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Evaluating Uncertainty in Determination of Total Arsenic
and Total Mercury in Apple by Atomic Fluorescence Spectrometry
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(Supervision and Inspection Center of Agricultural Products Quality of Changping Beijing, Beijing 102200, China)

Abstract:To evaluate the uncertainty in determination of total arsenic and total mercury in apple by atomic fluorescence

spectrometry.The influence factors of uncertainty in the cource of determination were analyzed and considered. According to

mathematical model ,the components of uncertainty and the combined uncertainty were calculated. The concentration of total

arsenic and total mercury in apple was respectively 5.256 and 189.750 wg/kg.The relative expanded uncertainty of total arsenic

and total mercury was 14.694% and 6.748% respectively,and the result of the measurement was (5.256 £0.772) and (189.750

+12.804) g kg respectively.The different concentration point of the standard curve should be correctly chosen to evaluate the

different concentration of sample ;the repeated times of measurement and the stability of the instrument should be increased ;the

method and pipetting device of configuration standard soution shoule be reasonability chosen.Those factors are very important.

The relative expanded uncertainty of total arsenic is smaller than the expanded uncertainty of total mercury. The measured

values of total arsenic is closer to the truth than the measured values of total Mercury.
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Table 1 The calibrating results of apparatus
K 2 H A4 B Kir 2 701 H feZEiRE
FoWi#E(20~200) pl 100 pl +2.0%
B 2% (5~50) pl 50 plL +3%

B Wi 7% (100~1000) L 1000 L +1.0%
FARH(A %) 10 mL +0.020 mL
AREM(A ) 25 ml +0.03 mL
M (A%) 50 mL +0.05 mL

B RF 0<m=<50 ¢ +0.0005 g

1.2 SKBHE

RS GB 5009.11-2014" (&5 — ) A
I 52 A GB 5009.17 -20141" (45— ) 345K il
FE VEFTARE SR AL BT B2k A TR I . A
mi AT AL BEFR B 2.000 g FE & TR, HERR , JH 5% fil 1R
2% PR IR BTIR 1L R 2 25 50.00 mL, JR5], il ik L
FER o SRJE RN R F 2O AT ALK I, 22
DGR EEAE — % Y B N 5 R vk BE LA o R S 2R,
LI SR A A S AR o A 2 SGAE TR S R T ok
e B FIAR U B

TRANA ) bR HE VIO A 5% HOAH IR , 2% 1) IR

bl

PR L1 o V5 70 , K ok 45 s T VA TG AL i R I ) T

VEARHE I , 7 e ik i UL 2 2, JH v 52 2 DA 24 i o

7% HEUTRC PR I TR ) T YA 5 SR AR 119 ML 8 4

FH 2 20 ng/mL, AL 5E E SR

1.3 HEAR

131 IR LA (1) .

ey (1)
S C AR I B A I L ng/mL; VBE & BT Ab

PR 2B, mLy MOFR RS 5 19 T B, g XORE R

Mo &5, ne/ke;

132 NERAA A S0P R 0938 T A 2 2

H(2) f(3) ",

X =

u,(x) =u(x) =s(x :S(X):
(X)) =u(x) =s(x) I

=uA(X)
N (2) H u, (x) TR VRS AF el B 4%

A X6 ] — ke ) ke <7 H AW e U, A5 F 0 A

PHExi(i=1,2,3,--,n) , PEZIPE X /9 A JbrifE

AN E B, A DL SR A 2 u, MEE P X B9 A

AR R UEAST E JEE o

1.3.3 P ASHRE B B 280V iyis A A A

EVEDR
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ug = H(4)
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A cuy, B RAREARHIEE , a: B2 7T GE(EH X
[E] 4 22 S5 T 5w AR R AE SR 2R A5 1Y« FR M B T,
Xk YT RASHE B G A TR ARE A BT,k IE
Ay A A AR IE B 40 A5 B BUME AR, PR18 = %
JIF1059.1-2012 ¢ P A 2 i aE S 2om)y ' .
1.3.4  RuE 2R AR 15 I 5 197 DU T 5 | A B9 AN 1 o

C HIRRUEARE B A (5)

