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Codex
WHO

GEMS/Food
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1

1.1

 
 

1.2

1.3

HPLC



3 



4 

2

2.1

Analytical method

ISO

LC-MS

SOP: Standard operating procedure

ISO

Testing
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Measurement

Measurand

mg/kg
mol/L

Measurement result

Analytical value

Analytical result

TEF
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Outlier

Cochran Grubbs

Abnormal value

2.2

Analyte

DNA

Matrix

Standard reagent
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Reference material

nominal properties

CRM: Certified reference material

Laboratory sample

representative sample

Test sample

Test portion
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2.3

Fitness for Purpose

Eurachem guide: The Fitness for Purpose of Analytical Methods Second Edition 
2014 

Applicability

Selectivity

Specificity

Robustness

Sensitivity
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Accuracy

Trueness

ISO 5725

True value

Precision

Tr
ue

ne
ss

Tr
ue

ne
ss

Accuracy

1

Accuracy
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Bias

Error

Precision

LOD:Limit of detection
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IDL
MDL

1

LOD  2 × ,   

LOD , 1- v Student
t

0.05 LOD
o

S/N 3
3

× 3
6

Critical Value

Lc

Lc ,

, 1- v Student t

 2

1

1
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LOQ: Limit of quantification

limit of quantitation
limit of determination determination limit

10 6

LOQ = = 1

LOQ 
RSD

=
10

LOQ = 10 × = 10

0.05

LOQ = 3.04 × LOD

S/N 10

10

0.01
MDL 5~10

Practical quantitation limit

Recovery

HorRat
Horwitz

Horwitz Ratio

HorRat(R) RSDR Horwitz
PRSDR

HorRat(R) RSDR PRSDR
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Horwitz C
0.12 mg/kg

Thompson 22% HorRat(R) 
0.5~2

=  
0.22 ×               ( < 1.2 × 10 )                       
 0.02 × .     (1.2 × 10   0.138)    
0.01 × .          (0.138 < )                                 

 

(%) =
22                    ( < 1.2 × 10 )                      

 2 × .    (1.2 × 10   0.138 )   
.                 (0.138 < )                                

 

HorRat(r)
RSDr Horwitz

PRSDRR

HorRat(r) RSDr PRSDR

HorRat(r) 0.3 1.3

HorRat(R) HorRat(r)
PRSDR Horwitz

RSDR RSDr

HorRat pH
empirical methods Drained 

weight
HorRat

2.4

Repeatability condition
1

HPLC

r RSDr
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Repeatability

Sr

RSDr

Reproducibility condition

R RSDR

Reproducibility

SR

RSDR

Intermediate precision condition

Intermediate precision

SI

Measurement uncertainty

“ ”
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JCGM 100: 2008, GUM 1995 with 
minor corrections Evaluation of measurement data — Guide to the expression of uncertainty 
in measurement ISO/IEC guide 98-3:2008 EURACHEM / CITAC Guide CG 4 
Quantifying Uncertainty in Analytical Measurement

ISO/IEC 17025
EU

COMMISSION REGULATION (EC) No 401/2006 COMMISSION 
REGULATION (EC) No 333/2007

Method validation

3

ISO/IEC 17025 ISO

Verification
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Single-laboratory validation

IUPAC

ISO/IEC 17025

Inter-laboratory study,  Collaborative study

1

IUPAC1995 8

2.5

IQC: Internal quality control

EQA: External quality assessment
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Proficiency testing

ISO/IEC 17043 2010 Conformity assessment --
General requirements for proficiency testing 

ISO 13528:2015 Statistical methods for use in proficiency testing by 
interlaboratory comparison

Homogeneity

Homogeneity test

The International Harmonized Protocol for the Proficiency Testing of Analytical
Chemistry Laboratories 2006 IUPAC, Pure and Applied Chemistry 78, 145–196 
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3

3.1
3.1.1

Codex

ML ML

 1

(Applicability) 

