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1 General Principles
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2 Equipment, chemicals and solutions
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3 Sample collection and preparation

���
 � ���1��������3�* ���� �
 ��� ������ �� *��1
 �
����
 �
� 	�����*�� �� � ���1 ����
�� .�� �8<��
4 0
� ������
� +����� 
������� �� ' 8� ��� 	�
 *����� �� �
������	�
	�
�
������
� ��6���� ��4 5���� ������
�� �
� ������ 
��*�� �� 	����* 1��
 �������� ��������4 ����
���
*�
� ����������� �
* ������
���	 �������� ��� ���������*4
����	��� �
* ����2 �
����
 ��
�+��� �� �
� 	�����*�� 
�+� �� �� ��2�
 �
�� �		��
� ���
	����	� ������
� �
 ��*�� 
�� �� �+�����* �
� �*�����
�4 0
� 	�����*�� �� �����* 1��

�	���
������ �
�� � $ �8 +��������	 ����2 �� �
 ������
 ���� �� ����� . �8<��
4
5� ���
2 +����� ��� �����
�* 1��
 �
� 	�����*��� ���*� �1� �
���*�* 	�����*��� ��� �
��
��3�* �� *������
� �
��� +�����4 0
� ���
2 +����� ��� ������	��* ���� �
� �
�����	�� ���
����4

4 Operating conditions for high performance liquid
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5 Analytical determination
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6 Calibration
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7 Calculation of the analytical result
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8 Reliability of the method

8.1 Precision (formaldehyde)
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8.2 Detection limits
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2 Equipment, chemicals and solutions
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2.2 Chemicals
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3 Sample collection and preparation
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4 Operating conditions for gas chromatography
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5 Analytical determination
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6 Calibration
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7 Calculation of the analytical result
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8 Reliability of the method

8.1 Accuracy
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8.3 Recovery rate
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8.4 Detection limit
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9 Discussion of the method
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Method for the determination of bis(chloromethyl)ether
(BCME) (1,1�-dichlorodimethyl ether)
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2 Sampling with a pump, adsorption on Tenax-TA,
thermal desorption, gas chromatography and
mass-selective detection
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1 Equipment, chemicals and solutions

1.1 Equipment
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2 Sampling
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2.2 Implementation
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3 Analytical determination

3.1 Sample preparation and analysis
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3.2 Operating conditions
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4 Evaluation

4.1 Calibration
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5.2 Quantification limit
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6 Discussion
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7 Chromatogrammes and spectra
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1 Sampling with a pump and adsorption on Tenax,
gas chromatography after desorption
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Detailed description of the method
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��3�"�	�� ��
��� �� ����� **F� ����
��
��
��%���
������	�� ��
��� �� ����� **F
&���� ��
 ���
���	� ��� ��� ��
������
���� 3������ ��
��� **#**5F

3��
���	� ��
��� **#**5F
 �	������ ��
� �
�� �
�� ���
���

�	�

1.3 Solutions
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3 Analytical determination

3.1 Sample preparation and analysis
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3.2 Operating conditions for gas chromatography
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4 Evaluation

4.1 Calibration
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4.2 Calculation of the analytical result
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5 Reliability of the method

5.1 Accuracy and recovery
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5.2 Quantification limit
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5.3 Selectivity
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6 Discussion
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Method for the determination of 1,5-diaminonaphthalene
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1 Sampling with a pump and adsorption on a filter,
HPLC after desorption
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Detailed description of the method
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1 Equipment, chemicals and solutions

1.1 Equipment
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1.4 Impregnation of the filter
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3 Analytical determination

3.1 Sample preparation and analysis
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5 Reliability of the method

5.1 Accuracy and recovery
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6 Discussion
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Method for the determination of �,�-dichlorotoluene
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1 Sampling with a pump and adsorption on activated
carbon, gas chromatography after desorption
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Detailed description of the method
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1 Equipment, chemicals and solutions
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1.3 Solutions
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3 Analytical determination

3.1 Sample preparation and analysis
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3.2 Operating conditions for gas chromatography
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4 Evaluation

4.1 Calibration
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5 Reliability of the method

5.1 Accuracy
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2 Sampling with a pump and adsorption on Tenax,
gas chromatography after desorption
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Detailed description of the method
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1.2 Chemicals
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3 Analytical determination
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4 Evaluation

4.1 Calibration
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4.2 Calculation of the analytical result
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5 Reliability of the method

5.1 Accuracy and recovery
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5.2 Quantification limit

,�� �
������ @��	���������	 ����� �� 2�1 	� �� ����������
������	�� (� ��� ����
��	��
�
�� ��� ���	�� 	���� 
���� �� ��� ��
������
������
,�� 
�����"� @��	���������	 ����� �� 2�2 ��;�0 ����������
������	� ��
 � 7* < ��
 ����
����  �< �� ����
����	 �������	 �	� �  µ< �	=�����	 "������

5.3 Selectivity

,�� �������"��� �� ��� ������ ����	�� �	 ��� ���� �� �����	 ����� (	 �
������ ��� ��"�	
�����	 ��� �
�"�� 
����
��� (	 ���� �� �	��
��
�	� �����	�	��� � �����	 ���� ����
 ���
��
����	 ���
����
������ ������ 
� �����

6 Discussion

>� ��� @������ �� ��� ,�	�- ��
�� "�
��� �
������ ��� 
��	� "���� �� ���� ,�	�- ��
�
���� ������ ������ 
� ��������
,�� ������ ��
�� ��	 
� ���
�� �� 1E/ �& ��
 �� ����� / ���� ������� �	� ���� �� ���
��

�� ����������
������	��
,�� ����� �������	 �	� ����

����	 �������	� ���� 
� �
����� �
���
�� ���� ��� ��� ��
��� ��	����"��� �� ����������
������	� �� ���
�������

Analytical Methods ..



Method for the determination of diethyl sulfate
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4 Sampling with a pump, adsorption on Tenax-TA,
desorption, gas chromatography and mass-selective
detection
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Detailed description of the method
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1 Equipment, chemicals and solutions
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1.2 Chemicals
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1.3 Solutions
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3 Analytical determination

3.1 Sample preparation and analysis
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3.2 Operating conditions for gas chromatography

(�� ������ ��� ���
����
�C�� �	��
 ��� �������	� �)��
���	��� ��	�����	��

*���
����� -�� ��
������
��� 8�������?����
� .$#/ ���� ��" 8?
.#,/� �����<��������� �	>����
 �	� ����������
 8? ,5,%�

3����	� ����
���� ;��
�C �������
�
=�	���� ./ �
!	��
	�� �������
� /�'/ ��
������	�
� ������ #.D ������ ������	� F .D ������

���	�� ������	�  8?�. �
�� 8�������
?����
�&

���� �����	���� /�%% µ�
(����
���
��� !	>����
� '// �3�

(
�	���
 ��	�� './ �3
��
	��� �����
���
� �
��
�����
���
��	� �����
���
�� ./ �3� ' ��	 ������
���
8����	� 
��� �� �/ �3<��	 �� ''/ �3
8����	� 
��� '� %/ �3<��	
��	�� �����
���
�� './ �3� �. ��	 ������
���

!	>�����	 ����� ���������� � ��	
3�

��
 ���� 8������ �����	 �
����
� �$/ �?�
!	>�����	 ������� ' µ=
!�	������	 ����� 0����
�	������� ��	������	  ,/ �7&
"�������	 ����� �������� ��	 ��	���
�	�  �!� ����&
B���
��� ������  �<C&� ���� �'.� �%#
"���� ����� '// ��<
���
��� ����

Diethyl sulfate,�



4 Evaluation

4.1 Calibration
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5 Reliability of the method

5.1 Accuracy and recovery
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Method for the determination of dimethyl sulfate (DMS)
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1 Sampling with a pump, adsorption on silica gel,
desorption, derivatisation and thin-layer
chromatography
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Detailed description of the method
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2 Equipment, chemicals and solutions

2.1 Equipment
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2.3 Solutions
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5 Analytical determination

5.1 Conditions for thin-layer chromatography
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5.2 Chromatographic determination
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5.3 Evaluation by comparison of the coloured spots
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6 Calculation of the analytical result
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7 Reliability of the method

7.1 Precision
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7.3 Selectivity
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8 Notes on the procedure
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2 Sampling with a pump, adsorption on silica gel,
desorption and gas chromatography
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Detailed description of the method
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2 Equipment, chemicals and solutions

2.1 Equipment
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4 Operating conditions for gas chromatography
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6 Calibration
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7 Calculation of the analytical result
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8 Reliability of the method

8.1 Precision
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8.2 Quantification limit
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8.5 Shelf life
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3 Sampling with a pump, adsorption on Tenax-TA,
desorption and gas chromatography
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Detailed description of the method
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2 Equipment, chemicals and solutions

2.1 Equipment
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2.2 Chemicals
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3 Sampling and sample preparation
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4 Operating conditions for gas chromatography
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5 Analytical determination
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6 Calibration
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7 Calculation of the analytical result
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8 Reliability of the method
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8.2 Quantification limit

(�� �
������ ?��	���������	 ����� ��� % 	� "���
(�� 
������� ?��	���������	 ����� ��� 3�33% �<=�%  ���&�3�3�2 ��=�% "�� ��
 �
�3 < ��
 ������� � �< ����

���� �	� � '3 µ< �	C�����	 �������

8.3 Selectivity

*� � 
����� �� ��� ���
�	����	 �� ��� ��
������
����� ����
����	 �	� �����
���������
��������	� ��� ������ ����
�
�� �� ����������

8.4 Recovery
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8.5 Shelf life
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4 Sampling with a pump adsorption on Tenax-TA,
desorption, gas chromatography and mass-selective
detection
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Detailed description of the method
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1.2 Chemicals
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1.3 Solutions
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3 Analytical determination

3.1 Sample preparation and analysis
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4 Evaluation

4.1 Calibration
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5 Reliability of the method

5.1 Accuracy and recovery
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Method for the determination of dinitrotoluenes
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1 Sampling with a pump and adsorption on Tenax,
gas chromatography after desorption
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Detailed description of the method
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1 Equipment, chemicals and solutions

1.1 Equipment
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1.2 Chemicals
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1.3 Solutions
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3 Analytical determination

3.1 Sample preparation and analysis
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3.2 Operating conditions for gas chromatography
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4 Evaluation

4.1 Calibration
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4.2 Calculation of the analytical result
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5 Reliability of the method

5.1 Accuracy and recovery
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5.2 Quantification limit
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5.3 Selectivity
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6 Discussion

��� ����� ���� �� ��� ������ ��
�� �	 ��� ��
� �	� �� 
��� �����
���
� �� �� ����� �0 ����
������� �������

7 References

:�; �������� ��������� 	�� ����
��
������� ����� &�((,* !'6 96 02� I 3�
������ ����"
����
�� I ��-� �
�����	 ����	����	� ��
 �����
���	� �� ��

�
	� ��
������� �
������� �����
4�
���� ��
��	�

Analytical Methods ��0



Summary

��������	
��
 ����� ��	����� ��� �����	 ��� �� ������� ���� ��� �������� ���������
��	���� �����	 ������	 ����� ����  �� ��	����� �	� ��������� �� � 
���� ���	� �����	 ���
��� �����	 �� � ��	�	��
� ������ ���� !"#�$ ����	��	 	�����
%������ �� ��		��� ��� ���� ���	�����	����&���� �	 ���� �'�'$��	�����	��	�����	��������
"���	 ����	����� ��� ����&��� ��������� �	� ����&��� �& �����	��
 ��� ����
	�� �(��������
�� ��� ���	�	�� ���� �����	 	��
� )***+$,** ��+��

�	�������- .�����	� ��������� �	���� � / $�,+)�01
���� ��	������ � / 0�2+,�)1 ��	 � / ��
����	��������� ���� � �������	����� 	��
� �� $�2+$2 �
3�)

4������������� �����- *�5 �
3�) ��	 � ������ ������ �� 2$* 6
7�����	& 	���- ��*�85 �851�
9��	����
 	��
�- *�5+)** �
3�)

.������
 	�������������- .������
 ����- $�
.����� ������- 2$* 6

Metal-working fluids
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Metal-working fluid aerosols
and vapours

Method number 1

Application Air analysis

Analytical principle Infrared spectrometry

Completed in November 1994

Metal-working Fluid Aerosols and Vapours��5
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1 General principles

��������	
��
 ����� ��	����� ��� �����	 ��� �� ������� ���� ��� �������� ���������
��	���� �����	 ������	 ����� ����  �� ��	����� �	� ��������� �� � 
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��� �����	 �� � ��	�	��
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 ��� ����
	�� �(��������
�� ��� ���	�	�� ���� �����	 	��
� )***+$,** ��+��

2 Equipment, chemicals and adsorbents

2.1 Equipment

����' ���� 	��� $�* 63�
��� ����	
 ���� ���� 
�� ������	 �� ������� ��� 	����	���� �	������ ����	���
 �� #:B�%B�2,� �5�
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�* �� 4��	�E 
���� �������� ��	 ���	�	�� �����	�����&
6���	���	& �����' *�5 �� ����

2.2 Chemicals
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 �����	����� ��� �����	��
���� �� ����������

2.3 Adsorbents and filter material

����� ���	� �����	�' �����	��	��
� �� ����
 ����� �� ��� �����	 ����	��� ���� ����&� �� ����
����
!"#�$ ����	��	 	����
>��� �	��� !"#�$ ����	��	 	���� �
	������E� 	��
� *�$+*�8 ��� ��� ���� 
	���� ���� ��
�� 	������ ����	� ���� <�	 ���� ��	���� ��� !"#�$ �� ��	�� �	��� ���	��
�� �� 5* �= ��
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� �	&��
 ��������  ��� ��� ���� 
	���� F*�5 �� �	� ����	���� �& ������
 �� � ����	���	&
������  �� !"#�$ �������� ��� � 
	������E� 	��
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 ������  ��
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3 Calibration
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4 Sampling

