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Evaluation of uncertainty in determination of cyanide in liquor by

spectrophotometry

DU Yun® ,WANG Kaiyu,ZUO Huijun,QIU Yijun,ZHANG Luyue
( Yantai Center for Food and Drug Control, Yantai 264000, China)

ABSTRACT In order to improve the accuracy of laboratory test results, the uncertainty determina-
tion of cyanide content in liquor was evaluated by spectrophotometry. According to the method of na-
tional standard GB 5009. 36—2016 Food Safety National Standard for Determination of Cyanide in
Food, the whole experimental process was evaluated. The main sources of uncertainty in evaluation
process were the measurement repeatability, sampling volume, sample constant volume, standard solu-
tion series, standard curve fitting, alcoholicity conversion and molar mass. The uncertainty of cyanide
in liquor was evaluated as X = (2.19 £0.06) mg/L; k =2, and the contribution of uncertainty were :
measurement repeatability 15.2% , sampling volume 9.2% , sample coloring constant volume 17.8% ,
standard solution series 39.2% , standard curve fitting 17.4% , alcoholicity conversion 0.5% , molar
mass 0.6% , of which the standard solution series contributed the most to the uncertainty.
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B —AEH AR, BB TR (A SCGERAE# |, E-mail :516422479@ qq. com)
WA H 99 :2019 = 11 =12, %A1 H # :2020 - 01 - 29

2020 FEEE 46 58 B( B 404 187) | 273




oA i FO0D AND FERMENTATION INDUSTRIES ‘

FALY = — R B B, A T s b, R
A 3 M e K, CN T RE S 41 i 41 i 2 R C A fL il
() 3% P, L DT P g e il 2 o 40, T 7 A L IR A K
IR VEY i, B 2 BRI RR th B AT 51— &R
MR S B TR B dE R IR S R
ERRIE G, RS B2 mREEYPEAERITN
FEAE . B A i F ALY 2 DL BB AO8 X
TE , HRR 28 A S A5 0T TR T A
SRR &2 R oK g = A4 HCN, R, b 2
TG 28 B — 0 S W N b, AR 00 4 SR A o A P X
Wi EL A EER L,

H R, FE s o o R I A A2 e ik
SyOEOL R ¥ s R T kS . T GB 5009.
36—2016 & &2 FE R bR &5 ey e
FE T 2 Mo 7 s (At Bk RO E )
Bl T vk, AR SCAR Hig 11T Ak 0 0 A 2 B i GB
2757—2012 £ 542 4 E R hnfE 28 18T S HC ) 9 X
GB 5009.36—2016 45— 3436 JBE 3 Tl & 11 39 o 4t
YL AT T RS A E AR, o T
AN S0 Ao R RS B B R TR, O g3 il i AT T
I 251 B TR AR AN B R i o L, A3 B R R &
oz ) 235 SR B 52 v, SRy R B S ) AR AT AR T, A R0
S 28 B 5 2 A ORI 5 S 0 TR R

L #MB 57

1.1 FHiEEkE

4K 5 GB 5009.36—2016 £ i 4 [H Z bn if
£k AR B R A — B O B TR
PESRAE T A BR 25 = b A LY, RS 7E pH = 7.0
AR, CNT 5@ Me-T A B CICN, CICN F 5 &
THBRAE ), 7K A J5 A i 8 M — 1 |, 35 S 5 ik el ) 4
SR YR SRR RS H R R bR R A
FE I 5 B AR S B TR L 2 BB GB 5009.225—2016 £ 5
4 [ AR ME T P 2B R R R, 4
—HE ATE 20 C A S TR R 1 i
1.2 KA S5MNE

PSR i 45 % vol fE 9k & 20 (I 5 20 =
IBEIR BE (20 £2) °C . 7K o0 43 43 17 b 1 ) o
(FRUEY I % 5 GBW (E)080115) ,p(CN ™) =50.0
pe/mL, A XY BAHEE Ur=1% .

