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Small - sample Bayesian online internal standard correction for suppressing
ICP - MS signal drift for enhancing heavy metal detection accuracy
Gong Haoran' | Gao Jingming®, Li Min', Hong Bing', Hu Tingting', Gao Xiaofang'
(Zhengzhou Product Quality Inspection and Testing Center' , Zhengzhou 450000)
(Henan Province Food and Salt Indus Inspection and Research Institute’, Zhengzhou 450000)

Abstract: In this study, an online internal standard signal drift correction method for inductively coupled
plasma — mass spectrometry (ICP —MS) was established based on Bayesian theory, to address the problem of preci-
sion degradation caused by signal drift in traditional internal standard methods during prolonged detection. Ge, Rh,
and Re were employed as the internal standard elements for As, Cd, and Pb, respectively. The performance of
Bayesian correction with 1 — 6 groups of prior samples was systematically compared with that of the traditional internal
standard method. The optimal correction effect was achieved when 2 -3 groups of prior samples were used. No signif-
icant difference in internal standard response values was induced by Bayesian correction (P >0.05). After correc-
tion, the linear correlation coefficients was increased (from >0.999 to >0.999 9) , while the limits of detections and
limits of quantitation were decreased. The relative standard deviations ( RSDs) of quality control ( QC) were de-
creased t02.0% —2.9% , and the recovery rates were improved to 92.8% —98.5% . The relative errors of certified
reference materials were decreased to 2. 4% —4. 1% , and the spiked recovery ranges were narrowed to 95% -

111% . The proposed small — sample prior (2 —3 groups) Bayesian online correction method can effectively suppress
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signal drift, enhance detection sensitivity, precision and accuracy, providing an effective solution for robust solution

for further eliminating the influence of matrix effects.

Key words ;: Bayesian correction ; signal drift suppression; ICP — MS; online internal standard ; matrix effect mit-

igation

VLRI £ 45 B TR TS (1CP — MS) 362 4 iR
BRI A N IRA ) TRz —"" . %k
AR ICP il e B 5 P15 MIS PRl T 4 1 o 5
FAGS A , HELATRE AT B0 7 1 17 20 T 2 Rh T K [
IS S B T L S A G BRAR B T
JIBREE A R BREED A B 2
B2

S TICP - MS 7E TG 2 43 B v 2 L i 2 103,
(EAERE S 2 B AR e i B R P, R B4 4 s A
JCEATRES 15 I U0 2 15 5 188, 5 8O0 A2 45
2 BB PR NN o EVRI, I BR 5 B )
Jr AR AR R SRR C T AR A
IO Z MR S, Horr, podRuk DR AR i 1 B
BT Z R P RR AR A AR S BRI ZS
A 0 R ) PR DR I A A T T
HR ST PR I IO (1 % — B AR M7 TE K A5
JiE 552 5 0 8 1 N A A L 11 3R A TF A5 SRS 1 5
W, KR 155 5 AR A 5 10 22 RS OF 4R
FEVRE 5 23 BT 70 2 B0 155 R AR 4 HL BT X A 5 552
PUE RS AT R AR VT LA B R 4 i SRSk
87, B 5 A IR G e A A T
RONE 7 A I S PR Ry 2 W TR e R A
N AT E SR SRR, HRIER S+
AR

L) o JB O] R I 7 1 3 A T B Bl R
TR MR A A R 2
PRVCECIBCA AR IE , T B T 42 20 B S il st o 9 9
JRIEFIT T4 . Chen %51 5 i 45 1] B 4 A B5
W, 454 ELILAA S 0 5 (B TS IF BB, S B T %
PRSI R, BER S E RAMA IR -2
HBR — TG PR I — AL B A I SR W, 8 W s A e o
TC IR E 855 40 7 R O M B 25 /8 T 10% , .52
BRAE I R 45 9 5 Al i D AR BT, SR
T, 33X 48 5 R 22 A T i 204 0 R AR B8 L 4 45
e TE R M, MELLTE IV 4 ik i P bl AR
SRS B RAE SRR A A 1 AT R IE S
PR P2 0 O 1 38 5 i PR 8o o Tk — [ L, DL -
WGE T 5 R R T 40 - I R R e g
W f B R SRR S0 7 8, I HERR TG 15

