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Determination and statistical comparison of trace elements in rapeseed
oil from different producing areas by ICP - MS/MS
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Abstract ; The distribution of trace elements in rapeseed oil and the relationship between trace elements
and the producing areas of rapeseed oils were investigated. The 16 trace elements of Be, Ti, Cr, Mn,
Fe, Co, Ni, Cu, Zn, As, Se, Sr, Cd, Ba, Hg and Pb in the 15 rapeseed oil samples were determined
by inductively coupled plasma tandem mass spectrometry (ICP — MS/MS). SPSS principal component
analysis and cluster analysis were applied to evaluate the distribution of trace elements of the determina-
tion results after data standardizing. The results showed that the rapesseed oil samples were analyzed after
diluted with kerosene. In MS/MS mode, O, and NH;/He were selected as reaction gas, and CRC tech-
nology was used to eliminate mass spectrum interference. The correlation coefficients of Fe, Mn, Cu,

Zn, Sr and Ba were above 0.999 8 in the range of 0 —500 wg/kg, and those of the other ten elements

were above 0. 999 6 in 0 — 50. 0 pg/kg. The
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detection of 16 elements was 1.05 —20. 30 ng/kg.
Principal ~component analysis  showed that
84.487% of the cumulative variances came from
the first six principal components. Mn, Fe, Cu
and Sr were the characteristic elements in rape-

seed oil. Cluster analysis clustered 15 rapeseed
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oil samples into three groups, which could realize the preliminary discrimination of rapeseed oil from dif-

ferent producing areas. The principal components analysis and cluster analysis of trace elements could be

effectively traced the producing areas of rapeseed oils.

Key words: rapeseed oil; inductively coupled plasma tandem mass spectrometry ; trace element; princi-

pal component analysis; cluster analysis
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SFES TR BT (ICP - MS/MS) SR AEH Rl 48/ [ 17
s (CRC) /Y ICP — MS Ak b R n— A PO AT B &
UE#R (Q,), 5 ICP - MS J5UA B UMK AT 5 & i3 g 4%

(Q,) AL BB (MS/MS) |, i s K5 HEFE | CRC 4
A8 B TR AN SLRE =) , 3853 A% O AR =R B A T
J, JUF AT LA TS BRI A ol T4 0 ARBF 5 R A
MR RESERFIMAE &, N ICP — MS/MS k1 8 Ho
Be.Ti .Cr . Mn_ Fe Co . Ni,Cu.Zn As Se.Sr.Cd.Ba,
Hg Pb 16 FiiEITT R, 76 MS/MS BT, 737 £
0, #1 NH,/He 2y e i SF F CRC A 8 Bk T 1%
Mo, R ESL A BT T 15 BhSEklmee i, 7
FH SPSS F a3 A A SR S A Sl R IE T
FHMBEITTR ST E R, BRI
Jo B 5 AR A R R R O ik
1 #MRl57%
1.1 Sttt

1 000 mg/kg B Be ,Ti,Cr,Mn Fe Co Ni,Cu,
Zn As Se.Sr.Cd.Ba.Hg Pb #RifEE ML, £ E Spex
Certiprep /2 H] ;1 000 mg/kg ) Li . Sc.Y . In . Bi IR &
WHRTCER A B, 2 E Spex Certiprep 23 &) ; {5 4% 46
3, 35 [ Spectrum A H] 315 Ff—ZS MESF 1 (7
H P FAE L EER) T REVR AT .

Agilent8800 ICP — MS/MS, 3£ [E Agilent /N F] .

ALfE 1CP - MS/MS [#/ERM LR 1,

*1 ICP-MS/MS #1E£H

BRIES A 28

PRI/ W 1 550

B R mE/ (L/min) 15

BR(IMA20% 0,) i/ (1/min) 0.60

FMESRE/ (L/min) 0.10

KA TR/ mm 8

RIAR 0, it/ (ml/min) 0.40

SRS, NH,/ He ({885 1:9) 758/ (ml/min) 3.0

FEREC 0

S\ B F s —-20 V(NH,/He), —-18 V(0,)

BREEAL R

-8 V(NH,/He), -8 V(0,)

