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METHOD 7E 

 DETERMINATION OF NITROGEN OXIDES EMISSIONS FROM STATIONARY 

 SOURCES  (INSTRUMENTAL ANALYZER PROCEDURE) 
 
 
1. Applicability and Principle 
 
 1.1  Applicability.  This method is applicable to the determination of nitrogen oxides (NOx) 
concentrations in emissions from stationary sources only when specified within the regulations. 
 
 1.2  Principle.  A gas sample is continuously extracted from a stack, and a portion of the sample is 
conveyed to an instrumental chemiluminescent analyzer for determination of NOx concentration.  Performance 
specifications and test procedures are provided to ensure reliable data. 
 
2. Range and Sensitivity 
 
 Same as Method 6C, Sections 2.1 and 2.2. 
 
3. Definitions 
 
 3.1  Measurement System.  The total equipment required for the determination of NOx concentration.  
The measurement system consists of the following major subsystems: 
 
 3.1.1  Sample Interface, Gas Analyzer, and Data Recorder.  Same as Method 6C, Sections 3.1.1, 
3.1.2 and 3.1.3. 
 
 3.1.2  NO2 to NO Converter.  A device that converts the nitrogen dioxide (NO2) in the sample gas to 
nitrogen oxide (NO). 
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 3.2  Span, Calibration Gas, Analyzer Calibration Error, Sampling System Bias, Zero Drift, Calibration 
Drift, and Response Time.  Same as Method 6C, Sections 3.2 through 3.8. 
 
 3.3  Interference Response.  The output response of the measurement system to a component in the 
sample gas, other than the gas component being measured. 
 
4. Measurement System Performance Specifications 
 
 Same as Method 6C, Sections 4.1 through 4.4. 
 
5. Apparatus and Reagents 
 
 5.1  Measurement System.  Any measurement system for NOx that meets the specifications of this 
method.  A schematic of an acceptable measurement system is shown in Figure 6C-1 of Method 6C.  The 
essential components of the measurement system are described below: 
 
 5.1.1  Sample Probe, Sample Line, Calibration Valve Assembly, Moisture Removal System, Particulate 
Filter, Sample Pump, Sample Flow Rate Control, Sample Gas Manifold, and Data Recorder.  Same as Method 
6C, Sections 5.1.1 through 5.1.9 and 5.1.11. 
 
 5.1.2  NO2 to NO Converter.  That portion of the system that converts the nitrogen dioxide (NO2) in the 
sample gas to nitrogen oxide (NO).  An NO2 to NO converter is not necessary if data are presented to 
demonstrate that the NO2 portion of the exhaust gas is less than 5 percent of the total NOx concentration. 
 
 5.1.3  NOx Analyzer.  An analyzer based on the principles of chemiluminescence, to determine 
continuously the NOx concentration in the sample gas stream.  The analyzer shall meet the applicable 
performance specifications of Section 4.  A means of controlling the analyzer flow rate and a device for 
determining proper sample flow rate (e.g., precision rotameter, pressure gauge downstream of all flow controls, 
etc.) shall be provided at the analyzer. 
 
 5.2  NOx Calibration Gases.  The calibration gases for the NOx analyzer shall be NO in N2.  Three 
calibration gases, as specified in Sections 5.3.1 through 5.3.3 of Method 6C, shall be used.  Ambient air may 
be used for the zero gas. 
 
6. Measurement System Performance Test Procedures 
 
 Perform the following procedures before measurement of emissions (Section 7). 
 
 6.1  Calibration Gas Concentration Verification.  Follow Section 6.1 of Method 6C, except if calibration 
gas analysis is required, use Method 7, and change all 5 percent performance values to 10 percent (or 10 ppm, 
whichever is greater). 
 
 6.2  Interference Response.  Conduct an interference response test of the analyzer prior to its initial 
use in the field.  Thereafter, recheck the measurement system if changes are made in the instrumentation that 
could alter the interference response (e.g., changes in the gas detector).  Conduct the interference response in 
accordance with Section 5.4 of Method 20. 
 