#H(3)

uy

w(cy =5 L1 (c-0)’ -
a n scce a
1 1 _C)? .
X [—+—+ P(C ) = (5)
P 3 (ci-e)?
W C AT bR AS B 5 S A 2 (6)
u,(C) =) (6

H(5)~(6) ,a JbRuEIZAU G BIRPR , y = ax
+ b p AR RS I B S U, B R ER A YR < b

K2 ARUMEE A EC

Table 2 Prepare of standard solution

P E) 54 Bk itz I (pg/mL) B (ul) EREB(mL) B HIAR AR (ng/mL)
xR GBW (E)080124 100 100 10.00 1000
R GBW (E)080124 1 50 25.00 2
i GBW (E)080117 100 1000 10.00 10000
i GBW (E)080117 10 50 25.00 20
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1.3.5  fh PR BT i B A AL S BUR AR AL 5T A A i

SEJE
1.3.5.1  FRUEANHIERE I AR(T) o
u, (V) =V xaxAT/k #H(7)
1.3.5.2 AHXTFRAEAHHE B A(8) 6
uml(v):VXaXAT_aXAT #£(8)

kxV —  k
(7)) ~(8) H a RAKMEBE K R4, 2.1 x
107 mL/°C, V My i ELAGARRL; AT b 3855 98 i AR 1k 3
Fl, « AEAFEF.
1.3.6 S APRMENIEATEE & bR AT 2 BE
w,, S A4 R T T R AR BB S BE SRR AL n
Sy, BAAHSCRT, ) n 455 G A B BE iR
KA (M,

U, = /éfuzire](y) #(9)
1.3.7 P RAWIEEIFE —BIFLT, LLERSY
A% 18 ,95% B EAS B P& 7 k =210 e
AN E BE TR AR L AF(10) o

U=kU,

2 HRG5HH
21 MEARHEERKIES R

RN B I AL B, A 45 A o AR B A TH AR S B9 RE A
FIABIAS R BE 5 s METE W, A 35 il #5  TE VS R AN 1
VEARETA WL 1) 5 1A 10 S0 8 B 5 ARE I A M T 2 A6
W5 LAY ASB R B 5 A5 it B 5 ) e 1) 5 [ AN 0 B

B AN R B — A% o T A s A, R AT AR
HE— RV A BT 00 A0, FEA T E I A 2T
FEAT , I T AR R 25 FRAE . T D) — 2 435 U 3
T il HA AR SR R, SR B AR B B
HPPEE HEATIVRE , W HPR AR 22 245 o R, Ik
AN E SETFRE ST AT A 2E8% B JEN B Sk IR AT
W' AR ELAAR ST
22 FHMEESENEN
22,1 FEANETALBRLS AR TP SR E B v, (A)
2.2.1.1  FERFRESI A ERE  AESIRERE
472.000 g, ;1R 1 A A, RV 2E 2224 +0.0005 g;
FIA )53 A AR ARALA T (4) R E
0.0005

= (10)

= =0.0001443
un»l(m) /gxm
2212 HERIBAREETIAVARTERE  FEMHE

LS5 E A 50 mL, th 2 EHRS | BYASHR E BE | T

B AN S AR E S B A A K B /6, AR

P 2 ARALF(4) W 25 o 22 5 | A B AT S E

BER

0.05

u, (Vi) = /6 % 50
FEATE 20 CHSHE, WA B AR BUZ JIK B . R T

Z5 R AR B, BTt R 25 R AT R B 52 T, f

TERW WD EE R AR KR BUZ K 2B 2.1 x

=0.0004082
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107 /°C s SCU S TR EEAE +5 °C 28k . Mg
PEARALE | A B AR FR ARG 0 AN 22 )5 0 B T
SERE LR E R sy oy At K B 3L AR A A S
(7) FAE(8) ,50 ml 28488 PR I B8 45 Sl ffg {4 FRL AR
TSI ABIARHE AT .

U (T ) =5 x2.1 x 107/ /3 =0.0006062

U, (A) =
0.0007449
FEERBTALER S| A PO AS 1 22 2 2R 0.0007450 , % 43
5 ABRNIEER /DN
222 FRUEFEHTIABIASHEE u,,(B)
2221 fEF/WRUEBERSI ARSI ER RIS
Wy BTE S b a5 8 T DL R R LR R A AR AR
WAHXT P R E B~ 0.8% (K 2 2) , WIBRHEY
JRAHRE R

0.0008
2
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SRR B 2R B IS o = B s e
K BCH /6, ARALA(4) RifEEE T .