Be.9—9;Ti. 48—150; Cr. 52—68 ; Mn. 55—71 ; Fe. 56—90; Co. 59—93 ; Ni. 60—

BrExt Q,—Q,

111;Cu. 6397 ;Zn. 66—83 ; As. 75—91 ; Se. 78—94 ; Sr. 88—88; Cd. 111111

Ba. 137—137 ; Hg. 202—202 ; Pb. 208—208 ,

1.2 3adyik
1.2.1 APl ETReiE
HESERF e o FE I 6 R 3 % )5 LR, 7E

PRI ERAE S T AUH ICP - MS/MS #4710 E , 18
HHARIRE T BHE kB 7E T A L AL & o 7E
ZMA 1 mg/kg B LiSe .Y . In Bi iR G NIRTTER, KA
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FIFH ICP - MS/MS A H7 Y MassHunter T AE 3%k
PRI EE RN ER B B 2T 2 15 RS b
H 16 FhgE TR IS & AL 15 x 16 BRI EHRE 25T
T, VL SPSS 25 BT A i AR 434
2 —n%'—ﬁl’j’lb
2.1 ICP-MS/MS 4#7

SPGB T R JS B AT A R A B T
PR IE B 22 5 B X 2 o A o R A ™ E T

P, KR ICP — MS/MS 1) X0 U ) FF 53 9% #5347
PR, 7E MS/MS R %8 Q, Mt (m/z)
e R IE AR Q RAN St AR
HAIR m/z BB T8k A CRC, B 113k B #f & 3 R 2%
B RETINE F# A CRC,7E CRC NiBA K
M ERE Q MEFERMAKRAERERE R
N, T 3 A B F s T 0 m/z AR E R,
Wit E Q, B m/z Xk B CRC 1Y S =) 85 -3
75788 THBR Q TILTHBRM T8 Fo AL
MS/MS #E T TH bR BTl TH A TAE R IR LA 1,

Q, CRC  Q,
T T
524 1 1 52 16
75; mlzln,_»QQ: :°°_> (Arl() M1 0",
e (o ) 0, g As'0",7%se'90"
T T 48,
48m-+ 56 + 59 I I T NH )6’ F( )
ﬁ()Nl+ m( o 66(2;1’ _>°°i ioo_> z)C ( NH;) )N (] %)%7
: 'NH./He| Cu("NH,)! | Z(INH),
1 1
Ill(xd+ Qoi io Ill(~d+
Q0,9

E1

2.1.1 %&%E%Té%ﬁﬁ

TE MS/MS B9 0, & w8 5 F,7°Cr P Mn* |
PAsT PSet BB 0, kiﬁ;ﬁ%izﬁ A R N Y
fMEF, M TIEFIHAGES 0, RAERN. &
LKA O, REEEEEINE G0,
PMn'°0* TPAs'°0" 7Se'0 0 #EATEIE R4 Cd”
AR50, ki, it Cd T TR FRES 0, R, A
LR O, RN ERCRE Cd IFUEBUE ™ . 78
MS/MS f NH,/He Jz i # X F,"Ti* *°Fe”
PCo* *Ni* **Cu’ *°Zn* fE5 NH, fj}"‘/_:lgﬁjz.
BEr,ELdHEWSTYEFLRB BAEE T
PTi("NHy) ¢ °Fe (NHy )) Co (MNHy ),
Ni("*NH,); . Cu("*NH,), .*Zn ("*NH,) * F &
BT T, ASLER R A NH, Ji & 5% 8 el 3 I 2
XU T RESHICE Ti Fe .Co Ni . Cu.Zn 1Y

£ MS/MS & TR S T TIERE

JRSEAE . #9% Be P SV Ba **Hg *""Pb 44T
R, @ R B, X LR R L P AN i
T, A RS RBUE, A AT CRC, 78 5 DY ) FF
(SQ,Q, {UE N k8 18 ) Jo ST REE Be Sr,
Ba Hg Pb 4 Brig &tz .
2.1.2 BB A R

G A EC A YR R BE i s e RIB B in A
P, #2797 ik AT DU 28 , 28 Mass-Hunter T
VRS AR e e, 25 R R 20 AR 2 AT LA
EH ,Fe Mn . Cu.Zn . Sr.Ba 7£ 0 ~500 pe/kg JBEA
AP REOR T T 0. 999 8, H 4 10 434t
JLERTE0 ~50.0 pg/keg VEEN ALK RBORT
T 0.999 6, R A it REA RIFRIZMER
2,16 forEAuf PR A 1. 05 ~20.30 ng/ke,

