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# E: BB TFEERMGIE-EF 2Otk (high performance liquid chromatography-atomic fluorescence
spectrometry, HPLC-AFS)illE =-EAE IV ERIR AIRIEAR S (UL As TDRIATIER . B3k WG JIF 1059.1-
2012 CMERAfE BETPAE 5308 ) XA BT 0T . BSOS, &Rl R E B, R Lk
A ERAR A HIME R 0.1314 mg/kg, AHXTARMERZE A 1.23%, P RAHIEE K 0.0097 mg/ke, BRI AYFI4(H
h 0.1467 mg/kg, HXTFRUENRZE A 3.02%, ¥ RAHE RN 0.0144 me/kg, &I 7EME =L AL W AHERAR A
TR & e A rh, ASH A B S R R T AR o 2R R LA A e
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Evaluation of uncertainty of arsenite and arsenate content in the flower of
Panax notoginseng by high performance liquid chromatography-atomic
fluorescence spectrometry

LI Cheng-Xi, DUAN Zhi-Min, XU Dan-Xian"

(Yunnan Center for Disease Control and Prevention, Kunming 650022, China)

ABSTRACT: Objective To evaluate the uncertainty in determination of arsenite and arsenate (As) content in the
flower of Panax notoginseng by high performance liquid chromatography-atomic fluorescence spectrometry (HPLC-
AFS). Methods According to JJF 1059.1-2012 Evaluation and expression of uncertainty in measurement, the
measurement uncertainty was analyzed, determined and evaluated, the combined expanded uncertainty was
calculated. Results The average content of arsenite was 0.1314 mg/kg, the relative standard deviation was 1.23%
and the extended uncertainty was 0.0097 mg/kg. The average content of arsenate was 0.1467 mg/kg, the relative
standard deviation was 3.02% and the extended uncertainty was 0.0144 mg/kg. Conclusion In the process of the
determination of arsenite and arsenate content in the flower of Panax notoginseng, the uncertainty are mainly derived
from the determination and fitting of the standard curve.
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1 5

Cr =Rl IV P 5N = e NN S L REHEFIZATN
FAIR], EEAIFTRRA AsO} . BRI AsO} . — 1Ak
fi[monomethylated arsenic, MMA(V)], —H 3 [dimethylated
arsenic, DMA(V)] . = H 3t Ji g {trimethylarsanilic acid,
TMAO[As(V)]} . THEIZEHH {arsenobetaine, AsB[As(V)]} . fHAH
i {arsenocholine, AsC[As(V)]} . = F FLHH {trimethylarsine,
TMA[As(V)]} 550, R [ (1 0% 254k & 1 2 ) 83 0 22 57 4%
K, HEHR/N: WARE AsUD>RE As(V)>MMA
[As(V)\DMA[As(V)]>AsC>AsB?*, & FE1E GB 2762-2017
CEMZREZERE &8s R R ARE ) XA F
ity R R TEATL A B B AT AR TR A R T, BRI (R
[EI7E 0.1~0.5 mg/kg, MARMEIFBAHE =-LEX K HA H
TR R 25 B R BT b A JC LA BRAEL . PRI, 7 A
TN E FE BRI TTHR, AEAG IS T LA L K 3 T b v
TMETT 4y R A ML B X . IF H B A TR A
- T DGR I E = Ak Hh I R AT R A R AR
WA E EEIE I AT D

ABEFEHE B ISOMEC17025 It AR i S0 %5 fik
43 SR ) SR, R 56 2 B 3 A A T AR Y
TR AN S BEPEAR AR T . KR GB 5009.11-2014 £ fh4c 4>
EZARE b S R TCHLAR e ) TR -
B EEIE %t 2 9 4 7 B - A HP A% I e R RS AT e R AR
PEATAGIN, ARYE JIF 1059.1-2012 (IR AHE BT E S5
7 ) UK 0 285 SR S0 A T AN A BE BT, B A S ST 2
L HORIR o a5 U E B i, W1 L oTmk AR,
AT A R AN 5 B2, Ay AR DA 0 B A5 el VA 033 -
JRF TSR I E =L AR TP WA ERAR IR ER AR &5 &
P52

