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Uncertainty analysis for determination of total molybdenum in soil by triacid digestion and

inductively coupled plasma mass spectrometer

HE Quan’
(Sichuan Xiye Testing Technology Co., Ltd., Chengdu 611730, China)

ABSTRACT: Objective To find better conditions and methods to improve the accuracy and reliability of the measurement
by evaluating and analyzing the total molybdenum uncertainty in soil. Methods The content of total molybdenum in soil
was determined by inductively coupled plasma mass spectrometer with three acid digestion. Results The detection limit
of the method was 0.011 mg/kg, the correlation coefficient R of the calibration curve was 0.9999, the recovery was 97.8%-
105.6%, and the precision of the method was 2.49%. The extended uncertainty of the method for the determination of total
molybdenum content in soil was (0.660+0.03) mg/kg (K=2). Conclusion By analyzing the main sources affecting the
uncertainty of measurement, the factors affecting the uncertainty of the whole process of determination, such as repeatability,
curve fitting, standard solution, sample constant volume, sample weighing, glass measuring tools and sample digestion
process were analyzed. Firstly, various conditions during the digestion process, such as digestion temperature and digestion
time, should be strictly controlled to reduce the sample loss. Secondly, microwave digestion, high pressure digestion and other
technologies can be used to optimize the pre-treatment mode to improve the accuracy and reliability of the measurement results.

KEY WORDS: inductively coupled plasma mass spectrometer; soil; all molybdenum; uncertainty

EEMEE AL, TR, DT A A A AR . E-mail: 794640150@qq.com
*Corresponding author: HE Quan, Engineer, Sichuan Xiye Testing Technology Co., Ltd., Chengdu 611730, China. E-mail: 794640150@qq.com



138 OB = ok M

F2&

0 35

BEE AR T S0 R g, T3 iy B w5 el
U 25 2 BAANTROGTE. Ho, SN — M E S A R TR,
T LIP3 | TERS R A ROV — BRI A A RO R
EIEIA T Z — o RS AR R TR Y (ICP-MS) S H Aif
e LR A, A R e . RS . T
PSR AT =PRI, HREORR S SR B A E AL
s M, O R AT LA JE 3 SR A R, SRR X
T AR F LA L BRI AMERREAR RN, AT DA DA - M v 4 4 5
PR A B FRAE T IR S A B SR RN S AR S B

1 #MBREFE

1.1 {8

FEL S & 25 TR 154Y. (NexTon 300x, PerkinElmer); i,
TR (XS-104, METTLER TOLEDO); f#L45 i in##k ( ECH-
I, FWH AR A TR A H] .
1.2 iXF

fifif2 ( BV-II-HNO,, dbat b2l RInoe ir A IR 5T A R );
AR (Rl -HF, M4 b2l lRA A ); &l
(R4l -HCLO,, BUa b FRIA AR ); KBk (£
25°C T, HL3H <0.01 mS/m, JMEBA AL A BRAF] ); 14
FEI R ARUEY) T GBWO7452 (H ] 1l 5T I8 5 5y st 3Ry 3 b 3K {2
gt o i ); B R ARHERE S GSB 04-1737-2004 ( Mo FLIGCER bR
HEVA W 1000 pg/mL, [ 54 (0.4 @ Ko TRk il ol );
103Rh NARAT (PerkinElmer).
1.3 FHik

PRI GBW07452 + 3% FE R ARrUEY) 5T 0.1000 g T 30 mL Y
OB, HEEIMABLLRY (5+5+1) fishe . SRR, MR
FRIRMR 15 mL, JFR/A i 8 FACK AR RE sh e 10, B RE S
AR IR PR FZE R B AR E W, WEIL, FEWZET
RN 10 mL 25% 3% oK, 5 5 25 8 7K th e bepf B
TEHLHAR EINEY 5 min, AT 2 100 mL IS B,
FERHEBEFRMEZRZIEE, B85, BN, frl, R0t 25 M.
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2.1 FENHEERFKRSH
e b I E B AR, AR RIS P 2R,