SR LOQ LOD

Minimum 
applicable 
range

ML 0.1 mg/kg ML-3 SR ML+3SR

ML 0.1 mg/kg ML-2SR ML+2SR

SR Horwitz/Thompson 

LOD
ML 0.1 mg/kg LOD ML×1/10
ML 0.1 mg/kg LOD ML×1/5

LOQ
ML 0.1 mg/kg LOQ ML×1/5
ML 0.1 mg/kg LOQ ML×2/5

Precision
ML 0.1 mg/kg HorRat 2
ML 0.1 mg/kg RSDR 44% 

HorRat RSDR/PRSDR PRSDR: RSDR

Recovery

RSDR

% RSDR (%)

1 100% 100g/100g 98 102 4
10-1 10% 10 g/100g 98 102 6
10-2 1% 1 g/100g 97 103 8
10-3 0.1% 1 mg/g 95 105 12
10-4 100 mg/kg 90 107 16
10-5 10 mg/kg 80 110 22
10-6 1 mg/kg 80 110 32
10-7 0.1 mg/kg 80 110 44
10-8 0.01 mg/kg 60 115 44
10-9 0.001 mg/kg 40 120 44

Trueness
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 2

 

 1 
 2 

Codex Criteria Approaches for Methods which Use a ‘Sum 
of Components’ https://www.fao.org/fao-who-codexalimentarius/resources/inf-doc/en/

DNA
 3 DNA

RSDr ( )

1 100% 100g/100g 1.3
10-1 10% 10 g/100g 1.9
10-2 1% 1 g/100g 2.7
10-3 0.1% 1 mg/g 3.7
10-4 100 mg/kg 5.3
10-5 10 mg/kg 7.3
10-6 1 mg/kg 11
10-7 0.1 mg/kg 15
10-8 0.01 mg/kg 15
10-9 0.001 mg/kg 15
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 3 DNA
 

 

 

3.1.2

 
4
3.1.1

 4

Minimum 
applicable range

C
99

×1.5
LOD C

C 0.1 mg/kg LOD C×1/5 
C 0.1 mg/kg LOD C×2/5

LOQ C
LOQ C 
C

C 0.1 mg/kg LOQ C×1/5
C 0.1 mg/kg LOQ C×2/5

Precision
C 0.1 mg/kg HorRat 2
C 0.1 mg/kg RSDR 44% 

HorRat RSDR/PRSDR RSDR

RSDR< 2×PRSDR

DNA
5% 99%

RSDR %

35 50 35 50
RSDr %

25
% 70 120
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3.2

ISO AOAC

IUPAC Harmonized Guidelines for 
Single-Laboratory Validation of Methods of Analysis

ISO/IEC 17025

3.2.1

3.2.1.1

ISO
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3.2.1.2

 

 

3.2.1.3 

IUPAC ISO AOAC

ISO/IEC 17025
 

 

3.2.1.4 
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3.2.1.5

3.3.1.4

 

 

3.2.1.6 

5

0~150 50~150

2 3
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3.2.2

HPLC

 

 

3.2.2.1

 5 

1.5
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3.2.2.2

IDL
MDL

3
20

6
10~20

LOD  3.29

n

LOD  3.29
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i)

=

ii)

=
1

+
1

m

n m
m 3

3
n n

nb

i) ii)

LOD  2 × ,

t1- 1- v t t

0.05

i) ii)
6 3

20 1 7 3

LOD  2 × ,

t1- v 1- v t t

0.05
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3
20

5
20 1

  
Shrivastava A, Gupta VB. Chron Young Sci 2011;2:21-5. 

 

ISO 11843-2
ISO 11843-5

3.2.2.3

10
20

LOQ = ×  
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10
10

5 6
20 17

 

10
20

5
20 1

3.2.2.4

10
20 6~10

x y

6~10
2~3

x y
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0~150 50~150
6~10

2 3

3.2.2.5

 

ERM-Application Note 1: Comparison of a measurement result with the certified value
https://crm.jrc.ec.europa.eu/e/132/User-support-Application-Notes

 
10

 

10



30 

%
 

 % = × 100 

W1 W0  

Marginal recovery Total 
recovery 2

Marginal recovery  

(Marginal recovery) % = ( ) × 100

W1 W2

W0

3 7

10
W2/W0<0.1

 (Total recovery)% = /( + ) × 100

Marginal Recovery Total Recovery

3.2.2.6

   

6~15 6 7

t n
t (n-1) 15

ISO 5725-3 

1 7 3
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 6 

=
1

( 1)
( )

