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Evaluation of uncertainty in determination of cyanide in liquor by
gas chromatography
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ABSTRACT: Objective To evaluate the uncertainty in determination of cyanide in liquor by gas chromatography.

Methods The whole process of determination of cyanide in liquor was analyzed by gas chromatography, the source

and value of uncertainty were confirmed, calculated the synthetic uncertainty was synthesized, and the extended

uncertainty was calculated and the results were reported. Results The content of cyanide in liquor was 13.8 mg/L,

and the expansion of uncertainty was 1.0 mg/L (P=95%, k=2). Conclusion Through the analysis of the source of

uncertainty and the quantitative evaluation of each component, the recovery rate and the standard curve fitting have a

great influence on the uncertainty. The standard solution, sample preparation and measurement repeatability have

little effects on the uncertainty.
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12 A 23 HEATK GB 5009.36-2016 { frihZeaFEFmME &
s AL RS RE ) b, B AAR e T B AN Tt
L SR SO R, 38 TR S N . ACE
ALK . 0 SRR PR AR AR . (AR H R &
I GB 5009.36-2016 £ S AH IS SR K BT TG
DA R bR Rl TR R RE A A DA B2
R, AR SRR R 22 5 HL e,

RZEHE N SIFIE A T 200 ZAERY I, B
W AT o 2 AR A TS A BLAC IR 22 38 2 BB 20
e, IRZEFA RS o BRI — 2 &R,
BLUE R HLIR 22 F1 R GeiR 25 ] DU H AR AL, HR R R
G — L NEERRIRE MR E RFGIRZEWE, IF
5 TR BOAL BT DX R IRZE T IE,
X R RE R G RZE N NI 2 S BAS BEEaE o FRULER I T
TRZE A L IR, O T 3Rk PR 25 M A B Il e 25 R ]
ReT DRI, RS FVF 2% 5K FE PRl 2R R
TN E B U AR SR 22 TR IR R, X 25 AR 1Y)
KEREUHATIVAE, JEERH T LRI ASH 2 B I p gL >,
I D0 52 36 5 XA 2 ) I P — e P A 25 SR 4 75
At e e R v A R 2 I 2 SR A R
M), v T G 2o A DU A v E L)L A MG I A R
AR T B PR AR

XFT GB 5009.36-2016 £ il %4 FEZRME £
R E ) | 55 R TS SO TR A A 25 R 55—
AEEZES, AT LAET S AN 2 BE B PP 1 R e s /N ]
e 22 R MEE . AFEXT GB 5009.36-2016 55 3% 10
23 SRR AL 0 O R AT TN E BE PR E,
U S 0 b P RO 2 B SRR, S b A5 40 AN A
GY BT 0 a B AN XA I 45 SR ¥ s i, A O Ak A
TR, PRGNS R 2, ORG24 S R 1

2 HR5T®

2.1 UE5EH

Agilent7890B “AH 21543 (36 [E & HE 48 22 H); DANI
HSS 86.50 [0l =% ik #F &% (& K F F+JE 2 Al ); Mlili-Q
Reference #8217k 22 4t (12 2 2K 75 2% 7] ); IKA Vortex Genius 3
T e 7 i (T SE R 2 ) o

S T Fral, Rt == A0, i . AR
fRE A e, Tk 2ERR ), K EUSo a B bR v RS
HEWI B (50 pg/mL, GBW(E)080115, 1 E AR5 5%).
22 RIWHE
221 AREAER R R IR BLE

B 50.0 pg/mL 7K HFUSL A 43 4 Bk 1fE ) BT (GBW(E)
080115)2 mL T 10 mL A&, F 0.1%NaOH R F
FNZIE, 153 10.0 ug/mL i R

222 AFofEvh & ECH
FE IS T F ALY bR o R 2 20 mL TR, A
AR, Bk A 0. 0.010., 0.050, 0.100., 0.200,
0.500 pg/mL [\ CAERW, fNA 0.2 mL BRI, TRIERA,
SRIGIMA 0.2 mL &M T W, SCEPnsEs s, WieiR A,
R A ph R A BC TR L3R 1.
®1 gL aEE

