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Evaluation of the uncertainty in the determination of arsenic in bittern
perfume by atomic fluorescence spectrometry
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ABSTRACT: Objective To evaluate the uncertainty of the determination of arsenic content in bittern perfume by
hydride atomic fluorescence spectrophotometry. Methods The source of uncertainty in the experiment was analyzed,
the component of uncertainty was evaluated, and finally the synthetic uncertainty and extended uncertainty were
calculated. Results When the content of arsenic in the bittern perfume sample was 0.46 mg/kg, the expanded
uncertainty U=0.04 mg/kg (k=2). When the content of arsenic in the sample of bittern perfume was determined by
hydride atomic fluorescence spectrometry, the main influence on the uncertainty was standard curve fitting and standard
solution preparation, which accounted for 68.77% of the total uncertainty. The second was the repeatability of
determination and instrument calibration, and the second was sample weighing and sample constant volume.
Conclusion In the experiment, the standard solution should be accurately prepared, the reasonable standard curve
should be drawn, the linear range should be concerned to ensure the accuracy of the test results.
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AR LA R R BT S, XA T 5Ok
S 5 0 52 1 A TR 0 A e AT AR BV, 4%
7 S 5 B D DR 2 4% A X R ) TR
SO S 1 A P A SRR A AR TR T
BIE R S R A v B R AR R, LA
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2.1 FENRSHATMR

AFS-8220 JiF9¢ 606 B 1 (e i 250 BIAR AT, b
B KA A B W), MS204S HL 1 K- (55 [ A 45 4 -
FEF 2/ Fl); EH20B HL AR (6 50 SR 28 BH AR I 1 A
FA D), G3 RS ER (1 PR R £ A FRZA | ); 62 (GR,
D1 Bl Ak A B2 | s B BR (GR, [ 2 4 Ak 2 3
FIA R A, AR S # (GR, RIgRTHL T 4
PERHEL B A R wD); 2K AR (6 25 3 Milli—Q);
AR S (A = 99.999%, L B S 3k SRS RS H);
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SCUGRRIL: S FEW R AL, AR R A%, B
(A 90).
22 LWHE

B HAFE 1.00 ¢ F 150 mL =M+, A
20 mL A58, 2 mL B2, 90 °CH i fi# 30 min B{IZ 177 .
FH AR L 200 °CIHME, MIRAF 10 mL WiAE 5 AR TH %
SEARIR, NSRRI R L 2 A A o0 4, L fa) R S R
whscAl . HREMBRITGRE AW, TR EER, M
JA 20 mL iR 4k 2B 2= B AR 1k, BHE R3]
25 mL 550, A 2.5 mL BRBRYE (50 g/L), A4k
SERZEZNE . s (R ke me e i bR v AR
W5 TR 1 B 98 SR BT, AR ok B R O i
2 H bR EM LR, el AR S ARNR T AT, ARk
FE RIS BRI R

3 HRESR

30 THEEEERZE
IRYEFRUE JIF 1059.1—2012 (I EARH € e S E
) UL R IR E TR AR T
A3 M AN S TR A Y A g <7 ) AR TR
!
PEREFREAHTE R U
!
T bR HEAS I 2 BE U
!
HEY BAERE U
!
TR AN o 45 SR
32 THEERIESH
KR 5 BE ST AR VE JIF 1059.1-2012 Il 5 R 1
EIEE SR ) UL 3R IR )7 s A A E B, i
AR E 1 8 R LA R4
(DR B K5 A AR EATE B u(m); (2)ik
FEE 25 BT TS | AIRE AT E BE u(v); (3)hT o i 28 e 7
ARG AMFREATEE u(c); (@) i 251
AWIBREARIfE B u(cy); (SOPRERMZEHIE 5 ABPRER
W EJE u(cs); (6) I &5 3 & M5 A B bR HER B
EFE u(X),
3.3 BEuEFER
B =S L i S & (/N W < R S
X = (G -Cyxvx f
mx 1000
L X MRS &, me/kg; C: BEEGLINE A
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T2 SR B W A ST
34 THEESETE
3.4.1 REMHTFIAMFRERH A u(m)

IR P45 W A5 b 45 31 KP4 1) e R Fev/F i 224
+0.3 mg, REHE 0, MRS AFRHEATEE: um)
= 0.3//3=0.173 mg=0.00017 g. FRHL 1.00 g FEALAIHIXT Hr
WERE FE A Ure(M)=0.00017+1.00=0.00017 .,

342 AN R AN, R EARRFRE T N AR TR
5 u(V)

(WA IR 2 225 | A BIPREATEE FE u(vo)

e JIG 196—2006 ( H FHBLHE RE2 R e U ) LD,
20 °CH} 25 mL A 975 BHAY 7222 4+0.03 mL . U 5] 434,
W 25 mL A G025 5 VR BURT R 19 AH X AR R 1 A BE
Upet(Vo)=0.03+ /3 =0.01732 mL,,

(2)7E 7 I S 30 22 Y A 22 5 R AR HEAN T E B2 u(t)