W(Mo)= x100%

HrpEENE, MG . PRI PR E AR B R
P EL R AL A S I R AT T BEXT A R AR . O TR
D05 PR R I, AT ) 5 AT X B 5 )[R 3R HEA TR A b 3 BT A
fbo B, HEVERIE TR ERAN R, BRI T SRR
VERIRSE PERI AT SEPE S Sy 1 B A A PR X IS S5 SR 5, 36
AT AR 22 00 5 SR SBT3k, () IR i S 36V 1 L
W, FERSEE A PTREREK. K, Mt R B b B
ISCHEL TR, HERA IR B B R A I E 45 R . FRAT AT LA
T VPR M AR, LS S, R RIS i
BTk HEAL, ARV VR A TRC ] FIRE i 8 2 AR 252 i
GERM RN R . FRATH 2% 12 AR e A R i AT VY
BCHIFNELS, ORI VR TR BE AR B VG M . FF Pk it AL
B Bt 2 R 2 25 R p OGN R . AT Z A
KGRI R AT RE SRR, [ B o B ) B i i EL R A A o,
PRICERATE. )5, REAhTF 2 b A BRI SE ) B AP 3R
HACR 2 B0 5 45 R AER P . FRATTR B RS IS A
FROTIEFNAEAT, W ORAE Gl B S8 AR A, T A ol G i o e P Y
HYMIR B2, WELaHIERAX RN R, Al
A I RO R AR b AR I AR E B, B e MR
PEFIATAEME
22 HREEUNIHEESE

I [ AR T GBWO7452 44 i s (E l IL3% 1,

x1 HREENENER
The result of repeated determination of the sample
VI
(pg/mL)
0.660

Table 1

% WA (pg/mL)

Mo 0.678 0.674 0.634 0.659 0.650 0.679 0.661

FrifEfw2E( SD ) S= ;0“@2 _ \/(xl-i)+(x2-§)+...+(xn -X)
n-1 n-1

_ 2 _ 2 _ 2
_ \/(0.678 0.660)° +(0.674-0.660)" +..+ (0.661-0.660)" _
6

. S 0.0002
FREATAE B UR)= N X 100%= 7 =0.0076%

s UR) _ 0.0076
AERAREATRERE U (R)= —(_ ) _ 0660 =0.0012

X .
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FRAE 58 =K 4 [ - HEE AR i 25 SR ) J5I bt 318
AL BT B, BE. BELAI E R, ARiEdR N
0~500 pg/L, {HJEH T4 Mo & % H A, WeR S
o4 0~50 pg/L, 551 5 mL WA HEEL 5 mL 1000 pg/mL b5
WE] 100 mL, F 2.5% (93 EAKE A B2 8, 755 50 pg/mL
R R E T, B 2 mL 50 pg/mL (g RIBRAES R, T
2.5% WY ERERBIZIE, 155 1 pg/mL (Y rPRIARER W,
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R U AR b ) AR o TAR W, DL 2.5% B9 EOKER 2
100 mL 243, 5880, 0.1, 05, 1. 5, 10, 50 ug/L FIZ
GUBRUEE I, W B (653024 0, 0.100, 0.499., 0.993,
4.979. 9.986. 49.965 pg/L FRHERS, HIBIMEN X =9.503 ng/L,
SR P B/ I AR 1 XA o 22 91 5 ek A 17 A TR ImT 0, 453
E )T B y=36196x+3854.5, FRif I ZEHHOC 24 R=0.9999, X
+ 5 AT T GBWO7452 TEEE 7 Wk, BB
2R,
x2 AEHEZNEITESR

Table 2 Standard curve fitting calculation table

X, Y, bxita (yi—bx—a)’ x—x)’
0.000 715.3 3854.5 9854415.3 90.31
0.100 5526.5 74741 3792967.2 88.42
0.499 23069.3 219525 1247344.9 81.08
0.993 431077 40050.5 9346339.3 72.43
4.979 174650.9 1848345 103706250.8 20.47
9.986 376778.2 365814.5  120202119.3 0.23
49.965 1810980.2 18136545 71517545 1637.19

FRE IR AL AR A
vie) =S L S Cd Vi
P Z(pi_ﬁ)z
S p (RO A, 75 n 102 T AR R 1
MRS, 75 p ACZE W TR pg/Ls B R4 T Al
e PR T LT /s S AU TAEMRAORRHE G2 s b
R,

n

2 (Aa+be)y [51060238.27
S§= 1= > = 5 = =7145.6, kit
n_

UIRES
_ 2
U= 7145'6\/l+l+w —2.881 pg/L. B
36196\7 7 1990.1
u_ ()= 2€) 6.0044.
s 660
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FARRE IO C, R (1000+3) pg/mL, HAFRMEAH
U(C)=3/2=1.5 pg/L, MHXHREEAHIE R U (C,)=1.5/1000=0.0015.,
25 BRENABEENE

(1) 2 mL A ZLRRRAS R h TARUE AR VPR 22 . B BOEm I
AR WO BE R 2l R ANH E AR JIG 196-2006 (3L
i ARG E LR ), AR ARVFR2E 5 R 2E K £0.01 mL,
PRI PR B T oV 2 RIS RO R I 5 R AN 0 B T LA 1A
HIEAM, Fom R U (V,)=U(V,)= % =0.0058 mL, H1ikSES|
A AR AN R T L e K R B R BOR TR OKBIZ IR R 5Ok
2.1x107°C PAK S22 Il A +5°C Il ).