Table 1 Formulation of standard curve

F5 1 2 3 4 5 6
e il % B /(ug/mL) 0 0.010 0.050 0.100 0.200 0.500
R R S 100 100 10.0 10.0 10.0 10.0
/(ug/mL)

BHUE B AR/ML 0 0.01 0.05 0.10 020 0.50

B BUKARF/mL 10.00 999 9.95 9.90 9.80 9.50

223 HsumE

MBI 02 mL KHEFWaMS, MA 03 mL
0.1%NaOH 7 H & 5 min, A 9.5 mL #B4li7K, AIA 0.2 mL
BEBRVATR, WHEIRA, SRIGINA 0.2 mL &HE T IE®, A
I, WIERE, R,
224 BEEH

W2 A3 AT 45 F: TS AR : 50 °C; BUREET R :
55 °C; fEHLRIEIE: 100 °C; Wiz hi#ARTIE]: 30 min; HEFE
[E]f&: 16 min.

SACILHT SN AIEFE: CP-WAX 57CB B H:
(50 mx0.25 mm, 0.25um); A FEFERfE: 2 mL/min; EREFE R
2 40.0 °C; JEEFEF: 40 °CEHF 5 min, L1 50 °C/min 3%
F-E] 200 °C, {552 min; #l#F: ECD; Al #5i & : 260 °C;
FWRAR: Ny BT 25 mL/min; JEFERIER: 233 (5:1);
FERE IR 200 °C; 3RS Ny I & 3.0 mL/min.

3 NHEESERIKRIESH

3.1 HEFER

Eeb P EAEY &2 (UL CNTHX(mg/L)FE 7R

x=Lx10
v

A

X—i e A & = (L CNYI), mg/L;

p —HbRUE IR 245 3 A RETR P ALY A B, mg/L;

V—RE ST, mL;

10— PR A2 FiT T2 R H I VR AR, mL .
32 THEERNE

R A5 B8 AR R ik o A, N 2 SR ) AN o
ROk A R . BRI . ARG
FE G B G EISCEREE 7 TR . AN B R AR LR 1
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Fig.1 Cause and effect diagram of uncertainty

4 THREEEE

4.1 REBRRBRSIANNTHEE
4.1.1 AFEYR TN AT

i 0 v 0 5 R R v R 5 v 0 D K R AR
B S TR HE T, ARAEY) T 45 GBW(E)080115, #ibx
WEPFAESS, ARUEMIRRIE N 50 pg/mL, AHIEE A 1%,
FIER AR, B k=2, WIBRAEYI S | A B AE X bR AN e
JEHy:

=0.005 o

Urer(€) = U](cc)
4.1.2 AFFEEFRFING RH A

5 mL AIERETRAR AN 2 mL WRiEYIE, ERE
10 mL 2P, BRI R (20+5) °C, EALHEIESS, 5 mL
AR A A E I U=0.2%, k=2, 10 mL & AT
JEk U=0.015 mL, k=2; /KIIEIKRECN 2.1x10%°C, %4>
HERASHE A

a) 5 mL W] B W %

el () = %@ =0.001;

b) 10 mL % & i B A XF A5 A 8 E Ok

ey UE)
Uuprel(£7) = 10 -

) R OEE M E R AL B9 A X AR WE N BRE N

oy () = 2‘1><1/O§’4 x5
H LA BN B 43 T A5, AR RS A A X
PRIEASH 52 Ry
Uorei(€) = 1ot (BE) + 111 (57) + g1 (1) = 0.00139
4.1.3 A KB H] GG TR
f#FH 300 uL. 1000 pL AT ARSI #8 B8 UM AR TR
WERE AV, LA 10 mL o] SRS A A 5 (19 417K 22 20 mL
Tz b, FRESIELEE H(20£5) °C, #RHEIFS, 300 pL A

