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Evaluation of Measurement Uncertainty for Determination of Five Organochlorine Pesticide Residues in 

Glycyrrhizae Radix Et Rhizoma by GC 

 

CHEN Jianqin(Nanning Institute for Food and Drug Control, Nanning 530001, China) 

 

ABSTRACT: OBJECTIVE  To evaluate the measurement uncertainty for determination of the residues of α-BHC, β-BHC, 

γ-BHC, δ-BHC, and pentachloronitrobenzene in Glycyrrhizae Radix et Rhizoma. METHODS  All the standard uncertainties 

were combined according to the appropriate rules to give combined standard uncertainty and an expanded standard uncertainty, 

and the factors influenced upon the measuration were analyzed . RESULTS  The result of content determination was (0.085 0± 

0.008 4), (0.079 7±0.008 2), (0.055 8±0.005 6), (0.031 5±0.006 0), (0.039 4±0.005 7)µg·kg

−1
. The repeatability of area in 

standard and sample was the primary factor for determination of α-BHC and β-BHC; and the repeatability of area in sample was 

the primary factor for determination of γ-BHC, δ-BHC and pentachloronitrobenzene. CONCLUSION  The establishment of the 

methodology for the evaluation of measurement uncertainty is important for the studies of Chinese materia medica standards. 

KEY WORDS: GC; measurement uncertainty; organochlorine pesticide; residues 
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H α-BHCIβ-BHCIγ-BHCI

δ-BHCIJKLMN 5O�PKQRST�U9�

�����/V�8@WX�YZ[

[4-5]

\]^�

PKQRST��_`ab�A 5 O5c���

@�U9�������cde/V�f gh

ij����c�A���	�kl, 

1  ����� 

GC2010 bBCDEm (n<opqr )s

METTLER AJ150tuvwxyz{|}~,FG(�

�)sα-BHCIβ-BHCIγ-BHCIδ-BHCIJKLM

N����(Q���������������

100 µg·mL

-1

���c���GSB05-2276-2008s

GSB05-2277-2008sGSB05-2278-2008sGSB05- 

2279-2008sGSB05-1845-2008)s�������

��� A �s��I�K��.
����QS

�s ¡�¢�£sK¤¥.¦§ ¡¥�c

d£, 

2  ���	
 

2.1  ����¨©�ª« 

2.1.1  ����¬«©�ª«   � α-BHCI

β-BHCIγ-BHCIδ-BHCIJKLMN 5 O�PK

����j 1 ­�c�®¯° 20 mL �±H��


��²³°´��µ¶·�� 5 000 µg·L

−1
��

���¬«©, 

2.1.2  ¸¹����¬«©�ª«  º»�� 5

O�PK����¬«©j 1.0 mL�¼ 25 mL �

±H�½
��²³°´��µ¶ 200 µg·L

−1
�¸

¹����¬«©, 

2.1.3  ¸¹����¨©  º»���¾¸¹�

���¬«© 4.0 mL�¼ 20 mL �±H�½
�

�°´��¿À�µ¶ 40 µg·L

−1
�¨©�º»�

� 5.0 mL ¼ 10 mL �±H�½
��°´��¿

À�µ¶ 20 µg·L

−1
�¨©�º»��Á��
�

�²³c�ª¶ 10�2�1 µg·L

−1
�¨©, 

2.2  ÂÃÄ¨©�ª«

[3]

 

