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Fig. 1. Schematic diagram of experimental facility.
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Table 1. Content of Cr in samples.

EERKEMW S STed B E K
11.98 (1#) 1580 (94)  15.95 (17#)
18.95 (2#)  18.53 (10#)  19.96 (18%)
42.95 (34)  42.31 (11#)  40.02 (194)
Crikiz/ 6287 (4#)  5T.00 (12#)  56.59 (204)
BEETN 5007 (54)  SLTI (134)  79.28 (214)
99.45 (6#)  104.89 (14#)  95.60 (22#)
121.95 (74) 118.92 (154) 120.71 (234)
139.83 (8#) 139.76 (164) 13659 (24#)
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Fig. 2. LIBS spectra of soybean oil samples (420—
430 nm).
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2t [20],
I a1
h= Z B a;Cy’ B a;Cy’ @)
Hp, RASHIICERS WAR G 3 2 R 1) 38 LA,
BRI ao = a1/(a.C0), a1 Ma, 5520
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2RI
3.2.1 AXKmArik

3FAEYp IR (1) 200 0 ARG 1 5 B 5
FH R B B EAT R &, B R B 3P, A
B3 B H, R K S A8 AR T R K
(1) 58 A 24005 FE R2 43 51129 0.973, 0.977 F10.978,
3P LA RS E 0.97 LA L.

2 % FE A T b M 2 5 6 UE A S T 11 &5 2R
Horp R G R TR N 18.95 ug/g FIARR R 25
52.62%; 164 MRE FL N 18.53 ug/g [RIFH XT3 2
N 63.35%; K MFE S K 19.96 ug/g HAH T
WZEN 32.10%, EATHI TS RIS ALF. T 3 P
Wi 53 Ah— AR B i I o ) TR AR R ZE 3 TE A

2 FEAEFRETIN SR
Table 2. Results of prediction by the basic calibration method.

R TeAh Tk
SRR, TR, AHXTRZE/ SR, TR, AHXTIRZE/ FSUREE ) TRMNGREE,  MXRZE/
ugg™ ' pgg ! % pgg™'  ugg ! % pgg™'  ugg ! %
18.95 28.92 52.62 18.53 30.27 63.35 19.96 26.36 32.10
99.45 100.29 0.84 104.89 92.16 12.13 95.60 89.09 6.80
2500 2500
" (@) y=14.346x+119.05 ,g (b)
-*é 2000 R2=0.97311 5 2000 - y=14.679x+49.717
s 4 R2=0.97712
el P
= 1500 < 1500 F
~ >
z £
= z
2 1000 S 1000 -
g =
E —
500 500 °
0 o NN . 0 L L .
0 50 100 150 0 50 100 150
Concentration/pg-g~! Concentration/pg-g=!
2500
(©)  y=12.5812+262.61
£ 2000 R2=0.9776 b
5
4
% 1500
~
2
k7 [ J
é 1000
500
0 1 1 1 1 1 1
0 50 100 150
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E 3 fEymEARErRMZg  (a) KEH; (b) 4£45H; (c) KK
Fig. 3. Basic calibration curves of vegetable oil: (a) Soybean oil; (b) peanut oil; (c) corn oil.
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BVERE 2. SRR, JEARE bR 20 IR B
sty U A4 SR AN, o0 v AR B A — S R T g
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Pt EIE, He R 4 fE s Bros. B ]
DLA H, B 28 8 5 A il 28 TR R S Im & R2 N
0.989, 0.984; fE/E LA B R? 5 0.988, 0.981; &
KHHLA B R? 4 0.992, 0.989. B4 & FEHRAE
0.98 PA_L, 3t i 28 PE F A B B A T BT )
FEARERRTE. IR WL, K At 2R LS B
FHOL T RS ANLE AR, A 58 AR ik v] LASE e A ith
LA E.

F 3R A & FAEZ N & b il BT SRR A i T
M 2E L. TS R B B 28 bRl Zex)

0.9 1.2
L @) ® ° (b)
_g 0.8 y=0.0052x+0.15543 % 1ok y=0.00603z+0.1026 ®
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Fig. 4. Calibration curves with CN molecular spectral line as the internal standard.
%3  LLON 23y ARTIIN 45 5
Table 3. Results of prediction with CN molecule as the internal standard.
PN T FoKih
FHYREE/ TR/, AEXTRZE/ YRR/ TKEE/,  AEXTRZE/ HIREE/  TKEE/  AAXTRZE/
ugg™!  upgg! % weg™!  pgg! % ugg™!  pgg! %
18.95 27.01 42.53 18.53 24.07 29.90 19.96 25.61 28.31
99.45 100.20 1.76 104.89 109.88 4.76 95.60 99.39 3.97
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Cr/Ca intensity ratio Cr/Ca intensity ratio

Cr/Ca intensity ratio

*4

LA Ca J&-7 9 AR T A 45

Table 4. Results of prediction with Ca atom as the internal standard.