TSSO ARG TGS SR BB R AR SE B R A i
WD RTE LT, e W RE I 1 DU S8y ST e A KA TR
f14 D1y S0 T KO0 5 5 P O 00 B Bl Sl 2 4, DA T 55
B 5 SRR UG T R HO REA fE  ZR
AR, AR EAESE , 18 REAS Jy Bl 25V Al B0 2 Y
(E PR AL 210 B A , (AR NREAS 5 i
T TR A O o R, A A e MR A 7
LA h 5 5 R A% MEE Y IR, AR SCHEST T /IVEEA
VUM 28 PR A IE 2 o JCHR AR I i 17 B e 28, T
SN A RO T E R OO 5 B 15 5 IR A%

1 MB 57 &
1.1 #FRSiEF

Tl % Y B R BRAR A A (1 000 mg/L) ;
WeAHER (MOS 2% ) N BE( Ai5at) .

KK 53 53 B bm HE D) 5T, 2 5 o GBW (E)
100349a,,
1.2 (UFEH5EE

MS204S 7 Bi F 5 (45 B 0.001 g) . NexION
1000 7Y i JFH 75 55 25 IR BT {X (ICP — MS) \MARS
ONE ZUFAIE I A VB24 UP IR o
1.3 tRERREH

FEHL1 000 mg/L (R 50 | B AR HEAids 45 Y, A4
FRUOTEL 5% RS TR 53 5 E 4%, B il 5 0.0.1.,0.5.1.0,
5.0.10.0 pg/L MIFRUE RSN IR

FEHL 1 000 mg/L (45 B | BRA5 HEAE A5 W, FH il
iz — S - K (R 0 R 5% 6% 89% ) 43
BIER, TR 40 pe/T B BRI o
1.4 XWHE

TERCR I S FRER 0.5 ¢ #Eah, INA S mL i
fSPR o N5 152 AT 1T, e RGO V0 ik A S 1) s o
VELBRVEAT I iR o TH AR o0 BUS , 7EEERR X | 100 °C
I 30 min, FI/KEZS 2 50 mL, [FBHSORE 5L 28 13t
%o 2 GB 5009. 268—2025 ( £ it % 4= [E b
R 2 0 R M E ) 55— P A FLEGE A A
BB . TR 5 AR AR B
AR Ry 20 1 N AR, SR FHAE S s 1 J7 =X
AR DAREIN 5T 2 19 ot £ Wk B O 1 Ak A, A g



FALEH L] SRS

INVEEAR DM E LR BRI IE TE 0] ICP - MS {5 5 3R LURTH R Jm s . 205

IEAEL TN AR ) 17 FELF) BE B MR b, ST A HE IR
1.5 ICP-MS ©#h&

SHIA 1 600 W, 258 1A i 15 1/ min,
#HAFE 1.13 L/min, 58S &= 1.2 L/min, /X,
Ui 3 mL/min, ZALARIRIE 2 °C, 0 oh filf e
P (KED) , #AZ REL3 IR,

2 et

A D137 B, B AL S B o 1) 25 R R EICH o f
(x) =cg(o) , Hrpe 5o oK, N f(x) occg(a) o 4
LM EREA x = (2,25, .. ,x,) ", AT FIBISR SR L
L(ulx) TR REET, f(ulx) =f(%,,%,,...,x, |
o

ALt , DU e a] A S URGE T

h(ulx) ccp(u)L(ulx)

b Cula) O i 56 5% B eR R, p () D SG56 %
BRI, L(u o) g RIIR B, p (u) Y © A B 8
A RSG5 B 29 SR A€ , L (u o) Hy DU R 4K
PEAEATRE o CHE IS 36070 A 70 w] LTS G 3
{ELA A BEPEAR

A5 P ] — A 6 s o 0[] — G DS 88 ZE A ] 2%
AT 0 75 (L A A [v] ) — 261 ] 2R 400 AR ot F sl
e, AT DA — ZH BRI o ) 00 A5 (A T AN
FERY A FE

AR TEAH [F] 25 15 T BEA T n W I
WA 1 %00 5o OISR X585 m Ak
A, DU me ZHSXRE ISR AR A D 2R A

S0 = o S I Gy - X0 ()

K MR R, i =1,2,. .. ,myj HEFE
SRR 1.2, 0.

