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Abstract: To analyze and improve the matrix effect on the quantitative analysis of cadmium (Cd) concentration
in soil and rice using laser induced breakdown spectroscopy (LIBS), this article takes the Cd I 226.502 nm spectral
line as the analysis object, and compares the effects of matrix type, KCl mass concentration, and excitation method on
the intensity and quantitative analysis results of Cd II 226.502 nm spectral line. The results show that the chemical
form of the main components of the matrix and the ionization energy are the main factors that produce the matrix
effect. KCI as an additive can significantly improve the spectral line intensity of Cd II 226.502 nm in rice. The
photoelectric double pulse excitation can significantly enhance the spectral line intensity and stability of Cd I
226.502 nm in the matrix, and improve the signal to noise ratio. Compared with the single laser pulse excitation
method, the lower detection limit of Cd Il 226.502 nm in silicon dioxide, soil, and rice matrices decreased from 372,
332 and 2874 mg-kg™' to 42, 72 and 37 mg-kg™, respectively, under photoelectric dual pulse excitation. This study has
important reference value for the development of LIBS technology and its application and promotion in the field of
soil and food pollution detection.
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JE {5452 40V F) B LIBS BARBFST T 8K 8 UKL X Fe 1 330.635 nm 1528 58 J3 (4 5% i A1, 405 S 36 0, S0 ks J3 2
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B, A 22T 25 ML 4423 2 Pb A Ba 70 K AAFIE TS 4615 5 . Krasniker 2512 gy 1 bl Pl o 1 5 %6 5 1 1A B
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2(4EHE 150 mm) 2 % I IS EE G B S IRk A AT, IR IER & Fig. 1 Schematic diagram of LIBS experimental device

HeEAL T A e 5 M . AE SEOE Bk b & 7 =0T, Ok TR Pl 1 LIBS S2d%e foR B A

R A kO (355 nm, 50 mI), 6% SR AE BRI BE 100 ps; 7656 HLOBURK #h i &% (OEDP-LIBS) 5 2R, 4841 ik o i
J6(355 nm, 50 mJ) S &, = He Lk il (4 000 V) J5 &, H K R XY Bk oh ZE SR 500 ns, FL K o5 R 50 s, DG
SRAEFUTTE 100 pso SEH R, & G RE R ST RN 1 Hz, Yeie R EMXHEOE K P EERT 1 ps, BEERTE 4500 ms.
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Table 1 Mass fractions of cadmium and potassium chloride in standard samples of groups D and E

mass fraction/% mass fraction/%
sample sample
Cd KCl Cd KCl
D, 1 0 E, 0.2 0
D, 1 3 E, 0.2 3
D, 1 6 E, 0.2 6
D, 1 9 E,4 0.2 9
Ds 1 12 Es 0.2 12

®2 F.GMHZAGEERTRETENRESH

Table 2 Mass fractions of cadmium in three groups (F, G, and H) of standard samples

sample mass fraction/% sample mass fraction/% sample mass fraction/%
F, 0.004 G, 0.004 H, 0.004
F, 0.010 G, 0.010 H, 0.010
F3 0.020 G; 0.020 Hj 0.020
F4 0.040 Gy 0.040 Hy 0.040
Fs 0.100 Gs 0.100 Hs 0.100
Fy 0.200 G 0.200 Hg 0.200
F, 0.400 G, 0.400 H, 0.400
- - - - Hg 1.000
- - - - Hy 2.000

2 XIHHER
2.1 EEFMEMME F X XFEIE LR EN RN
El 2l ACEER R4l Si) . B Si0,) Fil CORER A Fx 30000
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(355 nm. 50 mJ), Y RAEFL S 7] B 100 ps) K 7E ' L XLk e e OEDBLIBS
# % (OEDP-LIBS)2 Fiifl & J7 AT AHETEZE Cd 1T 226.502nm 3 200007 — COEDB-LIBS
BB I RFAE . 7ESRBOERK IR IOR T, Cd 1T 226502 nm 7E £ £ 15000
B R IE W 75 T LA Si0, BEMR P SR B, T ELRESR BTN 2 10000]
i, FAEA Si e R b 58 R HLAE Si0, AR i 7.6 Ao 7E 5000l
6 HL XK v i & T, SiL SiO, AR #fE 38 = Fh kg Cd T
226.502 nm BRI MSOERK L F /93,7, 13.1 F16.3 f. P hei mee b e
2.2 KCI AR X i 2% 32 B 52 i wavelength/nm