Cary 60 UV—Vis 548 AT W43 006 i), ZHEAe R
FAT R F]SCG-4 HIR/KEF (RS BE 0.1 °C) T IHr
RAY, HIEREAE (10 mL) ; AR EE (2 mL) ;i
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AP (1.2 mL) s 285 (100 mL) (A 2%) .
1.3 WEFHE
1.3.1  AR/AEAE A % & B H

B2 mL K A U o AR e B, T 2 ¢/L
NaOH ¥ ¥ 5E 25 2 100 mL 25 B b, bk o 0 FH 3
JE AR 1.00 wg /mL,
1.3.2 ArEER AR5 B

FH 53 e W 4 43 3 W B 1. 00 g/ mL A E {1
%W 0.0.4.0.8.1.2.1.6.2.0 mL F 10 mL HZ
Erp,m2 g/L NaOH £ 5 mL,
1.3.3 M mu

WeHC 1.0 mL 3B F 50 mL BE#R P, m A 5 mL
2 g/L NaOH %W , iR 51 J5 i E 10 min, S8 5 i T 120
CHMAR BN EFE BB R 1 mL, TN EE
M, H 2 ¢/L NaOH ¥ 55 # 2 10 mL HIEEH @ ],
)52 g/L NaOH & 5 mlL,
1.3.4 2angids

TR BARAER 4 B 2 T 8 ks 7R 70, A
RPN BN 4% W O TR RO B4 i 25, 71 2 g/L
NaOH ¥ 2235 21 60, SR J5 i 2 mL B iR £h 22 o s Wi
(0.5 mol/L,pH =7.0) , LA 25 ~30 C/K# 10 min,
A 0.2 mL SHe-T ¥ (10 g/L) , FE 5T TCE 3 min, fil
2 L S TR - M A R P 75 8 (S MR PR T L PR 1.5 g
FMHER T 24 mL 20 g/L NaOH ¥ H, finsk 2= 100
mL; MR 7 L FRHL 0. 25 g BHE PR IR, 77 T 20 mL
Tk 2B MR AR L 5 1 IRAT),
IR B R ZI B INFEIR IR A 150 78 37 CHER/K IR
PR 40 min, BUBWBHIZEZFER, 1 em LEMLISS
AR 2 5, T 638 nm AL E W OGE . bRk R 514
SRR RIS I A 3 UK
1.4 HERMNEHERITEER

B it D B SO 2 SR SR 1 TR

£1 HSNERERNSLR

Table 1 Sample measurement data and measurement results

WE  WoBE  CNTiR/ A e
W P pg (FEWRS B 100% vol #7%85) /(mg - L")
1 0.3565  0.962 2.21
2 0.3532  0.953 2.19
3 0.3598  0.971 2.23
4 0.3503  0.945 2.17
5 0.3550 0.958 2.20
6 0.3470  0.936 2.15
S 0.3532  0.953 2.19

2 HBEFHEAMESTRMNELSHEERKEFE LA
2.1 BHEsS4WITE



R4 P A 0 0 5 AR GB 2757—2012 £ 5
AR G b v B % HG I S0 AUAE B (L HCN
$1) BB Wk JE < 8.0 mg/L, H 5 B 100% vol 7
K GB 5009.36—2016 HitE BB AR (1)

x=t x27.0 100 1 (1)
vV 726.0° E R

Aorpo X, I RE A A ) B k(LA HCN )
(FZIHE E 100%vol 757 ) ,mg/ L e, B it 73 W h AR
T, g V, FE AR, mL;27. 0, HCN JBE /R J5i &t Y
H{H , g/ mol;26.0,CN ™ B IR J5i &t 11 £ EL, g/ mol ;100
55 R WA BE 100% vol , %ovol ; E, [ AF: it S B i K
B, % vol; R, IBIR %

2.2 MEXRHEERESH

A3 6 B TR DUV VA O B S W H AR
(1) V& BB B B, PR S 0 3R 2 R Ll 2 ) S A
TE I — A O LA O AR MR W AR B R
VOCJT  P ANB E E VEE o  TRRRE T
W AR BERE AL AN 5K (2) VAS(3) s

¢, =1(c,, V5, V) (2)

c=1"(c, ,c,V,) (3)
Krfre,, BUbRMESE FH WO BE 5V, , WU 1
AR V, BRI TR R 0 10 5 AR B s oy, bR HE T TR
ROV LA G 5V, A TR 008 AR TR

