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Uncertainty in Determination of Potassium in Cigarette Paper by DRC-ICP-MS

SI Wen, QIAN Cui-zhu, ZHU Shu-xiu, XU Gao-yan, YANG Yang, LIN Ken, XIAO Wei-qiang, LU Ming-hua
(Technology Center of Zhejiang Branch of China Tobacco Industry Co., Ltd., Hangzhou 310024, China)

ABSTRACT: The work aims to improve the precision and accuracy of the determination of potassium in cigarette paper
by inductively coupled plasma mass spectrometry with dynamic reaction cell (DRC-ICP-MS), identify and master the key
factors, and implement effective monitoring and improvement. The main sources of uncertainty were analyzed by the
cause-and-effect diagram, the components of uncertainty were evaluated scientifically by the mathematical model, and the
expanded uncertainty was proposed according to JJF 1059.1—2012 “Evaluation and Expression of Uncertainty in Mea-
surement”. The results demonstrated that the components of uncertainty were in the range of 0.0067 to 0.0402. The influ-
ences on determination results were standard solution preparation, moisture content of sample, sample repeated measure-
ment, calibration curve fitting and sample preparation on the basis of the weights of various components of uncertainty.
When the potassium in cigarette paper sample was 13.337 mg/g, the expanded uncertainty was 1.218 mg/g (k=2, P=95%).
In conclusion, the uncertainty can be reduced by optimizing the standard solution preparation. Furthermore, the stability
of the instrument can influence the uncertainty simultaneously. Therefore attention should be paid to the instrument status
closely.

KEY WORDS: DRC-ICP-MS; cigarette paper; uncertainty

GNP R R I SN AR BRI E coL e AP R CR . R U i 32
RSW AWIERY, MEWACh A NG AR (S B URA R E  HAR O o PR P 00 B e e v T
ARAR R M ARG, BRI, b AR AT SRk B TR A S, AR IS

s HEA: 2016-04-01
fEFERAN: L (1986—), F, dricmA, AF, REIRT, ZEHREF & HEDMHHALF M,



F371E HI9H

. DRC-ICP-MS 5 I 2 25 10 4G o 80 19 R 1 X2 BE T <2 <111 -

EEWE IR AR . AT EBERT, By
SIURA, JERERR L S B R B4R L, Zanyi 2
ad a8 S [ 9 ) ek P A 0 B

IR 8 32 AR R AR B I O R I R
FIBEFE, ARG IE . B Ak B
R e R UN i1 37 SIS IR A A5 iy 7. = S I O
TR AR AN 1 5 P R I B R o ASHA E
JEE R FRAE R T 9l I 2 (8 Sk i A R S8, R
SR 45 SR AT A R Y EE AR A, (W] 2 S G
= TR P ARG T 6 77 45 B 4 g g o
Wit o BT BT A B S B DA AT AR AN BB R
AHESE 0 ASH E AV VR SE 6 S P A
HMAAFZ B kBB EN, Fik, X
DRC-ICP-MS £l 7& 45 48 4% v 4 0 AN o J3E R A 7
ST AITEAE , RETR RN B 408 52 ) B0 5 5 00 2 1Y) G B
PR 28 I St A A0 W 4 AR e g, 8 v D0 45 S 1) v A
FERIATRE R, A IE A PF 0 Ao i £ i FE AL 2 B B Y
A

1 X

1.1 #El, AFENE

AL B IRACEE i OV IR A 7= -5 26 SR
4K ). WH: FRESECN 65%MNRE (tgal,
2R T0 /A ] ). 1000 pg/mL HFRAERE & AT 1000
mg/L ARG ( 52 Accustandard A 1] ). i
gfiZk (HFHZE =182 MQ-cm). W& (4iFE KT
99.999% ). = 4R (LEE KT 99.999% ). {4
PXIE PR MRS ( FED115 &, f# % BINDER 23 7] ).
IR (MettlerXS204 AU, J&H 0.1 mg, Hit
METTLER TOLEDO 7] ). i iH f# 1% ( Mars
Xpress 4, FEE CEM A ), HEBHGHETIK
Fii%4Y (DRC-e #l%5, L[ PE An] ), MLk
FZ % (Milli-Q Synthesis %!, Z%E MILLIPORE
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( f = EPPENDORF A )
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FISE AR AR GB/T 462—2008 B IF . SeFk BUR BE L
R, A (105+2) ‘CHEFR P9 AL 2 it i AN AR LA,

2T IRV H) 2 S 5 PRICHE S5 T i o Rt T i
Je 1) o 25 5 B i T A G B R R KR

HERMFREL 0.10 ~ 0.12 g HAHAL CREHH = 0.0001
g ) BTN MEED, A 5 mL g, IeB%
JE AT AR o BODTH AR AR WL 1. THR TR, fr
MRS R IR, K NIRRT
. SR ph eI e 3 UL L, BT ASUE —
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— R B 10 mL AR AI/K E A E 50 mL, £33 F
MW A RRE B 5 i & 28 1
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Tab.1 Program of microwave digestion

FIAEEE/C THERE/min &SRR/ C AR /min

= 5 100 5
100 5 130 5
130 5 160 5
160 10 180 20

10, 50, 100, 200, 400 pg/L AibxiE TAFE AN
B DIbR T AR Y P AR 4l KRG R, BB o Horp
PR TR W SCHBERL 10 000 pg/L, J&FE& Y H
BRI . PEBU'CRh W NARICE, R
LIMAMTTETT R . %185 YK 228 LR T8 T
SArH BT, ST Oy RIS T
B 7 SArH KRR RV, DINBR R L Z T
BP0 DA A AR 2 R AN
ESEEWT