=
1

1
+

t 3 n
7 j k j

Excel

1

=

= +

r = 2 × ×  

t
1
2
3
4
5
6
7
n

= ( + + + )/
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t n-1 n Student t
0.05 t 2 t 1.96

r = 2.8 ×

2.8 ×

3.2.2.7

Plackett-Burman Plackett-
Burman

Plackett-Burman 

8 7

A B C D E F G X1

A B c D e f g X2

A b C d E f g X3

A b c d e F G X4

a B C d e F g X5

a B c d E f G X6

a b C D e f G X7

a b c D E F g X8
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[(X1+X2+X3+X4)/4] [(X5+X6+X7+X8)/4]
D2 [(X1+X2+X5+X6)/4] [(X3+X4+X7+X8)/4]
D3 [(X1+X3+X5+X7)/4] [(X2+X4+X6+X8)/4]
D4 [(X1+X2+X7+X8)/4] [(X3+X4+X5+X6)/4]
D5 [(X1+X3+X6+X8)/4] [(X2+X4+X5+X7)/4]
D6 [(X1+X4+X5+X8)/4] [(X2+X3+X7+X8)/4]
D7 [(X1+X4+X6+X7)/4] [(X2+X3+X5+X8)/4]

2

10% 5

10 9 (a) 11 (A)
30 25 (b) 35 (B)
30 27 (c) 33 (C)
Y Y (d) Z (D)
35 32.5 (e) 37.5 (E)
M M (f) N (F)

nm 235nm 233nm(g) 237nm(G)

D1~D7

half-normal distribution
rankit

D1~D7
rankit R extraDistr

k 1 k

7 D1~D7
rankit
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 7 rankit

rankit
7

1 0.09
2 0.27
3 0.46
4 0.66
5 0.90
6 1.21
7 1.71

=
4

×
1

D1~D7 n 8
0.05

F

 =   

F
 

F

t  
( 1) 0.05  

=
| |

2
 

D1~D7

=
×
4 ×

 

D1~D7
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| | < 3.75 ×

m m  

3.2.3

2 2
3

2 3
10

20 33 0.2

 8

(n)
3 4.42
4 2.92
5 2.37
6 2.09
7 1.92
8 1.80
9 1.71
10 1.65
20 1.37
50 1.20

n 1 n 1, 0.05
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3.3

ISO AOAC

3.3.1
3.3.1.1

3.3.1.2 

IUPAC ISO AOAC
ISO 5725-2

AOAC

3.3.1.3

Codex

3.2.1.3
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8
10 12

10 12~15

3~5

3.3.1.4 

5

1 5

3
2
5 Youden pair

Applicability

blind duplicate
2 Youden pair 5%

Sr

blind duplicate Youden pair
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2 6
1

6

IUPAC ISO AOAC
2006

2 10

3.3.1.5 
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3.3.1.6

PTFE

( )

trace
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3.3.2

3.3.3

ISO 5725-2 AOAC

ISO 5725-2 AOAC 3
HorRat

3.3.3.1

3
 

2
2

 

3.3.3.2
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Cochran 2.5%

Grubbs 2.5%

Cochran Grubbs
22.2%

2/9 2/9
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Cochran

Single Grubbs 

Paired Grubbs 

2/9

2/9

2/9

Yes

No

No

Yes

Yes

No

No

Yes
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 3

AOAC ISO 5725-2

Cochran
100 100

2.5% 2.5% 5% 1%

Cochran Cochran Cochran

5%

1%
Cochran

single Grubbs 100 SL

S 100 SH

S

100 SL

S 100 SH

S

 ( )/
( )/   

2.5% 2.5% 5% 1%

Cochran Cochran

single 
Grubbs

paired Grubbs 100 1
S2L S 100 1 S2H

S
2

100 1 SHL S

100 (1
S2L/S 100 (1 S2H /S)

