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Evaluation of uncertainty in determination of inorganic arsenic in aquatic

products of tassle filefish by high performance liquid chromatography-

inductively coupled with plasma mass spectrometry
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Abstract; The uncertainty evaluation in the determination of inor-
ganic arsenic in tassle filefish by using High Performance Liquid
Chromatography-Inductively Coupled with Plasma Mass Spec-
trometry was investigated, based on the GB 5009.11—2014 “na-
tional food safety standards on the determination of total arsenic
and inorganic arsenic in food”. A mathematical model was estab-
lished, referring to CNAS-GL006 Guidelines for “the Assessment
of uncertainty in Chemical Analysis and JJF 1059.1—2012 Evalu-
ation and Expression of Measurement Uncertainty”. The precision
and recovery of As (III) and As (V) in maomile fish were verified.
Meanwhile, the sources of uncertainty measurement of the experi-

ment were analyzed and evaluated. The results showed that the
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extended uncertainty of inorganic arsenic, i-As, was 0.007 with
95% confidence interval, when the content of inorganic arsenic in
tassle filefish was 0.096 mg/kg. The main factors influencing this
determination uncertainty were found to be the calibration curve
and recovery rate.

Keywords: high performance liquid chromatography-inductively

coupled plasma mass spectrometry; inorganic arsenic; uncertainty
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B BT
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1.1 KAEMENRERE

BB VDB A2 A T A AT 5

As* (1 002E4) pg /mL, bt M AR A
MR 5

As’" (1 003£6) pg /mL.Jbi @i E YR A
PR T

WRH AR AL 2l E B M RHECA IR A

IE OB ot 4l [ 25 88 A1 Ak 24 1R A IR A 7 5

Al /N Crs B, Jb a0l SRR FR A W 5

B R A 45 B R R RS Y Agilent 7700x B, 2 HE 4B
BHA R AT

TR A £ % X - Agilent1260 T, 22 HE 8 BB A R
NGIE

RS R B O ML ST16R B, 38R A /R BH A ] 5

gli7K AL - Milli-Q #Y , 36 [ % # A A
1.2 HmELERE

FRIBCEE & B F 50 mL ¥ 8.0 4 i A 20 mL
0.15 mol /LA§ BRI W » B B 2 4%, 90 °C 18 i K i b 2 42
2.5 h, 4 0.5 h k% 1 min, R ECEE BB HE=ER,
8 000 r/ming.0> 15 min, B 5 mL FiHFW T &.0% % .M
A5 mL IECkE,ZH# 1 min J5 8 000 r/min &[> 15 min,
FELZECK . WITEWER, % 0.45 pm G HLIE BT
U8B Cos /MESAL G BRI E . %W — 3 AE T fEs A
B,
1.3 i

(1) H B & 55 B IR BT 2 0 - S A ) 61 550 W
SRRV B HMER B R AR A
15.000,0. 800, 0.800, 0.800, 0.006 L/min; % 1 2 Ji Ji&
2 Ci gl 5 0.1 /s,

(2) W AH A0 3% 544« i s A (10 mmol/L Jo/K Z ER M -
3 mmol/L iR 8 .10 mmol/L #i g — & 44.0.2 mmol/L
LN R — g vl . &K pH Jy 10) @ Bk &
fE=99 0 1; % 1 mL/min; ZEFEIART 80 Ll ; 55 BE UEML .

(3) (U ABIRE 20 °C LRI 652 ;155 Ak h
4K,
14 HFER

= . 1
X m X 1 000X 1000 b

&l

K.
X—Hihd AsClllD 5 AsCV) & 58 (BL As i),
mg/kg;

m T BT . g
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C—MEBEW P AsCD 5 AsCVOHREE . pg/L;

C, EHABW T /\S(m)L? /\s(V)“f/ﬁK’Fivug/L;
V— AL R B mL.,

2 R 50M
2.1 ABEERIRE

Z: i CNAS—GLO06( 1k 2% 43 1T o AN 8 5 BE 1Y D7 A 45
)& O & B E A2 R RIE FEA
O MR AR ERE; Q & A EBRGI AN E
5 Q) AR MY BT 5T AS B 5 BE b i 4 VT AN A o 12
FFEREIT B AP E D s @ Fr el 28 51 A 09K 8
FE:© M EE S AMAHEE:© ff & FIRFEL A
AN 5
2.2 WEAHEENTEE
2.2.1 MEMFREGIAMRHE B R E On) BT
KAVINER B B R PR ANHE BRI A KA A
B FEE AR AL R B AN R R T R <
KA-AVS S YQO38 1 HL F 43 BT K1 {8 I (% v K7 K
EUE . AR AE 5 g LU TR, Hig Rk airiizE
+0.5 mg, & HF F=V3 B «(£)=0.5 mg; B FKF
S HERN 0.1 mg. % CNAS—GLO06( L %4 43 17 H A B 28
JE 0 PEAG $E B )8R 4R A AN B A B PR E T R A

u(43)=0.5X0.1/4/3=0.029;

u(&E) =0.5X0.1=0.05;