DAL LM R it AN ) O B TR G A 5K (4) s

X=F(Ce,V, ,Myen My ,E,R) (4)
e, B S TR AR 0 T A gV, BE L ERORE
B, mL; My, , HCN JEE 7R 5T & (19 80(H , g/mol s M ¢,
CNEEJR ot i B9 B, g/mol s E, F I KE il 52 P 0 K
& ,45.2 %vol; R, IR, %

R D0 S TR eSS IR e R VS R A B T
AN 5 B 43 i 4 BB JJF1059. 1—2012 30 & A
B 5 R BRI, 20 60O B B I R A
FACY) & B A B R T an i 1R o

1 A I A R BRI
Fig.1 A graphical representation of the source of

uncertainty in cyanide determination

3 MEARHEEITE
3.1 TEAETHEE

A O R D i M ORI E B, ST
) ek 45 SRS (B A AR AR 22110 0 6 VR 45 B Y bR
W 22 00 8 Y8 AR R 22 AR AT EE R

Y (w -2)° Y (v -2.19)° 0.028 6

5 = - =0. L
’ n-1 6-1 me/
o= 20086 60117 gL B, = s =0.0117 g/L,

Jnoo 6

0.0117

= =0. 4

iy =5 g =0-0053

3.2 FEHSRIEHBABREE u(V,)
3.2.1 EREIZEEBIANRHALTE u, (V)

1 mL A R R4S 255 AL 2% +0.007 mL!"
HeX 51 0T k= 315

u (V) =L = 0-007" _ 6. 004 04 mL
V3B
3.2.2 BEERFIEAFREE NN RAZSE u, (V)

45%vol 111 1) 1A BRI fik 2 B dis OB 20 179 K5 4%
JEE i J3E VIR JIE BB 2 ) 1 b 3 T RS RO
JE SR EARBIRE G R R, 45%vol I K5TE 20 C
BOF AT 11 95 BE AN 3R 2 TR
R2 45%vol BREERAREETHEE
Table 2 Density of 45% vol alcohol at different temperatures

W/ C 18 19 20 21 22
R/ (g L") 940.97  940.26 939.54  938.82  938.10

MR 2 SR, 45% vol 154 1 WK UM ik & %%
HT.T x 1070 /C, SR IR BT R AR A R (20 =
2)C, H P shd B 5 53 A k= 3 W BE O 3h 7 A Y
AN RE T

u,(V,) =7.7x107" x 1 x 2 28.89 x10 *mL
V3

3.2.3 BHEARBRAHEE u(V)) 86K
75 B A2 RN E X6 HUORE (SRR 7 AR 0 AN E R
AR S AR A UG BT B OB R BRSO i
VR X AN ff o B
w(V) = Ju,(V)? +u, (V) =
0.004 04> + (8.89 x 10™*)% =0.004 14 mL

0.004 14
1.00

3. ERAREBRERGCRNAHEE u(V,)
3.3.1 WEFAEBTAEININGRHAZE u, (V,)

u (V,) = =0.004 14
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10 mL L8545 022, 0. 10 mL, #2145

ﬁ%ﬁ k%ﬁ%‘::
(V) = -4 =910 6 057 7 L
BB
3.3.2 BEIEFFING R AR

ot 00 E 55 s v 2R 0 I o A [R) — 23 R AT i
JERGRE , BRI R) 5 i P AR A /), mT 22 L 98
BT R B, SC A bR A 2 A% e i 2 AR P
SE AR B 200 TR B D shou AR BRI A
I A R AR A 5 JEE RIS AN 1 5 JEE A

w(V,) = u,(V,) =0.057 7 mL

0.057 7
10.0

3.4 MRAERRARINEHSINOABERE ulcy)

u (V,) = =0.005 77

3.4.1 ARAAE Rk BRI RAEE ule,)
3.4.1. 1 RHAEL S o Mk vl BT (65 51 A

AN E L w, (e)
UL XY RAE LA 1% (k=2) ,HHXS

AHEE N .
u,(c,) = Ozﬂ =0.005
3.4.1.2  WEHUBRMEY) B (5 W) 51 6 0

u,(c,)
2mL A ZHFRIERAT AR AR %N +0.010
mL" 3 S A k=375
e _0.010
BB
TP BIXT 2 mL A G BRI A 5 AR AN B
JE oy, (c) 3000 % R IR AL R (20 £2)°C, fili &
TRk 22 B BOK BB Ik R 80k 2.1 x 107 /°C, TR B
WS AR k=3, W I 30 72 A O W
FIUAR S A0 2 N