KE I e TR
FCSTIRAE ) TRINMRIE ) MR ZE/ BOSTIREE ) BUNIREE)  MIXHRZE/ BSIREE ) TONIKREE)  AIXHRZE/
pgg ! pgg ! % pgg ! pgg ! % pgg ! pgg ! %
18.95 23.10 21.90 18.53 23.26 25.49 19.96 18.78 5.90
99.45 100.57 1.12 104.89 94.18 10.21 95.60 102.97 7.71

(a)
0.40 ¥ = 0.002362+0.0439 o
o R2?=10.98375
0.30
0.20
0.10 [
0 1 1 1 1 1 1 1 1 1 1
0 50 100 150
Concentration/pg-g~!
0.40
(b)
y=0.002052+0.05117
0.30 R2=0.98073
0.20 |
0.10
0 L L
0 50 100 150
Concentration/pg-g~—!
0.40
(c)
y=0.00203x+0.0684
0.30 [ R?=0.98941
0.20
0L10F @
0 A L
0 50 100 150
Concentration/pg-g=—!
5 b\ Ca BT NNIRIEIRIE  (a) KTl

(b) FE43H; () FKM
Fig. 5. Calibration curves with Ca atomic spectral line
as the internal standard: (a) Soybean oil; (b) peanut

oil; (¢) corn oil.
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XAt AT
3.2.3 MUEX N LARE

T 5 FEE P e M A CRAIE R 43 AT R R 1 1
AUEE. SR SRS 2 ARSI (BT i 2 5 1 2% N AR
M 2 5 2 RN EUAR) P DA o 8 2 9 4% P9 b 2R 11
BRI 55 T 2 R BRI e o T B
FE O Bl 3 B R BT s R e ek 2O,

AILLLCN 73 T4 5 Ca Ji T4k 1) 38 5 2
AN FRER, Cr T 425.39 nm A7 HrLk, 1530 00k 2
bRk, He R 6 frox. WEF AT LUE H,
WURE 28 N 5 bk it 28 K A A FE R? M 0.995; 16
A TMINA E R? 8 0.992; FKIMILA EE R? 4 0.996,
3 TR 7ok 1 e DL B T T ) LA S A A
FAREZE N e AR, EEET L, X0 26 9 AR o] DU KRR
FE M B2 w5 0 s it 2 (4B FE

e 5 8 WL 2 P 52 b il 28 0T 36 UIE A i T50 (1)
SEI R ST 2 AN RE S TR AR %R 22 43 31 12.81%
A 1.73%:; A6 A 2 /N FF i TIUIIAH X 1R 22 08 9.19%
H16.05%; T K2 ASFE G T0I0 AR X R 2208 6.23%
6.69%. M5 HTLUE H, B L A 8 b i 280t
G A FSE A ity TN £ P XoF 5% 22 50k AR 2 s oy 282 0 .
LR P9 A b 2R A B SRR, 6 5 A — AN b
GER MBI, SRR, XL N 5 b 28 1 REAL
TR E b M 2 AN B 2 P SE bR b 22, XU 2N E
B REA RO HeAh o 3 A R 20 i e R
(52, AT 4 g LIBS XA A3 Hh Cr 76 22 U 1)
TR .
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K5 RGN E R TI K45 2R
Table 5. Results of prediction by dual-line internal standard method.

K A6 K
FSTIREE ) TRIWIKREE)  AEXHRZE/ FSTIREE ) TR, AEXHRZE/ HSTIRE ) TRIIREE/  AHORZE/
pgs™!  pgg! % pee™!  pgg! % vt pgg! %
18.95 21.38 12.81 18.53 20.24 9.19 19.96 21.20 6.23
99.45 101.17 1.73 104.89 98.54 6.05 95.60 102.00 6.69

o 0.30
i (a)
= L y=0.0016x2+0.03547
>
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§ 020
=
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S
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Fig. 6. Calibration curves of dual-line internal standard
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method: (a) Soybean oil; (b) peanut oil; (¢) corn oil.
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Abstract

The safety quality of vegetable oil is very important for human life. The objective of this research is to determine
the content of heavy metal chromium (Cr) in each of three kinds of vegetable oils (soybean oil, peanut oil, and corn
oil) quantitatively by collinear double pulse laser-induced breakdown spectroscopy (DP-LIBS). In this study, a total of
24 vegetable oil samples are prepared, and each kind of vegetable oil has 8 samples. Fortune paulownia wood chips
with a diameter of 20 mm and thickness of 3 mm are placed into the vegetable oil samples to collect the Cr element.
After that, the 24 samples (fortune paulownia wood chips that have enriched Cr element) are dried in the oven, and
the LIBS spectra of samples are acquired in a wavelength range of 206.28-481.77 nm by a dual-channel high-precision
spectrometer. The spectral line of Cr (Cr I 425.39 nm) is chosen as the quantitative analysis spectral line, while CN
(CN 421.39 nm) molecular spectral line, Ca (Ca I 422.64 nm) atomic spectral line and the sum of their spectral line
intensities are selected as the internal standard lines. Then the calibration curves of Cr are obtained by the basic
calibration method, single-line internal standard method (CN 421.39 nm or Ca I 422.64 nm as the internal standard line)
and dual-line internal standard method (CN 421.39 nm and Ca I 422.64 nm as the internal standard lines). Finally, the
validation samples are used to verify the performances of the calibration curves of Cr element. The results show that the
values of fitting degree (R?) of the basic calibration curves for three kinds of vegetable oils are all above 0.97, and the
relative errors of validation samples with low concentration are bigger than those with high concentration. The values
of (R?) of calibration curves obtained by single-line internal standard method are above 0.98, and the relative errors of
validation samples are lower than those obtained using basic calibration method. And the values of (R?) of calibration
curves for soybean oils, corn oils and peanut oils are 0.995, 0.992 and 0.996, respectively, with using dual-line internal
standard method. The relative errors between the two validation samples are 12.8%, 1.73%, 9.19%, 6.05% and 6.23%,
6.69%, respectively. And the results obtained by the dual-line internal standard method are better than those obtained
by the basic calibration method and single-line internal standard method. Thus it can be seen that the dual-line internal
standard method can reduce the error of quantitative analysis effectively and improve the predicting ability of LIBS

technique for Cr element detection in vegetable oil.

Keywords: double pulse laser-induced breakdown spectroscopy, internal standard method, vegetable

oil, chromium
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