[ 3(a) A 3(b) 4351k D3RR KoK ) F E(FEAR Ry i Fig.2 Comparison of Cd Il 226.502 spectral line intensities in
‘@?jé) 2 éﬂﬁ nﬁ'zﬁ $7§fl )'(: Hﬂ< {qub% Zi?'ﬁﬁﬁ%ﬁ cd T 226.502 nm different matrices under two excitation methods
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HLF 2% BE AT 70 Ao G5 SN IE] 4 B, 7 ROR B ey, 45 B9~ A Ik B85 R Pl 7% B2 347 il KCCL BTt 4 00100 5 o 22 Rkt
b T A T P e LA S A R T e K CL T A B G N S 2 18 TR
23 BEARXMNEES TR

[ 5 & FOEEAR N Si0,) . GOERIA Ry s o 1 38) A HOERAAR S ol ROK ) = ZH B i 43 ) A8 B30T ok v i & A
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Fig. 3 Changes in the intensity of Cd Il 226.502 spectral lines with KCI mass fraction
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Fig. 4 Changes of electron temperature and electron density with KCl mass fraction in plasma
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Fig. 5 Calibration curves of Cd Il 226.502 nm line under two excitation methods

B s ZREERAE RN R 72T Cd 1T 226.502 nm 1) 58 B I 28
XUk i & 75 2H A3 B A AR T 3 e b 2 o MR A 1B Ak 27 2 X6 il R 4 4n R R e )
CL =303/S (1)

A CLRITTRKMIR, op 2 ARG 2RI B 1 22, S REE . 1OGIEA D o F5 505 5 A bR HE fi
22, 8 OGR4 A AR AL %

P3N T R AR PR R Dy 2T A I BR (LOD) . #UA BE (R?) FNAH X b ofE f 2% (RSD) o 1 26 3 AT,
AR EG T B0 DK &, O OB B K T SRR B R R =R A b B DT R A D R, A DN BR 43 il 4 v T 8.8,
4.6 F 77 A, A 2 3R 14 400 D0 FEE A ARR X A o Al 22 o A B Sl A

3 SaW5itie
Si il Si0, Ay J5 18] 43 ) LA Si—Si 8l Si—0 #4545, 1 mol 19 Si A 2 mol Y Si—Si 8, Si—Si # A #ERE N 1.82 eV,
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Table 3 Quantitative analysis results of three matrices under two excitation methods

LOD /(mg'kg") R % RSD /%
355 nm OEDB-LIBS 355 nm OEDB-LIBS 355 nm OEDB-LIBS
Group F sample (silica matrix) 372 42 93.5 97.6 13.604 7.232
Group G sample (soil matrix) 332 72 84.0 94.5 14.283 7.691
Group H sample (rice matrix) 2874 37 95.3 95.1 13.544 6.968

Si By % Sk 2.33 g-em 3, Si [ EE R 5 iR 28 g/mol; 1 mol 1) SiO, A 4 mol Y Si—O 4, Si—O A RE K 4.77 eV, SiO,
(R EE R 2.2 g-em™, SiO, HYEE /R BTt A 60 g/mol; W43 (J5i—5-46) AHIRIA R 1Y Si Fi Si0, T LM AN RE &L L2l 30169,
B[ 53 Si0, THAEMM e B £ AN, Si i+ A5 —HL BB N 786 kJ-mol ™!, %805 19 %H — HL B{BE°H 1314 kJ-mol ', BJ
HL 2 SiO, T S IHAE M RE Wt £ . BAKRE , i oM [A] 68 & 09 O Ik b 43 g 70 H 25 A 8] AR 19 Si F Sio, i,
Si AEARAS T S W H B BT LA, FE I 2 R A ) P (LTE) B 2 0F T 17, Si 34 v i) 4 it 7t oA o s i H
B, Cd 11 226,502 nm 32 FE L B0 . IR A Lo AR H & 2%, Hrh L Si0, 2 3, 51 AME A B 43 il T HL B Y
a7, WEALEE (MgO) | ALk (Fe,05) . A ALHN (Nay,0) 45, BT LA 58 Cd 1T 226.502 nm A9 3% £k 58 K T Si0,.