4.1 Preparation of the sample collector

 �� 
���� ���	� �����	 �� ������ ���� ��� �����	 �������� ��� ������ ���� ��� ���	��	���� �����
) 
 �� ��� ��	����� !"#�$ �� ������ ���� 
���� �	 ������� ��	�	��
�� ��� ������ ���� ����
���� �������  �� ���� 	��������� ���� �� ����
��� :� ���� ��� �(���� �* ����  �� !"#�
$ ��	�	��
�� �	� ������ ���� ���&���&���� ���� ��� ���	�� ��
����	 ���� ��� �����	 ����
����� ����� ������ �����������
 �� ������ ��������	� �	���	�� �� ���� ��& ���� 	����� ������ ��	 �� ����� � ����� ��
���& �	� ���	�� ���	��	�����&�

4.2 Sample collection
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5 Sample preparation
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6 Operating conditions for infrared spectrometry
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7 Calculation of the analytical result
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8 Reliability of the method

 �� ���	����	����� ���� 
���� �� ��� ��������
 ������� ��	� ����	����� ���� � ������
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8.1 Precision
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8.2 Recovery rate

 � ����
 ��� 	�����	& 	���' �����	�� ������� �� ��������	
��
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8.3 Quantification limit

I���	 ��� 
���� ���������� ��� ;������������� ����� �� *�*$ �
3�6� <�	 � �������� ���
���� �� �* �6 ��� � ������ ������ �� *�2$ �) ���� ��		������� ���� � �������	�����
�� *�5 �
3�)�

8.4 Specificity

 �� ���	�	�� �����	����	�� ����	�������� ������ �� ��� �������� ��	 ��������	
��

������ ���� .������ 8��

8.5 Sample stability
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3�)�  �� ������ �������
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9 Discussion of the method
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Method for the determination of N-nitrosomethylphenyl-
amine (NMPA) and N-nitrosoethylphenylamine (NEPA)
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1 Sampling with a pump and adsorption in an annular
denuder, gas chromatography after extraction and
concentration of the extract
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Detailed description of the method
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1 Equipment, chemicals and solutions
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3 Analytical determination

3.1 Sample preparation and analysis
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3.2 Operating conditions for gas chromatography
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4 Evaluation

4.1 Calibration
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4.2 Calculation of the analytical result
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5 Reliability of the method

5.1 Accuracy and recovery
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5.2 Quantification limit
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5.3 Selectivity
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1 Sampling with a pump and adsorption on a filter,
HPLC after desorption
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Detailed description of the method
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1 Equipment, chemicals and solutions

1.1 Equipment
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3 Analytical determination

3.1 Sample preparation and analysis
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3.2 Operating conditions for high performance liquid chromatography
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4 Evaluation

4.1 Calibration
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4.2 Calculation of the analytical result
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5 Reliability of the method

5.1 Accuracy and recovery

<� ����
��	� ��� 
�����9� ���	��
� ��9�����	 �� ��� �
�����
� �	� ��� 
���9�
��

K �1 µ% �� � �������	 �� 1�-3 �� �������	���	������	� �	� 1��- �� �������	���	�����
��	� ��
 ��������
� ���9�	� ��?��
� ��

K �8 µ% �� � �������	 �� ��,3 �� �� ���� �� �������	���	������	� �	� �������	���	��
�����	� ��
 ��������
� ���9�	� ��?��
� ��

K �8 µ% �� � �������	 �� /�-� �� �� ���� �� �������	���	������	� �	� �������	���	��
�����	� ��
 ��������
� ���9�	� ��?��
� �

��
� ���� �
�	���

�� �� ��� ���
��	���� ����� ��

� �����
� ������ �	� 
���	� ��� ����
�
C���
 ��� �������	� ��
� ����� ��� �����
 �����
� ��
� �
����� �	 �����	��� ���� �� �?�
����� ������ <��	 /11 % �� ��
�
���
� ��
 ��� �
��	 ��
���� ��� �����
� �� ����
�
�� �	
 ���� �� <�� ������ ������� �� �������	���	������	� �	� �������	���	������	� ��
�

����	� ��
 ��� /11 % ��
 9������ �� ��	��	�
����	� �� 1�1�0� 1�� �	� 1�� ��2�� ��

�������	���	������	� "����$+C' �	� 1�1�/� 1�� �	� 1�� ��2�� ��
 �������	���	�����
��	� "����$+C'� <�� �����
� ��
� ���	 �	������ �� ����
�
�� �	  ���� ����  �? �	��9�����
����
��	����	� ��
� ��

��� ��� ��
 ���� ��	��	�
����	� <�� 
�����9� ���	��
� ��9�����	�
�	� 
���9�
� 
���� ���	� �
� ������ �	 <�
�� ��

����	  !  ��	��
� ��9�����	 "
���' � �	� 
���9�
� 
����

&�	��	�
����	  ��	��
� ��9�����	 "
���' � E���9�
� 
���
��2�� J

����$+C ����$+C ����$+C ����$+C

1�1�/ /�- 1�,0
1�1�0 ��3 1�,1
1�� ��0 ��3 1�,� 1�,-
1�� ��� ��8 1�,� 1�,-

1,2-Phenylenediamine/1,3-Phenylenediamine�0/



5.2 Quantification limit
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6 Discussion
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2 Equipment, chemicals, adsorption agents and solutions
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3.1 Calibration with dipotassium hydrogen phosphate
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3.2 Calibration with phosphine

