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ABSTRACT: Lead (Pb) as a trace element occurs in rocks and has four stable isotopes (204Pb, 2065pp, 2°7pp, 20ng).
Pb is released into the atmosphere, biosphere, hydrosphere and geosphere through various industrial activities,
such as smelter, mining, combustion of fossil fuels and use of leaded gasoline, and result in serious environmental
contamination. Pb isotopes can be used to trace the Pb contamination source and to understand of the biogeochemical
cycling of Pb in the environment. Pb purification with two-step chemical separation using hydrochloric acid (HCI)
and hydrogen bromide (HBr) can yield high precise and accurate results although it needs a lot of time and labor
during Pb purification. Here, we developed one-step chemical separation using only HCI. In order to develop an
efficient separation method, two kinds of ion exchange resins, Eichrom Sr-resin and Pb-resin, were used to compare
the separation and recovery of Pb from other matrix elements. Further, in order to verify this method we measured
Pb isotopes in several geological reference materials distributed by USGS and NRCC. The results are consistent
with the reported values within the error, indicating that this method is successfully developed. It is expected that
this study can be broadly used to measure Pb isotopes in various environmental samples.
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Fig. 1. Elution curves during Pb purifications using Pb-resin (a) and Sr-resin (b), respectively.
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Table 1. Measured Pb isotope ratios of NBS 981 in this study.

NBS 981 205pp/2*Ph Ise' 27pb/**Ph 1se' 208pp2%Pph Ise'
measured value (n=50) 16.936 0.000 15.489 0.000 36.701 0.000
reference value’ (n=11) 16.936 0.000 15.489 0.000 36.701 0.001

'external standard error
Todt et al. (1996)

A(2)& *Hgoll 93t S5 Q47H4 (isobaric inter-
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Sample digestion
- Mixture acid of HF and HNO, (5:3(v/v)), 180°C overnight
+ BN HCI, 180°C overnight

[ Evaporation and dissolved in 2N HCI (0.5ml)

[ Eichrom Pb-resin (100-150um, 0.4ml) ]
T
Cleaning (6N HCI, 6ml)
I
Conditioning (2N HCI, 2ml)
I
Sample loading (2N HCI, 0.5ml X 2)
T
Elution (2N HCI, 1ml X 4)
T
Pb Elution (6N HCI, 1ml X 6)

S J o J\_J _J

I
[ Evaporation and diluted with 5% HNOs ]

Fig. 2. Flow chart of Pb purification processes.