Uy (e,) =2.1x107* x2 x 220,000 48 ml.
Ne

=0.005 77 mL

uy (¢,) =

LLZI(CI)Z + uzz(c])2
u,(c,) = =

2.00

(0.005 77)* + (0.000 48)>
2. 00

3.4.1.3 EREEBBIAWAHEE u,(c,)
AZ100 mL AEBIHAREAE N +0.10 mL"

=0.002 90

951504 b =5
ey =2 =210 60577 i,
V33
0.057 7 )
us(e,) = 00,0 =5.77x10"*
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3.401.4 o A P VA RCIC ) RH X AN A A R Y 5 A
s v (T ] T C T AR o A i R E A

w,Ced’ +u,Ced® +uyCe)’

u(c,) =

= /0.005% +0.002 90> + (5.77 x 10*)* =0.005 81
3.4.2 AREBERAZFNERBINGRHZE w(V,)

BRI R B 45 A T AR 3 R DA B R R E
B A B R A T AL | LL A S A R B A,
T Sk 35 7 Al I 1) A9 2 A /DN i 28 W i T ok G i
0

s o 32 97 W UM B3 0 (V) 4 0.,0.4.0.8 1.2
1.6.2.0 mL, 3 ¥ 51 53 #i b =3, #BARX u (V) =

C R BORARUR T E I3 3 R,

V3 xV,

A% 1.2 mL i a0 B A A A A 25 A R
£0.008 mL, +0.012 mL"™" 240 B 0.4 A1 1.2 mL
i, AR P GB 12807—1991 5 i 2 Bl B (W 2% Bl B 4
PR BRI ESR 2 A A0 25 Wk JE AT T
B A k=3, A (V) = M

V3 x Vg,
o, 10 mL @A AR A2 N +0.10 mL'"P 41y

0.10
514 kE=/3,u.(V,) =
5154k =/3,u,( V, ) 7 x 10

= 0.005 77, HAk %5

R 3 Frs,
R3 BRENTIHEERESETHEER
Table 3 Uncertainty of each concentration and calculation

results of its components

Bl BRI BRERRER  WRER ERER o AR
Bl AWEE (FERE)  AWER (s MREE (V) AHEE
0 0.005 81 0 0 0 0
0.4 0.005 81 0.4( £0.004) 0.005 77 0.005 77 0.0100
0.8 0.005 81 0.8( £0.008) 0.005 77 0.005 77 0.0100
1.2 0.005 81 1.2( £0.006) 0.002 89 0.005 77 0.008 68

1.6( )

2.0( )

1.6 0.005 81 .6(£0.012 0.004 33 0.005 77 0.009 26
2 0.005 81 0(£0.012 0.003 46 0.005 77 0.008 89

3.4.3 AR R FR P B R AT L AR
i B U AR 6 S 10 2 B BRSO R A5
)R R

u,(c) =
0> +0.010 0° +0.010 0° + 0.008 68> + 0.009 26> + 0. 008 89°
6
=0.008 57

3.5 WAEHRERKZSINNARBEE ulcy)

PRUETE IR AR 93t 6 AUk BE Bk BRI 6 3 IR, A
FNLPET TR R A =0.366 8 m +0.003 65,R* =0.999 8,
T 05250 B P, WO B (B X CN ™ 2Rk 56 2 R B I B



AR B 3 U, LA D't B - 4 {3 B3 0 R v AR B
o mFR 1 ALRRE AR REUR 19 F- B i 0 0.953 g
%/’é{ﬁ{&%ﬁﬂ LRI B 25 R0k 4 s o
x4 BRERIZABELEHNEE
Table 4 measurement values of absorbance at each

point in the standard series

CN”™ i WGBEA (A) P ofe it £k 4805 i
(m)/pg W1 W2 @3 Y (ac+b)
0 0.0001 0.0003 0.0004 0.0003 0.003 6
0.4 0.1537 0.1536 0.1540 0.1538 0.150 4
0.8 0.3003 0.3015 0.3011 0.0310 0.297 1
1.2 0.4400 0.4403 0.4411 0.4405 0.443 8
1.6 0.5890 0.5882 0.5888 0.5887 0.590 5
2.0 0.7381 0.7384 0.7392 0.7386 0.737 2
m,=1.0