KK FEE A A IR TAHBMTER, 77 FEME L, A5, R B 2R KiRehat, A
BT C. H, O S U 45— L B BB AL, o FL 7™ AR 1Y 55 28 0 b Hy - 285 B A, PO OBOR AR . m Kok A
KCl, — 77 I, KCI f) 5 e F 0 i 1) o 2 RE AR AR, 72 WOGAE FI w0 109 068 i st 42 A1 B A /i, AT o 4K %o
OGO, 46 i 55 B A B R IR AR 3 Ze 3 o5 D) — D7 T, KCL 48 ARRAR 1 ROK By 5T & 4341, 9870 s
JoT it i AL 2R SR R T I AR IO RE A o T M I BRBT, RO X I M e S S A L R B RO S B T 1 PR
I KCL &, 43 KCLFT AL B3 80 I 0 G805 19 220 B2 0T N 8 i3 R A e W e e R0 P 88 A I, 30 1P e ik A
H Cd 1T 226.502 nm (3% 28 38 B AN 23 B KCL Y 5T it 20 2000 A8 A A8 b o 38 8 X6 B SR Bo ik o i & 7 XK, KCL s
it G BORT ROK R M e JEE A 1) 458 B3 AR T B R Pl 2% B RS2 e AR, IR S T R A BT 9 TR A M

XF T Si0,. A i - SRR M ROK = Fp B A, S i OBUK w35 % A0 B 0 5 v T AR T E AR IR, 42 R T T
AR E PE NPT SR Mk o X TR DN B8 J A9 42 8, 3 8 2 IR v s L P v B L3 R, — T TR IO S5 B AR AT
TR, BT BB R, 5y — T AR K e i F bk e K T AR B TR A, BN T RRAE IS I A, B
Jok b ke T 2T, BRSO K e 2 RS TE A BE S R, b R X A R A AR B R R, Nk R cd T
226.502 nm FEAF G5 4R 14 58 FE W =5 T S10, B T A A B 1 % FOSURK b i R O 3T, S5 I ) A e e R DK v g 2 %
SR ARE &, SR R B R AR TR, B BRSO, I, X e R R VA AR AR, AR R RN R Y
W A 6 2 S 2 o A B IR TR 7R AR T R ISR o T ST, 88 i 0 JEL T AR K fif Si0, LA 7= A= (1 28 1K b 1 3 S 4 7=
A WZER A E 2000 T, L Bk i & T =UF, Sio, 364K Cd T 226.502 nm FFAE 3354k 1 58 B b 1 38 5L
IR TR o ol R AR AR S A2 B R TR R s e, DROR R ACR L B AR A T2
P B A5 AR S5, DA B8 25 5 W WS F - BB A, PR I o'l O b 38 X RO 356 A v 4 ot R A T BR AT i 35 9 s
(77 4% ), JEAb, AT BRI PR S KA XoF A 114 25 40 R o R 8 R P, ol LA 58— Bk i/ T 1 v kcbe i I il 2 &)
(ZE IR AT, 28 VR A HE B IS 1 R Ik b 0 & B s 3003 i R R

SR R R OT R 1Y B i o BOR R b OT R 19 BT i 2 B0 B AR [E] D LIBS R B — A BEEA B, 2R A i ik L
BT IRAL TR AL T B SR TR . X T OC R RS W R 2R 2 i R, LA rh & ) BT 04 A RS —
e, FEAR A ER A4k G Wy DN ST R 19 W BT RE 1 AN TR], S BUETE O BRI S0 Y, 4 45 B AR b R DT R 1Y BT
TG FAR PRI G R 1) B B0 — 2, UL ko s & D 2R, A BRI TG H XU b i & =X A TR
80U 7K AP (CAN,O4.4H,0) Bt F A0 B8 78 43, B A5 25 -0 v (1) 15 0 5 3R 0 BE A v 00 e 252 1 ke 3 o 1 — 38, (40
AR B TR, N 1 B A A Rs e PE AT SE
4 & it

ARSCLL S, Si0,. FnifE 38 bR ROK NG MR FEAR, DIRT R IR X 4, WFo T SRR B A HL i I
KC1 1 57 12 73 FOME U J5 206 Cd 11 226.502 nm 3354858 B FE B 50 B4 R i 2 iR . mIFFR 4 2R R WY (1) B ik &=
B PRS2 L S AE RN F 2 BB 2 TP W B AR RN 19 FE 28 M 3R, Ml AT e s AR T IO R W i st % | AR S R
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