FA R X B o A B E N

0.00075 5

=0.000606 5

TR R A E B R U=0.8%, k=2, 1000 pL AR g A
WER R U=0.8%, k=2, 10 mL 7 RS 2SN E &R
U=0.2%, k=2; KEIIIK ZB0CH 2.1x107/°C, & B A
FEBE R
a) 300 uL o] A% R 4% A9 FE X AR vE S B A2 O
U(300)
k

U1 (300) =

b) 1000 pL T & 5% I % A0 AH XT b i AN 1 58 B R
U(1000)
k

=0.004 ;

tirg)(1000) = =0.004 ;

c) 10 mL 7] ¥ % W % 18 AH XJ A 1 A 0 2 8 0

U(l 0)

Ure)(10) = =0.001;

d) HCT%D TH5 8 A A 08 G 8 AN 0 o
7 0.000606;

Fic i) 0.010 pwg/mL AR E R ZR1H B 300 wL AT JERS 3%
P BObR el FHI, T Ay 4 ASbRvERZR (8 1000 L AT
VAR AR AL BURMESE FR, H A B2 B A Rl 19, A
THE BB 2R B 5 1A A X AN E B

11161 (300) +11° g1 (1000) x 4
Usrel(€) = 5 2
+1 ) (10) X 5+ 1" g (1)

=0.00833 ,

4.1.4 ARG AR TR
ZEE VUL 3N B E R, FREERSI AR
AN AN E T

Urg)(c) = \/”21rel (o) + “22rel (o)+ “23re| (c) =0.00981 .,

42 HLFIESINNTHEE

FE b A 1 AR 0 300 uL AT RS A2 X 0.2 mL
WEET T2 M, A 0.3 mL 0.1%NaOH ¥ ## & 5 min,
1 10 mL Al R ASINA 9.5 mL #B4lisK, 1/ 300 pL
FIARARIMA 0.2 mL BERRVAW, WIEREG, SRIGIMA
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0.2 mL % TR, ~rBIVINGE &6, WA, A, A58
IR N (20£5) °Co AMUEUESS, 300 pL W PRSI AR A1
JEH U=0.8%, k=2, 10 mL "] JARS R A EE R U=0.2%,
k=2; IKIIEIK RECH 2.1x1074°C, 1 _ESCAT4, 300 uL A
TR RS AAR XS AN 2 BE A 0.004, 10 mL AT JE RS0 7% A1
XFANHf A2 BE A 0.001, PR3 Tk A8 A 1 A X s oA 1 o i
i 0.000606, ZEG LA L 3 A4, RSN AT BR

Uy (V) = \/uzre|(300) x4+ 111 (10) + 12 gy (1) = 0.00809

43 TIRHZMESINNIHERE
K 2.2 PO G A o 2 I AR T ARG,
IR/ N e S AR, IR TR LA 2.

S Lyi—(a+bed)l

s

PRUERREARIEZS: 54— \/

WA - "2
F2 EHEMESINNTHEE
Table 2 Uncertainty introduced by the standard curve
FRifE R o/(ug/mL) 0 0.01 0.05 0.10 0.20 0.50
TR Y5 927 52942 286692 562717 1218462 3138055
THAH atbe; —26489 36519 288553 603596 1233680 3123934
5525 Y, @+be,) 27416 16423 -1816 —40879 -15218 14121
TP EEZNY Y=6300846X-26489
MR AR R AL r=0.9998
FREI R T ¢ (ng/mL) 0.143

11545 §,=27959,
X, Sa—FRHERTZR PR IERS; yi—26 1 U & Y A TR
55 1 M PR AE N ek B, pug/mL; n—I R AR AEVS TR
B

SEATINRRR S, 2 IR, DAMARERNZReiE, MASHE vk B
SEBHESN ¢,=0.276 ug/mL, W TAERRZIE A 2 R

sy (1 1 (¢g-0)?
“A =7, \/p ot S (ci—c)?
4445 u (0) =0.00388.
Xrh, Sa—triEMN & AR HEZS; p—HE5h I E B (p=2);
n—HRUER TR I 2 R B (n=6); b—FRUEMZRIIREER, o —
AR HE M2 SRATHORE SR IA RS, pe/mL; © — AR
FERERIME, pg/mL; o5 § N FREZRYEEE, ng/mL.
TAERRZ LA T A B AH X hR A 2 By
ye) (0) = 4O _ o141,
q
MEEEHSINMITHEE
S 2.3 R, BRI 6 WKk, IHALE R
F b 25 L3k 3,
W) 5 7 5 M AR TS A

u(rep) ==~ 0.0792;

Jn

DU B AR 5 | A PR AR AN A R A

u(rep)
c

4.4

U (rep) = =0.00579 .