<�
 	����
�����* �!* �!* 0!* 9! ��� �!! µ5 �� ���������  �� �
� ��B�� �
�� � ����	��
�'�� ���� ���  �� ������ ��
�' � �� ���� �  ���� �� �!! µ5 �

�� � ��� ��E�	��� ��)

�	��
 ���� ���  ���� �'�� ������ ���� ���
� ����� ����	�  ��"
�
���
����� �� 	�

��� �'� �� ���	
���� �� ��	���� 0 ���� ��� �������� �����
��	�.
��� &��'��� ��	����

 �� ��� ��� ����
�� 	��	���
����� �� ���I ��"  " �* �* 0* 9* �! �5�
�
� ��B�� �
�� ��� �,�
�	��� �
 ���	 �����" �� �� ��'� �������� �� &�

 ��� 	��	���
�����
������ � ���� 
�� �"

?��'�� �� ��� 8��	���
����� ����"�
�� ��� �� 40 �5 ��
���'���-����'�����

8��	���
����� ����"� ����
 
���&�� �
��
��� �
 ���	 �����

µ5 µ µ 

� �5 � �5 0 �5 9 �5 �! �5

�! �2"�2 !"0: �":! 4"9� 2"04 0";;
�! 24"24 �":! 0"!A 9"29 ��"0: �;"A:
0! :!":! 4"9� 9"29 �2"�2 44";4 49"49
9! ���"�! 2"04 ��"0: 44";4 �;"�A 20"40
�!! ��2"2! 0";; �;"A: 49"49 20"40 0;"0;

!"0: µ ��� �!"!�2 � ���-�
� ��
 ������

0;"0; µ ��� ��"2�2 � ���-�
� ��
 ������

�#$% &��'� / !"�2 � -��6 ��
 ������ &��'�� �� �!! 5�

<
�� ��� ����'
�� �,���	���� ��� 	����
����� �'�	���� � / �� �%I� ����  / & ���
	��	'����� �
 �����
 
� 
������ � 
����	 
��
���������� ��� <� " 4�" ��� 	�'
�� �� ��� 	�)
���
����� �� �����
 �� ��� 
�� � %I / !"0 µ �� %I / 4! µ ��� ������� ��� 5����
�7
@��
 ���"

I ��� �����'�� ���'�� �� ����
�  �&�� �� ��� �����' � �� ���� ����� �,������� �� ��� ��������� ��� ��
���

��B�� ���	�"

Analytical Methods �04



��� 	����
����� ��	��
 7 ��
 �� ����	�� ���� ��� �� �� 0 	� 7 �� � ����'
�� ��&� ��� ��
�� ;40 �� �� ' / ��"2! µ * ��� 
�	��
�	�� 	����
����� ��	��
 ' � / !"!9::0 µ 7�" ��� 	�
)

������� 	�����	���� �� ��� 	����
����� �'�	���� �� � / !"AA09" ��� ����B &��'� �'�� ��
����
�����"

4 Sample collection

J��� � ����)���������� ������� �'�� ��
 ��
����� ������� �
 � �'�� �� ����
 ���� �
 �� ����
* ��
 �� �
��� ��
�' � �  ���� �'�� �����
��� �������
 / !"9 	�* ��� �� �! 	��
������ ���� 4"!  ����	�  �� ����
� ����� ���� � �8��4� ���� � ���� 
��� �� 0! 5-�" ��
&�

 �� � 	��	���
������ �
� �,��	���* ��� ���� 
��� ���'�� �� 
��'	�� �� 4! 5-�"
��� ������ �'��� �
� 	����� ���� ������	 	��� ("& 
� �������� �
 �
� ��	 ����	� ��#�)*
�������� ��� ��� ������� ���� ����� �� ��� ������� �
���	��" ��� �'��� 	�� �� ���
��
�� 
��� �����
��'
� �����'� ������ ��
 '� �� ��, ���B�"

5 Sample preparation and analytical determination
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6 Calculation of the analytical result
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7 Reliability of the method

7.1 Precision
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7.2 Quantification limit
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7.3 Specificity
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7.4 Recovery rate
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7.5 Sample stability
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7.6 Influence of humidity on sampling
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Method for the determination of 2,3,7,8-substituted poly-
chlorinated dibenzodioxins (PCDDs) and dibenzofurans
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1 Sampling with a pump, collection on a filter and
adsorption on polyether urethan foam, gas
chromatography after desorption by extraction and
purification of the extract, detection by high-
resolution mass spectrometry
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Detailed description of the method
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2 Sampling
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2.2 Chemicals, solutions and adsorbents