2 MREREE

2.1 KFISNEE

WARFEHIA AR ED R (DL As ] 75.7£1.2 pg/g, GBW
08666) ., MRARF AT TI(LL As 1T 17.5£0.4 pug/g, GBW
08667), — HEERRAWAREY BI(LL As 11 25.140.8 pg/g,
GBWO08668) . - H FERIA AR E T (LA As 11 52.9+1.8 ng/g,
GBWO08669)("1 [# 1 B # W 5E B ); AR it 4 Jm K, %
= Fisher Chemical /v l); P2 (Optima 2%, 5%[E Fisher
Chemical 2v#]); AEAS (L, K KU Ik 25
BHEABRA ), WA H (R ek, KT R Rk 2# i
FIA FRA D, BERA (R ek, K ek T5A
FRAH]); HERGEBLES, #E DUKSAN A Hl); S22 K
HLBHAE A 18.2 MQ-cm,

SAP-20 TE A4 AT AL B2 B (b 50 KA A BRA
r]); AFS-8230 JEF2 0BT RAAA FRA H);
DHG-9070 # e #4785 4 (s — T R B A IR A
Al); SIGMA 3-18K & VR B D AL(HEE SIGMA 23 ),
SI-234 1, T~ K- (34 [ DENVER A #l); Milli-Q # 47K #$ (3
[& Millipore 23 ]).

22 ZLWHE
22,1 AR vh KB

Fi I GB 5009.11-2014 & M2 & EHFhRE &R
il B JCATLA A 5 ) UV 5 o 400 o A s o B TV 0
VR BB R o P VR I bt 2%

VA PR AR AR 7 (e RV T R IBUSIY T R AR V5 R b v 20 I
0.3307 g ¥ 25 mL )i, A4k EREZZE (1.0 pg/mL,
PL As 1), BHERARGRHEE VA PRI ARV TR )
JT 14289 ¢ T 25 mL FERIEH, HAKEREZNE
(1.0 pg/mL, Ph As ), —H SEMER S IR FRE—H
IR HEY) BT 0.9960 g T 25 mL AR, H4KE
KEZE (1.0 ng/mL, BL As 31); = H EEEP bR AR
PRI H LR BAREYI I 0.4731 g T 25 mL KM,
LK EREZIEA.0 pg/mL, LL As i),

TR AP oA PV TR 1 A0 B — P T o o o T 7
W& 2.50 mL, —HUEEARERE FHVETK 2.50 mL . A ERARAR
HEGE FAVAR 2.50 mL AR ERAR BRI VAR 5.00 mL 25 mL
i, FAUKERZEZIECEH, AR 0.10 pg/mL,
FHERAR 0.20 pg/mL, LI As i),

BUR-SHRMEM YR 0.0, 0.5, 1.0, 2.0, 3.0, 5.0,
10.0 mL F 10mL #¥iirh, FSKE 2 2 205 )5 I E brife
S
222 BBEEH

{0,3% 251F: HAMILTON 79433 PRP-X100 #1:(250 mmx
4.1 mm, 10 pm); fF3"+#:: HAMILTON 79446 PRP-X100 {4
PHE; WA 15 mmol/L BEIR S £ iAW (H 10 % RIF
WIS pH & 6.0); YFEERE: 100 pL; VEBIRIR: ZERrvk/ii;
Wi 1 mL/min; A SR

JEF DA GRS TR 270 V; BEEIR: 70 mA;
IR 30 mA; JRTaEE: Bl BURE: 400 mL/min;
BEWEA I 600 mL/min; P e ARAEARLETE . AR
TR S 1

BOBREE: 7% (V- V)ERRIS W, B )RR EE: 40 g/L Bl
AP (3.5%0 = A AL B AR )

223 HsEra®

FEMZ T S, s, PRI 55 HULE,
RNEHRNIEE OB, BEEH.

B AR T R RE &, FRERZ) 1.0 g(RE 122 0.001 )R bh
F 50 mL ¥REL.OE W, AIIA 20 mL 0.15 mol/L T§RIF K,
RAVEHUCE LR . T 90 cCHEM MR 2.5h, 42051
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B dn 2 4 R R I A 4R

F10 &

PRAE 1 W IRBSE R, BURAEIE %, 10000 r/min B5.0
10 min, B FJZHEW, £ 0.22 um J& e RN i85 24T
E o FE A — AR, TEAIARE S0 25 0F T s 1R
224 AWk

il GB 5009.11-2014 { & ftv & & B FARME B B
it S MR B 52 ) H VOR339 A O 43 S
SE 6 A VA TR il R A R AR R A R AR 1) 5 i
23 HEFER

X=X\+X,, ¥ = (c—cp)x ¥V x1000
" mx1000x1000

Ao, X S P S TCHLR Y & (UL As 1), me/kg; X,—HF
it I A R AR R R AR A S i (LA As 31), mg/kg; co—25 F
VP Y R R A B R BRAR RO VR, mg/mL; c— 2 IR R
S R AR B A R AR (VR B, mg/mL; V—iRRE T AL WA TR,
mL; m—iXFE B, g; 1000—H0T F 8K