M w(m)= 4/0.57+0.029>40.052 =0.50,

BUFEBT AL :0.350 1 g, B 350.1 mg, N HUHE BT 4 AR
X AN E BE N

U (m)=u(m)/m=0.50/350.1=0.000 14,

2.2.2 EREBIGIANAHEE KB Tkd, R
20 mL FRARRE T 5 8 (A 0 L 20 mL il BR ¥ WA
o R TR . TTG 19620064 % FH 3% 15 5 28 V0L 52, 76
20 CHy 20 mL AR EE (A Z MAERAREN
+0.030 mL, AL A (B = V3D, WK i 0 1
wu(F) R

u (V) =0.030/4/3=0.001 7,

U (Vi) = u(V5)/V=0.001 7/20=0.000 87,
2.2.3 HRUEMI G AT EE  SRAB AsCllD L As
CVORMEARE & WM B2 1 002, 1 003 mg/L, & FARHEY)
JUE S 25 1 AsCID BN 8 BE O 24 mg/L As(V)O Y
AW BE R E6 mg/ L3RI 43 i (k=3 , b i ) T b
WEAR TR u As(D=4/y3=2.31.u As(V)=6//3 =
3.46,

uab AsC(ll[)=2.31/1 002=0.002 3,

tab As(V)=3.46/1 003=0.003 4,

2.2.4 WUEYIBRRBEGI AT EE WBEATEEE
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I IS 2R E ML) JJG 6462006 (F5 W 2% 40 1 PR )
PR BE SR 3 36 et 5 AT A X N Y e R R R 25 TRl A% i L
MEUEA W 8 FE AR 1,

1 EERAETWHEE
Table 1 Calibration uncertainty of gauges
A HEAVFIRE/mL AN o ARG A 7 BE 32 TR S I AN ) A BUBR HEAS ) 7
50 mL FAFRLE B +0.050 0.028 9 5.78 X104 0.030 3 0.030 2
25 mL PAFRL A B +0.030 0.017 3 6.92>10~4 0.015 2 0.015 2
10 mL BRZE I TT +0.020 0.0115 115X 107% 0.006 06 0.006 17
5 mL HpRLR I BT +0.025 0.014 4 2.88> 1079 0.003 03 0.004 18
JIT LA o o0 35 V0 B 5 A %9 AR R A o A 8 A x2 BRAERKSINNTIBEE
U (std) = Table 2 Uncertainty introduced by calibration curve
0.030 224-0.015 224-0.006 17°40.004 18> =0.001 2, P A I H# R
2.2.5 ARMEMIZESIAWMATER BRI AENE mewe o/
JiT R TG LB b o A WU JEE 43 3 005,10,15,20,25 pg/Ls (ug e LD ! 2 3 ! 2 3
R0 5 AWRBE A AR UE R B T A 34K 3 KM CPS it 5.0 19 069 19 054 19 079 23 588 23 545 23 560
B hRvEh 25 AR W R (2) . e il 4 O AR b TR 10.0 42799 42854 42 751 44 380 44 401 44 358
WA TG As(D : A=4 133.733 X C+0, fh £k 19 - 2 4 26 15.0 61 487 61 401 61 516 67 355 67 321 67 378
ZHr=0.999 1. B, =0.F & B, =4 133.733; 20.0 81104 81152 81086 88376 88 346 88401
As(V):A=4 485.770 9XC+0, L LM X R r= 25.0 104 646 104 621 104 670 113 134 113 104 113 156
0.999 6, IR B, —0 V¥4l B, —4 485.7709, > 0228 o149
A;=C,B,+B,, (2) e () 0.023 0.015
K.
A5 DR UESR HEV W05 7 RO 5 x3 ESHRABERMIANNTIHEE
Co— 5 1 DRHERRMER WAL » g/ Ls Table 3 Repeatability test results and introduced
Bi b uncertainty mg/kg
B R ASCID BERE ASCID AsCV) AsCV)
PRIHED S e meRE e bR A
6 JZ - — (B, +B,C) I . 1 0.000 A s 0.000 F K
n—2 ° 2 0.000 PR ot 0.000 HA
e i 2 HU 5 3 0.000 Sefe 0.000 St i
(7) 4 0.050 0.048 0.050 0.047
ule) = \/ + n " —C @ 5 0.050 0.046 0.050 0.047
i=0
6 0.050 0.051 0.050 0.051
’%‘/EHH%%M%%I/\lfl’\ﬁi‘ﬁxﬂﬂﬁmﬁﬁﬁ%fﬁﬂﬂ:
7 0.050 0.048 0.050 0.046
U (¢) = uéi;) . (5 8 0.050 0.046 0.050 0.048
2.2.6 WSS AMATEL AR K0T ! 0-0900 O0MT 0050 0,050
B A 7 38 3 R o A 2 R 0050 0L 00 0o
FEFE. B M 0 T S A 5 AR B BB JIF 1059, 1 « oot 0o
2012 (YR ACH S B 3 5 R g L B AR s Rt gg. IR SCo oozt 0-0022
wCrep) = S (o) /B 4k T 52 44 51 AT XA o &2 1 u(rep) / 000079/ 0.000 83
el (rep) / 0.001 6 / 0.001 7