FERR B LA I 5T AR B B

w(en) = v(A) 7+L (m-m)*
E) N Z(m —m)
0.00320 /1 1 (0.953 —1.0)
L L 09 = L0 005 44 g
0.366 8 \/3 AT 8.4 0-005 44 pe

K, s(A) b bRiEm &g m AR k22, s(4,) =
0.003 20;a MhrifEM & IR ZE,a =0.366 8; P H I
W B B, P o= 35 N O bR R TR B R
BN =6 x3 =18;m JHE S WO E , pgsm, RR
WER WO | g s m, bR vV VRO B 1P 390, g

P o 1 2 0 T AR L R AR 25 R

) - «/2 (A~ (ae +b)

Mn -2

/% =0.003 20
Ao A KB EE OGRS s M R bR o W Hh 2 Sk,
M =65 n s E VS W B s I B, n =3
FOLE o v 1R 25 1B FH X AS 160 R A

0. 005 44
0.953

3.6 BEBERERHEENITE u(E)
TR VAR RE I A B R B E B B0 Ok UR 3 A T RS
i G 00 T L O HORE N 2% 0 0 A R
ZEMRWE 20 °C R % BE RO T RS BE I 1= 45 SR 1B 2,
AWﬁmLﬁm«ﬁEm&mEﬁ@¢@ﬁgmx
s AT ) T T 4 SR N RS B 45. 2% vol , T
AHEE w(E) =0. 1%vol , HXt A 1 FEH -

= 0.005 71

uCep )=

260 HTMER u(M,)

S S5R

(1) HCN 1 CN ™ BEJR B — MR B 29 3
(LA BB, 43 il g2 27.0 R 26.0, JBE IR J5 & LY fH 6

_M(HCN) _M(H') +M(CN") X
By T M(CN) M(CN") AR S

M (HCN)Ff1 M (CN™ ) EAM H S /), T A y =

A4 B g iy 5 e R T i%ﬁMg?;%Tﬁm
B, RERECH.
W _0.0385
aMCH)
W _.001 48
aM(CN™)

fn%?ﬁ’»]ﬁ‘/&%ﬁﬁa%ﬁfE‘Jﬁ%i’ﬁi’«‘]’ﬂﬁﬁ‘ﬁ“” , B

u(A,) = F =
2f
B B . HARBUE IR S Pis .

*5 EREFEHERERELSHEE
Table 5 international atomic weight values and

their standard uncertainties

B 2017 R PR R RPE EATEE
¢ [12.009 6,12.011 6] 12.010 6 0.000 577
H  [1.007 84,1.008 11] 1.007 98 0.000 077 9
N [14.006 43,14.007 28]  14.006 86 0.000 245

M(H"™) M(CN™) B A8 & B i 1 B AR
B2 2 T H M, HT (CNT 2% 3 A 8087,
T M(CN ") BN E B C AT N o3 20 A, A
E BT R ANER 6 B

®6 M(H") M(CN™ ) FAHEETHEER
Table 6 uncertainty calculation results of M(H* ) M(CN™)

M(i) M(H*) M(CN™)
S CIPNOE N 0.000 0779 0.000 627
BB 29 5] AR 2 0.028 9 0.028 9
B A E 0.028 9 0.028 9

AN R JEE AR E A R A
uCM,) =

oM \? oM
M + M )
«/(u( CH ))6M(H )) (u( CCN ))aM( CN’))

= /(0.0289 x0.0385)> + (0.028 9 x 0.001 48)°> =

2

0.001 11
u(M,)
u (M) = === =0.001 07
26.0

3.8 mMiREIWE R MAHEEIEE
TR R R AT G B sy R 55 R 24 4
4 T D 22 AN s o 0 JB 79 3 4 g
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TR A B AR I AR - W IBOK R RUR 3 23 B A v
Yy 1.00 mL F 100 mL 25 5, I A B 43
BN A5% W) CBE I WOE R, 7521, BIVIAR 1 o % 1 e
JE290.5 pg/mL, 52 R\ 1.3, 703147 6 K
AR [ i S 58, s 25 SR AN T iR