P ar A . R Ie FR B IR B A & iR (20+5) °C, A
FWRBAABRRT 1 °C/h; KREFRZEZAGRT
2 °CUN S ITUAS Hfy o AT 3 A S AR ik R BOR iR A T
HE . KR IK R B 2.1x107% °C, R I KIEBUE
25 25 mL B 77 AR R BLBE IR FE AR Ak S £5 °Cx
25 mLx2.1x107%/°C= +0.02625 mL, {2512
A1 4 A, WOIROBE 51 OA M AR W OR B €
u(t)=0.02625+./3 =0.01515 mL,

Zx FRTIR, FRREE E 45 25 mL i g AR AR AR 1k
S A B A 2 20N

2 2
U= W = V0.017322 10015152 =

0.02301 mL. EZ 25 mL & AAR KR AEA G & BE :
Uret(V)= 0.02301+25=0.00092.,

3.4.3 AR/ KB ITAR 5| AR B EE u(c)
(BB T4 SRR B 5 | A BB EAS R 5 B u(C )
BT D) FOIE 1S, MR TT R IR YR, IE

Figi 5 A GBW(E)080117, ¥RJE N 100 pg/mL, HHXHY @

HIEE N 0.8%(K=2), FARNVINV)N 1%EFRER . AR

Wy AR BE B A B AR AEA TR E N Ure(C )=0.008+2=

0.00400.

QYBRIEZB R R A BCHIS | AR E B u(C i)
bR UE A )7 (10 pg/mL): WZEL 5.0 mL il BT R IE R

(100 pg/mLFRAEYI T 50 mL A&HH, A 10 mL #iER

W (149, VIV IR E R B, WA, WIERWEE N

10 pg/mL. #¥if] JIG 196-2006 ¢ FIERE B 2346 MR )

85); 5 mL PFRLIF R (A BN ER A N0.015 mL;

50 mL HUFRZR A (A PO RIS L A2 25 R9+0.05 mL; KK

FE 2% 50 mL B 7 AR 09 MR B BE SR AR fk Sl £5 °Cx

50 mLx2.1x10% °C = + 0.01050 mL; #3540,
Tf o H TR 5 | A A AN 2 A B v AN 2 120
W31,

()M h A Bt B 5 | A PR HEAS T 22 B u(e 1)

TR o 2RV WREC 1.25 mL FRR v AP DR
(10 pg/mL)F 50 mL RS, MA 10 mL GRERE R
(IO Vi:Vo) I E R E 2B, AT, 13 304R el W, Uk
WL ] 250 pg/Lo BUAHBLAL . 435I 250 pg/L i
Frufefdi I 0.00, 0.20, 0.80, 2.00, 4.00, 8.00 mL F
25 mL FEMEP, EMARRBEBRA+9, V:V)12.5 mL,
50 g/L fillik 2.5 mL, M/KERBZIE, R & HAHY
TR 4 0.00. 2.00, 8.00, 20.00, 40.00, 80.00 ng/mL,
# . 230 1IG 196—2006 (1 Bl B B A6 s MLAR ) 1Y)
R s R KRR a2s, Hh e wIRHB R
25 mL, 25 mL BFRLFRIMRA ZORKEBEALEN
£0.03 mL, % B2 S REBURIE R W22, B iR A5
A3 A, VA R 2R SR B A B AR v R 8 2 BE AR ST AN
W, &5RIE 2,
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Urer(C1)= | U1 (o 2)HUnm (G 8)+Uet (C.0) Uy (4.0 )+Um (G )

=0.02574.
3.4.4  SATE R E G NGAFE T EE U(cy)

9 IR 2 06 15 4 BT CA A0 8 AR HEIE 5 15
ASCAE Ay o s ASC A8 ) 7 M 7 O 25 R 1.5%, AR i 385
A3 A, A3 AT A4S A T 5 1 AP ARG oA 6 2 3 -

Uret(C2)=0.015+~/3 =0.00866.,
3.4.5 &S T AW ARE T 2 E P u(cy)

I3 ¥ v e AR E 2 M B R B 0.00, 2.00,
8.00. 20.00, 40.00, 80.00 pg/L, 32 H 4 B Bf Xt 107 1)
ASCERIR R R, ST Ltk Iy fE . AR 3.

