. Plots of 2%°Pb/2%Pb vs. 27Pb/2%Ph of soils.



T FIEYAE o83t olAAEAA JIEAHY T 2 B4 169
2.25
2.20 -
Zincsmelter
215 -
§\ 2.10 - -
(;: A A gm&)?gﬁa
" 205 - : 5o &
Koreanore ‘ air particle
Soil
2.00 - o precipitation
conifer leaf
1.95
0.78 0.83 0.88 0.93 0.98
107Pb/205pb
Fig. 6. Plots of 2%Pb/2%Pb vs. 207Pb/2%Ph of precipitation and conifer leaves.
(Fig. 6). 4. 4 =
0] olg] 5 27PhP%Ph 712 0.828~0.8732A,
Lolele] AN 717F 718 Qe Al5e] 27PhA%Ph 7k 2 AF7e ueFs gAY 994 B B
< 7P 2 3R 0.828% YERE O, AskgAake] w3 ofdARAA QIS XY W FUEAEES WUk
X3t A} kS BYTh e ol AAAZIZE ok o2 9EiM W B9U4 2AR7) SeEon,
Aol 7 ASE T SAYAR AN olAAEA] 27PhA%Ph gho] 0.850 131 739, Al Ao 28k
o] WjE7hest fAR GO Bobdt ARS uyl L, 0850 olakel A5 ) YAk Ak )3

%
L olZNE o] el i ogle FAel ddshaite]  EFF BAL Mol oz

N 82
i e
vy
QL
;‘8‘
&
i)
N
SE
1
i‘g

g FALoINo, Aol ofdAlAA o] FE f A, ol olAlaA A skt Sol £
Yo W7t e Zlow FAHHE FHE B3lom, Adad] JEFE F= w2 awol

57k ke gl Vs A veRdeh, v 4

2.25
2.20 Zinc smelter
2.15
i .
& N o2
£ 210 *
.g + Current
3 ]
;4 - *
&®
2.05 Korean ore' .
s
& + treering
2.00 1970's = Yeonhwa mine
+ emission gas
1.95
0.78 0.83 0.88 0.93 0.98

207Pb/106pb

Fig. 7. Decadal changes of Pb isotopic compositions in tree rings collected near the zinc smelter.



H
9% T A

Yol 48717l et 10~504e] g
Ve 5 ol AERA, HA 24deld Aol B8 7

5% Aoz Aue,

1. B. L. Murphy, and R. D. Morrison, “Introduction to
Environmental Forensics”, 2007, 2nd Edition, 1-12,
Academic Press, UK.

2. FUVATR, BB
A(D”, 2012, 31-42.

3. International lead and zinc study group, press release,
http://www.ilzsg.org, February 2011.

4. United nations environment programme, “Final review
of scientific information on lead”, 2010, 60-72.

5. M. Komarek, V. Ettler, V. Chrastny, and M. Mihaljevic,
“Lead isotopes in environmental sciences: A review”,
Environment International, 2008, 34, 562-577.

6. H. Cheng, and Y. Hu, “Lead (Pb) isotopic fingerprinting
and its applications in lead pollution studies in China:
a review”, Environmental Pollution, 2010, 158, 1134-

£

At

22471 %3

4

599

AT IRRE = AT

10.

11.

12.

13.

14.
15.

MR, WNE, SR, L),

1146.

. L. Qian, C. Hongguang, Z. Tan, L. Chunye, and G. Shu,

“The estimated atmospheric lead emissions in China,
1990-2009”, Atmospheric Environment, 2012, 60, 1-8.
A, A, 193],
“F SAYAE o183 sT EHE T ' 2% 7]
A A", Analytical Science & Technology, 2012, 25,
429-434.

. E.-J. Yoo, J.-A. Lee, J. S. Park, K. Lee, W. S. Lee, J. S.

Han and J. W. Choi, “Tracing lead pollution sources in
abandoned mine area using stable Pb isotope ratios”,
Environmental Monitoring and Assessment, 2014, 186,
781-789.

E Albarede, and B. Beard, “Analytical Methods for Non-
Traditional Isotopes”, Reviews in Mineralogy & Geo-
chemistry, 2004, 55, 113-152.

A. E. Shiel, D. Weis, and K. J. Orians, “Evaluation of
zinc, cadmium and lead isotope fractionation during
smelting and refining”, Science of the Total environ-
ment, 2010, 408, 2357-2368.
http://wwwkita.net, $-=5FJH3],
d.
M. E. Kylander, D. J. Weiss, and B. Kober, “Tow high
resolution terrestrial records of atmospheric Ph depo-
sition from New Brunswick, Canada, and Loch Lax-
ford, Scotland”, Science of the Total Environment, 2009,
407, 1644-1657.

AR “7187411.(2012)7, 2013. 64-65.

AR, gogh, st 2 At A-old 339 Pb 9
Ui 28 F Pl = AgEEel 71A X7k 2 F
A sdre] A8, gk7eIesl, 2005, 14, 141-
148.

FAEA 2013