2x2.1x107% x5

B

VLB 3SR UV )= 10.0058 +0.0058” +0.0012* =0.0083 mL

FRA U(V,)= =0.0012 mL

U (V)= % =0.0042

(2) 5 mL A BRI B  TARE AR 22 . 0
W DL R TRGR AR S A E B, AR 4E JIG 196-2006  # H
PIER AR E MR ), A AIRRTE AR 25 £0.015 mL, JEER

20 +£0.01 mL, R AR fo /R 22 RSB 1 5 | 2 09 AN
0.015

SE JE AT LIS T W HEIE 20, 2780 U (V)= N =0.0087 mL,
IM%F%%=M%&M4EEEW@%K%%EﬂUEﬁm

PRI RECRTTR ORI RECH 2.1x104°C LK SE 56 %= 1
FELE £5°C FOTEH ).
5%2.1x10% x5

FRA U(V)= NG =0.0030 mL

LI 3 45 UV )= +/0.0087% +0.0058° +0.003% <0011 mL
_ UV _

U(V9= —53= =0.0022

2.6 HBBERERHNIHEESE

MR A 2 B J1G196-2006 B FHBE B B bAoA ), 19
HIRVE 2576 100 mL A RAbRER A i, HARTERVFRER
+0.10 mL, PR +£0.03 mL, PRI bR fRiam 25 Fis sl
W R LR R B T LA R R i, RoR R

U,(V,00)= 0015 =0.0087 mL, U,(V,,)= 003 =0.0017 mL, HHi&

100 \/g 100 \/E
JE 5 R AN 2 JEE T LAE K i ik RECR TS OKBIIEZIK &

B 2.1x10°C LU R SR Z R AE +5°C B ),
100x2.1x10™* x5
NG}

PIE 3TRAHCH UV, )= +0.00872 +0.0017% +0.06> =006mL

100

FIRR ULV, )= =0.06 mL

Urel (V

100):

UV,0) =0.0006
0

27 HSRENTHEESE

FREL 0.1000 g iXFE, T2 —Maii 0T, AR E
WEBIR, HORHE MG B2 59, 18 0-50 g 2], H AW
BRZESE £0.5 mg, LIRS AL B (FRad E80m A2 st 4y
CatufEEllidEE 2, REERITE ).

UM)= /(0'3%05 Y x2 =0.000041 g

0.000041
1

U_(M)=

rel

=0.0004

2.8 HmEBIETNIHEESE

TERERR IR RE D, AT S A AR LTS
QRGN AP AOCR A BRI AR, M5 i —
JE BN SE B, 3K — AN BE AT LU o i [l i 48 ok A
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PR ) 2 R s AR DIy 97.8%-105.6% . iE T nT 15
(105.6-97.8)/12

U (REC)= 2212 -
w(REC) V3(105.6 +97.8)/2

29 EARIRERHREE
EHFREARTEE AT

ummh»=JUMRR)+Um%CJ+Um%QQ+Um%vg+Um%w)+Um%wm)+um%M)+Um%REC)

=0.00122 +0.0044 + 0.0015 + 0.0042> + 0.00222 + 0.0006> + 0.0004> + 0.0222

=0.023

u(Mo)=u_(Mo0)x0.660 mg/kg=0.015 mg/kg

rel

210 FEBAHEE
ML TIF 1059-1999 (& A WS 5 £ 8 ) M

S, k=2, PRS0 E B k=2, T RS i E R

U(Mo)=u(Mo0)*2=0.03 mg/kg.
PRI H AR 1y il o 18 v A 0 B i O o AR TT R
W 1y =(0.660+0.03) mg/kg (k=2)-

3 itisEn

ARSCRH =R ICP-MS L2 R4 a4, FERTHR
W AT TP . Z5RERM, ZOr kA e B £ 2RI T
FESR AR, MRS EEYE, PREMMEIE, ARUEE, B .
5 R A KR SRR T RS A R B RBAR /N, A X6 - e
LA R E B TR AR 5000, BRATHLAIT 45
W B, R TRRAURES I, WAZ0 RS R i T A et e
MOCEEZ A, ALRR T MR | TR RN AR Xk I R A i s
HIXT TR SIS R B, Hak, b TR
e OO 45 SR A R PR R T S, AT AR Se A AL BER
VRCIBE T A R o PR T e o 3 SR R B A A 80 B v e 1 1
RO, NI IE S0 53 TAESR LT S o A8l s, itbsk,
FRATTIAR LT S50 5 R v | A S WA R T A A, DA
PRAEAS S0 AR e M A T A M T X L R i 1 S
it FRATRT LA G824 g -3 b A 2 e R A T S
by A R TTAS AR A T ARSI o W8 S 4
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