U el (rep)fu(l’ep)/l JHER LR 3,
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2.2.7  FEER AR PSR S A R E B HERIFRIR 9 1)
B3 AL 3 - BN 3 AR BE A BE AR e
AT TSR TR A R [ RO B GE R CNAS—
GLO06 (fl2f 3 Bt b S 0 52 BE B PR AG 45 M9 ) b s Bl AL 4
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PR L BRI A B SE B w (ree) = S () W 2 ¢ A
Wk HIWT B R R 27 5 100% 4 B2 R 0
[1-R|

u (rec)

RS HHEATERERRIE, ¢ =
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Table 4 The recovery test results and introduced uncertainty
xe AsCIDMBRE/ Bk AsCID &/ [FeR/  AsCVOIARME As(VD &/ [/
(mg «» kg™!) (mg «» kg™!) % (mg «» kg™!) (mg + kg™!) %
1 0.000 RA / 0.000 R /
2 0.000 iy / 0.000 Sef i /
3 0.000 ey / 0.000 A /
4 0.050 0.044 88.0 0.050 0.043 86.0
5 0.050 0.052 104.0 0.050 0.046 92.0
6 0.050 0.046 92.0 0.050 0.051 102.0
7 0.100 0.093 93.0 0.100 0.088 88.0
8 0.100 0.090 90.0 0.100 0.093 93.0
9 0.100 0.089 89.0 0.100 0.091 91.0
10 0.200 0.190 95.0 0.200 0.180 90.0
11 0.200 0.180 90.0 0.200 0.180 90.0
12 0.200 0.190 95.0 0.200 0.190 95.0
EWCRTHE(R) /A S 0290 s 9.9
Frifefii 2224 S () / / 0.049 / / 0.046
u (rec) / / 0.016 / / 0.015
t 4.4 5.4

MR PEARME JTF 1059.1—2012¢ I = ANHi 5 i V1 8 5 3R
ROBEE BERMGH 5% BEE . n—1 A M Mh I
FUE i =2.31 0t ascv) > acc > teri sﬁiﬁlﬁ 100 %4 3
PE2E 5 T B AT FCE AL IE . ww (rec) = u (rec) /R,

Uy (rec) = 0.016/0. 929 = 0. 017, wyuascy, (rec) =
0.015/0.919=0.016,
2.3 BRIREAHEE

AsCID B & AT 2 B2 -

Urans (1) =

> (M) + tr” W) Fura” (b)) F upa” (std) + wr® () + ura® (rep) + u,” (rec)

=0.029,

tuwwAsClll) = waasn (@) X z = 0.029 X 0.048 = 0.001 4.

AsCID W& A E R -

Ureinscy) (1) =

e (M) + tra® W) F ttra® (B F wra” (std) + tra® () + tra” (rep) + u® (rec) =0.022,

U wAS(V) = wapcw, () X 2 = 0,022 X 0,048 = 0.001 1,

ToHLAE A AsCID AT AsCV) By BRI, A i A 22k
) — G AL 2 AR A G . TR I ROME 3% —
TR A 55 R T3 05 T s TE LA A, AsCITD AT As (V)
Wt AT T L B E LS AR R B
P S I B A ) B A e A R R S AR
BIVAH 56 28 8000 4o X (B B/, 20w AR ST ML 1Y
B IATEE R

Ureins () =
0.036,

Ured wIAS = Ui ps () ><; = 0.036X0.096 = 0.003 5,

w[AsCID ]+ u*[As(V) ] =

24 FRAMEE

T R 25 (0 A3 AT R R A AL AR 950 B AF K
T HEHTF =2, THM -As ¥ B K @ & =
0.003 5X2=0.007, iZ# it JC LA & 5400 45 5 ) L)
R ] (0.09640.007) mg/kg.
3 B

SR FHAH €3 — L R 5 55 88 IR B RS 1l B B
i G AL RIS 7S AsCIDD Ry 0.048 mg/kg, As(V)H
0.048 mg/kg, AsCII K il 25 H /K 7 1 [ R 7 88.0 % ~
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