3 HER5SH

31 FAEERNSEXRIE

R A 7 oty 2 T T AR o i A 3R S50 7 20 B DA B it
FETCHLAN A B A B AR e AR E =B AR T LA A
SRERP AT E R E A (1) FRAEY R S| R AT
PRUEATAE B (2) FRUEY) BIRR A B g | AR A X b
AHERE, (3) ARl BUR R AR Th B B 4 5 LA A X
FRUEARTE BE; (4) bR R RIERoE A i PR B AR
AR AR EATRE B (5) AR el e Zl&d R ds] A
BARE XS R AN 8 5 (6) RE AR AR 5 1A AR X A S 1
FERE; (7) RRSTHMR S AWM R EATE R, (8) X
= WO EPO R R N el A
32 HMRETHEEITE
32,1 ARG AMARAT AT R u,

A 2R F P R 2B T BE A R AR ( AsO3 ™)

VIR T R ASO3 ) VERIRARMERIIR, AR LR
BEROERUER LS, R bR A R R R LA b
HEW) I B3 F A0 2 43 )y (e (ASO3 ) =12 g/ g
u(ey (AsO ) =0.4 pg /g . RFUHTEAME, bRy vk
B YRR M A B 52

12 g15x1073

Bx757
04

3x175
322 AEMRART AT ISR ARE T L uy
SEIG A3 SRR IO A R AR S VR PR HE Y T 0.3307 g fif
TR IR ER T 1.4289 g, MREH &I+ v 7R 1
KAVFRZEH£0.5 mg. R0, HARHEY) TR
FRG AR AHXS BR EA 0 2 2R
0.5

(A0 ) =

=1.32x1072

(A0} ) =

15 (AsO3 ) = TR 8.73x107
15 (AsO}) 05 Hpxi0
V3x1428.9

323 IEHFFEFIEFTIHBE R AN ITAER
R us

T e b o il 2R 5 B b, b A R AT R T
ol FH 2 0 B B R B A0T - 25 mL BAARZR 75 (A 2%) .10 mL
FAFRER A (A 90). 5 mL 43R (A ZOF | mL 2%
WA (A ). MR T1G 196-2006  JHBL T 5 2546 2 31
i) IS5 Fadpia i LA s . /A R
oA, BbR s BRI = M4, WAl A br A
BUil 45 R L2 1, MERARARE M C I 45 R 03k 2.

MRIGFE 1 B A BT R AR s o ) B k2o
R B B RS A B bR A A R B

U3 (ASOY) = N3 (V) + T x g (V) + .o 3513 (V)
=1.57x1072

F 1 WHERAERRECHIT T2 PIRFEE R SIANENRERBERE

Table 1 Relative standard uncertainty introduced by glass gauge during the preparation of arsenite standard solution

2R ARAFE/mL WEHET i A ARY/mL FES AR A 2 il U
25 mL BApRZ A HHI(A ) £0.030 J6 25.0 4.90x107* 1
10 mL FAFRERZS H(A 20) +0.020 J6 10.0 8.16x10™ 7
5 mL 43 BEWR 5 (A 9 £0.025 B 2.5 5.77x107 1
1 mL 43 BEWREE (A 20) +0.008 B 0.5 9.24x107* 1
1 mL 43 BEWEAE (A 90 +0.008 B 1.0 4.62x107 1
5 mL 43 BEW R (A 20) £0.025 NE) 2.0 7.22x107 1
5 mL 43 B (A 20) £0.025 B 3.0 4.81x107 1
5 mL 73 B (A 20) £0.025 B 5.0 2.89x107 3
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2 WERAERRESITREPREERIANEMNRETHERE

Table 2 Relative standard uncertainty introduced by glass gauge during the preparation of arsenate standard solution

R ARAFEmL WEHET A /mL AR AR A 2 S IR
25 mL FFRZ A R(A 90) +0.030 J6 25.0 4.90x10™* 1
10 mL FAFRER AT BER(A ) £0.020 J6 10.0 8.16x107* 7
5 mL 53 BEWR A (A ) £0.025 NE) 5.0 2.89x107° 1
1 mL 43 FE WK 545 (A 9%) +0.008 NE) 0.5 9.24x107 1
1 mL 73 B A8 (A 90) +0.008 NE) 1.0 4.62x107° 1
5 mL 73 FEW S (A 20 £0.025 NE) 2.0 7.22x107 1
5 mL 7B S (A 20) £0.025 J3 3.0 4.81x107° 1
5 mL 43 BE W i (A 90 £0.025 NE) 5.0 2.89x107 3