100 1 SHL/ S
(p-3)/(p-1)× /
(p-3)/(p-1)× /

2.5%
2 1.25%

2.5%
1.25%

1%

2

Cochran

Cochran
Single Grubbs

Grubbs Grubbs

2/9 2/9

2010 74 -1
Cochran 2  3

p
S p
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SL p-1

SH p-1
S2H 2 p-2
S2L 2 p-2
SHL p-2

3.3.3.3. Cochran

Cochran

Cochran 100 

p p

 4 Cochran

2.5%  

L
4 94.3 81.0 72.5 65.4 62.5 
5 88.6 72.6 64.6 58.1 53.9 
6 83.2 65.8 58.3 52.2 47.3 
7 78.2 60.2 52.2 47.3 42.3 
8 73.6 55.6 47.4 43.0 38.5 
9 69.3 51.8 43.3 39.3 35.3 

10 65.5 48.6 39.9 36.2 32.6 
11 62.2 45.8 37.2 33.6 30.3 
12 59.2 43.1 35.0 31.3 28.3 
13 56.4 40.5 33.2 29.2 26.5 
14 53.8 38.3 31.5 27.3 25.0 
15 51.5 36.4 29.9 25.7 23.7 
16 49.5 34.7 28.4 24.4 22.0 
17 47.8 33.2 27.1 23.3 21.2 
18 46.0 31.8 25.9 22.4 20.4 
19 44.3 30.5 24.8 21.5 19.5 
20 42.8 29.3 23.8 20.7 18.7 
21 41.5 28.2 22.9 19.9 18.0 
22 40.3 27.2 22.0 19.2 17.3 
23 39.1 26.3 21.2 18.5 16.6 
24 37.9 25.5 20.5 17.8 16.0 
25 36.7 24.8 19.9 17.2 15.5 
26 35.5 24.1 19.3 16.6 15.0 
27 34.5 23.4 18.7 16.1 14.5 
28 33.7 22.7 18.1 15.7 14.1 
29 33.1 22.1 17.5 15.3 13.7 
30 32.5 21.6 16.9 14.9 13.3 
40 26.0 17.0 13.5 11.6 10.2 
50 21.6 14.3 11.4 9.7 8.6
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3.3.3.4 Grubbs

Single Grubbs a 100 SL S 100 SH S

p
S p
SL p-1

SH p-1

Paired Grubbs

1 b 100 1 S2L S 100 1 S2H S

2 c 100 1 SHL S   

p
S p
S2H 2 p-2
S2L 2 p-2
SHL p-2

 

 5 Grubbs

2.5% 1.25  

L 
One highest or 
lowest
( a )

Two highest or two 
lowest
( b )

One highest and one 
lowest 
( c )

4 86.1 98.9 99.1 
5 73.5 90.3 92.7 
6 64.0 81.3 84.0 
7 57.0 73.1 76.2 
8 51.4 66.5 69.6 
9 46.8 61.0 64.1 
10 42.8 56.4 59.5 
11 39.3 52.5 55.5 
12 36.1 48.5 51.6 
13 33.8 46.1 49.1 
14 31.7 43.5 46.5 
15 29.9 41.2 44.1 
16 28.3 39.2 42.0 
17 26.9 37.4 40.1 
18 25.7 35.9 38.4 
19 24.6 34.5 36.9 
20 23.6 33.2 35.4 
21 22.7 31.9 34.0 
22 21.9 30.7 32.8 
23 21.2 29.7 31.8 
24 20.5 28.8 30.8 
25 19.8 28.0 29.8 
30 17.1 24.1 26.0 
40 13.3 19.1 20.5 
50 11.1 16.2 17.3 
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3.3.3.5

= + +

= +  +

i j

0 (0, )

0 (0, )

SL Sr 

Sr SR

= +

=
( 1)

( 1)

n p

=

=
1

1
( )

( , )
m

(0, )
0

(0, )
0
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        =  
1

1
( ) ( )

=
1

1

2

=
1

2
( )

=
1

1
( )

2

 
 6

 

 

 

 

Excel
+

1 0.54 0.49 0.515 0.00125
2 0.52 0.61 0.565 0.00405
3 0.46 0.37 0.415 0.00405
4 0.46 0.55 0.505 0.00405
5 0.42 0.42 0.42 0
6 0.52 0.56 0.54 0.0008
7 0.54 0.56 0.55 0.0002
8 0.63 0.51 0.57 0.0072
9 0.35 0.37 0.36 0.0002
10 0.64 0.53 0.585 0.00605

