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Uncertainty evaluation of determination of lead in organic fertilizer by
inductively coupled plasma mass spectrometry

LI Shao-Xian*, CHE Tao, LIU Xin-Yue, ZHANG Xiao-Hua, HU Yuan-Yuan, YANG Yun-Zhong

(Pu’er Comprehensive Technical Testing Center, Pu’er 665000, China)

ABSTRACT: Objective To evaluate the uncertainty of determination of lead in organic fertilizer by inductively
coupled plasma mass spectrometry. Methods The factors affecting the determination of lead content in organic
fertilizers by inductively coupled plasma mass spectrometry were analyzed, including determination precision,
pretreatment, preparation of standard solution, standard curve fitting, etc. The results of the uncertainty and the
expanded uncertainty were calculated. Results Under the 95% confidence interval, When the lead concentration of
organic fertilizer sample was 0.782 mg/L, the final calculated expanded uncertainty was 0.0172 mg/L(k=2).
Conclusion This method is suitable for the uncertainty evaluation of the determination of lead in organic fertilizers
by inductively coupled plasma mass spectrometry.
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A5 &b iy S BT B BB AT 4, HARGS R IR 3L
IR A TR B HURTCHLE 32 4y L PRk BRI, 3
AHEhESESEET LIE D, SEEAVICH R
WL —Fh B4 Jm . B AT g A4 T LA AR B
SRR, DA A2 fe B B i 01, s e ) e
KRECHB™R, ErmE i ese, Bk, Ae
F 4 R A Y A TR ARG Y B R

BT, AP AR Ry v 2 O R R ik
JE#EH: (flame atomic absorption spectrometry, FAAS) | Hy,
TR A 5B TR R 615 2 (inductively  coupled plasma
atomic emission spectrometry, ICP-OES )PV H Bl & 45 55
FR g (inductively coupled plasma mass spectrometry,
ICP-MS)!" 130 DRl Ei R A 45 8 1 A% JT 1% 25 4G W A5 ML AR
TS e, B R IET R . SRR L A BR AR SR
BT L B DA IS R P O 0 A LS A Y
T

FEME A MU Y B i, i IR 22 AR LE,
e R D (L5 S TE A P ) AT SR AR B AT VAN, DALl o
A SV R B S AN 8 B SR TEASY, DA G SRR I 2 25 SR 1) 4y
[/ QA N 7 e A oy R 3 bl =) O Y A
B IR 2 SR R R AR, XA T s R TEA B LA R
1

FEE R &R, LR ERAMAE AR, WRIAE
PEHT I b do A 5 B2 TR A Sy 5 36 2 X0 A I i 2 WL
FLAEPEMN 7 vk 22— i H RTSE T A HLIE AR S R
AN A BE P A A/, R AR I 5 %o L SR S S TR
TR A A HLIE R R E TR, RS SR
ZEaHA VIR E SR M E R S

2 MREREE

2.1 EIUEERRAF

NexION300 HLIEHR A 55 B IR B (36 M1 4 UK
BRAF); T RIRA#CEEHEIR/KERAF]); CEM il
AL (GE E CEM 23 ]); VB24UP BRI (IL 5 AT RHY
AR PR 7] ); BSA2243 437 KF-(F5 [ Satorius 24 &]); 14
1 ] AL VR AG (75 E Eppendorf /A F]); Millipore B 217K A%
(3£ Millipore 22 l),

IR, TR S TARA R, MiR(Mikst,

K[ JT baker 24 wl); s E AL (G Hrall, FHEm KU LS
FIBHEA BRAT]); B SR ER (R 1000 pg/mL, H
TR L) o

FE (R R I 1A HLIE) o

2.2 SIIURETAEmRALIE

R DU SR AE 3 BT R EHERRFRI 5 g CRT 5 1H B
A HLAEAE ah T SR DU IR I O A P, A 6 mL i

B, (FHEE 2 h Er BWME ST, AR
PEAT I AR . THRRES RS BUR RS, FRiE RARR K =
100 °CLAF A, FBBRENME FMA 2 mL %4,
RS, HEWME WA A0 PR S A
EERRAL P A TR, AR PR RN T 1 mL,
HHEALE 100 mL Fali P e, A IRE SR,
23 MEIEE

