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N 1.2
o Pb ( GBW 04426
“Pb.*Pb.2"Ph  *®Pb *“Ph ) ( AccuStandard
*“Pb.*Ph ) (5180 —4688
*®Pph Agilent ) ( Agilent )
N ( Agilent ) o
( Merck )
( 2Ph/™Ph. > Ph/™Ph) ( ).
Pb-Pb 1.3
o . 0.2
g 0.5
- . ml 6 mL
19-20 -
. 2 30 g
- ICP-MS o
(ICP-MS) 2
: N Table 2 The digesting program of microwave digestion
Pb Pb
P/W 1% t/min 9/C t/min
1 1600 100 3 100 3
2 1600 100 7 150
3 1600 100 5 170
° 4 1600 100 5 190 10
2
1.1 2.1
Agilent 7500a ( 2.1.1
Agilent ) ; Mili-Q (18.2 MQ * cm
Milipore ) o ICP-MS ( . . .
TLiVPYPT ) .
10 pg/L
o 1.
MARS ( CEM ) o ( . . )
L104 ( Mettler—Toledo ) o ( - )
1 ICP-MS
Table 1 The working parameter of ICP-MS )12 ’
1350 W 1.0 mL/min
6.8 mm N
16.0 L/min 3 ~ o
1.00 L/min 30 ms CEM
1.12 L/min 3
(Ni) 1.0 mm 1 ms
(Ni) mm °




4 : ICP-MS 32

2.2 o
Pb 4 Pb
( RSD) ( 208 p}, /206 pyy Table 4  Analytical results of Pb in crude oil from different area
206 208
1)« Pb 10s 7°Pb w(Pb) /(g kg™) w(Ph) /( g+ ke™)
207 204
5s 7Pb 55 7Pb 686.40 469. 60
10 s, 81.40 732.50
1213.00 387.50
5 56 30.70 293.30
i 836. 10 769.20
2.184 T 0.6
] —°—-°8Pb/'g"Pb 93.80 75.73
218 | —=— RSD/%
. 405 365.40 001 253.10
L 2180 ( ) 857.80 002 115.90
g 1042 69.70 003 132.50
5 2178) G ( ) : 32.
£ 5176l 1os = ( ) 82.10 004 136.70
) 79.30 005 37.99
2174+
1oz 79.80 006 132.70
21721 695.40 007 103.20
2.170 . ; : ' 0.1
0 5 10 15 20 25
/s 3.1
1 6
1 Pb 5
Fig. 1  Effect of dwell time on the precision of Pb isotope
determination RSD<2% ( n= 6) °
2.3 5 Pb
10-50 mg /L Table 5 Stability test of Pb isotope determination in crude oil
Pb
2 RSD/%
208 206
3 <5%. Ph/2%Ph 2.166 2.191 2.181 2.163 2.172 2.151 2.171 0.65
208pp, 207pyy 2 474 2,512 2.463 2.490 2.482 2.469 2.482 0.71
208pp,204pyy 1,127 1.130 1.128 1.129 1.124 1.131 1.128 0.22
3 207p}, /204pLy 0.455  0.467 0.443 0.462 0.454 0.456 0.456 1.78
Table 3 Analytical results of Pb in oil standard sample 206p},/204py 0.523  0.513  0.520 0.509 0.531 0.527 0.521 1.60
w( Pb) /(pg-g™)
1%
(WM-21-1X-4)  10.00+1.08 10.95 4.58 ICP-MS
(WM-21-5X-4)  50.00+0.94 50.21 3.13 6.
3 204 Pb 207 P b 208 Pb
. ( . "Ph/*Ph
) Pb 0.016 ~1.026 **Pb/*Ph
4, Pb  0.018 ~1.177; **Pb.*”Pb **Pb
*®Ph/**Ph 2. 068 ~ 2.
208 207
Pb 176 “°Pb/~'Pb 2.256 ~2.487,
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Table 6  Analytical results of Pb isotope in crude oil B 3
et 9 —
M8ph/2%5Ph 28 Ph/X7Ph *®Ph/™Ph *7Ph/*Pb **Ph/*Ph g%; N
2166 2.474  1.127  0.455  0.520 AN
2.166 2.488 2.426 0.975 1.120 Jiﬂ-ﬁgﬁfé —
2.151 2.463 1,927 0.783  0.896 Lol
2.158 2.476 2.540 1.026 1.177 gg; :l
2.176 2.484  0.664  0.267 0.305 5 15 |
2.162 2.475 0.568 0.230 0.263 Pl 4 14
2.163 2.476 1.501 0. 606 0.694 . (a) Spp, Mpp, XS p 2 py,
2.164 2.461 0.342 0.139 0.158 - o - -
2.068  2.256  0.037  0.016  0.018 o (b) Pb/TPb - T"Pb/Ph
2.169 2.484 1.025 0.413 0.473 Fig.2 The result of cluster analysis on different crude oils:
2.172 2.4 1. 751 . .
! 77 860 0.75 0856 (a) *Pb/™Pb and *®Pb/**Pb as variables
2.163 2.487 1.884 0.758 0.871
2,159 2.475  0.707  0.285  0.327 (b) *™Pb/*"Pb and *™Pb/**Pb as variables
2.157 2.468 1.600 0. 648 0.742
2.137 2.434 1.148 0.472 0.537
I L1322 1177 0.473  0.401  0.417 26 =5
2 1.134 1.151 0.241 0.209 0.212 24+ T
31153 1175 0.092  0.078  0.080 22 [ =ik
4 1.706 1.783 0.021 0.012 0.012 £ A i
2 2.0 | 244 v B
5 1.326 1.388 0.017 0.012  0.013 & g < g5
S o203 214 215 216 217 2. AL
6 1.166 1.178 0.549 0.466 0.470 2 1.8 B AR 20 2T 2 * Eiﬁg
3 L ° u‘fi"» R
s 16 * b
w HillF2
ZOSPb/207Pb ZOSPb/206Pb 14 - : §§;
12 F v S
. < {6
10 . . . . . h "
1.0 1.2 1.4 1.6 1.8 20 22 24
ZOSPb/zmpb
. 3 ZOSPb/207 Pb 208 Pb/ZUGPb
Fig.3 Relationship between *®*Ph/*” Pb with **Ph/**Pb ratios
of different crude oils
MS Pb
4 . .
. Pb Pb
Pb °
ICP - °