RGBS SR 0, O SR
502 5, I m SR 8 OB R 58

(2)

BB 2 5,1 H BN o i, s(2) 1 H
HIBED mg o

XFMEIE w A A (ulx) ocp(u) L(ulx) AT
L

P SRS R R A ST IR I wo RIS {E 7 19 B
P2, R A A IEZS 0 A, PR TIACA p(u) ~
N(ug,7) LA w B S50 85 B pR AN -

1 1 2
expl —— | (u—-u, 3
e pl 27_2]( ) (3)

p(u) =

X = S0 (4)
FEASHYALSR RN -
1 1 2
L(ulx) = "expl -5 X" (x; —u,
(ulx) (Sm) pl 2322,_( )]
(5)
EEARA DTS e A A
h(ulx)mexp[%] (6)
LA A R
ﬂz&"-'ruig
il:E[h(ulx)]:snl f (7)
2t
S T
azzD[h(uu)}=44§ri; (8)
mr +S

fcw P & EAE AT, R o FRIEAS R E
538

H=0(7) FTLVE S, BUEA THE w S 5850 FLE A
TR S8 & (AL 2 A, o B ad 7 v Al 98 43 )
3 s I Y A I s 15 B ER AR
MRTAEAF S B A H

ABIFFE R FHTE LR TR A N AR, > B i 35 3% 2
PR3 R (n=3), 42 DRES (m =42) B9 P FR AT BN
R A TR — G 56 s v L[] — G 0 S | A TR) 2% 1
IR (B A ] ) — 2L ) 2 R o BT RA,
AT DAFELER ¢ YR 22 I A 0 PR s o R 2 1 ke
e B, LA & U P bR By 56 B O J5 I A5 S, AR D
I3 3, AR R A ¢ N A P L bR A
SEFE o QARDAES @ YT 1B R S, R
PE T AL5650; LASE ¢ IR 6 YOBUE S5, il
FRAE 6 2R 565 .

F 1 HEEEIGY
[EIE AR B
1~6 25 IR IRFRIY B 5% TR
7 it 1.0 pg/L bRl
8~13 BRI R IR 0.0,0.1,0.5.1.0,
5.0.10.0 pg/L FRUEFIK

14 ~24 RS A TS|
25 Jpige: 1.0 pg/L bRifEis |

26 ~31 B S FRUEY) I
32 g 1.0 pg/L bRAER R
33 ~35 iz 1 JnfRAE0.01 mg/kg
36 ~38 ks 2 JndriE 0.2 mg/kg
39 ~41 Jnkr 3 Jinfrie 0.40 mg/kg
42 JFiE 1.0 pe/L AR




206 Hh AR = 4T

2026 445 1 1

1 AU S PR BERE I, o 1 ~6 5
A R R BRI HS % BTSRRI, HAE RTZ R B ek
I3 BRI, AR IE 1B SO AR A AR 7
25 32 F142 SHEaL O 1.0 pe/L BIBRIER I, T
T AR5 A o

3 HEREGAA
3.1 M ERIEF E X — B p St I

HVTAL SR FE DU 30725 4k 30 A AR Wi 745 5 56 32 4K
Parry— bk, AT TR R B ¢t K5 F h
B X7 ~ 42 SRR SR ) SRR A KR (1 ~
4 DS A T A Y W*T”ﬁ@?%ﬁiﬁﬁﬁ%ﬁ%
Seor i, AR IR 2 s .

®2 EBHRMUERM

it 14 24 34 44 SH 64

Ge tfH 0.85 0.73 0.93 0.98 0.52 0.41
F{E 0.50 0.52 0.57 0.58 0.69 0.71
In tf§ 0.97 0.64 0.75 0.48 0.45 0.38
F{E 0.67 0.97 0.90 0.90 0.91 0.90
Re tfH 0.77 0.45 0.49 0.55 0.26 0.18
F{E 0.79 0.96 0.93 0.93 0.96 0.98

SREARSE 36 1, ¢ IR IO AN F R0 1
6 FEAT B t05 = 2. 03 Fil Fy 5 = 194, FHIARF
S B DU 7 2 b A R LI A A
FRIFV (LAY (R F (LN R B Dt 3%
UL S 0 BRRE TE 2 3R 5 R IE A P9 6
WAL 592 5 (P >0.05) , LR 2 B 45
R
3.2 BMFERHRSTRR
IR AT 345 5 K 9 e, A 9
il Ge (R Fil Re 5334 As .Cd Fil Pb #4770 2