Wl Xtas (A 5. 10, 20, 40, 60, 100 mg/L R
IV BE BRI A, ST R NVAE y R x bRl
LR IR, SR 5 R R ST A4 [ O R R S R
B SEBRA
24 THRAEEHRFEREBMEL

FHLAEAE B 4 A Ve B B AR I N y S x

AR ENEE AR y=ax+b SR E R, A LA RE x A BEFR
b
_y-b
a
b a—flE )R th& M RRE; b—3E 5 & ke .
3 HER55H

31 MERHEEXRIEST

LAY AT, 2 RN B N E R R s IR B R
U BRI A B RFB R uy . KRS = AR (A5 1
Uy FREEFESRS AN U, WS EE SR U, bR
HESTIANENT v, TAEMMZIUESI AR uL.
32 #HmBICESIANNENINETHREENE
32,1 RENER

P T R A A 25 S 4 1T 5Z 3 A8 b 2 3 SO AR U ik
sl A T IR AR R AR A AN B o AR B
Ik R EOK: 2,110 /°C) i 2 K T 25 R A LA (AU ik
RBMAEERRER IS 1x107 /°C), BIMTESE i — ik R%
TR AR K 2B, 1T 2205 15 X 2 IMLAS B 538 A A PR BUAR 4
AR

ARSI T A TR B RO SR BRI R 26 °C, il B R EE
TEEAE 24 ~ 28 °C ARk, THZE+2 °C, XERE 100 mL iF
W RFAE AL 100%2.1x107#x2 =+0.063 mL.

BN GT, BENTF R 3, iR
WHEJE U, AT BR AN A B Uy N

= 0.063 =0.0364 mL

U \/g
u
g =70 = 00004

322 HSBATAEARE Z R
(D)SEIGHFE S H AR5 2 25 R FR 5 1R A A i e ke R
Z—R 100 mL ZEHA G5 ER, Faifilss
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B E BE RN = A8 40 05 Rk e, A

JIG 196—2006( # FHBY% B2 246 MU )1V A 2% 100 mL

ZEROAR VPR 22 794010 mL, 25 WS A RIFRHE R
ERE Uy :

4o =210

N

SO i T A IS A 2 R RS R AN SR TR

g T A R % A AR 2, 2R N
0.03 mL, #3595370, bR AN E o0

0. =003

V2 \/g

R, HAHXAR AT E R U, M-

=0.0408 mL

=0.0170 mL

2 2
Af&Lgffﬁgg,:()ooo4

Uyre = 100

323 FERFHREHEIAGY R
R B S A B BE SRR 1 2 AN, ()T R
Bt AT 22 B, (2R R B P AR B

(D RAEBEUE ™ A (AN R S

B UE R B EIE A5 BRITE 0 ~ 20 g 90 FBl P ) 5
2 40,1 mg, e ¥ 5140 A G, HLbR o R B E R
0.1/+/3=0.058 mg, BREUHIR I — M —Ucar B, Hbs

WEAHSE B . 70.0582x2 =0.082 mg
PRI I AT ™ A AR T AR E AN 8 Uy et

v0.058% +0.0822

Uy =2 7202 011070
1re 0.1x1000

(2) PRERES TSI AR AN E
REEEA 5 g SUEMATERE, FEORBIRF, %

5 IEREE TR R TT 9y Z— o BT R, e R uirik2:h
+0.2 mg, AEE T, BT REFRET A RFREAR T
FEPE Uny BAIIHRUEAE BE Uy et M
Un =%:0.1155(mg)

u, 0.1155

mrel = T 75000
MEE LM H R

T 08 2.2 5 DR AR AE XA MUAR A TRE S RTAL B, X%
BES TR T 7 B, S5 RANEE 1 PR, ARYEI
e B 2 ) AR A B P o S R AR N B A
I B AN 5 U et

u =0.231x107*

324

X + .. %y

X= =0.782(mg/L)

0.00261

S(X)
u =——=-= =0.000986
' AP \/7
u. 0.000986
U rel = % = 0782 =0.001261

33 tRERRSIARFD

HR A v T WIE 5 25 R 1915 2., P BR i f & ok Ry
1000 pug/mL, HY JBAHEE RN 4 pg/mL, FRIEBRSIA
FIAE R MR E S Upre 24 0.001261
3.4 TIERhZRINE SINRIFE