*3 ESNEMERRITERE(n=6)
Table 3 Results and standard deviation of repeated
measurement (N=6)

HURRRV €4 1 2 3 4 5 6
M {E/(mg/L) 13.86 13.57 13.60 13.60 13.44 13.95
M ¢ /(mg/L) 13.67
PRI 2 s(x) 0.194

4.5 EWRSIANBTTHERE

TERERL AR TMASREY) BTk B2 5.00,10.00., 15.00 mg/L,
MR R 4,

F4 MITEWERHZEREIRERE

Table 4  Results and standard deviation of spike recovery
1 2 3 4 5 6
JnbRi B /(mg/L)  5.00 5.00 10.00 10.00 15.00 15.00
W25 %/ (mg/L)  18.58 18.96 25.05 2572 3029 29.25
FE ARG/ (mg/L) 13.80
ISR RI% 95.70 103.38 112.55 119.26 109.94 103.03
eSSl
o 107.31
[ W5 S o B 22 831
1%
ISR ATR HEAS G 2 A -
u(R) = s\(/? =0.0339;
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%10 &

DU Tl e 3 5 | AR AE R A Tt 2 B A -

ureI(R) = @

FRE G B ¢ XS24 [l Rt 4T B 5 A, 7
95%3{;*%%, E‘ H:”_E n=>5 HTJ‘H/‘J tﬁiﬁllﬁaﬁ‘{ﬁ 10_95(5)=2.57,
B YA IE 2,57 I, W5 R 100% A 85 25, 0
i R TE LS R, 2 W JET7 R R B IE 45 3.
B \I—E\ Ci-10731]
Tug(R) 00316

<tyosis) T EICER 100%2Z [0 08 2R, LHK
FHENBCRAEIEZS R,

4.6 PHEEERK

FRAE DA E R BT i R, EE s AR B I

K R B SRR B B L3R 5

=0.0316 .

t

2.31;

x5 BEPFEMYHNESHEERERRE
Table 5 Source and value of uncertainty for determination of
cyanide in liquor
e e FrifE I
AEERIT FRIET il !
WK PR BB

urel(V) Upel (Q) Upel (rep) Upel (R)

e

AHEE DT U,0(C)

AR AR

0.00981
IHESE

0.00809 0.0141  0.00579 0.0316

T S5 A0 108 T A T A AN 8 A
Ure] = \/u2ml(6) " uzrcl(V) + uzrcl(Q)

2 2
Uy (rep) + u” e (R)

=0.0373;

MEEE SRR 13.80 mg/L, ARUEARTHEE N u=uc=
0.515 mg/L.
47 PHEERS

7E 95 %EEAKET, B k=2, A g b B il 2
Y RAHERE N:

U=ku=103 mg/L

AR JIF 1059.1-2012 P A 58 B i 5 Fe R s,
R AARA I 1 el 2 AR T, B T s R
S5 K X=(13.8+1.0)mg/L, k=2,

5 & i

AR SO AR TSR NE B B R AL AT T A
SEPEVESE, A0 AN E AR R 3 AT K Aotk B AT
E, ISR AN B E BE A RO, Bl R UL AN
JEE 73 e B RN S L ) = 2 —, HeR
FlR oM =y 2~ B, DR S by o i e A
XA S BE R SE MR ER, ARIEEVA R . A dh il o A i E AT
PEXT AN RE LR SE M B/, AR SC PR R RE i RO A v, ]

SIS [T | TP i S8 i vk S B T bR I
WO P A BRI R A5, /NI A E B, AT PRAIEAG:
ISR HERR L

SE
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