AN 2-FEEAY AFEAEE ARSI 2(3)°]
A Aot 5914 v S BAS Y

3. &A1} g9l E9|

13} 19 30| Pb 59 U4 222 (NBS 981)
HhE BASE A0S el ik 20174 597
797kA] 503] HHE A% NBS 9819] Pb S84
H]i= Zk2H**Ph/**Pb = 16.936:+0.000 (1se), *"Pb/**Pb
= 15.489+0.000 (1se), **Pb/**Pb = 36.701+0.000 (1se)
ojr o]= 7|& Baglal 2P 9] Yol A Yx]eh=
7He B2 THTodt et al., 1996). E 29} 12 4 2
50f B Lol A 7iEtE Pb 2| o]-g3te] 24
5t 9% 2 EZA tigt Pb 59 ¥4 v E YERAS
o} 59 H2E4 BIR-1a, A% =254 STM-,
PSS A2 EA GSP2E A9t E4E
"Jo_:_ ‘?‘1 _%]_ ./.1\_ l:]] (206Pb /204Pb, 207Pb /204Pb, ZOSPb /204Pb)
= BF 7|E& AollA BuE 3 ek 9] WollA
A x5t tHWoodhead and Hergt, 2000; Baker et
al., 2004; Elburg et al., 2005; Weis et al., 2006; Pin
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Fig. 3. Measured Pb isotopic ratios of common Pb isotopic standard SRM 981 during this study. Line represents
a mean value of measured Pb isotope ratios. Errors are internal standard error (1se, n=20).
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Table 2. Measured Pb isotope ratios in standard reference materials in this study.
Sample Session ““Pb/*Pb  2s¢'  *Pb/MPb  2se'  *"Pb/Pb 2se’ Comments
Marine sediment
MESS-3 1 19.379 0.003 15.677 0.002 39.145 0.006 new digestion
2 19.342 0.002 15.669 0.002 39.097 0.004 new digestion
average2 19.360 0.038 15.673 0.008 39.121 0.047
HISS-1 1 18.098 0.003 15.515 0.003 38.076 0.008 new digestion; 1-2
2 18071 0003 15517 0003 38042 0007 Uscd thesamebulk
solution
3 18.003  0.004 15507  0.004  37.811 0.011 new digestion; 3-4
4 18.003  0.003 15508  0.003  37.808  0.007 ‘s‘jlelifgg same bulk
averagez 18.044 0.049 15.512 0.005 37.934 0.145
Shale
SGR-1 1 19.649 0.002 15.720 0.002 39.089 0.005
2 19.615 0.002 15.712 0.002 39.050 0.004 1-4 used the same
3 19.636 0.002 15.714 0.002 39.072 0.005 bulk solution
4 19.647 0.001 15.721 0.001 39.090 0.003
averagez 19.637 0.016 15.717 0.004 39.075 0.019
Syenite
STM-1 1 19.515 0.004 15.623 0.003 39.174 0.007 dth
2 19481 0002 15619 0002 39137 0005 [ useqthesame
3 19.506 0.002 15.620 0.001 39.159 0.004
averagez 19.501 0.020 15.621 0.002 39.157 0.022
Andesite
AGV-2 1 18.864 0.002 15.611 0.002 38.522 0.005 new digestion
2 18.865 0.001 15.614 0.001 38.535 0.004 new digestion
avemge2 18.865 0.001 15.613 0.002 38.528 0.013
Granodiorite
GSP-2 1 17.564 0.003 15.500 0.003 50.826 0.009 new digestion; 1-3
2 17.576 0.002 15.516 0.002 50.608 0.007 used the same bulk
3 17.568 0.002 15.501 0.002 50.791 0.006 solution
4 17.613 0.002 15.508 0.002 50.681 0.006 new digestion
avemge2 17.580 0.022 15.506 0.008 50.726 0.100
Basalt
BCR-2 1 18.753 0.002 15.615 0.002 38.716 0.005 new digestion; 1-2
2 18732 0002 15617 0002 38704 0005 Uscd thesamebulk
solution
3 18.744 0.002 15.617 0.001 38.695 0.004 new digestion
4 18.732 0.002 15.633 0.002 38.697 0.004 new digestion
averagez 18.740 0.010 15.620 0.008 38.703 0.009
BHVO-2 1 18.554 0.004 15.537 0.003 38.179 0.008 new digestion; 1-2
2 18587 0004 15515 0003 38337 0010 Uscd the samebulk
solution
3 18.690 0.001 15.542 0.001 38.254 0.003 new digestion
4 18.638 0.003 15.549 0.004 38.265 0.012 new digestion
averagez 18.617 0.059 15.536 0.015 38.259 0.065
BIR-1A 1 18.840 0.002 15.652 0.002 38.472 0.004 new digestion
2 18.839 0.003 15.669 0.003 38.510 0.009 new digestion
averagez 18.840 0.001 15.661 0.017 38.491 0.039

'internal standard error (n=20)
2
external standard error
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Fig. 4. Comparison of measured Pb isotopic ratios (*”’Pb/***Pb vs.***Pb/***Pb) with reported values in the USGS
reference materials. The circle, cross, and diamond symbols represent bulk rock, powdered glass, and solid glass,
respectively. Errors are external standard error (1se).
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Fig. 5. Comparison of measured Pb isotopic ratios (207Pb/204Pb vs.208Pb/204Pb) with reported values in the USGS
reference materials. The circle, cross, and diamond symbols represent bulk rock, powdered glass, and solid glass,
respectively. Errors are external standard error (1se).
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