2.2.1 Solvents
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2.2.2 Sampling standards
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2.3.2 Setting up the sampling apparatus
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3 Sample preparation
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3.1 Equipment

3.1.1 Sample extraction
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3.1.2 Extract purification with multi-layer column
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3.1.3 Extract purification with aluminium oxide
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3.1.4 Extract purification with sulfuric acid
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3.1.5 Extract purification using column chromatography on activated carbon/
Celite
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3.2 Chemicals
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3.2.1 Sample extraction
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3.2.2 Extract purification with multi-layer column
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3.2.3 Extract purification with aluminium oxide
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3.2.4 Extract purification with sulfuric acid
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3.2.5 Extract purification using column chromatography on activated carbon/
Celite
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3.3 Solutions

3.3.1 Clean-up standard
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3.3.2 Injection standard
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3.4 Procedure

3.4.1 Sample extraction
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3.4.4 Extract purification with sulfuric acid
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3.4.6 Final sample solution
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4.2.2 Mass spectrometry
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4.3 Procedure

4.3.1 Calibration
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4.3.2 Identification of the PCDDs/PCDFs
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4.3.3 Determination of recovery and blank values
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5 Calculation of the analytical result

5.1 Analytical result
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5.2 Toxicity equivalents
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5.3 Presentation of the results
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6 Reliability of the method
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6.1 Accuracy

6.1.1 Dust concentration
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6.1.3 Congener profile
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6.2 Recovery
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6.3.2 Quantification limits of the PCDD/PCDF congeners
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7.3 Parallel determination of other substances
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7.4 Alternative procedures for sample preparation
(Figures 5 to 10, appendix)
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7.5 Alternative conditions for analytical determination (Table 8, appendix)
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Styrene [C6H5–CH=CH2]
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2 Equipment and chemicals
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2.2 Chemicals

$������� 
�
�����
� ��
	� �� ���� �
�
�������� 
�
�����
� ��
	�
+���
���� 
�
�����
� ��
	�
=����� !�
����� �
�" ''�''/)
@������� ''�''')
���
� ��� /.6(. ���� !�� �� :����

��� 8�
������"

Analytical Methods 2.2



2.3 Pretreatment of the adsorption tubes
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2.4 Solutions
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2.5 Calibration standards
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3 Sample collection

$
�
�� ���������� �
� �� 
�������	 
� ��
����
�� �
�
���� �� 
� 
�����
� 
�� �
�
�����
��� 

�
������ ����� 
�� ��
���
�� ��� ��� 	�������
���� �� ��� ��������
����� �� 
��
���� 
� �
�
�� 
�� ������� ���
��
����� 
����
����� 
������� 
�	 ���
���� ����	��� 
��
����	 �� 
 �
�
���� 
�������� $
�
���� �� �
����	 ��� �� ��� ���
����� 
��
� ��� �
��;
��� �� ��� 
	���
���� ���� �����	 �� �
���� 
����������

3.1 Active sampling
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4 Analytical determination

4.1 Thermal desorption
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4.2 Operating conditions for gas chromatography
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5 Analytical determination and calibration
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6 Calculation of the analytical result
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7 Reliability of the method
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7.4 Specificity
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8 Discussion of the method

��� �����	 	�������	 
������ �

�	� 
����
��� 	�������
���� �� �������� 9����
��� ��;
�
� �� �
� �� ���	 ��� �
�
����� >� 
		�����
� �����
���� 
�� �� �� 	��������	 
� ���
�
�� ���� ����� 
�� ��� ��
����
������ 
	�����	 �� ���
� �� !�� �� 
������ 
�	 	�;
����������
�� ���	 �� H ;����� 
���������"� 
 ���� ��������� 
	������� �
� �� �� ���	
!�� �� J�7;,� :��������� &./"� ��� 
	���
���� ����� �
� �� ���	 ��� 
����� 
�	 

�;
���� �
�
����� >� ���� �� ���������	 ��
� ��� ��������� ������ �� ��� 
�
����� �� ����
&.. 30� �� 
	������� 
� 2. �:�

Analytical Methods 2./



>� �
���
���� ����� 
�	 �� ����	 ��
�������� 
 ���������� �
�� �� .�*-/ �30��� �
� 	�;
�������	 ��� ���
� ���
>� ����� 
	�������� �� 
	���
���� ����� �� ����� ����� 
�� ���	 ��� ���
�������� ��;
����� 
�	 ��� 
�
�����
� ��
�
���������� ���� �� ������	�
��� 
	���
���� ����� ���� �� ��
��	 �� ��� �����
� 	������� I��� ������ �
�
����� ����
�� ������
�� ���
��� ����������� �����
���� ����
��	 ���� ��� ��
���� �
����
� �� ���
�

� �
� �� 
	�����	 �� ��� ���������� 
�
�� 
���� ������ 
����	� �� ����
���
�
��� �

��� !
���� /.) ���
���� ����	���" �� ��� 
�� �
�	�� 	��
�
��� ��� ���
������
���� ��� ����
�� �� ��� ���������� 
�
��� ��� ��
	�	 
	���
���� ����� ���
�� ��
��� ���
��� ���� 
� ���
��
����� �� 2.62* �: !�
��� &" ������� 
�� �����
��� �����

����� �� $�
������ �� ������� �� ���
� �� !����
�� 
� ���� ���
��
����"� ���������
� �
���
&-2�, ��0�-�

$���
�� 
����	 :�������
����
7
�� ��0�-

. &-*�20&-,�2
- &-2�&0&--�&
, &-1�&0&-(�'
* &-(�20&-(�(
/ &-1�'0&,.�&
1 &,.�(0&,.�-

�


�
���# ��7 ,.. 
�	 �
� �����
����

� (1.. ����  �����;B�����

9 References

D&E �	���� ��� ���	�� �!	����"	 !B	�"# +����	� ��� ��� 7�������
���� �� =
�
�	��� $����
����#
+7=$ -& $������ �� 
��� =$B� �
��� &'(-

D2E �	���� ��� ���	�� �!	����"	 !B	�"# +����	� ��� ��� 7�������
���� �� =
�
�	��� $����
����#
+7=$ ,- $������ �� 
�� 6 	�������� �
�
���� 6� =$B +
��� &'(*

D-E �	�	�� #	�����	� $�%	��	��	 !B	�"# <7>;4��������� -,'.� ?�
�� (�  �G��
�� 6 =����������
	���� ��������������� >�I������� K
��
� &'(&

D,E #	�����	 �
������%�%	�	�������� !&''*" 3��� �� +�C 
�	 ?�� <
���� &''*� +
�����
��������
����� 
�	 ��������
� �����
��� �
���� 
� ��� ����
�
��� 4�
��� @� -& �� ��� :��;
������� ��� ��� >�������
���� �� =�
��� =
�
�	� �� :�����
� :��
���	� �� ��� ���� ���
�
�>3BL <:= <���
�����������
������������

D*E #	�����	 �
������%�%	�	�������� !2..&"� 3��� �� +�C 
�	 ?�� <
���� 2..&� :���������
��� ��� >�������
���� �� =�
��� =
�
�	� �� :�����
� :��
���	�� 4�
��� @�� -1� �>3BL;
<:=;<���
����������

������# �� �����������
B�
�����# �� �����	������  � ����

Styrene2.1



�	
� �� $
�
���� ���� !��
� ��7"�
�	���
���� ���� �
	� �� ��
������ ����� /�- ���'. ��� * �� ������
� 	�
�����
& :

 ��
2 7�������� �


- �	�������
, $�
������ ����� ������
* �	���
���� ����
/ $
����

�	
� �� 7��
��� ���� �
� 



�
����
&  ������� ������� ��� ����;�
�
2 >�I�����
-  �����
,  ����� �������
* >4 ������� �� ������ ������
/ $
�
���� �
�����	
1 B����� ���� �
�
( $
�
���� 
��
 ��
'  ����� 
��


Analytical Methods 2.(



Summary

��� ������ ��	�
�� ��� ����	�
�
�
�� �� ���	��� 
� ��� 

	 
� ��	���
��� 
� 
� 
��	
��
�������	
�
�� ��	
�� 
 ��
�� 
�� 
��� 
� 
 ��
� �
����
���	��� �
���	 ��
�� 
� ����� 
� ��� ��	���
�� 

	� ��	 ��
���� ��	
�� ��� �	�����
��
�� ��������	 	��
� ���� 
� 
���	��� �� 
��
�
��� �
	��� ������ �� 
� ����	��� �� �
	���
�
����
�� 
�� 
�
����� �� �
� ��	��
���	
��� ��
�� 
 ��
�� 
��
�
�
�� �������	�  �
�!
�
�
�
�� ��
��
�
�� 
� �
		
�� ��� ��
�� �������� 
� 
� 
���	�
� ��
��
	�� ��� �
�
�	
�
��
��
��
	�� 
	� �	��
	�� �� 
��
�� ��� 
��	��	

�� ��
��� �� 
��
�
��� �
	����

"	��
�
�� �� ��� �
�
��	��
���	
��
� 
�
���
�#

��
��
	� ���

�
�� $	���%# � & '�'()
*�
� �
	

�
��# � & '��)
��	 
 ���	��� �������	
�
�� �� +,�- �./�, 
��
� & �' ����	�
�
�
���

"	��
�
�� �� ��� ��������
������#

��
��
	� ���

�
�� $	���% � & ��')
*�
� �
	

�
�� � & +�')
��	 
 ���	��� �������	
�
�� �� +,�- �./�, 
��
� & �' ����	�
�
�
���

0�����	� 	
��# � & '�12 $12)%

3�����
�� �
�
�# '��+ µ. ���	��� 
�������
� �./�, ���	��� ��	 
 +( . 