R7T DWERBLER

Table 7 Results of recovery rate test

Wit WERRY)/ WESR(G)/ WRERTFHE  mik IR

W Be 1e (7)/ng (R)/%  390(R) /%
i 0.5 0.501 100.2

2 0.5 0.496 9.2

3 0.5 0.490 0.493 9.0 9.6

4 0.5 0.487 97.4

5 0.5 0.493 9.6

6 0.5 0.492 9.4

3.8.1 F¥HEKkEMNETETLHIINGRHLE u(x,)
M5 25 RERE MG AN EE w, g BEIZLF
T3 101 Wi %R B s A i 22 A7 3« 0 - X1 1 s 4
XN sy = 0.398% Bl u, 5 = sz =0.398% , FHXF AR
Hff 72 A
~0.398
" 08.6

3.8.2 MmARAREM RN KA EHE u(x,)
TFRAREY) R 51 A B A 5 5E BE A K bR 4
Brbm D) 0T (A 28 W) 0 JRUAR VAV VR Lo X IR AL, L
witEdfs%3.4.1,
K UL 43 BT b A W T (A R R T AR
Ve WL X VAR AR T A 2 B 43 301 A

=0.004 04

U p(Ry,

0.01
Uyix,) (Co) = 72 =0.005
Uy, (V) = 0. ?93004 =0.004 04
0.0577 )
Uy, (Vo) = 100.0 =5.77%x10"*

TBR AR HE ) 5T 51 A AN 2 B 5 LR

Uiy, = R x «/un(m (co) + oy, ( V)? + gy, ( V)’

=98.6 x
0.64%
3.8.3

0.005> +0.004 04> + (5.77 x 107*)* =

FEE R 6 R AR u;
S 849 T 0 R B B0 5 T
up = m =

0.75%
3.8.4 mMKERIEFNHLE

TES5% B XE TSR FE=2,4T-=

(0.398) + (0.64)> =

DR <k SRR 5 | 2 R 2
R N W ET e TR

AREEERT . B AEI T=1.87 < 2,4
I, R 5 1(100% [0 ) ¥ A % 2% 5, R b
[ i 2 A TF 45 5%, 0 k2 SRt S 3 2 [ iR
i
3.9 EEMANEAHERE

AR VT S 2o T, AL 0 A R
IR R R i %) 2 25 AR B A M T TR 1) s R 2K
UG TG BE 4 3 S BE IR i f ik 7 B 43 AR A T, [
A AR X AN H

u, (X) =

uyA2 + LL((VI)Z + ur(Vz)2 + u,r(c)2 + LLr(cw)2 + uy(E)2 + ur(Mkh)2

= ,/0.005 34% +0.004 14* +0.005 77° + 0.008 57> + 0. 005 71> + 0.001> + 0. 001 07°
=0.013 7

4 TEAHBAERITHEERE

WHERTE=2,U=kxu, xX=2x0.013 7 x
2.19=0.06 mg/L, WP SR . X = (2.19 =
0.06)mg/ L,k =2, 25 J A0 X5 A1y o B 200 i ot
BRan 8 Ml 2 FiR,

5 ##

T A X T A ' ' RS I T AN i
MIPEE , I 45 R 2. 19 mg/L B, 7 & A6 i B2
0. 06mg/ L, 38 &F 10 Uk V¥ 2 , AT A4S A oV T &R
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Fig.2 Schematic diagram of the proportion of major

components of various uncertainties



S BC 5B AN B 5 B i 02 1% A 45 R R i E
Py PR R PRI 7 S 3 AR T, X T AR ME T R AR
A7) TC ) 2 71 A i B S 6 SR MLV 4R BRAIR LS A
FRASB 2 JBE DR A 00 45 2R A v Al e
*8 BEMEWNIAHMEETENERTH
Table 8 Major components and contributions of various

relative uncertainties

R E S Ok IR AN A B BTk %
X(EEH) 2.19 mg/L 0.005 34 15.2
BEEARAR(Y) 1.00 mL 0.004 14 9.2
P B AERER(VE)  10.0 mL 0.005 77 17.8
PR W R AN (o) - 0.008 57 39.2
CN™ BUR (Ve 22401 &) 0.953 pg 0.005 71 17.4
(Cm)

WAEEE (E) 45.2%vol 0.001 0.5
JEE IR i L (M) 27.0/26.0 0.001 07 0.6
& - 0.0137 100
e -fREE
5 % X #
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