K2 SMTENRKEHBEMQHR(n=11)
P S G RIEN 4 LEES Y4 gl 74 o LR PETE R THIE R EL ;i PR/
(pe/kg) (R) (ng/kg) (pg/ke) (R) (ng/kg)
Be 0~50.0 0.999 9 11.90 Zn 0 ~500 0.999 9 20. 30
Ti 0~50.0 0.999 7 2.85 As 0~50.0 1.000 0 5.19
Cr 0~50.0 1.000 0 5.30 Se 0~50.0 0.999 8 3.60
Mn 0 ~500 0.999 8 8.72 Sr 0 ~500 0.999 9 11.40
Fe 0 ~500 1.000 0 17.60 Cd 0~50.0 0.999 9 7.65
Co 0~50.0 0.999 6 1.05 Ba 0 ~500 1.000 0 9.58
Ni 0~50.0 0.999 9 10.20 Hg 0~50.0 0.999 7 3.40
Cu 0 -500 1.000 0 13.80 Pb 0~50.0 0.999 9 6.27
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2.1.3 FMHPHMETENSE

SR ICP - MS/MS XF3K[E 3 AR =1 (g i
JUFIERR) [ 15 FEEkmE TlE  H b 8 A= TR
(B¢ 5 25 = > HN1,HN2 HN3 HN4  HN5 ., HN6  HN7
HN8) 4 Fr=FdL (B s 254 HB1 (HB2 HB3 HB4)
3 PP TER(FERZS A CQ1.CQ2.CQ3) , B MF
SE 6 I, 45 R 2 3, KA SPSS 25 W IEASHA LR
X 15 FEEAF M R 16 Fr e T R 1T K - S K5,

Be .Ti .Cr Mn Fe Co Ni,Cu,Zn As Se Sr.Cd Ba Hg.
Ph (% 8. 2 M (XU P (B 435124 0. 101.,0. 215.0. 149,
0.231.0.240.0. 127.0. 215 0. 229 .0. 097 0. 135.0. 113,
0.185.0.1950.175 0. 128 0. 130, I K F B E/KF-(a =
0.05) ,3RHH 15 FEFFM A ) 16 FigE T R 5 250k
BIRMIES . W33 TLE Sk Fe Cu,
Zn W& BN, BHEMET R Cd Hg Pb ()& &t
& F GB 2762—2017 frilE IRREE, B % 2.

R3 FHHPRHEBTERHNINER (n=6) peg/ kg
Y Be Ti Cr Mn Fe Co Ni Cu 7n As Se Sr Cd Ba Hg Pb
HNI1 0.93 0.69 1.15 2.16 12.90 1.10 0.82 3.26 3.94 0.75 0.35 0.72 0.75 0.90 0.68 0.58
HN2 1.29 0.72 1.60 1.87 12.20 0.38 0.57 5.30 5.26 0.67 0.44 0.39 0.95 3.07 0.48 1.10
HN3 0.98 1.29 2.52 2.16 13.90 1.03 2.36 6.97 3.30 0.80 0.56 0.36 0.40 2.10 0.50 0.76
HN4 1.78 2.57 3.84 1.90 10.80 1.25 0.67 4.30 3.45 0.91 0.66 0.26 0.70 1.83 0.50 0.35
HN5 0.86 1.55 3.17 0.64 10.70 0.40 0.89 7.06 4.18 1.15 0.30 0.20 0.96 0.34 0.71 0.97
HN6 1.15 0.38 1.25 2.43 11.60 0.64 1.58 10.60 7.19 0.43 0.92 0.38 0.46 0.80 0.31 0.81
HN7 1.34 0.46 1.06 3.68 17.20 0.66 1.02 2.81 2.18 1.20 1.03 0.88 2.43 2.19 0.67 0.83
HNS 0.59 0.62 1.03 3.27 20.10 0.71 1.64 6.18 4.87 0.74 0.96 0.52 2.27 1.25 0.43 0.32
HBI1 1.46 0.74 2.39 6.10 54.10 0.80 0.71 16.50 1.23 1.36 0.41 0.84 0.52 3.38 0.20 0.39
HB2 1.05 0.32 1.92 10.50 61.20 0.45 1.10 23.40 0.84 0.28 1.08 1.41 0.38 2.60 0.30 0.47
HB3 0.87 0.67 2.31 5.82 67.10 0.30 0.51 32.30 2.05 0.62 0.87 1.43 2.21 1.22 0.45 1.37
HB4 0.65 0.85 2.71 14.30 75.00 0.93 1.34 20.70 1.70 1.06 0.70 1.49 1.33 0.77 0.55 0.41
CQ1 1.64 0.94 1.78 4.91 41.50 0.97 3.56 25.20 3.08 0.80 0.60 0.62 3.51 0.77 0.39 1.01
CcQ2 1.21 0.61 1.40 3.05 36.90 1.05 0.93 21.90 2.72 0.48 0.81 0.57 2.30 2.01 0.40 0.62
CQ3 0.72 1.20 1.33 16.20 44.50 0.82 1.16 26.80 0.63 0.37 1.16 0.60 1.19 0.65 0.34 1.04
2.2 EAA AT W4 LI, 16 Fios 2 PR 2 o) EL A e
K F SPSS 25 X 15 Skl th B TR 16 F BOAASCHE, A R AR 4 B E ARG, D Bl B AR
AR AT F o AT e, >R F 3 043 43 A m] F T R T R A O
2.2.1 FEITTRMHRMEST (LK) T
x4 WETRNEXRBIER
ﬁi Be Ti Cr Mn Fe Co Ni Cu In As Se Sr Cd Ba Hg Pb
Be  1.000
Ti 036" 1.000
G 0.248" 0.74™ 1.000
Mn -0.392" -0.150 -0.056  1.000
Fe -0.229" -0.305" 0.097  0.7600™ 1.000
Co 029" 0.435™ 0.139 -0.019 -0.158  1.000
N 0114 -0.037 -0.133  0.000 -0.02  0.301" 1.000
Cu -0.152 -0.239" -0.012  0.653™ 0.849™ -0.177  0.140  1.000
In 0.0 -0.009 -0.164 -0.69" -0.725" -0.078  0.116 -0.582" 1.000
As 0.231° 0.209"  0.400™ -0.231" -0.083  0.124 -0.068 -0.394" -0.094  1.000
Se -0.237° -0.318" -0.420™ 0.511™ 0.302° -0.156  0.032  0.391" -0.278" -0.544" 1.000
St -0.289" -0.482™ -0.053  0.619™ 0.863™ -0.259" -0.156  0.595™ -0.620™ -0.058 ~ 0.349" 1.000
Cd 0091 -0.199 -0.34" -0.015 0.180  0.014  0.417™ 034" -0.08 0.0 022" 0133 1000
Ba  0.447™ -0.160  0.007 -0.149  0.035 -0.09 -0.306" -0.153 -0.204" 0.139 -0.080  0.080 -0.261" 1.000
Hg -0.185  0.253" 0.138 -0.349" -0.430™ 0.043 -0.14 -0.534™ 0.191 038" -0.353" -0.145  0.13 -0.360" 1.000
Pb -0.049 -0.103 -0.139 -0.044 -0.007 -0.529" 0.055 0.34" 0073 -0.220" 0.020 -0.08  0.297" -0.238" 0.130 1.000