�ÂÃÄÅ 20 g � 60 ÆÇÈ 4 h�ÉÊ5Ë

É��Å 2 g�º»Ì��¼ 100 mL ÍÎÏÐ±

H�½§ 20 mL ÑÒ@Ó�º»½�� 40 mL 

(20 mL 2 Ô)�Ì�Õ��Ö×ØÙ 30 min�ÚÛ�

ÜÌ�Õ�����ÝÞßà�Õ��Ü½K¤

¥Å 6 g�º»½�K�� 30 mL(15 mL 2 Ô)�Ì

�Õ��Ö×ØÙ 15 min�ÜÌ�Õ����K

��ÝÞßà�Õ��á¼(âcã)�2�PCä

å¯æç�Á�¦§ ¡¥� 100 mLÍÎÏÐ±

H�Ú¼ 4 h,º»�� 35 mL(20�15 mL)��

40 Æ§è�ßé·ê°ëÇ�½ì�
��íî

ïðñò°�K��ó��ôõ��
��¨ö

)®¯° 10 mL ÍÎ´�÷øùH�½
��º

»²³° 5 mL��ø½æ ¡ 5 mL�ú¿ 1 min�

3 000 r·min

−1
÷ø 10 min���û©�µ¶, 

2.3  ½üýþÂÃÄ¨©�ª« 

�üÄÅ 2 g�º»Ì��¼ 100 mL ÍÎÏ

Ð±H�º»½æ¸¹����¬«© 1.0 mL�

��2.2���01ª«��1ñò, 

2.4  ��1 

c�º»��ÂÃÄ¨©.e�CA	·�

�¸¹����¨©j 1.0 µL Uü��
�1�

�ÂÃÄH 5 O�PKQRST�, 

2.5  ���	 



�1�¶ α-BHCIβ-BHCI γ-BHCI

δ-BHCIJKLMN 5 O�PKQRST����

c�� 0.085 0� 0.079 7� 0.055 8� 0.031 5�

0.039 4 µg·kg

−1
, 

��q�� X(µg·kg

−1
)=(A

t

·C

0

·V

t

/A

0

·W

t

·M)�

1 000��H X�üÄH 5 O�PKQRST��

����A

t

�ÂÃ©�����C

0

�A�©�·��

V

t

�ÂÃ©�²³�_�W

t

�üÄ��ü��A

0 

�

A�©�����M�½üýþ�, 

2.6  \]_`ab 

_`ab���� X(µg·kg

−1
)=(A

t

·C

0

·V

t

 

/A

0

·W

t

·M)�1 000 

0�� u(X)/X=[u(A

t

)/A

t

]

2

+[u(C

0

)/C

0

]

2

+[u(V

t

)/ 

V

t

]

2

+[u(A

0

)/A

0

]

2

+[u(W

t

)/ W

t

]

2

+[u(M)/M]

2

�

1/2 

3  ��
��������� 

3.1  ÂÃ©�²³�_����� u(V

t

) 

_ ` a b � V

t

=(V

1

+V

2

+V

3

+V

4

)·V

5

/(V

6

+V

7

)= 

(40+30)�5/35=(20+20+15+15)�5/(20+15)=10,

 

0��u(V

t

)/V

t

=� [u(V

1

)/V

1

]

2 

+ [u(V

2

)/V

2

]

2 

+ 

[u(V

3

)/V

3

]

2 

+ [u(V

4

)/V

4

]

2 

+ [u(V

5

)/V

5

]

2 

+ [u(V

6

)/V

6

]

2 

+

 

[u(V

7

)/V

7

]

2

�

1/2

,

 

3.1.1  ����(20 mL ����ù)�����

u(V

1

)�u(V

2

)�u(V

6

)  ������

[6]

� 0.030 mL�

!"��Àc#��������� 0.030/3

1/2

= 

0.017 3 mL,$��"¨©$��(20 5)Æ�§�

%�&'(_� 2.1�10

−4
�!"��Àc#��

������� 2.1�10

−4
�5�20/3

1/2

=0.012 1 mL,
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) u(V

1

)/V

1

=u(V

2

)/V

2

=u(V

6

)/V

6

=1.056�10

−3
, 

3.1.2  ����(15 mL ����ù)�����

u(V

3

)I u(V

4

)I u(V

7

)  ����������

0.025/3

1/2

=0.014 4 mL,$��������� 2.1�

10

−4
�5�15/3

1/2

=0.009 1 mL,) u(V

3

)/V

3

= u(V

4

)/V

4

= 

u(V

7

)/V

7

=1.136�10

−3
, 

3.1.3  ����(5 mL ÍÎ´�÷øù)����

� u(V

5

)  �������� 0.05 mL�!"��

Àc#��������� 0.05/3

1/2

= 0.028 9 mL,

$��������� 2.1�10

−4
�5�5/3

1/2

= 

0.003 0 mL,) u(V

5

)/V

5

=5.811�10

−3
, 

3.1.4  ���� u(V

t

)�	  
f��	*æq�

��
¶ u(V

t

)/V

t

=6.402�10

−3
, 

3.2  ÂÃÄÌü������ u(W

t

)

