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1  

/
(ML) (ML)

(sR) LOD LOQ  

ML � 0.1 mg/kg  [ML - 3 sR , ML + 3 sR ] 
ML < 0.1 mg/kg , [ML - 2 sR , ML + 2 sR ]  
sR12 =  

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  

 

:
 

ML � 0.1 mg/kg , HorRat  � 2 
ML < 0.1 mg/kg , RSDTR< 22%. 
RSDR

13 =  
RSDR � 2. PRSDR 

   (%) 
100 1 100%  (100 g/100g) 98 – 102
�10 10-1 � 10%    (10 g/100g) 98 – 102
�1 10-2 � 1%      (1 g/100g) 97 – 103
�0.1 10-3 � 0.1%   (1 mg/g) 95 – 105
0.01 10-4 100 mg/kg 90 – 107 
0.001 10-5 10 mg/kg 80 – 110 
0.0001 10-6 1 mg/kg 80 – 110 
0.00001 10-7 100 �g/kg 80 – 110 
0.000001 10-8 10 �g/kg 60 – 115 

 (R): 

0.0000001 10-9 1 �g/kg 40 – 120 

 

 

1  

CCMAS
 

                                                               
12 sR Horwitz / Thompson Horwitz/ Thompson

“ ” sR  
13  RSDR Horwitz / Thompson Horwitz/ Thompson

“ ” RSDsR  
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/

1.

ML ( ) 
  

:  PCR ELISA
 

1.1  

/ /
ML ML 

 

� ML � 10-7  ML ± 3sR 
� ML < 10-7 ML ± 2sR 

(ML)  (
) (sR) 

 2 95% , 3 99%
99% 10-7 (�0.1 mg/kg)

3 0.1 mg/kg , 2
3 /   

 MLs   

Horwitz/Thompson sR. 

1.1.1  � 10-7 (� 0.1 mg/kg) Horwitz  

PRSDR (%) =  100 · sR/c =2C-0.1505 

      

 PRSDR  
 sR  
  c  ML   
  C  ML (CML) 
 

sR : 

SR �
c �2C�0.1505

100
�

ML �2 �CML
�0.1505

100
 

 
 1:  ML =0.1 mg/kg, CML = 10-7: 

0.1� 3 � SR � 0.1� 3 �
0.1� 2 � (0.0000001)�01505

100
� 0.1� 0.07mg /kg  
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ML  0.1 mg/kg  0.03 to 0.17 mg/kg  

  

 2: ML 1 mg/kg (i.e. 10-6) : 

1.0� 3� SR �1.0� 3�
1.0 � 2 � (0.000001)�01505

100
�1.0� 0.48mg /kg  

ML 1 mg/kg  0.5 to 1.5 mg/kg 

 
1.1.2   < 10-7 Thompson  PRSDR = 22% 

 sR=  0.22 · ML  

 

 3: ML = 0.01 mg/kg (i.e. 10-8): 

0.01 ± 2· sR   =  0.01 ± 2 · (0.22 · ML ) =0.01 ± 0.44 · 0.01 = 0.01 ± 0.0044 mg/kg

ML 0.01 mg/kg  0.006 to 0.014 mg/kg. 

 

1 ,  MLs  

1 MLs  

ML
(mg/kg)

0.01 0.02 0.05 0.1 1 10 100 

: 0.006 0.011 0.028 0.03 0.52 6.6 76 

: * 0.014 0.029 0.072 0.17 1.48 13.3 124 

 
*        
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1.2  (LOD)  (LOQ)

LOD and LOQ  

(LOD)  

� 0.1 mg/kg ML 1/10  
� 0.1 mg/kg ML 1/5  

(LOQ)  

� 0.1 mg/kg ML 1/5  
� 0.1 mg/kg ML 2/5  

 

1.3

PRSDR RSDR  

Horwitz � 2 HorRat 
Thompson PRSDR = 22%   

RSDR

PRSDR

� 2� RSDR � 2 � PRSDR  

 
2 Horwitz/ Thompson

  
 

 Horwitz/Thompson . 
 

Thompson Horwitz  ( 2C�0.1505
)

 (C) < 10-7 10-7 10-6 10-5 10-4 10-3 10-2 10-1 1 
 < 0.1  

mg/kg 
0.1 

mg/kg 
1  

mg/kg 
10  

mg/kg 
0.1 
g/kg 

1 
g/kg

10 
g/kg

100 
g/kg 

1000 
g/kg 

PRSDR (%) 22 22 16 11 8 6 4 3 2 
 
RSDR �   2 � 
PRSDR  (%) � 44 � 44 � 32 � 22 � 16 � 

12 � 8 � 6 � 4 

 
PRSDR  =������� �  
RSDR   = ������� �  

 
1.4  

 

1.5  
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CRMs

1.6

 

1993-1995,  2-2006
ML 0.05 mg/kg ML 3

 

 3.  

