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Determination of Trace Metal Elements in Crude Oils by Microwave
Digestion-Inductively Coupled Plasma-Mass Spectrometry
Assisted with Organic Solvent
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Abstract: A method for determination of V. Cr Fe Ni Cu Zn Mo Co Pb etc in different crude oils was
established by inductively coupled plasma-mass spectrometry assisted with organic solvent microwave digestion. The oil
sample was digested by microwave using HNO,-H, O, as oxidant after dispersing in organic solvent ( CH,Cl,) . The
results showed that the detection limits of the method reached ng/L level for sixteen elements. The linear correlation of
the method was preferable with the correlation coefficient of better than 0.9995. The recoveries of the method were in
the range of 92% ~ 110% with the precision of less than 5. 0% RSD (n =3). The ratios of w( Ni) /w( V) and
w( Fe) /w( V) were distinct in different crude oil samples from oversea and domestic and the index can be used to the
cluster analysis for differencing the crude oil samples.
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(CH,CL) ) Table 1 The procedure of microwave digestion
HNO, - H, 0, P
ICP — MS /W /% ¢ /min 0/°C t  /min
i 1 1600 100 3 100 3
2 1600 100 7 150 3
w( Ni) /w( V) 3 1600 100 5 170 3
w( Fe) /w( V) o 4 1600 100 5 190 10
1 2
1.1 2.1
ICP - MS 7500a (
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. . Table 3 The analytical results of elements in standard oil sample
CH,Cl, wg/(pg*g™")
RE/% RSD/%
( I-INO3 — v 10.00 10.21 2.10 2.53
50.00 50.93 1.86 3.86
H,0,) CEM
C 10.00 10.92 9.20 4.06
' 50.00 50.95 1.90 3.72
° \ 10.00 10.71 7.10 3.75
" 50.00 50.38 0.76 2.98
; N 10.00 10.67 6.70 4.21
o ! 50.00 50.99 1.98 4.09
2.2 . 10.00 10.87 8.70 2.89
u
50.00 49.30 1.40 3.02
0. 0.10. 0.20. 0.
10.00 9.90 1.00 1.76
50.0.100.0 pg/L In
50.00 49.87 0.26 1.97
cps) / cps
( p ) ( p ) N 10.00 10. 68 6.80 2.50
( 2) 0 50.00 50.32 0.64 2.23
r=0.9995. | 10.00 10.56 560 2.26
10 10 pg/L £ 50.00 50.21 0.42 1.89
(1) X 10.00 10.71 7.10 3.01
on
50.00 50. 14 0.28 2.04
(Lp) ng/L ( 2) -
10.00 10.25 2.50 2.14
P Ba
L, =3s X (1) 50.00 49.73 0.54 1.96
) bl 10.00 10.95 9.50 4.58
s P ’ 50.00 50.21 0.42 3.13
(ng/L); 1 —
3
2 Al Al Al
. . o . . (1)
Table 2 The linear equation and detection limit
KISSANJE (2) GIRASSOL( ) -
Ly/(pg*L7") Ly/(pg+L7") 10
Vooy=0754340.0425  0.0093 || As y=0.15220-0.0434  0.1550 4 5. Ni.V.Fe
Cr y=0.0847x+0.0183  0.0129 Mo y=0.0981x-0.0434  0.0031 7n v
Mn y=0.9737x+0. 1839 0.0156 Ag  y=0.280x-0.09176 0.0018
Fe  y=844.2x+76.07 0.2329 Sn y=0.6034x-0.7820  0.0069 °
Co y=1.170:+0.7648  0.0265 S y=0.127:+0.8179  0.1128 Mn.As.Ag ;
Ni y=0.2809x+0.0344  0.0043 Ba  y=0.0519x+0.0005  0.0138
Cu y=0.8095x+0.2344  0.0085 T y=0.5261x-0.1953 0.0025
Zn  y=0.2133x+0.4028 0.0814 Pb y=0.7511x-0.1454  0.0012
2.3 °
10 mg/L 50 mg/L
1.3 4 w(Ni) /w(V) w(Fe) /w(V)
(n=3), 3
(RE) <10% ( . N