WIEZR 2 P aEdE S s R AR AR EY) TG B A
BEEE B2 5 1A AR AR HEAS 1 58 B
U3 (ASOY ) = N3t (1) + T XU (V) + .+ 3513y ()
=1.48x1072
324 M KR E SRR PR G| A At AR R
5)% EE{ Uy
AR N ik 28 BOK F B 58 2 I ik R 80, Ao il 2R 3
W R R AE F IR T AT, SR R AR N
(20£5) °C, 4liK7E 20 *CHIAK R BN 2.1x10° °C', i
TR A3 A )43 A, B AT SRR v R VA T S A A
FRRLEE 51 B AR R HE AN
Sx2.1x107

Uu =
rel4 \/g

1y (AsO3 ) = uy (AsO3 ) =4/ T xulyy =1.60x1073

3.2.5 AR KON E R A i AR 5] N 69 A8 X AR R A
/?}?; Us

SEARAERT LR VEA TN SE, AR REIE 3 Wk, SRR/
TR N R v R A ) B R RN TR AR AT LS, AR
WEHR R B 45 R W ER 3,

RYEFE 3 AgECIR, LA g i FROE 0 B A Ak
bR, RN TS, 155 AsOF FI AsOy FRifiZk:

=6.06x107*

AsOg_ ¢ y=7T432.96x +5437.01,R = 0.9999

AsO3 @ y=4511.19x +1096.70, R = 0.9999

[FIEF, X5 6 Br-PATAE R T E, Bk 4. s
Bn A5 3 A R AR S i AR X R E G 228 1.23%, fif
PR AR & it AR AR HEE IR 22 3.02%

oI 4 13, RS T Cy(As03) =62157 .
Co(AsO})=7.5143 »

FH AR 7 2R P15 5 A R AR oA B8 o B R AT
ARATFI);

I (G0

p mxn See

u(c) =22 \/H

S, b BRI AR, CoBRPERE S IS T IV 1T
I p—IRBERA UYL, p=6; m—FRIfEHLR 4 Y BE 15 10
W VR n— bR MR A B C — R e
WE K Cp 1 IRV BE (9 P B0, A5 I VA BE 100
TR A P M T 5 50 1 2 A O A W T R
bR UET S B ME R TR EE

#z3 FRERZUESER

Table 3 Results of the determination of standard curves

U THI AR
WP (gl

1 2 3 T
50 455595 452454 457073 45504.1
10.0  78910.6  79362.0 797354  79336.0
20.0 1550627 156146.0 155201.2  155470.0

ASO%_
30.0 228025.6 2275154 228575.4 228038.8
50.0 381784.6 3809352 381970.9 381563.6
100.0 7442858 7471473 7472663 746233.1
10.0  45096.2  45386.4 454447  45309.1
20.0 901188  90523.5 911463  90596.2
_ 400 1840039 184391.3 185115.6 184503.6

AsO}

60.0 2759945 2761443 2743922 2755103

100.0 447836.4 448764.6 4457419 447447.6
200.0 904066.7 905487.3 902810.0 904121.3
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B dn 2 4 R R I A 4R

%10 &

HfE BRI, THE A R AR AR HE 5T A
AR AH S bR AN 2 D -
AsO3 : C(AsO37)=35.9552, S, (AsO3")=18507.12,
S(4)=2725.71

u(Aso§*)=2725'71x\/1+ 1, 6215735955
743296 N6 3x6 18507.12
=0.1960
. _0.1960 )
us(AsO3 ) = =3.15x10
s = o157

PR R AR AR I B 2 5 A AR AR E AN B 5 D -

3- = _
AsO3: C(AsO})=717072, ,.(AsOF")=74552.96.
S(4)=3100.99

+ 7.5143-71.7072

u(Asoi*):3100‘99x\/l+ ! =0.3234
4511.19 N6  3x6 74552.96
03234 5
us(AsO27) = =430x10
s(ASOL) =23

32.6 HBAREII A ATE R uo

TESZE R FREZ 1.0 gCRERI 3 0.001 g)AUEESS, AR
FETE P B F R A e K AR R 22 40,5 mg. SR FHATE 00,
P FE SR BR 5 A AR RR oA A 2 B

Ug(AsO3 ") = ug(AsO3 ) = Fx10000 ><01.(5)00.0
3.2.7 HSIH MR ARM AR R uy

FERFRESEAUR, THIA 20 mL 0.15 mol/L Rl FRIA K
VAW IR AT IR, I 10 mLA AR IR 1A
i 25 440.020 mL . FHIH RS BG5S LA B R AR EAR
W A