PRI IE . B S, R D038 0 ik i — A 2 1E Y
FROCR N E . ETRIEERFNCRESRES

X I PR AR TC 3R 5 5 5 BE 1Y B R e AR N7 ) S5 e
[ U R=SIVE DL e

TEARTF] ACAF T S0 2 B 25 VR 1L I, B
72 S RARUE D 22 19 3 7R 10 475 73 0 3 534 H R

(LOD) FlE H fR (LOQ) (FZFRHEHR 0.5 g, i AR M
50 mL {5 B AR ) o

3 R AN R SE 3 2 B0 DL S A 0E 3k Ad
UG, %R LA T M E R F(r) \LOD Al
LOQ.

R3O AN MRRLC A RS E AR

JCE e LM r LOD/mg/kg LOQ mg/kg
As  FREE y=0.030 76x+ 0.999 84 0.001 0  0.003 4
0.001 50
1 41555 y=0.03153x+ 0.99985 0.0010 0.003 4
0.001 29
240560 y=0.03183x+ 0.99999 0.0010  0.003 3
0.000 81
3K y=0.03169x+ 0.99996 0.0010  0.0033
0.000 97
4 40568 y=0.03180x+ 0.99997 0.0010  0.0033
0.000 87
540568 y=0.03187x+ 0.99998 0.0010  0.0033
0.000 79
6 4158 y=0.03193x+ 0.99999 0.0010  0.0033
0.000 67
Cd kR y=0.007 80x + 0.999 71 0.000 28 0.000 92
0.000 14
1 5 y=0.008 05x — 0.999 96 0.00027 0.000 9
0.000 06
2 448 y=0.008 02x— 0.999 93 0.00027 0.000 9
0.000 03
340568 ¢y =0.008 06x — 0.999 96 0.00027 0.000 9
0.000 05
4 4058 y=0.008 04x = 0.999 95 0.00027 0.000 9
0.000 03
5455 y=0.008 09x— 0.999 96 0.00027 0.000 9
0.000 08
6 ZH5E08 y=0.008 14x - 0.999 97 0.00027 0.000 89
0.000 14
Pb  PHFREE y=0.0736lx+ 0.99975 0.00071  0.002 4
0.001 95
1 41468 y=0.07565x+ 0.999 92 0.000 67 0.002 2
0. 000 24
24K y=0.07537x+ 0.999 91 0.000 68 0.002 3
0.000 58
3YMEH y=0.075 11x+ 0.999 90 0.000 67  0.0022
0. 000 87
4 5 y=0.07508x+ 0.999 90 0.00066 0.0022
0.000 92
540560 y=0.07550x+ 0.999 92 0.000 65 0.002 2
0.000 53
6 Z05EH ¥y =0.07556x+ 0.999 92 0.000 66 0.002 2
0.000 38

N3 3 Fros , R I ARIE I SE I, 3 Fhos R 2t

VL NZME G R R, MG R B R T 0.999, i
FHEET D S R TE LR N b5 5 R R IE )5 L A
RARE— LR E CHER B A =2 o, Ty
DU A TR 2B r (E R T 0.999 9) , [A) i AT 12
7 LOD 45 LOQ WA PriEfk. AJ7iE* As Cd,
Pb A LOD F1 LOQ ¥J g K F GB 5009. 268—2025
(b E 2 b B TP 20 R 2 ) vh i 2
SR (LOD,As 0. 01 mg/kg . Cd 0. 002 mg/kg.Ph 0. 02
mg/kg; LOQ: As 0.03 mg/kg, Cd 0.005 mg/kg. Pb
0.05 mg/kg) , FEfES 175



FALEH L] SRS

INVEEAR DU MR BRI IE IE 0] ICP - MS {5 5 3R ISR TH B R A . 207

3.3 RSE®

N I B AR S A R RS 7,25 .32 A
42 SRR A, R 1 1.0 e/ L AR HET T
AT IR R o RAREAE AR 10 - 32 Joi e o L2 00 5 4 2R AL
4, )5 —AUSHHEARA IR T2 — 4L B R AR 1 (]
WeRANE L /R o PIRRIE AT 0 S s R AR P 32 (L e
1 TR Al 22t B K, o J — 2L A L 2R — 4
B e AR R AR 22 DM A AR IR IS, s REA
AR B 22 225 D/ , ISR ] R B T ik SR T
PRIE AR5 A% 1R WA 5 g 7 L, i DL S0 A O A
ARANHIX AR . Hob S 1 ~3 A 5E5e Ktk
FIRCIERE P IME AR eI 22 | DGR A B B
SR, BEF S FE AR BN N2 4 ~ 6 41, I IE R &5
SRA TR AR VAl 22 0 A1 503 1 3 O T AR
Ko Xl REZ N D REAE F T 1 SE 50 43 A 1Y
REARR RGN, DL -0 T B9 58 2 A D583 , X Do
5 BB IEAE TR, S B R I B i 1 0
ARBE I AR