3 3 3
w(m) +uy (Vi) +uy(Ty,, ) =

u,(P) =

=0.0004 ;

0.02
u,, ( Vo o) = /6 x 10 = 0.0008165 ; u,, ( V{;zsluL) =
0.03
————— =0.0004899
/6 x25
MRPE =21 AT BN 8
u,, ( Vo )

= /0 (Vagm) + 1 (Vs ) =0.0009522

IR 5 | AR 2 B BV MR R Ik AR e 5 T
Y AN T 8

25 b B VA 1 A R I ik I b R 3 38 ) AR R
Tz K, DLkl JH 28 T = 7 Sl B s i, S 0 = IR RE TR
£5 CZEASAL” " . IRE S BRI L T R
AHAREJE N B AN S 2 5] oA 0 KR
H /30 ARARAK(T) ~(8) AT AN 2 S

U (Thpw) =ax AT/ /3 =21 x10" x5//3 =
0.0006062 ;u,,(Typsn) =ax AT/ /3 =2.1 x10™* x5/ /3
=0.0006062

MR () AT TG A 2 B

uml(Tg)

= /ul (Tppm) + U (Thos ) =0.0008573

WA R ZE IR ZET I AN 8

IR I AP A2 BE S B SR8 B, RoE R
=AY K BCh /6, AR A (4) AT 15
SIA AR E S

0.02
U (Vo) = 7/6 =0.008165;
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0.03
u. ( Vﬁ;so uL) = /6 =0.01225 H
0.01
U, ( Vﬁzlooo plL ) = 76 =0.004082
0.03
u,. ( VﬁiSO uL ) = =0.01225

A1 1k 7 P ) s v V8 Ao P RS VAR 5 | A IR S B 32
BE i BOARAH G AR AT (9) & BN E B R
u, ( V@Hg)
= ufel( Visioo ,lL) + Uil( Vigso ML) =0.01472
u,, ( VizA;)
= ui-,l ( Voo ML) + uil ( Visso Wl ) =0.01320
u,, (BHg)

= Jul (Vi) +un (Ty) +un (Vi) =0.01478
u,, (BAs)

= ufel(vg) +Ufe1(T§) +u|2'el(v$§$As) =0.01326

TR AR AETE WS | A B AN 28 BE 43531 2k 0.01478
F110.01298 , H b B2 | e B b i VR T B TR AR
PE, AR R TR T T BN A E B, AT SR B
JIAS 55 BE A AR MR A AU
223 by dE D LR AL IE K TN A B E B urel
(C) SRPRMERH 7 SRS A S EChR, BN
ng/mL, FFR B 2 I SR, SR B/ IRk A T
WG, RirdEIZ N y = ax + b =2186.921x-6.896;
p=3x7 =21, VFIu Br 4 0.729 ng/mL, R HE T 2%
PUZE R UL 32 3, AR a2k y = ax + b = 162.536x +
14.211;p =3 x7 =21, ¥R FF &y 7.2857 ng/mlL; %}

bl

FEMEE WA T B A 4 IR, n =45 SR FNTUR I 25
3% 5, SR 1k BE & 0.2102 ng/mlL, fifl (1) S 25 1
J& 4 7.590 ng/mlL.,

Forp iy B T A5 SRR I TR D O TR R AR 22 I AR
P28 4 ARAN A Z(S) ~ (6) AT 457557 I 9% W 5 14 s 1A
AT E BE N

w(Gp) =2 [ha (0 o e

scc

2
/ZLIWL% (0:2102-0.729) " _ ) 1388 ng/ml.