 
        

/   
ML: 0.05 mg/kg 

 � 0.03 mg/kg (= ML - 2sR  = 0.05 mg/kg - 0.44 · 
0.05 mg/kg). 1   
 

LOD: � 0.01 mg/kg (= ML · 1/5 =  0.05 mg/kg · 1/5) 
LOQ: � 0.02 mg/kg (= ML · 2/5 =  0.05 mg/kg · 2/5) 

: 0.05 mg/kg , RSDR  � 44%,   2  
 

  
  CRM  
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2.   MLs ( )

 4 MLs  

 4: MLs . 

ML  
 

 0.001  
mg/kg 

 0.01  
mg/kg 

0.1 
mg/kg 

1  
mg/kg 

10  
mg/kg 

100 
mg/kg

1 
g/kg 

10 
g/kg 

ML  
(CML)  

 10-9  10-8 10-7 10-6 10-5 10-4 10-3 10-2 

 

0.0006  
- 

0.0014 
(mg/kg) 

 0.006  
- 

0.014 
(mg/kg) 

0.03  
- 

0.17 
(mg/kg)

0.52  
- 

1.48 
(mg/kg)

6.6   
- 

13.3 
(mg/kg)

76  
- 

124 
(mg/kg)

0.83 
- 

1.2 
(g/kg) 

8.8 
- 

11 
(g/kg) 

LOD (�  mg/kg)   0.0002 0.002 0.01 0.1 1 10 100 1000 
LOQ (�  mg/kg) 0.0004  0.004 0.02 0.2 2 20 200 2000 
RSDR  (�  %) 44 44 44 32 22 16 12 8 

 (%) * 40 - 120 60 - 115 80 - 
110 80-110 80 - 

110 
90 - 
107 

95 - 
105 

97 - 
103 

* 

2.1

/  

2.1.1  

ML  0.05 mg/kg
0.03 mg/kg PRSDR 22%

RSDR 44% 95%   
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0.03 mg/kg, 

 
LOD  LOQ 0.01 mg/kg 

 0.02 mg/kg  

                                           
RSDR �ML 44% ?
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5  

(mg/kg) 
LOD

(mg/kg) 
RSDR
(%) /

 1   AAS 2.2 – 29  4.9-36  
 AAS 

0.05 mg/kg 
2     

 

�����	
 0.03-2.8 0.03 17-106  
0.03 mg/kg RSD R 
106% <44%  

3  GF-AAS 0.03-0.50  12-30  

 
4  GF-AAS 0.018-0.090  5.9- 30  

 
5 

 
AAS 0.0197-0.977 < 0.01 2.8-4.2  

 
6  GF-AAS  

 
0.045-0.25 < 0.01 26-40  

GF-AAS 0.03 
mg/kg  

7 

 

AAS  

 

0.005-1.62 0.014  26-44  
RSDR  

8  ICP-MS 
 

0.013-2.45 < 0.01 8-47  
0.03 mg/kg 

RSDR  

 

AAS =  
GF-AAS =  
ICP-MS = -  
 

3 7 8 ML 0.05 mg/kg
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CCMAS

II III CCMAS
CCMAS  

�  
�  ( , ) 
�  
�  
� 

 
�  
�  
�  
�  

 

CCMAS

CCMAS  

CCMAS . 

Horwitz M. Thompson, Analyst, 2000, 125, 
385-386
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 (a) :

CAC/GL 50-2004 “ ” 3.1
4.2  

 (b) :

“ ” 3.3 4.4  

 (c) :

“ ” 4.3  

 (d) :

 

 (a) 
 

 (b)  1  

 (c) 
 

(i) 

 

(ii) 
 

 (d)   
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(i)        

(ii)  

(iii)  

 (e)  

(i)         

(ii)  

 (a) 
 

(b) 
 

 (c)  

 (d) FAO
WHO

 

(e)    
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“ ”
“ ”

“ ”

 

 

 

 

1.

CAC/GL 50-2004 2.1.2
 

�  

�  

� /   
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2. 

 

3. 

 

 

 
 

4. 

 

 


