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Assessment of the uncertainty in determination of thiocyanate content in milk
by ion chromatography
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ABSTRACT: Objective To establish a method for uncertainty assessment of thiocyanate content in milk by
ion chromatography, and identify the main influencing factors of the uncertainty. Methods According to
“Evaluation and expression of uncertainty in measurement” (JJF 1059.1-2012), the uncertainty components
were discussed by duplicate measurement of samples, the pretreatment of the samples, the calibration of
standard curve, and the preparation of standard series. The uncertainty of method was obtained by synthesis of
the uncertainty components. Results The average concentration of thiocyanat in milk was 1.699 mg/kg with 8
times of duplicate measurement, and its expanded uncertainty was 0.063 mg/kg (k=2). Conclusion The most
primary influence factor to expanded uncertainty is the preparation of standard series.
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E

(JJF 1059.1-2012)"),

[10-12]
2

2 #MRIERE
21 UEE5EF

DIONEX ICS-2500

>18.0 MQ-cm)(

(4 mmx250 mm,

[3-8]

Milli-Q (
) IonPac® AS16
), TonPac®AG16

(4 mmx50 mm, )( SCN° ,
, AS16 ,
) 3-30K ( SIGMA)
, OnGuard IT RP(2.5 cc, ),
10 mL 15 mL , 30
min  0.22 um ImL 5mL
( , >99.0%, );
( , Fisher); ( , Merck)
22 BT&IESWEH
KOH 0~11 min, 30
mmol/L; 11.1~16 min, 70 mmol/L; 16.1 min,
30 mmol/L : 175 mA;
1.00 mL/min, : 100 pL, :25C
2.3 FfEARELH
0.1672
g( 0.0001 gy 100 mL ,
, (SCN)
1 mg/mL 1 mL
1.00mL 100 mL , , SCN-
10.0 mg/L

0.050 0.100 0.200 0.500 1.00 2.00 mL
10 mL , R SCN-
0.0500 0.100 0.200 0.500 1.00 2.00 mg/L

24 FmALE
500 g ( 0.01 g)
, 5 mL ,
10 min(4 °C, 10000 r/min),

100 mL
100
mL

OnGuard II RP 0.22 pm
( 3 mL ),
[13]
25 HEAR
cxV
X =
mx R
T X— , mg/kg;
C_
, mg/L;
m— > 85
V— , mL;
R—

26 THEERRESH

2.6.1

2.6.2 >

2,63

2.6.4

2.6.5
2.6.6
2.6.7 ,

2.6.8 >
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3 BRETHEEITE
31 EEMNZESIANPBEMRERHER ug(X)
8 , :

Ug (V)= \E():F()o =0.00058
332 BATTIARGTHZE Uy V)
20C
20°C+3°C, 2.1x10* C,

AV=100x2.1x10"x3=0.063, ,
Uu(V,) = Av/k =0.063/+/3 =0.036 , Uy (V;)=0.036/100
=0.00036

:0.037’ urel (Vl) urel (Vlt)
ura (V) = ur;(\/l) + urzel (\/lt)
s(X)
uX)==7="=0.013 =+0.00058 +0.00036* = 0.00068
_ _\ s pyas I F - —\ B =
0, (55 =X _ g 0077 34 MREHEZEEAMENTESNTEE
X U, (Curve)
32 MEMENBEIRENHERE ug(m) 6
0.01¢g , 5.00 SCN- 0.0500 0.100 0.200 0.500
g, , ) 1.00 2.00 mg/L, 2.2 ,
0~50 g , 0.05 g, 3 ,
. y 2’
u(m) = 0}5 _0.0289g> U, (M) = 0-50(2)39 —0.0058 0.0091 0.0264 0.0684 0.1947  0.4172
3 0.8960 uS-min
33 AR ERSIENENIRESTHEE 2.4 1 ,
Urg (V) 6 , 6 SCN°
100 mL  0.0860 0.0867 0.0862 0.0849 0.0860 0.0854 mg/L,
0.0859 mg/L
3.3.1 100 mL A A TN G948 A7 T T A 6
Ug (V) , y=0.455x-0.023,
(JIG 196-2006)" r=0.9996, y . X ,
A 100 mL 0.10 mL, b=0.455, a=-0.023
, 2
*1 #RP SCNEZEEENELRN=9)
Tablel SCN content in the samples of the repeated deter mination(n=8)
1 2 4 5 6 7 8
X (mg/kg) 1.622 1.720 1.734 1.724 1.698 1.720 1.708

X (mg/kg)

1.699




10 , 3813

F2 RE-FERIESHESIENENTHREETE X
Table2 List of therelative uncertainty caused by curveregression