[7]

 

AJ150tuvw(º�� 0.1 mg)���+,-�

�.���� 0.20 mg�Õð�/�� 0.30 mg�

!"��Àc#�vw0������� 0.20/3

1/2

= 

0.115 mg�Ì�Õð�������  0.30/3

1/2

= 

0.173 mg�) u(W

t

)/W

t

 =[2�(0.115

2

+0.173

2

)]

1/2

�

10

−3
/2.019 9=1.455�10

−4
, 

3.3  ÂÃ©.A�©UüÕð��������

� u(A

t

)Iu(A

0

) 

��2.1.3���01ª« 5 O��¨©�1

� 20 µg·L

−1
¸¹��¨©�UüBCDEm�j

�� 5 Ô�α-BHC ����� 231 460�227 141�

228 454�235 763�241 678���� s � 5 921.50s

β-BHC ����� 163 504�159 191�163 310�

153 647�168 452���� s � 5 535.13sγ-BHC

����� 219 110�211 179�217 433�216 894�

210 573���� s � 3 891.98sδ-BHC ����

� 218 715�214 313�217 151�213 658�219 876�

��� s � 2 706.15sJKLMN�����

302 716�298 885�300 900�296 742�296 435�

��� s � 2 693.41,5 O�PKQRST��

u(A

t

)/A

t

c�� 0.025 4�0.034 2�0.018 1�0.012 5�

0.009 0, 

��2.2���01ª«ÂÃ©�Uü���

j�� 5 Ô�α-BHC ����� 189�180�192�

198�183���� s � 7.16sβ-BHC �����

126�121�122�129�118���� s � 4.32sγ-BHC

����� 112�108�121�115�118���� s

� 5.07sδ-BHC ����� 72�66�79�65�63�

��� s� 6.52sJKLMN����� 124�121�

105�127�118���� s � 8.51,u(A

0

)/A

0

c��

0.038 0�0.035 1�0.044 2�0.094 5�0.071 5, 

3.4  A�©�·�2æ����� u(C

0

) 

C

0

=C

��

/V

0

 

�H�C

� �

�����+,-��·�

(100 µg·mL

−1
)sV

0

�A�©�²³�_,

 

u(C

0

)/C

0

=�[u(C

��

)/C

��

]

2

+[u(V

0

)/ V

0

]

2

�

1/2 

3.4.1  A�©g32æ����� u(C

��

)   

α-BHCIβ-BHCIγ-BHCIδ-BHCIJKLMN 5

O�PKQRST������+,-����

��c�� 0.07�0.07�0.07�0.04�0.10 µg·mL

−1
�

4 B 5����,) α-BHCIβ-BHCIγ-BHC �

u(C

��

)�0.07/3

1/2

=0.040 4�δ-BHCIJKLMN

� u(C

��

)�0.023 1�0.057 7, 

3.4.2  A�©�²³�_2æ����� u(V

0

)   

_`ab�V

0

=V

8

�V

9

�V

10

�V

11

/(V

12

�V

13

�V

14

)= 

20�20�25�10/(1�4�5)=5 000, 

0�� u(V

0

)/V

0

=� [u(V

8

)/V

8

]

2

+[u(V

9

)/V

9

]

2

+ 

[u(V

10

)/V

10

]

2

+[u(V

11

)/V

11

]

2

+[u(V

12

)/V

12

]

2

+[u(V

13

)/V

13

]

2

+ 

[u(V

14

)/V

14

]

2

�

1/2

,

 

����(20 mL �����±)�����

u(V

8

)�u(V

9

)����������� 0.015/3

1/2

= 

0.008 7 mLs$��������� 2.1�10

−4
�

5�20/3

1/2

=0.012 1 mL,) u(V

8

)/V

8

=u(V

9

)/V

9

 =7.411�

10

−4
,

 