FLJROR A 45 B TR RIS 6 ANAS[R] v JBE A o
RUWOHEATINGE, B MREELME 3 K, RNk
T D B I v BE A T I RS, LA
FFEH: Y =12223X+ 6197, r’=0.9999, Z& 5 b7 HE BN &
R 2,

1 ANEERESHNRSER
Table 1 Repeated test results of organic fertilizer samples
TE R 1 2 3 4 5 6 7 X
e /(mg/L) 0.781 0.785 0.780 0.779 0.783 0.781 0.786 0.782
=2 fREMEEE
Table 2 Data of Standard curve
SR
e /(mg/L)
Vi Y2 ys yi b+ax; yi-(b+ax)’
5 67312 67298 67230 67280 67312
10 128427 127987 128301 128238 128427
20 250657 258901 251203 253587 250657
11807029
40 495117 494875 499943 496645 495117
60 739577 738795 737904 738759 739577
100 1228497 1226704 1229013 1228071 1228497
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B A T VA5 5 B 22 AR HE 22 S

n
=Y (% - X)? = 6520.833(mg/mL?)
i=1

FRUE R S,

[y - (b+ax)]’

j=1

=859.03
n-2

XA HUIEHE A E S 5E 7 0k, 5AHUIEHE S a2
FEME 0.782 mg/L, W i ARHE T ARG 5 IARIER
HEANHSE L U A

2
u =2 |1 L g o0gs
b p n Skx

FR= A b R [ R 8K, b=6197; P A HLAEKE A s
UHL, P=T; n g br M W EL, n=18; ¢ A HLAERE S e
TRV B2 (1) F- (B, ¢=0.782 mg/L; co MbnifE TAERh LMk
I -391HE, 5=39.17 mg/L;

TR AR AT E BE Uy etz

U =25 2 0.0109
C

3.5 AREMTETHERE

S VL BT, BRI L SR AL B BOE 2|
A RFRHESIA | SR ATAL B PR ARG LA R
s B AZPETIA L FRE TARS A L ARIE T ARG 5]
AR R A E UL 3, AT A5 H 5 BN B v A i
TE SN

2 2 2 2
u +Uu +u +u +
Uy = \/ t.rel v.rel L.rel m.rel ~0.0110

2 2
Uprel T U7 frel TUTL rel

®3 BMUESRPEEMIREIREES B
Table 3 Relative standard uncertainty components in the whole
determination process

) RN ARX R
WA AN BRI R A i
Ui rel Tk BE 1) 5 ) 0.0004
Uy.rel Ak RV E 25 15 ) 0.0004
Ui el A= LE [ 5 ) 0.1x10°
Upnrel T Ab B A SRR 1) S T 0.231x10™
Ur.rel 2R i E A 1 S 0.001261
Utrel BV | A S 0.001261
U BRIETAEMERIIE S AR E I 0.0109

3.6 FRIAAEERRS
AT LA & i v B2 1 T 444E ¢=0.782 mg/L B,
B AR EANT 2 FE R
Uc = C X Urel = 0.0086
LEEHEREN 95%0F, WEFEFI k=2, ¥ EAHE
R
U=kxu=0.0172 mg/L

4 & i

P JER R A A5 B AR T T 0 I 22 A ML A R 4 5 AR SR
b, SPAEVUBRELNE 7 K, B ENFHEL N
0.782 mg/L, HY JRAHERL ] 0.0172 mg/L. FitHEHEE
E TR BRE SO 2 A HUIE 45 5 & 4(0.782+0.0172) mg/L.

5 VR AN 2 B R IR A T B T ) A b £
TERRBU FE I . TR HE R IR . FR AR S S
oM W RS RS . PR T AR AR
MG TG . WAERTAR AT E M E B, TAE
LWETIAMAHHE K, 4 0.0109 mg/L. FITESLPR
BefErp, R PR R . R IR 2SN R o 2R
23R . ARSI A B N R R AR R A A, 4
K B HEA AR HLARZE /M, b Ok iR 2E . R
TRUERS I 25 SR A, BRI e BRI R R A
G, N AE B AR A T A B O g A A A
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