(RSD) <5.0% .
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Table 4 The analytical results of elements in crude oils from oil

fields in Bohai and Nanhai

wi/ (g * kg ™)

5

Table 5 The analytical results of elements in oversea crude oils

wy/(pg* kg ™)

11-4A  11-4B  12-4A  12-4B 11 -4N
Vo401 486.5 454.5 456.4  1267.0  839.9
Cr 2067 818.2 675.4 624.5  4798.0  600.7
Mn 336.6 296.5 654.8 228.2 428.1 271.5
Fe 25240.0 21720.0  231594.7 277715.2  62630.0 24850.0
Co  189.9 171.2 395.1 412.7 808.6  944.7
Ni  1304.0 16540 71340  6820.0  18550.0 27030.0
Cu  364.0 655.2 342.9 447 1625.0  9571.0
Zn 250.1 226.0 781.7 218.8 257 5215.0
As 9.3 31.3 9.6 8.8 75.4  40.2
Mo 99.6 75.1 10.2 9.3 150.0 75.7
Ag 345 10.6 15.7 1.2 70.7  17.0
Sn o 136.3 103.2 161.6 59.2 138.0  280.1
Sh 825.4 798.3 10310 699.4  1106.0 2007.0
Ba  985.6 507.3  1028.9  129.7 248.3  1335.0
Tl 2.5 18.6 35.4 15.7 4.8 513
Ph 136.3 103.2 161.6 59.2 138.0  695.4
wy/(pg kg
v 1253.0  962.4  598.6  594.2  791.7  964.2
Cr 888.1  1497.0  269.9  1718.0  1142.0  612.0
Mn 788.8  271.3  195.6  140.7  477.4  748.4
Fe 27300.0  22520.0 13640.0 27040.0 37320.0 21000.0
Co 1275.0  1257.0  856.3  288.2  708.3  306.2
Ni 39750.0  20160.0 13830.0 5151.0  12990.0 16160.0
Cu 1238.0  682.5  299.8  995.7  919.0  198.5
7n 1827.0  8767.0 10840.0 5847.0 18030.0 358.9
As 2.3 46.8 29.8 6.4 9.2 30.9
Mo 99. 1 1109 51.3 23.3 102.8  74.5
Ag 1395.0 85.0 5.0 1.6 3.5 5.8
Sn 249.6  471.6  166.6  248.3  479.9  383.4
Sh 1881.0 2468.0 2120.0 2288.0 2962.0  846.8
Ba 740.4  268.8 5139  64.1 507.1  554.0
m 50.4 6.4 49.5 47.0 6.6 59.6
Ph 469.6 7325 3875 2933 769.2  75.7

() DJENO
Vv 9568.0 1349.0 39880.0 3153.0 69210.0 3234.0
Cr 942.9 134.0 229.6 495.2 24320.0 681.2
Mn 266.5 18.4 18.7 699.8 1669.0 783.1
Fe 20220.0 1064.0 7373.0  13080.0 276900.0 3382.0
Co 406.9 22.1 160.9 1413.0  16430.0 1146.0
Ni 9093.0 1219.0  12990.0 25890.0 150800.0 26180.0
Cu 722.1 254.9 307.8 1148.0  6287.0 1565.0
Zn 2033.0 60.2 183.2 110.7 9006.0 107.3
As 29.5 4.6 4.3 132.5 297.1 123.0
Mo 469.2 107.0 634.2 870.9 1301.0 891.5
Ag 4.6 23.2 6.8 466.2 51.3 186.1
Sn 323.2 153.6 166.3 869.8 5080.0 847.6
Sh 2645.0  453.8 547.4 2002.0 3486.0 8316.0
Ba 227.17 76.2 37.7 488.1 944.8 358.7
Tl 61.1 21.9 27.5 437.3 687.5 507.2
Ph 686. 4 81.4 30.7 1213.0 836. 1 385.8