���� (25 mL ����± )�����

u(V

10

)����������� 0.03/3

1/2

=0.017 3 mLs

$��������� 2.1�10

−4
�5�25/3

1/2

= 

0.015 2 mL,) u(V

10

)/V

10

 =4.606�10

−4
,

 

���� (10 mL ����± )�����

u(V

11

)����������� 0.020/3

1/2

=0.0115 mLs

$��������� 2.1�10

−4
�5�10/3

1/2

= 

0.0060 mL,) u(V

11

)/V

11

=1.297�10

−3
,

 

����(1 mL����ù)����� u(V

12

)�

���������� 0.007/3

1/2

=0.004 0 mLs$�

�������� 2.1�10

−4
�5�1/3

1/2

=0.000 6 mL,

u(V

12

)/V

12

=4.045�10

−3
, 

����(5 mL c��ù)����� u(V

13

)�

���������� 0.025/3

1/2

=0.014 4 mLs$

��������� 2.1� 10

−4
� 5� 4/3

1/2

= 

0.002 4 mL,u(V

13

)/V

13

=3.65�10

−3
,

 

���� (5 mL ����ù )�����

u(V

14

)����������� 0.015/3

1/2

=0.008 7 mLs
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$��������� 2.1�10

−4
�5�5/3

1/2

= 

0.003 0 mL,u(V

14

)/V

14

=1.841�10

−3
, 

¹5�������u(V

0

)/V

0

=6.006�10

−3
s

α-BHCIβ-BHCIγ-BHC�u(C

0

)/C

0

= 6.020�10

−3
s

δ-BHC�u(C

0

)/C

0

= 6.010�10

−3
sJKLMN�u(C

0

)/ 

C

0

= 6.034�10

−3
, 

3.5  ½üýþ�2æ����� u(M) 

8@=> 4 Ô��¶üÄH α-BHCIβ-BHCI

γ-BHCIδ-BHCIJKLMN�½üýþ�� M�

w�½üýþ��

M

���6�� S

M

�����

��7�w�����6��) u(M)=S

M

/3

1/2

�C

A������� u(M)/

M

, 

Aw�½üýþ�!"U989��:��

>�f��½üýþ� M �;<��q�H7�,

89��>7� t �>�=�>� t ��>?�@

A� t

(95

�

3)

B�)$%w�½üýþ�

M

e 1.0 �

89��:�"<q�H7�½üýþ��;)�

<q�H�7�, 

α-BHCIβ-BHCIγ-BHCIδ-BHCIJKLM

N����	C� 1, 

� 1  5 ��������	
��
������ 

Tab 1  Uncertainty of recovery in five organochlorine pesticide residues

 

 α-BHC β-BHC γ-BHC δ-BHC OPQRS 

1 96.75% 97.55% 97.23% 85.65% 88.17% 

2 95.95% 95.05% 93.85% 88.30% 85.87% 

3 93.62% 93.50% 96.05% 98.50% 97.10% 

<8@�A 

 

 

 

 

4 90.75% 92.65% 92.16% 99.00% 95.28% 

BC@�A

M

 

94.27% 94.69% 94.82% 92.86% 91.60% 

TUVW S

M

  2.69%  2.15%  2.26%  6.89%  5.43% 

u(M)  0.0156  0.0124  0.0131  0.0398  0.0314 

u(M)/

M

 

 0.0165  0.0131  0.0138  0.0428  0.0343 

t 3.68 4.28 3.97 1.80 2.68 

 

t=

M−1 / u(M)�t

(95

�

3)

D�¶E=3.18�F� 1

����	
E�α-BHCIβ-BHCIγ-BHC� t�

>t

(95

�

3)

�δ-BHCIJKLMN� t �<t

(95

�

3)