=2.89x107

0.020
u7rel(V) = \/gx 10

I, BBOEMART A HERPREE R 7E 20 °CiltfT
K, 9230 28 B AR A A (20+5) °C, AR ik 2 20
R F AR B WA R B, I LA R 10
H T AR TP RS ER Y 5 AR 0.15 mol/L, AT Z W& HXT I
R AR ZR I Tk R B S, 4K AE 20 °CRIBEZAK R BN
2.1x107* °C™!, ph B il T R R 7 T R 0 5 | P R X o o
A RE R

=1.15x1073

5x2.1x107*
g (T) = T

A I AT SRR A T IR 5 A B SRR HEAS 1 2 3
17 (ASOT) =ty (ASOY) = 2 %1, (V) + 2 %142,y (T
=1.84x1073
3.2.8 H&EELMZF|ANGARTAFE R ZSE ug

SLIGXT 6 U FATRE S I E S R I 5,

A4 2R AT AsOY Al AsO}™ AL IIE YA
WS, I BE JCATU B 0 A AR X B AN X A
_ 000162
J6x0.1314

0.00443
J6x0.1467

33 AT RIAHZERE
LR IR A E o BEASR, e T A O
AERT PR AEAS B A JEE

=6.06x107*

ug(AsO3 ") = =5.04x107

ug(AsO3 ) = =1.23x1072

R4 6 HFITHRHUESER
Table 4 Test results of 6 parallel samples

Cibies  Bebehte  TORUREL ERRRUREL WRNR weinan OOMRREEL L s
/mL Aol [EIYEYA /(mg/kg) fEfE /(mg/kg)
= / 20.0 0.0 —-0.7315 / 0.0 —0.2431 /
1 1.0500 20.0 50355.2 6.0431 0.1290 33356.4 7.1510 0.1408
2 1.0592 20.0 51391.4 6.1825 0.1306 34788.8 7.4686 0.1456
3 1.0555 20.0 51347.9 6.1767 0.1309 34780.6 7.4667 0.1461
4 1.0538 20.0 51994.6 6.2637 0.1328 34206.9 7.3396 0.1439
5 1.0613 20.0 52647.2 6.2521 0.1316 36410.2 7.8280 0.1521
6 1.0642 20.0 52831.1 6.3762 0.1336 36427.4 7.8318 0.1518
RS HRAPIHERAMIRRS S
Table 5 Arsenite and arsenate content of the samples
r3: ! 2 3 4 5 6 P X prifedi s S (X)
AsO%_ 0.1290 0.1306 0.1309 0.1328 0.1316 0.1336 0.1314 0.00162
AsOi_ 0.1408 0.1456 0.1461 0.1439 0.1521 0.1518 0.1467 0.00443
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U, (AsO3") = \/uf (AsO3 ) +u3 (AsO3 ) +...+ u3 (AsO3")
=3.68x1072
U, (AsO3 ) = \/uf (AsO3 ) +u3 (AsO ) +...+ u3 (AsO3 ")
=4.90x107>
34 BT RIHBER
RIEAK U = ke xuy (X) BRI RAHHEE . 7E 95%
fH5AKFT, B s 7 =2 it 58 A s R L% 6.

Fk6 THEESER
Table 6 Results of the uncertainty

PO
e MOER gy T TR
T R v (mghgy  IVEE ATEE
'e e (mg/kg) Ulmglkg)
AsO}” 3.68x107 0.1314  0.00484  0.0097
ASO}  491x107 0.1467  0.00720  0.0144

35 MEAHEERSG
* 9S%EMKTT, WEETF =2, W =L
PR AR AR R AR 75 1t AT 2R
C(AsO37)=0.1314+0.0097 mg/ kg, k =2
C(AsO37)=0.1467£0.0144 mg/ kg, k =2

ARG 1 %o = AT i I A TR R A AR
RE, BEATE AT TS SR AN A AR IR, T T &
TURHAE R o, Tt R AN . LIRS =&
TEREAL ), O APRRAR Y T-3(E N 0.1314 mg/ke, TRA
R 0.0097 mg/kg;, HAPERR A9 F-24{E R 0.1467 mg/kg,
Y RATERL N 0.0144 mg/kg, [EH;, XA E LT
PRI LA e, b il 2 0 S 40045 2ok R e AN o 114 5
Wl A, FRUEDI TR EE | AR B R o A e B
AL R A R AR S X N R BE IR

RPN
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