R4 BHERA T E S bR 22

. . e L 24 34 44 SH 64

= v

TE MR PR n gw km kw kB K%

As SFEH(EH 0.977 0.948 0.966 0.963 0.962 0.962 0.963
/pg/L
PR 4.5 2.1 2.4 2.4 2.8 2.9 3.2
%/ %

Cd SFIME 0.965 0.938 0.953 0.954 0.953 0.955 0.956
/ng/L
bRfETR 3.7 0.9 2.8 2.9 3.1 3.2 3.2
/%

Pb SEMJEH  0.982 0.967 0.974 0.974 0.974 0.975 0.976
/ng/L
Wil 2.6 1.2 2.0 2.2 2.3 2.4 2.3
72/ %

—-As

100 A

R
& P S s P

)

Bl SRR — SRR A IR T 45— SRR A ) %
3.4 HEMESHEE

XER K 18 or o3 A A HE 4 i [ GBW (E)
100348a | 47 6 YKAP-A7I05E , I 5% FH 2 T DL it Jof Bt
WHITERNRE SR RLE, IES R IR S PR,

RS ARUE SN E () AHXS 2R 22 5 R b o 22
14 24 38 4H SH o4

sl |y Sy =y

A MR R gp ke oxm kR k% K%

As JEE 0.210 0.206 0.205 0.205 0.205 0.204 0.205
/mg/kg
X 5.0 3.0 2.5 2.5 2.5 2.0 2.5
2/ %

RSD/% 3.4 3.3 3.4 3.3 3.3 3.3 3.3
Cd JUE(E  0.471 0.457 0.458 0.456 0.457 0.451 0.451
/mg/kg

MXHE 7.0 3.9 4.1 3.6 3.9 2.5 2.5
2%/%

RSD/% 1.2 0.7 1.1 1.2 1.1 1.3 1.1
Pb W% 0.220 0.215 0.215 0.216 0.216 0.214 0.214
/mg/kg

MXTiR 4.8 2.4 2.4 29 2.9 1.9 1.9
%/%

RSD/% 0.9 0.4 0.5 0.6 0.6 0.7 0.7

KM B3 3 Hr b e Jo v As  Cd \ Pb A BR 1
B3 3120 (0.20 £0.02) . (0.44 £0.05) ,(0.21 +
0.02) mg/ kg, K I - 23 {1 24 72 A v DA € (38 FL N
BT DU BB R AR 2R AR S S IE B AR e, T
SR AHXS 1R 22 FIAH XS Fr A 22 (RSD) 21/ F R
o PRI, DI S 32 7 IR 2R 49 15 22 1 [ ) T £ 5
PR BE TSR A B TR A AT A 2R
3.5 ftREE

AR AKAGS 1850533 B s HHE 9 5 D A IS, 2 A
(0. 01 mg/kg) .7H1(0. 20 mg/kg) .75 (0. 40 mg/kg)
3 PR E Y As (Cd \Pb RS AR EY) B AT AR [a]
Weses , TR TT R IR IR, 45 R N5k 6 Fin .

F6  ARmARE T g RIeE

Jinbr i T i i
gt W A 0-01 mg/kg 0.20 mg/kg  0.40 mg/kg
R OJnk /meke S R STIE IR ST [k

/mg/kg /% /mg’kg /% /mgikg /%

As NFREE: 0.210  0.219 96  0.435 113 0.661 113
1 #0565 0.205 0.216 103 0.425 110 0.632 107

2 448 0.205 0.215 100 0.423 109 0.624 105
3405600 0.205 0.215 95 0.424 109 0.627 105
4 5% 0.205 0.214 95  0.423 109 0.625 105
5448 0.205 0.214 96  0.422 109 0.632 107

6 41565 0.205 0.214 97  0.421 108 0.633 107
Cd NARYEE  0.472 0.484 125 0.693 111 0.907 109
1 41555 0.460 0.470 100 0.677 108 0.860 100

2 40568 0.460 0.471 111 0.679 109 0.863 101
348 0.458  0.469 117  0.674 108  0.858 100
45 0.459  0.471 121 0.676 109 0.866 102
5458 0.455 0.468 126 0.670 108  0.861 101
6 41458 0.453  0.465 125 0.666 107  0.857 101
Pb NFREE  0.229 0.240 105 0.448 109 0.675 111
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