11.083
135 I V5 T R B AR XS R EAS B 2 A -
_u(Cy) 0.01388
U (G =57 =0 5102
A5 00 5 TR A PP B VEAS A 2 T H

_s(y) [T T (coc)’ _37.803173
u(Cy) ==7 /p T T T 162536

scc

=0.06602

/L+L+(7.590—7.2857)2
217 4 1108.2857

27 T 5 VAR V4D AR o s v AN TG R R A -
u(C,) 0.1269

ua(Co) =5 =750

SR YR LA PR B SR AH 5T AN 1y S 2 B e AH X AR
T 02 B 43531 A 0.06602 F11 0.01672 , A SRAN I & B i
EFREIZ BL I, 7T L &5 A TR T 58 64N 1 R 50
ASF DU O 5 R T S ) e 3, 34 438 4 T ) A O 9 v
TR PR VA 2 V1A ST JAI A T 9 Tk 5 SR 3R B i/ N B T 5 A
FAIANAIff 2 B 5 B Al PR AN i e B o R B SR A LA vk
A, I AT DUSR A A R, BV ER v R SRy /)N 1 Sk

=0.1269 ng/mL

=0.01672

3 RARMER IR 5w 55
Table 3  Concentration of standard mercury series standard and response fluorescence intensity
Ci yi y (¢, -C) (G -C)° (yi-y) (yi-y)*
16.740 —-6.8955 -0.7286 0.5308 23.6355 558.6369
0 2.276 -6.8955 -0.7286 0.5308 9.1715 84.1164
7.491 —-6.8955 -0.7286 0.5308 14.3865 206.9714
192.116 211.7966 -0.6286 0.3951 -19.6806 387.3244
0.1 212.147 211.7966 -0.6286 0.3951 0.3504 0.1228
215.576 211.7966 -0.6286 0.3951 3.7794 14.2842
422913 430.4886 -0.5286 0.2794 -17.5756 57.3900
0.2 437913 430.4886 -0.5286 0.2794 7.4244 55.1214
433.313 430.4886 -0.5286 0.2794 2.8244 7.9771
864.416 867.8727 -0.3286 0.1080 -3.4567 11.9491
0.4 880.596 867.8727 -0.3286 0.1080 12.7233 161.8813
889.742 867.8727 -0.3286 0.1080 21.8693 478.2645
1754.449 1742.6410 0.0714 0.0051 11.8080 139.4293
0.8 1741.340 1742.6410 0.0714 0.0051 -1.3010 1.6925
1733.860 1742.6410 0.0714 0.0051 -8.7810 77.1056
3395.878 3492.1775 0.8714 0.7594 —-96.2995 9273.5860
1.6 3407.373 3492.1775 0.8714 0.7594 - 84.8045 7191.7964
3369.436 3492.1775 0.8714 0.7594 —-122.7415 15065.4660
4412.860 4366.9457 1.2714 1.6165 45.9143 2108.1229
2 4449911 4366.9457 1.2714 1.6165 82.9653 6883.2410
4474.736 4366.9457 1.2714 1.6165 107.7903 11618.7488
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Table 4  Concentration of standard arsenic series and response fluorescence intensity
Gi yi y (G -C) (G, -C)° (yi-y) (yi-y)’
0.599 14.211 -17.286 53.082 -13.612 185.289
0 0.383 14.211 -17.286 53.082 -13.828 191.216
0.697 14.211 -7.286 53.082 -13.514 182.631
132.646 176.747 -6.286 39.510 -44.101 1944.863
1 145.148 176.747 -6.286 39.510 -31.599 998.472
148.639 176.747 -6.286 39.510 -28.108 790.037
298.219 339.282 -5.286 27.939 -41.063 1686.178
2 302.577 339.282 -5.286 27.939 -36.705 1347.264
311.254 339.282 -5.286 27.939 -28.028 785.574
628.128 664.353 -3.286 10.796 -36.225 1312.258
4 626.479 664.353 -3.286 10.796 -37.874 1434.447
623.214 664.353 -3.286 10.796 -41.139 1692.426
1284.599 1314.495 0.714 0.510 —-29.896 893.777
8 1286.768 1314.495 0.714 0.510 -27.727 768.792
1272.570 1314.495 0.714 0.510 -41.925 1757.714
2627.846 2614.779 8.714 75.939 13.067 170.744
16 2627.746 2614.779 8.714 75.939 12.967 168.140
2625.112 2614.779 8.714 75.939 10.333 106.769
3194.057 3264.921 12.714 161.653 -70.864 5021.721
20 3238.606 3264.921 12.714 161.653 -26.315 692.484
3194.057 3264.921 12.714 161.653 -70.864 5021.721
PGB AN E B RS OFEMEIZAINEE R
224 HEEWESIAPAREERE arel (D) HFEKS A Table 5 Data sheet for repeated determination of samples