	 �
���� ������

�
���
�� 	��������
�
��# "�	���
� 

	 �
���
��# 4 �
�
���
�� �
��# +( .

�
���
�� �� ����	�
�� ���	�!��	� ������	�#
�
���
�� �
��# ,' �
�
�
���� ������# �( .

Styrene

Method number 3

Application Air analysis

Analytical principle Gas chromatography

Completed in November 1994

Styrene+'1

����	�
� �� 
�������� ��������
� �� ���������
 �� 356� 3������� 5�	�����������
����
��
7���	
��� � +''+ 8
���!97: 9�	�
� 6��:

��;<�# ,!(+2!+2'=-!1 $:
	�����	%> ,!(+2!-''�1!� $?����	��
�%



Styrene [C6H5–CH=CH2]

���	��� 
� 
 ��
	�
�� �
��	

� ��	 ��� �������
� �� ��
��
�� $�������	���� ��������	�% 
��
�������	��� 
����
�
�� �
��	

��� �� 
� 
��� ���� 
� 
 ������� 
�� 	�
��
�� 
� ��� �	����!
�
�� �� ���
��	
��� ��������	 	��
���
��� *@A!�
��� $�11(% �
� +' �./�, $���% 
�� ��		������� �� 4- ��/�, �+�� @� �	�!
���� $+''�% ��� �
�� *@A �
��� 
���� �,��

@����	�# ��� ��� ����
�� 
� �������
�
?�
�
��	# �� ��� 

Analytical Methods +�'



Contents

� 6���	
� �	
��
����
+ ?B�
������ ����
�
�� 
�� �����
���
+�� ?B�
�����
+�+ 7���
�
��
+�, �����
���
+�= 7
�
�	
�
�� ��
��
	��
, �
���� �������
�� 
�� �	��
	
�
��
,�� �
���� �������
��
,�+ �
���� �	��
	
�
��
= C��	
�
�� ����
�
��� ��	 �
� ��	��
���	
���
( @�
���
�
� ����	�
�
�
��
- 7
�
�	
�
��
2 7
����
�
�� �� ��� 
�
���
�
� 	�����
4 0��

�
�
�� �� ��� ������
4�� "	��
�
��
4�+ 0�����	� 	
��
4�, 3���	��
�� 	
��
4�= �����!�
��
4�( 3�����
�� �
�
�
4�- ����
�
�
��
1 3
�����
�� �� ��� ������
�' 0���	�����

Styrene+��

Styrene

Method number 3

Application Air analysis

Analytical principle Gas chromatography

Completed in November 1994



1 General principles

���	��� �
���	 ��
�� 
� ����� 
� ��� ��	���
�� 

	� ��	 ��
����� ��	
�� ��� �	�����
��
�� ��������	 	��
� ��� 
� 
���	��� �� 
��
�
��� �
	��� ������ �� 
� ����	��� �� �
	���
�
����
�� 
�� 
�
����� 
� ��� �����
�� �
�� 
 �
� ��	��
���	
�� �B�
���� �
�� 
 ��
��

��
�
�
�� �������	�  �
��
�
�
�� ��
��
�
�� 
� �
		
�� ��� ��
�� �!������ 
� 
� 
���	�
�
��
��
	�� ��� �
�
�	
�
�� ��
��
	�� 
	� �	��
	�� �� 
��
�� ��� ��		������
�� ��
��� ��

��
�
��� �
	����

2 Equipment, chemicals and solutions
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3 Sample collection and preparation

3.1 Sample collection
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4 Operating conditions for gas chromatography
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5 Analytical determination
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6 Calibration
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7 Calculation of the analytical result
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8 Reliability of the method
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8.2 Recovery rate
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8.4 Shelf-life
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8.6 Specificity
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9 Discussion of the method
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1 Sampling with a pump and adsorption on Tenax,
gas chromatography after desorption
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Detailed description of the method
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1.2 Chemicals

��2�#�	�� ��
��� �� ����� **G� ����
��
��
������"
�����
������	�� ��
��� �� ����� **G
%���� ��
 ���
���	� ��� ��� ��
������
���� 2������ ��
��� **�**5G

2��
���	� ��
��� **�**5G
!�	������ ��
� �
�� �
�� ���
���

�	�

1.3 Solutions
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3 Analytical determination
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3.2 Operating conditions for gas chromatography
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4.2 Calculation of the analytical result
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5 Reliability of the method

5.1 Accuracy and recovery
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5.2 Quantification limit
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5.3 Selectivity
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Working Group “Analytical Chemistry” of the Commission of
the Deutsche Forschungsgemeinschaft for the Investigation of
Health Hazards of Chemical Compounds in the Work Area
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