— 624 —



ICP-MS

32

Pb

10

Pb
J.
2012(5) : 77-81.
GC - FID
J. 1998 17(6) : 66-70.
J. 1998(8) : 22-26.
J. 2012 27(9) : 925-936.
J. 1995 22(5) : 40-44.
I 2003 23(4):
27-29.
(1CP/
AES) J.

2007 36(5) : 420-422.

Nakamoto Y Ishimaru T Endo N Matsusaki K.
Determination of vanadium in heavy oils by atomic
absorption spectrometry using a graphite furnace coated
with tungsten ] . Analytical Sciences APRIL 2004 20
(4): 739-741.

Maturing L K Frost C D Branthaver J F. A neodydium
isotopic study of crude oils and source rocks. potential
application for petroleum exploration J . Chemical
Geology 1991 91: 125-138.

Bros R Stille P Gauthierd.afaye ' Weber I Clauer N.
Sm-Nd isotopic dating of Proterozoic clay material an
example from the Francevillican sedimentary series

Gabon J . Earth and Planetary Science Letters 1992
113: 207-218.

11

12

13

14

15

16

17

18

19

20

Stille P Gauthierd.afage F Bros R. The neodymium
isotopic system as a tool for petroleum exploration J .

Geochunica et Cosmochimia Acta 1993 57:4521-4525.

J. 2004 33(3): 317-323.
Wang Z D Fingas M F. Development of oil hydrocarbon
fingerprinting and identification techniques J . Marine

Pollution Bulletin 2003 47: 423-452.

J. : 2002 41
(3): 346-348.

J. 2002 19(6) : 53-54.
. Pb

1997 6( A0O) : 84.

Shoce E L Koretsky C M. Metal-organic complexes in
geochemical processes: Estimation of standard partial
molal thermodynamic properties of aqueous complexes
between metal cations and monovalent organic acid
ligands at high pressure and temperatures ]
Geochinfiea et Cosmochimica Acta 1995 59(8): 1497-
1532.

J .
2006 21(5): 72-78.
Zeigler C Namara K M Wang Z D Robbat J A.
Totalalky lated polycyclic arom atic hydrocarbon
characterization and quantitative comparison of selected
ion monitoring versus full scan gas chromatography/mass
spectrometry based on spectral deconvolution J
Journal of Chromatography A 2008 1205: 109-116.
Wang Z D Stout S A Fingas M. Forensic fingerprinting
of biomarkers for oil spill characterization and source
identification environmental forensics J . Environmental

Forensics 2006 7(2): 105-146.

— 625 —



4 2013
http: // www. ykes. ac. cn

Determination of Pb Isotopes in Crude Oil by ICP-MS and
Application in Identification of Qil Sources

LI Jing=i' LI Junei® GAO Ligie’ ZHENG Li' WANG Xiao-ru'
(1. Marine Ecology Research Center First Institute of Oceanography of State Oceanic Administration
Qingdao 266061 China;
2. College of Chemistry and Chemical Engineering Ocean University of China Qingdao 266100 China;
3. School of Ocean Sciences China University of Geosciences ( Beijing) Beijing 100083 China)

Abstract: Oceanic oil spill incidents occur from time to time making it exiremely important to establish a new
identification method based on Pb isotope information. This method involves dissolving the crude oil in organic
solvent ( CH,Cl,) which is a strong polar solvent and then digesting by microwave with HNO,-H,0, as the
oxidant. The concentration and isotopic compositions of Pb (**Ph/**Pb **Ph/**Pb and **Pb/*”Pb) were
measured under the optimum conditions of Inductively Coupled Plasma-Mass Spectrometry ( ICP-MS). The
accuracy and precision were also studied. The results show that the method is accurate with a relative error of less
than 5% and a precision with RSD less than 2% (n=3). The dwell time for different Pb isotopes was also
optimized by using Pb standard solution in order to improve the accuracy and get the best integration time. The
concentrations of Pb in crude oil from Bohai Nanhai and other countries was measured and the concentration
range of Pb in all crude oil was 37.99-1213. 00 pg/kg demonstrating obvious differences. Meanwhile the ratios of
different Pb isotopic compositions were measured and further processed by cluster analysis by taking **Pb/*"Pb
and *®Pb/*®Pb as independent variables. It could be seen that the crude oil from different areas can be classified
especially the Nanhai oil. The study could provide some assistance for other identification of oil sources by
preliminary screening.

Key words: crude oils; Pb isotope; Inductively Coupled Plasma-Mass Spectrometry; identification of oil sources
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