�$%

α-BHCIβ-BHCIγ-BHCw�½üýþ�e 1.0�

89��:�� 2½üýþ��æ��q�H�

δ-BHCIJKLMN�w�½üýþ�e 1.0¦8

9��:�� <��q�H�"�æ½üýþ�, 

3.6  ¹5������ 

α-BHC�u(X)/X=0.049 4�u(X)= 4.199�10

−3
 

β-BHC�u(X)/X=0.051 5�u(X)=4.105�10

−3
 

γ-BHC�u(X)/X=0.050 5�u(X)=2.818�10

−3
 

δ-BHC�u(X)/X=0.095 7�u(X)=3.015�10

−3
 

JKLMN�u(X)/X=0.072 6�u(X)=2.860�10

−3
 

3.7  GH���� 

α-BHCIβ-BHCIγ-BHCIδ-BHCIJKLM

N 5 O�PKQRST����c�� 0.085 0�

0.079 7�0.055 8�0.031 5�0.039 4 µg·kg

−1
, 

U=K·u(X)�K� 2�P=95%�) α-BHCIβ-BHCI

γ-BHCIδ-BHCIJKLMN�GH����c�

� 0.008 4�0.008 2�0.005 6�0.006 0�0.005 7 µg·kg

−1
,

� �7�BCDE1��FGH α-BHCIβ-BHCI

γ-BHCIδ-BHCIJKLMN 5O�PKQRST

��	
c��0��(0.085 0 0.008 4)�(0.079 7 

0.008 2)�(0.055 8 0.005 6)�(0.031 5 0.006 0)�

(0.039 4 0.005 7)µg·kg

−1
, 

4  �� 

ABCDE1��FGH α-BHCIβ-BHCI

γ-BHCIδ-BHCIJKLMN 5O�PKQRST

���@�cdkl�������	� 6 I�

J�C� 2, 

</KL����B��!:cd����

�MNIg3)c�ØÙ�f���AL���

��OP,F� 2 
C�A�©·�IÂÃ©�

²³�_IüÄ��ü�Iw�½üýþ� 4 I

����c�<BCDE1��FGH 5 O�P

KQRST����@�H�kl�
�QX

R�SÂÃ©���IA�©����UüÕð

�� α-BHCIβ-BHC��@�H�.�kl�u�

ÂÃ©������Õð�� γ-BHCIδ-BHCIJ 
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Tab 2  Table of standard uncertainty 

TUXYZ[\9 

+-TU 

XYZ[ u 

u

2

 

u

2

�] 

^\_/% 

α-BHC u(C

0

) 

6.020×10

−3
 3.624×10

−5
 

1.5 

 u(A

t

) 0.0380 

1.444×10

−3
 

59.2 

 

u(V

t

)

 

6.402×10

−3
 4.099×10

−5
 

1.7 

 u(A

0

) 0.0254 

6.452×10

−4
 

26.5 

 

u(W

t

)

 

1.455×10

−4
 2.117×10

−8
 

0 

 u(M) 0.0165 
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−4
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β-BHC u(C

0

) 
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−3
 3.624×10
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1.4 

 u(A

t
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−3
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 u(V

t
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−3
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 u(A

0
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 u(W

t
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−4
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 u(M) 0.0131 
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0

) 

6.020×10
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 u(A

t

) 0.0442 

1.954×10
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 u(V

t
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−3
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−5
 

1.6 

 u(A

0

) 0.0181 
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 u(W

t

)

 

1.455×10

−4
 2.117×10

−8
 

0 

 u(M) 0.0138 

1.904×10

−4
 

7.5 

δ-BHC u(C

0

) 

6.010×10

−3
 3.612×10

−5
 

0.4 

 u(A

t

) 0.0945 

8.930×10

−3
 

97.5 

 u(V

t

)

 

6.402×10

−3
 4.099×10

−5
 

0.4 

 u(A

0

) 0.0125 

1.562×10

−4
 

1.7 

 u(W

t

)

 

1.455×10

−4
 2.117×10

−8
 

0 

OPQRS u(C

0

) 

6.034×10

−3
 3.641×10

−5
 

0.7 

 u(A

t

) 0.0715 

5.112×10

−3
 

97.0 

 u(V

t

)

 

6.402×10

−3
 4.099×10

−5
 

0.8 

 u(A

0

) 0.0090 

8.100×10

−5
 

1.5 

 u(W

t
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1.455×10

−4
 2.117×10
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0 
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