e e BEMR, o B EMR.
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2.2.2 MEITRIIE T (IES)
®S5 EMSOWEEEMSET EHR
ERIr FRAE(E T/ % BRI E/% | EMS FHIE(E Ji &/ % ERITE/ %
1 4.696 29.351 29.351 9 0.439 2.744 94.873
2 2.527 15.794 45.145 10 0.335 2.091 96. 964
3 1.863 11. 647 56.792 11 0.246 1.538 98.502
4 1.738 10. 864 67.656 12 0.109 0.679 99.181
5 1.427 8.917 76.573 13 0.100 0.627 99. 808
6 1.266 7.914 84.487 14 0.031 0.192 100. 000
7 0.765 4.782 89.269 15 1.878E - 16 1.174E - 15 100. 000
8 0.458 2.860 92.129 16 1.505E -17 9.403E -17 100. 000

R T BRRIT ZAME T 80% HAFE(E K
T 1A E R 2. SRS ATRIE Al
6 N ERT R R TT 28T 84. 487% , L T M
{16 P EITR TR A REME R, AL IR
6 > FE o AT A R TT R A9 0

BT ZERY 84. 487% S B AT 6 > FE o R 1
kAR R R U AR (LR 6) B —F
o F BB RO Fy =R B B R
Fy BBIERY Fs BARTER Fo 50HEL,

®6 WMELRWETFSHW

Ry AR
ERr 1 ERG 2 FMG 3 Flor 4 EaSr S Elor 6 FERST 1RO 2 FG 3 Flor 4 RS 5 ERY 6
Be -0.375 0.302 -0.016 0.569 0.517 -0.151|| Zn -0.645 -0.585 -0.094 0.048 -0.090 -0.115
Ti  -0.523  0.529 0.413 -0.064 -0.159 -0.405|| As -0.412 0.481 0.092 -0.260 0.368 0.470
Cr -0.284 0.751 0.208 -0.257 0.057 -0.373|| Se 0.636 -0.278 -0.031 0.225 -0.286 -0.037
Mn 0.813 0.272 0.141 -0.063 -0.308 -0.014| Sr 0.801 0.238 -0.106 -0.241 0.112  0.290
Fe 0.878 0.379 0.076 -0.079 0.133  0.048| Cd 0.240 -0.335 0.557 0.139 0.489 0.317
Co -0.292 0.372 0.426 0.498 -0.360 0.256|| Ba -0.031 0.336 -0.757 0.354 0.349 0.070
Ni 0.020 -0.242 0.630 0.479 0.075 0.101] Hg -0.488 -0.102 0.265 -0.642 -0.007 0.340
Cu 0.857 0.094 0.263 0.060 0.183 -0.302( Pb 0.147 -0.474 0.193 -0.342 0.500 -0.481