IrRIFRI 1.00 g pIRAFEFEM, #4178 YOS IlE,
AR I B2 P-4 {E 2 - 20.539 pg/L

WU v 1 2 B0 FO o TR AS T R A

u(cj):sbRJuugc—%)z
p.n Zi:l(ci _C/f/%)z
A SRl 4R 5k 22 PR T 255 b A5 3 AR HE il
LR %, b=83.8083 ; p MR MAE S E E M IR AR, p=8;
n S 53E BPRHE M 2ok BE B n=6; ¢ TR L
PIMEWE, c=20.539 pg/L; ¢ w A ve i 2 45 il 2 ki e B2 10
SR, ©5=25.00 pg/L; C; Ry br i i 42 vk B 18
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Table 1 Uncertainty and relative uncertainty of introducing arsenic intermediate
e g P R A AH XS ThLE B AH X (SGAERER TRLEE BRI AH X B R T
e L
A E BE AT RE AHEE K E AHE
5 mL FFRE
. £0.015 0.015 5x2.1x107* x5 0.05 5% 2.1x107 x50
. 0.00201
50 mL Hik 5x3 5x3 50%/3 50%~/3
B e L +0.05 =0.00173 =0.00061 =0.00058 =0.00061
RO
R2 EHKEHSINNAHEEMENTHREE
Table 2 Uncertainty and relative uncertainty introduced by standard curve formulation
IrIRAATR 5e g BRAfz  HURTBRX bR IE TE AR BRAR X v TRLEE AR X AR E A R R IE
/mL e /mL AHG S AH S AT 5 BE AT SE 1
_0.012 0.05 /0.00061 +0.00061>
1.25 2 mL 4y +0.012 1.25x3 50%~/3 0.00563
=0.00554 =0.00058 =0.00086
0.03 5%2.1x107* x 25
0 0 / 0 25x+/3 25x4/3 0.00092
=0.00069 =0.00061
0.008
0.2 1 mL 43 B4 +0.008 02x3 0.02311
=0.02309
0.008
0.8 1 mL 5 2% +0.008 0.8x3 0.00587
=0.00577
0.012 0.03 0.000612 +0.000612
2.0 2 mL AR £0.012 2x3 25x3 0.00363
=0.00346 =0.00069 =0.00086
0.025
4.0 5mL 43 EE £0.025 4x3 0.00376
=0.00360
0.05
8.0 10 mL 43 B4 £0.05 8x3 0.00376
=0.00360
F 3 FhERERZ AN (LR E R E
Table 3 Arsenic standard curve and instrument response mean
Tfh i T 229 B2/ (ug/L) ETIVAIES Iie /N e A 1 ) T R
0.00 99.24
2.00 159.97
8.00 725.26
Y=83.8083xX+65.3893; r=0.9994
20.00 1867.39
40.00 3521.24
80.00 6689.72
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o SR=\/Z?—1[A —~(a+bx )P’
n-2

o a IR HE LR, a= 65.3893; A N IMPRUEA R AL
AT L

e UIEES

S = 957212 pg/L; u(c3)=0.62127 pg/L; Uy(Cy)=
0.62127+20.539=0.03024
3.4.6 MBLRE LTI AGFETH LA UT)

W FRE 1.00 g MR FRAMH, S8 GB
5009.76—2014 & fh LA ERIRUE B FES IR i )
FE )RR EARYR RSO R RE RIS, ik 7 EE A

ME 8 o ARYE N ZIRAXAF AR 22, THEAT L&
LERAS PRI B, R 4,
347 A RATETRHTE

A3 M TR T 5 G BE RN R X R B T A A 28
LR REESR, 45RILE S,

A B R B i P A0 R )R R AT R

\/ufe.(m)w?d (V) + Uy (e +

Ugrat(X)= | UZy (€2) + Uy (C3) + Uy (1) =0.04357;
DUZAE S A AR HEAS B 2 B2 U(X) =XXUgrel(X)=0.46%
0.04357=0.02004 mg/kg.

F4 HRNEERNEEMNEINITETHERE

Table 4 Repeatability and relative uncertainty of sample determination results

T4 I E YA

A v 22 ARR R o i 22 AR B AN RE B
1 2 3 4 5 6 7 8
043 046 048  0.48 0.45 0.48  0.44 0.48 0.46 0.0204 4.44 0.01568
x5 THEESENRMKE
Table 5 Contribution of uncertainty component
Fapie S PERE 2 AERT AR AN R B ARRT AR AEAS A E BT B UKL /%
FE S PR B &0 0.00017 0.21
REEE A B HK1EE 0.00092 1.13
T K% i £ i il B 1FE 0.02574 31.62
0.08141
AL AL U B HiEE 0.00866 10.64
PR &5 A KPEE 0.03024 37.15
b I AR A RVEE 0.01568 19.26

348 ¥ RERHZE

BEGKER 95%, ¥ REF k=2, WP AW ERE
o U=u(X)x2, T b DR A8 5 i Al I 7 JR AN 6 28 2R
U=0.02004x2=0.04 mg/kg.

T RES

B A A S R AN B A IR R
X=(0.46+0.04) mg/kg, (k=2).
BRI B 45 o 1, AnifE 2R P15 5 ik, s

oK, MHECBCHIZ, DL il 2 e il P I0T 20 4 o
AN BE B4 68.77%; ot ity T A A A IR HE T | A BB
JEERE T 52 /0N s Ao it P AR R S 2 X AN I T R E
Ao FERHERIC R R R, B HURBUEN, 51BN E B
R, DRI RS SEOPR VP VRO, IO AR Bl B I A B R 53 1Y
W AU S 3 AT U, 0 5E B RE il il
JRE i A o A L PP AR, UL 5L A AN E S
R, e A S 6 e it DR B o 0 5 B 4 L)
LR IETEIE
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