(C-Cy)xVxn
- ey
1000><1000><m><(1—w)

K X WS (mg/g); C R
FESR AR R BT BE (pg/L); Co IS R
THR ) B B ug/L s VONRE SRV AR mL );
n R FETHAG R B E; m AFER TR (g); w
HEER KR (%),

ICP-MS TAEAMRMASHWT . MwEnE
N K MR Eh A R B R R
L, AR 0.35 mL/min; {5 R ABUR(E R 0.25,
o TR R (N 0.012; FUrEHEI A 1s; AR
3,

1.2.2 AN 2 FE VT B e A i ST

M JIF 1059.1—2012 (il A0 E I E S5

F/R ), X DRC-ICP-MS ¥ 5E 45 M0 4% b B A o2
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Fig.1 The cause-and-effect diagram of the main sources of uncertainty on the determination of potassium
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XL 4.8% , FA T 5 45 S (] 48 X 1R 2% R 0.1%,
A EFRER . FIL, BEK &85 AR AR
AT 2 FE 11=0.013,

22 HmEAESIANNENREFIBMEESE (B
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221 K5 ARIFHXT AR UE A 2

TRV 58 T SRS B 2 2 T 2% 40 o 1 R R R
Z M B 0.0001 g BT F, K iE 545 H R
A KR ZEH+0.1 mg, PR, HEMFRBOR 2
0.1 mg, HAPERGIAMNIRZEN 0.05 mg. PAH

EHAMI, BB A5 A S bR ik g R
0.1024 g, MK F-FRE 5] AW AH X BREA 62 B
1(m)=0.0006,
222 BUAR T AN bR AN 22 B

RS B A R Y ik R R S
mL (B AT . BT K s nT e, %R R
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5 mL B 4 W, A5G 1, e 3
Wo Horr, M— A B E 25 219N i 75 2 S fif
20, HEBH 10 mL. %8 =M, hi
WA T IR AHRARAEAT B JE 12(v)=0.0065
223 HEGIA B AR AR AN

AR FEURSE R L 3 8507 2 5 W 2% 43 1 7 R TR
K MKHR JIG 196—2006( & I3 38 1 27 K0 2 FURE ),
50 mL AEHEER K f2E 4=£0.10 mL', #208 =
F o3 AT AT, o AR HE S | A AN B o
O 0.0707 mLo RN & T BOR R AR TR ik 5|
AANHRE R . BTS2 DR aA K, =
TR EhL L3 C, B AUK Ik RECh &A1 C,
IKEIRFRAS AL AR Ky 2.1 107, %357 0 A i alel,
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P e BE RN 5 | A A B AN E 543 0.0182 mL,
b, WA IS AR A X b S i
w(v)=0.0015,

FES A BV S LA BRI TR 2
R, S E S, 25 B AT EAT AR
Wl & 51 A MM X FR M AN B

1y =\//12 (m)2 + 14, (v)2 + 1, (v’)2 =0.0067

O
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23 MERRESSIANNBNTESHEESE
(B ERHEE )

BB o A T RO W 5 A B AN B E B R R
AR BRAE A e . 3R 2 45 Hh 1 2 OB A B X 1
i I B a8 2 R BOT AR AR . Herp A i 50 mL,
R AE 300 pL B A YRR RGEIRZE N £1.8 ulo

x2 BREHER

Tab.2 The information of the standard solution
preparation

WRR R (ng- L) Bl EfA/mL  BUHAR/mL

10 000 5 0.5
10 0.3 0.05
50 0.3 0.25
100 5 0.5
200 5
400 5 2
WG LIRS, A5 AR A A BC TS B,

ML R | A AR PR MEAT 2 FE N 13(v)=0.0402;
FE 2 AR A B AR X AR HEASH E BE A 13(v")=0.002,
DRI, B bR E T AR WOBC ) 51 A R AR AN

JE py :\/,u3 (v) +5 (V') =00402 .
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SR FH P bR R, LB T R e AR AR
ARSI ECR S EE T ROR LU P AR R PR
2l TAERN R o SebRE BT B bR TAR IR, &9
We B LE AT AE 3 Uk, A3 BN BT ECR HUE
Fp— GO A TR i 2R MR LG, A3k m]
IH7FEk ¥=0.0834C+0.0035, R*=0.9997. XTHkE
TFI 2 WS PATINAE , 3 ) R A A e - 1
{8} 258.23 pg/L.

1A )5 A2 i fe/ D A LA AL, A B HA AR

BEPE, S BYH XS bR A 2 B rT g X (3) i

S
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e Sg WERRARIEMZE s Sk RPRHEA R
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M £4=0.0105.,
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it 28 AT A B O A 38 £ e A RS A
LA TR R o Fi AN el [R]—AE  D A ] Y
Jr i AR R I A B TAE SR (R ]
(1 i PAY i 2 o 5 0 3R 6 UK, 2 2R 03 268.39,
269.41, 255.28, 250.66, 260.87, 255.59 pg/L, F- 1l
9 260.03 pg/L o S5 b 1 i 22 i DU S8R 22 3K

——7f—*%ﬁ760%m,ﬁw¥wﬁ%

AH X A v i 22 BIVRE i 8 42 I 55 51 A B9 AR X B oS
2 /3 & 1s=0.0119,

26 AMREAHEENYT RAHERE

AR DL b SRR, TR SRAS R I A AT
HB B x=13.337 mg/g. HFEISIAMISEHY 5 KA
X AR AEAN E JEE o EEARABCA R, AR 415
®OWMO& R A WK W E E
yz)_c\/,u12+,u22+,u32+,u42+y52 =0.609 mg/g.

B HEAR 95%, & T k=2, WY A
SEJE U=ku=1.218 mg/g.
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