F, = —0.375X, —0.523X, —0. 284X, +0. 813X, +
0.878X, — 0. 202X, +0. 020X, + 0. 857X, — 0. 645X, —
0.412X,, +0.636X,, +0.801X,, +0.240X,, —0. 031X, —
0.488X,, +0. 147X,

F, =0. 302X, +0. 529X, +0. 751X, + 0. 272X, +
0.379X, +0. 372X, - 0. 242X, +0. 094X, — 0. 585X, +
0.481X,, —0.278X,, +0.238X,, —0.335X,, +0. 336X, —
0.102X,, —0.474X,,

Fy= —0.016X, +0.413X, +0.208X, +0. 141X, +
0.076X, + 0. 426X, +0. 630X, + 0. 263X, — 0. 094X, +
0.092X,, —0.031X,, —0.106X,, +0. 557X, —0.757X,, +
0.265X,; +0. 193X,

F, =0. 569X, — 0. 064X, — 0. 257X, - 0. 063X, -
0.079X, +0. 498X, +0. 479X, +0. 060X, +0. 048X, —
0.260X,, +0.225X,, —0.241X,, +0. 139X, +0. 354X, —
0.642X,; —0.342X,,

Fy =0.517X, - 0. 159X, +0. 057X, — 0. 308X, +

0.133X, — 0. 360X, +0. 075X, +0. 183X, — 0. 090X, +
0.368X,, —0.286X,, +0. 112X,, +0.489X,, +0. 349X, —
0.007X 5 +0.500X

F, = —0. 151X, —0. 405X, — 0. 373X, —0. 014X, +
0.048X, +0. 256X, +0. 101X, — 0. 302X, - 0. 115X, +
0.470X,, —0.037X,, +0.290X,, +0.317X,, +0.070X,, +
0.340X,; —0.481X,,

He mEERT 0.8 F, 1 X, X; Xy Xy,
5%F R ) Mn Fe ,Cu Sr 75 /5 B IEAH G, AR E AR
SR EE /N T 0.8, I, FY X R AY Mn, Fe
Cu St J AT FHIETC R .

2.3 RESH

K FH SPSS 25 X 15 FhSEAF AT RE R o
Mo JRIRBER AR E AL G SR B Rk A
[F) 3% 4% , DARR QIR B8 F- 5 o T & 0 I 64T R R 3%
ST, PRREZE R ILE 2, B 2 AT L 37 1
15 FEEFFMARIF IR R T 3 28, RN &
TCE WM& BRI 280 RIF 3845, i T
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HNI
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HN4
HNS
HN6
HN7
HNS

col a
-
|

cQ2
cQ3
HBI1
HB2
HB3
HB4
0

5 10 15 20 25
R 7

B2 AERAFHORESN

3 & ®
SKHICP - MS/MS g T 15 F3F i A 16
PR TCR SRR S B e B i 7
MS/MS #&=T, 7373 O, A1 NH,/He S [ <,
FIF CRC HARTERR TS T, 455K Fe Mn,
Cu.Zn Sr.Ba 7E 0 ~ 500 wg/kg 78 A HHC R BOR
FETF0.999 8, H AL 10 F 4T ELE 0 ~50.0
pe/kg B EINAHR RECR T4 F0.999 6,16 Fiot R
AR R 1. 05 ~20. 30 ng/kg, H4 3R15 B 5 45 4
AT E AR AL AL 3B S , R SPSS 25 4T T &
B AT RIS T, $R B 6 A~ T B SR PEHI SR AT
M EEITTEM R, B E T Mn Fe Cu Sr 2&3Hf
HAAIE T 2 IR M E TR & &, BREo K
15 FhSRAF R N 3 28, SEEL T SAT T A% 7 . 09 VR
3T .
P
(1] 352, 2R, EIEE, 55 Hh T2 S il iz il
srAEMERE R T]. P EMAE, 2017, 42(2)
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