0.5025



48 

P- F

0.107725 9 0.011969 4.297826 0.016292 3.020383
0.02785 10 0.002785

0.135575 19

1

=

= +

3.2.2.6

= 2 × ×  

0.05 t 2

= 2.8 ×
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3.3.3.6

HorRat

Sr (%)

2.8 Sr (%)

RSDr (%)

SR (%)

2.8 SR (%)

RSDR (%)

HorRat

HorRat 0.5

0.5 HorRat 1.5

1.5<HorRat 2.0

HorRat 2.0

HorRat

z z ISO 
13528: 2015
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3.4

3.4.1

2

3.1.1

3.4.2

3.1

3.4.3

Codex
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3.4.4

ISO/IEC 17025 Codex
CXG54

ISO 21748 2017

2
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3.4.5

1 2

3.2.2.6 3.3.3.5 

ISO 5725-6

3.4.5.1 2

 

 

2 1
2 ( )
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S =
1

+
1

 

| | CD: Critical Difference 95
 

CD = 2.8 ×
1

2
+

1
2

 

= = 1 CD = 2.8 ×

| | > CD

  

3.4.5.2 2

 

 
 

    
    ( )  

S = +
1

+ +
1

= 2 +
1

+
1

= 2( + ) 2 1
1

2
1

2
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| | CD 95  

CD = (2.8 ) (2.8 ) 1
1

2
1

2

= = 1 CD = 2.8 ×

| | > CD

 

3.4.5.3 

 
 

    
 

| |  

S = +
1

 

=
1
2

2( + ) 2
1

| | CD 95  

CD =
1
2

(2.8 ) (2.8 )
1

| | > CD
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4

 
Harmonized Guidelines for International Quality 

Control in Analytical Chemistry Laboratories CXG65-1997

9
4 1 117

2 z
2

ISO/IEC 17025

Codex ISO/IEC 17025

ISO/IEC 17025

3.2.2.2 3.2.2.3
3.2.1.6

3.2.2.5
3.2.3 3.4.4
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5

2002/657/EC: Commission Decision of 12 August 2002 implementing Council Directive 
96/23/EC concerning the performance of analytical methods and the interpretation of results 

Appendix D: Guidelines for Collaborative Study Procedures To Validate Characteristics of a 
Method of Analysis, AOAC OFFICIAL METHODS OF ANALYSIS (2002) 

Appendix F: Guidelines for Standard Method Performance Requirements, AOAC OFFICIAL 
METHODS OF ANALYSIS (2012) 

Commission Regulation (EC) No 333/2007 of 28 March 2007 laying down the methods of 
sampling and analysis for the control of the levels of trace elements and processing 
contaminants in foodstuffs

Commission Regulation (EC) No 401/2006 of 23 February 2006 laying down the methods of 
sampling and analysis for the official control of the levels of mycotoxins in foodstuffs 

Criteria Approaches for Methods which Use a ‘Sum of Components’  
http://www.fao.org/fao-who-codexalimentarius/resources/inf-doc/en/ (accessed 20 September
2019) 

Design, Analysis and Interpretation of Method Comparison Studies, AACN Adv Crit Care. 
2008; 19(2): 223-234. doi: 10.1097/01.AACN.0000318125.41512.a3.

Eurachem Guide, The Fitness for Purpose of Analytical Methods A Laboratory Guide to 
Method Validation and Related Topics, Second edition 

EURACHEM / CITAC Guide CG 4 Quantifying Uncertainty in Analytical Measurement, Third 
Edition 

ERM Application Note 1 Comparison of a measurement result with the certified value 
https://crm.jrc.ec.europa.eu/e/132/User-support-Application-Notes (accessed 20 September
2019) 

Guidelines on Analytical Terminology (CXG 72-2009), Codex Alimentarius Commission. 
http://www.fao.org/fao-who-codexalimentarius/codex-texts/guidelines/en/ (accessed 20
September 2019) 

Guidelines for the Assessment of the Competence of Testing Laboratories Involved in the 
Import and Export Control of Food (CXG27-1997), Codex Alimentarius Commission. 
http://www.fao.org/fao-who-codexalimentarius/codex-texts/guidelines/en/ (accessed 20
September 2019) 