wy/(pg k™)
(1) (2)
A 4313.0 4045.0 6042.0 61530.0 2190.6 195600.0
Cr 218.2 425.6 310.4 709.2 377.1 943.4
Mn 9.6 44.1 362.3 19.0 3.0 104.7
Fe 10590.0  10300.0 8521.0  20960.0 7340.0 8737.0
Co 565.7 247.7 833.1 25.7 23.5 743.1
Ni 13900.0 9756.0 12460.0  18610.0 152.5  74340.0
Cu 327.3 129.8 3531.0 1352.0 181.4 195.7
7n 267.4 2090.0 1896.0 241.1 238.5 184.1
As 66.3 43.4 69.9 7.4 5.0 7.7
Mo 45.4 15.3 547.0 938.4 28.0 540.2
Ag 6.0 5.8 236.9 6.1 2.5 3.8
Sn 245.3 300.6 839.6 596.6 175.4 240.3
Sh 2.1 405.3 2365.0 285.1 730.6 311.7
Ba 50.4 29.6 280.9 37.4 63.5 97.4
Tl 27.0 54.2 292.1 61.8 29.5 29.0
Ph 51.2 93.8 365.4 82.1 79.3 79.8
6 w(Ni) /w(V)  w(Fe) /w(V)
Table 6  The ratios of w( Ni) /w( V) and w( Fe) /w( V)
of different crude oils
w(Ni)  w(Fe) w( Ni) w( Fe)
w( V) w( V) w( V) w( V)
11 -4N 14. 64 49.43 0.95 2.11
11 -4B 3.40 44.65 0.90 0.79
11-4A  3.18  61.55 () 82 415
12 -1A 15.70 59.33 0.33 0.18
12-1B 14.94 42.24 2.18 4.00
32.18 29.59 DJENO 8.10 1.05
31.72 21.79 (1 3.22 2.46
20,95 23.40 () 2.4 255
23.10 22.79 2.06 1.41
8.67 45.51 0.30 0.34
16.41 47.14 0.07 3.35
16.76 21.78 0.38 0.04




1 2011
http: // www. ykes. ac. cn

w( Ni) /w( V)  w(Fe) /w(V) 2
I . 2006 30(2):
1 119 - 122.
. w( Ni) /w (V) 3 Iwegbue C M A Williams E S Isirimah N O. Study of
heavy metal distribution in soils impacted with crude oil in
w( Fe) /u( V) T
Southern Nigeria J . Soil and Sediment Contamination
° 2009 18(2): 136 —143.
4 . M .
5 .
B J. 1996 23(3):19 -23.
— 6 Hitehon B Fillby R H. Use of trace elements for classi—
J]Li,lll']l” “::;: fication of crude oils into families Example from
% fik(2)20 Alberta Canada J . AAPG Bulletin 1984 68(7) : 838 —
EE17H
e i..l|-:1:;-~ 849.
o RS 15 7 J
= AR DIENO IR
= HRs 1987 8(2):138 —144.
= il
512 8 : I
fit 6 T 1995 22(5) :40 -44.
B 11412 9
Hepin .
B 14N 1 J. 2003 23(4):27 -29.
A 10 . ( ICP/AES)
H#2-1B 5
11443 I 2007
1217 4 —) 36(5) ;420 - 422.
L L 11 Nakamoto Y Ishimaru T Endo N Matsusaki K. Deter—

mination of vanadium in heavy oils by atomic absorption

1

spectrometry using a graphite furnace coated with tungsten

Fig.1 The analytical results of cluster analysis of different crude oils 1 . Analytical Sciences APRIL 2004 20( 4) : 739 —741.

12 .
5 J. 1999 18(1):
( CH,Cl,) 58 -60.
CH,Cl, 13 . J.
2000 36( 1) :34 36.
14 .
’ I 2005 21(4) : 86 —90.
ICP — MS N 15 . ~
w(Ni) / I 2005 33(5) :690 - 694.
w(V)  w(Fe) /w( V) 16 Juvonen R Lakomaa T. Determination of gold and the
° platinum group elements in geological samples by ICP-MS
after nickel sulphide fire assay: Difficulties encountered
6 with different types of geological samples J . Talanta
1 2002 58( 3) :595 -603.
17  El Himri M Pastor A de la Guardia M. Determination of
I 1992 10 uranium in tap water by ICP-MS ] . Analytical and
(3):108 —117. Bioanalytical Chemistry 2000 367(2) : 151 - 156.