1t T LRI 4 U, AR 5256 e/ ke,
HOSEF(E M 189.750 g/ ko T A W4k 5 A4 (9 A 5
FEJR T A 2 bR S B L PR A 3R (2) A
(3), AT HAELE R

S M T G 7 A B S G

(%) = 0.1505 5 urel (Dy,) = u, () = 2 Cn)
° ° X
0.1505
=S 2se =0.02863
A A A0 7 A 8 AN B
uA(iAs)

u,(x,.) =4.9557 ;urel(D,,) =u,(,,) =

4.9557
189.7500

FH ISR I 5 | A B4 Jo SR TR 4 A X AN B 2 JBE 45
5k 0.02612 F10.02863 , X #AF X FE & M5 A
REVEAH G ; ] B YE 3 LR IR ANAE, AL A ES 5 T =
I, BN ER A2 4G A YRR, LA AR BN IS | AN
s o
23 THEESENEK

JEF 22516755 I 3 SR R SR UV B AN B E
FH AT FH S | AR 52 B, PR uER B 5 | A B A0 8 B,
PrvE 3 & 51 AR JE T 2 N E T ABR
e BRI ARk, AR B A (9) T Ta

urel(XHg)

= /upg(A) +upy (By,) +uly (Cyy) +upy (Dy,) =0.07347
uml(XAs)
= /ulg(A) +un (By) +uly (Cy) +uly(Dy,) =0.03374

=0.02612

Wi #HE  WRE EAERE Rk g
JGE  WH (ng/mL) (mL) (2) (pg/ke)
1 0.215 50.00 2.000 5.385
= 2 0.197 50.00 2.000 4.935
* 3 0.224 50.00 2.000 5.610
4 0.204 50.00 2.000 5.093
1 7.341 50.00 2.000 183.525
2 7.194 50.00 2.000 179.850
i 3 8.062 50.00 2.000 201.550
4 7.763 50.00 2.000 194.075

2.4 MWW RAREE

SR AN R BE AN Y AT AR AL
F(10) , A IEgE R,

U(y) =2 xuy, ()
=14.694% ;

U(,) =2 xu, () =2 x 003363 x 100%
=6.748%
25 NMELER

TEJ - S g 3 R vh SR B i I e 45 R
(5256 + 0.772) peg/kg, G & o M & 45 R H
(189.750 +12.804) pg/kg.

2 x 0.07347 x 100%

3 itig
31 EBEFRAZENEERZRMEBESHATE
EZE k&

SR AR S 7 R AN A JEE HE S OR B AR X T AN
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e B2/ IR (R L T g 3230
32 FEFRAZMEFERFEKMEHSENAT
EERTERE

e A A R ZRAGIN 5 | A A A T R TR R B 52 A i)
FUA AT 72 B 3 53 2 B SR FILE AP A B 8 3 e R
B R, T AT 8 A A i R AT TN S 2k S 1A
BOBR I TR 0 BV B2 A, ol A5 9 U B ~F- 347 9k
£ SR INAE & vk BE B R 50T, MG INRR E RS WA E A
5 R A ik /) G 5 LA B AN B A B2 5 s 2 T LA
T8 o B v A R AR P A, BN ARG IR 1 TR
BRI /N I 5 LA AN 2 JEE 5 TC ) A B v MR
fE RS WA 5| A B AS B 2 AN AT 22 e, ] e 5 £ RS
S RE TGS B RS WA A el /)N FR I T LA S B R R 5 T
THBRAET I E AR, R Al PR A B 5 | B AN 1 2
ARH /N, AT LA AN T o

4 £
41 FEFRAFEMNEFERERMEBHRIENTH
EE

JE P2 62 0 3 R b B SR AN AT B A
5.256 £ 189.750 pwg/kg; AHXT 4 & A 4 12 BE 43 5
14.694% Fl1 6.748% ; 45 W F2 35457714 (5.256 £0.772)
F1(189.750 + 12.804) g kg, M i ) G {8 kb 4458
AR I e B 2T AE, AT T .

42 BEFRAZEMNEERZRMEMEENTAHE
EHIEE

SEATAE S TR, AN W] v 5 ) A5 DU R o 2 B ok
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