X Vi X athx; [yi-(a+bx)]* (%- X )2
0.0086 0.069 0.0084 420E-08 0.328
1 0.0500 0.0095 0.0711 0.0094 2.24E-08 0326
0.0091 0.0701 0.0089 4.18E-08 0327
0.0274 0.1104 0.0272 2.82E-08 0.283
2 0.100 0.0274 0.1103 0.0272 4.56E-08 0.283
0.0244 0.1037 0.0242 4.69E-08 0.290
0.0675 0.1985 0.0673 3.33E-08 0.197
3 0.200 0.0668 0.1968 0.0665 6.55E-08 0.198
0.0708 0.2057 0.0706 4.26E-08 0.190
0.1952 0.4791 0.1950 4.39E-08 0.027
4 0.500 0.195 0.4787 0.1948 3.67E-08 0.027
0.194 0.4764 0.1938 5.66E-08 0.027
0.4174 0.9675 0.4172 3.52E-08 0.106
5 1.00 0.4192 0.9715 0.4190 2.81E-08 0.109
0.415 0.9622 0.4148 3.96E-08 0.103
0.8956 2.0183 0.8953 7.48E-08 1.89
6 2.00 0.8949 2.0169 0.8947 4.43E-08 1.89
0.8975 2.0226 0.8973 4.71E-08 1.91
3.85 7.75E-07 8.51
X=0.642 n-18 p=6  b=0.455 a=-0.023
—
n T , mg/L;
. g[yi ~@bOF oS0 0000 o ;
n-2 18-2 n— ;
Xo— , 0.0859 mg/L;
U, (Curve) = > L 7n(xo -’ = X— , mg/L
D EE) 35 HEE AR R B A AT A R
=
0.00022 \/ 11 (0.0859-0.642" _4 00025 B U ()
L :0%2) =,
0455 V6 18 8.51
yi— , ) , (

puS*min; )
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351 BABAPARE 5| RAEIL Uy (M) JIG 196-2006'"%, 5 mL
0.1 mg 0.025 mL, ,
0.1672 g 0.0001 g), .y (\/4):%’25 ~0.0029 5mL
0~50 g , 0.0002 g, 3x5
332,
0.0002 0.00012 0.00072 Uy (V4t) =0.00036 Urg (V) Urg (Vi) 5
=" > U =——7=0U. " —
Hm N 0.00012g> (M) 0.1672 mL U (V,")=0.0029
3.52 BAUBR AT 4k E 3] A d Ae Rt AR R R AR JG 196-2006'", 10 mL
Ug (P) 0.020 mL, S
(99.5+0.5)%, k=2, u, (V)= }020 ~00012 10 mL
0.5% 3x10
U,d(P)= =0.25% 332
3.53 ARGk E R T 5| N B AR AT E S B R Uy (Vs) = 0.00036 Ug(V5) U (Vs) 10
Ug (Vi) mL Ug (V") =0.0013
3.3, Uy (V) = 0.00068 0.0500 0.100 0.200 0.500 mg/L
3.5.4  AREAL R R B4 5] N84BT AR R A B Ug Voos) =
Urg (Vi)
o . JUZ (V) + U2 (Vs') =0.0048; 1.00 mg/L 2,00 me/
100 mL Urg (Vo.05)
JIG 196-2006"4 1 mL _ Jufea (V) + U2, (V') =0.0032
0.007 mL, ,
0.007
Uy (V,) = Nt 0.0040 1 mL U (V) =0.011
132, 3.5.1~3.5.5 ,
U, (V,,) = 0.00036
100 mL U (©)=
33, U, (V,)=0.00068 U (M) + U (P)+ U (Vi) + U (Vi) + Uy (V)
ure| (\/2) ure| (V2t) urel (VS) =0.012
Ug (Vi) = 36 BEUERMENIFENTHER uy(R)

\/ UL (Vy) + Uy (V) + Upy (V) =0.0041
3.5.5 ARk Z 5| 5| A4 AR AT T o 5 U (V2)

I mL 0.0500 0.100 0.200 mg/L
0.500 mg/L 4 ., 5mL
1.00 mg/L  2.00 mg/L , 10 mL

JJG 196-2006"%, 1 mL

0.008 mL, ,
U (V3) = % =0.0046 1 mL

332,
Urg (V5) =0.00036 Ug (V3)  Ug(Vy) I mL

Uy (V) =0.0046

3.1 8 1.699 mg/kg
8 , 4.0 mg/kg,
94.42%
_0.0017 _ _4 0064
0.9442 x /8
t b

1.0-R 109442 _

- 9.28, t 005(5)=2.57, t>
uR)  0.017/+/8

t:
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t 0,95(5), R 1 s

37 BFEIEMNSFESIANNBENIRETHEE
Ug (Y)
DIONEX 1CS-2500 ,
0.05~50 mg/L ,
1.6%, k=2

0
Ug (Y)= 1'2”’ =0.008

4 ARARFERESFRERNHEE u,(X)
MBI HBEE U

41 MHEMIRELAHBEETE
3

Uy (X)=

\/urzel (X)+ Uy (M) + U, (V) + U7, (curve) + _
Urg (©)+Ury (R) + U7y (Y)

=0.0185

0.0077° +0.0058" +0.00068> +0.00025> +
0.012% +0.0064° +0.008"

42 HRAFHEE U
U(X)=u,4(X)x X =0.0185x
1.699=0.0314 mg/kg 95% k=2,
U=u(X)x2=0.0314x2=0.063 mg/kg
43 MEBLHRFK

B

5.00 g, (1.699£0.063)

mg/kg, k=2
5 3
51 HEMIRERHEESE

52 ftMERRECH SIEMBNIRENREESE

B

R3 HEMFETHEESTELER
Table3 Summary of therelative standard uncertainty
components

0.0077

0.0058

0.00068

0.00025

0.012

0.0064

0.008

x4 ERREHSIENENITETHREESELLE
Table4 List of therelative standard uncertainty
components caused by the preparation of standard

solution
0.00072
0.0025
0.00068
0.0041
0.011
6 % it
(
0.001 g s
U, (my= 0.005 =0.00058 »
J3x5

)
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