Guidelines on Performance Criteria and Validation of Methods for Detection, Identification and 
Quantification of Specific DNA Sequences and Specific Proteins in Foods (CXG74-2010), 
Codex Alimentarius Commission. http://www.fao.org/fao-who-codexalimentarius/codex-
texts/guidelines/en/ (accessed 20 September 2019) 

Guidelines on Performance Criteria for Methods of Analysis for the Determination of Pesticide 
Residues in Food and Feed (CXG 90-2017), Codex Alimentarius Commission. 
http://www.fao.org/fao-who-codexalimentarius/codex-texts/guidelines/en/ (accessed 20
September 2019) 
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Harmonized Guidelines for Internal Quality Control in Analytical Chemistry Laboratories”, 
Pure Appl. Chem., 67 (1995) 649-666 

Harmonized Guidelines for Singlelaboratory Validation of Methods of Analysis, Pure Appl. 
Chem., Vol. 74, No. 5, pp. 835–855, 2002. 

Harmonized IUPAC Guidelines for Single-Laboratory Validation of Methods of Analysis,
(CXG 49-2003), Codex Alimentarius Commission. http://www.fao.org/fao-who-
codexalimentarius/codex-texts/guidelines/en/ (accessed 20 September 2019) 

Heyden, Y., Nijhuis, A. Smeyers-Verbeke, J. Vandeginste, B.G.M., Massart, D. Guidance for 
Robustness/Ruggedness Tests in Method Validation. Journal of pharmaceutical and biomedical 
analysis, 24. 723-53. 2001. 

Hibbert, D.Brynn Quality Assurance in the Analytical Chemistry Laboratory, Oxford University 
Press Inc

ISO 5725-1:1994 Accuracy (trueness and precision) of measurement methods and results —
Part 1: General principles and definitions

ISO 5725-2:1994 Accuracy (trueness and precision) of measurement methods and results -- Part 
2: Basic method for the determination of repeatability and reproducibility of a standard 
measurement method

ISO 5725-3:1994 Accuracy (trueness and precision) of measurement methods and results -- Part 
3: Intermediate measures of the precision of a standard measurement method

ISO 5725-4:1994 Accuracy (trueness and precision) of measurement methods and results -- Part 
4: Basic methods for the determination of the trueness of a standard measurement method

ISO 5725-5:1998 Accuracy (trueness and precision) of measurement methods and results -- Part 
5: Alternative methods for the determination of the precision of a standard measurement method 

ISO 5725-6:1994 Accuracy (trueness and precision) of measurement methods and results -- Part 
6: Use in practice of accuracy values

ISO 11843-2:2000 Capability of detection- Part2: Methodology in the linear calibration case

ISO 11843-5:2008 Capability of detection- Part5: Methodology in the linear and non-linear 
calibration cases

ISO 13528:2015 Statistical methods for use in proficiency testing by interlaboratory comparison  

ISO/IEC 17025:2017 General requirements for the competence of testing and calibration 
laboratories

ISO/IEC 17043:2010 Conformity assessment — General requirements for proficiency testing

ISO 21748:2017 Guidance for the use of repeatability, reproducibility and trueness estimates in 
measurement uncertainty evaluation

IUPAC/ISO/AOAC International/EURACHEM Harmonised Guidelines for the Use of 
Recovery Information in Analytical Measurement, Pure Appl. Chem., Vol. 71, pp. 337 – 348, 
1999 

JCGM 100:2008 GUM 1995 with minor corrections, Evaluation of measurement data — Guide 
to the expression of uncertainty in measurement 
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JIS Z 8402-1: 1999 1

JIS Z 8402-2:1999  2 

JIS Z 8402-3:1999  3 

JIS Z 8404-1 2018 1

NATA Technical note 17, 2012, Guidelines for the validation and verification of quantitative 
and qualitative test methods, National Association of Testing Authorities, Australia 

NIST/SEMATECH e-Handbook of Statistical Methods, 
https://www.itl.nist.gov/div898/handbook/pri/section5/pri598.htm (accessed 20 September 
2019) 

Principles for the Establishment of Codex Methods of Analysis, Codex Procedural Manual 26th 
Ed., Codex Alimentarius Commission. http://www.fao.org/documents/card/en/c/I8608EN 
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