 6.3  Measurement System Preparation, Analyzer Calibration Error, and Sample System Bias Check.  
Follow Sections 6.2 through 6.4 of Method 6C. 
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 6.4  NO2 to NO Conversion Efficiency.  Unless data are presented to demonstrate that the NO2 
concentration within the sample stream is not greater than 5 percent of the NOx concentration, conduct an NO2 
to NO conversion efficiency test in accordance with Section 5.6 of Method 20. 
 
7. Emission Test Procedure 
 
 7.1  Selection of Sampling Site and Sampling Points.  Select a measurement site and sampling points 
using the same criteria that are applicable to tests performed using Method 7. 
 
 7.2  Sample Collection.  Position the sampling probe at the first measurement point, and begin 
sampling at the same rate as used during the system calibration drift test. Maintain constant rate sampling (i.e., 
10 percent) during the entire run.  The sampling time per run shall be the same as the total time required to 
perform a run using Method 7, plus twice the system response time.  For each run, use only those 
measurements obtained after twice the response time of the measurement system has elapsed, to determine 
the average effluent concentration. 
 
 7.3  Zero and Calibration Drift Test.  Follow Section 7.4 of Method 6C. 
 
8. Emission Calculation 
 
 Follow Section 8 of Method 6C. 
 
9. Bibliography 
 
 Same as Bibliography of Method 6C. 



) ��*�'����
��������������
-�,,������
������;�� ����, 

 


�� 6������� �������������
�

G$��� �&�:��$� � �;H�:��$� � �;� �&� �� �(��� '(�� ��(�*��&'(���� ���(����� �2� �&� �342	� ��� &�������(��
&�'(��� �*�&&���&� '&���� �� ������'�'&� ��&�('*������ �����B�(�� -'������ �&&'(����� �� � )'������ ����(���
(�)'�(�*���&� �(�� ����' � � ��� �&&'(�� �$��� ��'/� �$�� ��&��(/� ��������  ���� ��� <��%�� )'������� I�'� *'&��
 ��'*������'(�� $�(���������$�&��&��������(�)'�(�*���&���(��)'��*���/�&'�����&/�&�*����������������� �
�����&�&/� ����'������&/� �� �  ���� �����&�&�� #$�&� *��$� �  ��&� ���� ��*��������  �&�(���� ���� �)'��*���/�
&'�����&/��� �&�*�������� �������������(��� '(�&���'�%������� ��'��(���(&������$�(�*��$� &���(�&�*�����
�$��  �����&�� #$�(���(�/� ��� ������� (�������� (�&'��&/� ��'� &$�'� � ��&�� $���� �� �$�(�'�$� <��%�� ��� ��� �$�&��
�  ����������&��*��$� &�%$��$��(����'� ��������� �2�������$�&���2�9�

��	��:��$� �
J6�*������ �E��������#(���(&�&���(�6�������(��6�'(��&��
��	� :��$� ��J!���(*�����������:��&�'(��.����������6���<�, �&�&��
�

�
� �������&�� G$���  ��&� �$�&� *��$� �  ���(*���H� #$�&� *��$� � *��&'(�&� �$�� �������(������ ���

���(������2� �&��&�34����
�

�������� .�6�3��� 6��&��������

3��(����2� ���34	��
3��(����� ��2� ���34�	�





�0��0��




�0��0
�

#���������=�A����
.����(������6����

�

������������������G$����&��$�&�*��$� �(�)'�(� H�#$��'&�����:��$� ��;�*������(�)'�(� ����&��������

3�%�6�'(�����(��(*�����6��� �( &/�.�������(�:�(<������('��&/�6�����5*���*�������������&/��� ���(*��&�
%$�(��*��&'(�*�������342��������(�����&����&�������(��&�'(����*�&&���&��&�(�)'�(� /����$�(���� ���(*����
��*�������� %��$� ��� ����������� �*�&&���&� &��� �( � �(� ��� ��� '��� ��(��(*����� ��&����� ��� �� ������'�'&�
*�����(����&�&��*��.;:6	��4�$�(�(��'������&�*�����&��(�)'�(���$��'&�����:��$� ��;��
�


���!����-'������4�+������&��!-4	��K�%���� �*'&��*���������� � ������H�:��$� ��;��&� �&���� ����
�(��� ��$��$0)'������ ������(� ���(*��������*��������%��$�"� �(����� �6������*�&&����&��� �( &��� ���(�
(�����������'(������&��������.;:6��5���$�&���� ���$�(������������&/��$���(����������+��������&������&'(���$��
���'(��������$�� ��������$�����'����*�&&���� �����&�����'���(� ��#��*�����$�&���+������/��$��'&�����;���
�(������������(������������(��������&�&��� �*��&'(�*����&�&��*���(��(*�������&�&��(��(�)'�(� ��

�

��� !����-'������ �&&�&&*���� ��(� D�%� ;*����(&�� 5&� ��(��(*����� (������ �(���� �%$��� ��&����� ��%0

�*�&&���� '���&H� I�&�� "�(� ��%0�*������� &�'(��&/� �$�(�� �(�� ����(������� ��(��(*����� &������������&� ��(�
�����B�(� �����(������ �((�(/� &�&��*� ���&/�  (���/� �� � (�&���&�� ��*��� ��&�/� �$�� ����(�������  ���*��� &��<����
�(��� '(�����6�������
1�*����(��� ����(��(*�����(��������(���(�������%0�*�������'���&��

�
��� 6'**�(�����:��$� �

�
5���$�&�*��$� /���&�*��������$������'������&��&�������'�'&���&�*��� ��� �������� �����$�������B�(�

��(� *��&'(���� �$�� �������(������ ��� 342�� I�'� *��� *��&'(�� 34� �� � 34�� &���(������ �(� &�*'������'&���
�����$�(� �'�/� ��(� �$�� �'(��&�&� ��� �$�&� *��$� /� 342� �&� �$�� &'*� ��� 34� �� � 34��� I�'� *'&�� *���� �$��
��(��(*�����(�)'�(�*���&�����$�&�*��$� �������� ������'(� �����

�
��� !���������&�

�
��
� �����B�(� .����(������ ;((�(/� ��(� ���0 ��'����� &�&��*&/� *���&� �$��  ����(����� ���%���� �$��

*��'����'(�(���(����� ��������(����������������(��������&��� ��$��*��&'(� ��������(����������$��&�*����&�
%$�������&����(� '�� �������$�������B�(���� �(���������(������*� ����

�
����.����(������.'(���*���&��$��(�������&$������%������������B�(T&�(�&���&������$����+������������

&�(��&���������(��������&�&��� ��$�����'����������(�����&�����$�&����&�&��
�
����.����(������, �&�*���&��$����&�*�2�'(�������������342������<��%���������(�������� ��(� '�� �

�� � ��(����� � ��� ����( ����� %��$� O;��� #(����������� �(������� ��(� �&&��� �� � .�(����������� ��� , �&��'&�



) ��*�'����
��������������
-�,,������
��������� ����, 

 

.����(������6��� �( &/P�6����*��(�
���/��&��*�� � ��'�'&����/�
���/�;��01

��0���
�
��(�*�(��(������
'� ���&��#$����&�&���(������B�(������(�������((�(/� (���/��� �&�&��*����&�(�)'�(���$��'&����������(��������&�
�(���(� �����( ��������$�&��(��������

�
����
�D�%0D�����, �&�*���&��������(��������&�%��$����������(�������$����&���&&��$����
���(��������

�$�������(������&������ �*��������B�(����&��
�
������:� 0D�����, �&�*���&��������(��������&�%��$����������(�������$����&��
����1
���(���������$��

�����(������&������
�
������K��$0D�����, �&�*���&��������(��������&�%��$����������(�������$����&��)'�������$�������(������

&�����
�
����.����(������6����*���&��$��'���(���*���������� � ��&�('*����(�&���&�� '(����&�*�������#���$��

�2����� �(���������/� �$�� *��&'(� � �*�&&���&� &$�'� � ��� ���%���� �
� ��� 


� ��(����� ��� �$�� &������ �
�����(������&�����

�
����.���(�� ����(���*���&��$������(����(�������$��&���<��(� '����$����&�����(����(��$���
���(�����

����$��&���<��(� '����(�&&�&��������#$�&��(���$�&��$��&�*�����*��(���&$�����&��$��&���<��(� '����
�
��1�.����(��(�;����������, �&�*���&��������(��������&�%��$���<��%��34��(�34���������(�������� ����

#(������������(�������)'�������
�
����!��������( �(�*���&��$���)'��*�����$�����(*��������(���( &��$���������(�����&�(���(�� ����

�$�������B�(��
�
����!�(����.����(������:� ��*���&����(� '������$�������(��������&�&� �(������������$�������B�(���(�

����� �$�� �&&�*��� �*��&'(�*���� &�&��*� ��� �� ������  �%�&�(��*� ��� ���� &�*���� ��� ��������� �)'��*���	�
����( �������*��'����'(�(T&�(���**�� � ������(�������(��� '(���#$�&�*� ����������(������������&�������0
 ��'����0�����*��&'(�*����&�&��*&��

�
����!(����*���&��$�� ����(��������%�����$��*��&'(�*����&�&��*�(�� ���&�������� �����$���(�0('��

�� ���&�0('�� &�&��*����&� ��(� &�&��*������(�������((�(	��$��<&������ &�������������(��������&��������(������
��������������%0/�*� 0/��(�$��$0	��

�
��

� , �&� �����B�(� *���&� �$�� �)'��*���� �$��� &��&�&� �$�� ��&� ������*��&'(� � �� � ����(���&� ���

�'��'���(���(������������&��������(�������
�
��

�5���(��(�����.$��<�*���&��$����&����� �����������B�(�(�&���&�&������*��'� &���$�(��$����$��

��*��'� ��������(�&�/�'&'���������&��(�&��������$��*��&'(� ���&�&�(��*/��$����&������ �)'����������'��� �
��(�����$�������(�������(��� '(���� �*�����'&��*��&'(�*�������&��

�
��
��D�%0.������(�����������B�(�*���&����������B�(��$������(���&�%��$��������(������&��������
�

��*�342� �(� ��%�(�� ;��$������B�(�*� ��� '&� � (�'������� ���*��&'(�� ��%�342� �������(�����&�*'&�� ��&&� ��
:��'����'(�(T&� 6��������� #�&�� �:6#	�� �� :6#� &'�+���&� �$�� �����B�(� ��� �� (����� ��� ���������� ������&� ���
 �*��&�(���� ��&� &��������� �����%���� �$�� �(��� '(�&� �(��� � � ��� �
� ."�� �����/� �����/� �� � ����1U� �� �
�(��� �&��$������(*�����������&'**�(����(*���������������$�&� ����(*������*'&���������' � �������$���&��
(���(���#������;0����&�&��$���(���(���������*�����

�
��
��:��&'(�*����6�&��*�*���&���������$���)'��*����'&� ���� ���(*�����$��342��������(�������

#$��*��&'(�*����&�&��*���*�(�&�&�&�2�*�+�(�&'�&�&��*&9�&�*������)'�&�����/�&�*�����(��&��(�/�&�*����
��� ��������/������(��������&�*������ /���&������B�(/��� � ����(���( �(��
�



) ��*�'����
��������������
-�,,������
������,�� ����, 

 

��
����&���&��#�*��*���&��$����*�������<�&��$��*��&'(�*����&�&��*����(�&��� �������$��������
��&� �������(������ ���'((���� ��� �$�� &�*������ ������ %$��� �$�� &�&��*� �&� ���(������ ��(*����� ��� ��&� ��(����
&�*�������%�(�����(� ��'�����(�������

�
��
���'��*���&���&�(��&������&�&�*���&���<���&'���&&�������(�*��$��&���<��(� '��������&����(*�����

���&�&�&������&���������'*��(����('�&��
�

3.16 System Bias means the difference between a calibration gas measured in direct 
calibration mode and in system calibration mode. System bias is determined before 
and after each run at the low- and mid- or high concentration levels. For dilution-
type systems, pre- and post-run system calibration error is measured, rather than 
system bias. 
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6.2.2 Particulate Filter. An in-stack or out-of-stack filter. The filter media must be included in 
the system bias test and made of material that is non-reactive to the gas being 
sampled. This particulate filter requirement may be waived in applications where no 
significant particulate matter is expected (e.g., for emission testing of a combustion 
turbine firing natural gas). 
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6.2.8.1 Dual Range Analyzers. For certain applications, a wide range of gas concentrations 
may be encountered, necessitating the use of two measurement ranges. Dual-range 
analyzers are readily available for these applications. These analyzers are often 
equipped with automated range-switching capability, so that when readings exceed 
the full-scale of the low measurement range, they are recorded on the high range. 
As an alternative to using a dual-range analyzer, you may use two segments of a 
single, large measurement scale to serve as the low and high ranges. In all cases, 
when two ranges are used, you must quality-assure both ranges using the proper 
sets of calibration gases. You must also meet the interference, calibration error, 
system bias, and drift checks. However, we caution that when you use two 
segments of a large measurement scale for dual range purposes, it may be difficult 
to meet the performance specifications on the low range due to signal-to-noise ratio 
considerations.  
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Except for applications under 40 CFR Part 75**, it is acceptable to prepare calibration gas 
mixtures from EPA Traceability Protocol gases in accordance with Method 205 in M 
to part 51 of this chapter. For Part 75 applications, the use of Method 205 is subject 
to the approval of the Administrator. The goal and recommendation for selecting 
calibration gases is to bracket the sample concentrations. 
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7.2 Interference Check. What reagents do I need for the interference check? Use the 
appropriate test gases listed in Table 7E-3 (i.e., the potential interferents for the test 
facility, as identified by the instrument manufacturer) to conduct the interference 
check. 

�
��� 6�*����.���������/��(�&�(������/�6��(���/��� �#(��&��(���

�
;*�&&����#�&���(��� '(����6�������'��(������%� �����$��&�� ����(����������&������*����%��$�&�*��

����$����(��(*������(���(��/� ��� �&���'(�(�&���&����������� � ��������$��&��������������&���'�$�����$�&��/����
 ��'*���� �$��� �$�� ��(��(*����� �(���(��� ��(� �$��� ������� $���� �����*��/� �� � ��� � ������� ����  ��������&�
�(�*��$��*��$� ��

�
G$���&�*������&������ �&�*�����������&� ��5�&�����H�
�
��
�
� 8 ���&&� ��$�(%�&�� &������� � ��� ��� ����������� (��'������� �(� ��� �$�� � *���&�(���(/�%$��� �$�&�

*��$� � �&� '&� � ���  ���(*���� ��*�������� %��$� ��� �*�&&���� &��� �( /� ��� '��� �� &�(������������ ��&�� �&�
 �&�(��� ����6���������
������ ���(*�����$��&�*�������(���(&�������&�������'&� ��"�(���(��(*�������&�����
��� ������'�'&� �*�&&����*�����(���� &�&��*&/� �����%��$�� &�*������ &���� &����������� ��(���(&�� ������ ����'��
�(��� '(�&�  �&�(��� � ��� �$�� ���(��(����� ��(��(*����� &������������� �(� ����������� (��'������� �����/�
��(��(*�����6����������������������� �2�7�����$�&���2�	���

�
��
���!���(*�����������6�(�������������#����&����(�&�(�����������/�'&�����(����������(��(����������$�

���*��&'(���$��342���(�����'������������(�&�	��������(����������%������(���(&�������&������� �����( �������
#�����
0
��(�#�����
0�����:��$� �
�����$�&���2�������(��������/���'�*���*��&'(������$(��������&�����������
��&&���� �$(�'�$� �$�� ����(�� ��� �(���� 6����� �$�� �$(��� �����&� ��� 
1��/� �
�
/� �� � ����� ��(����� ��� �$��
*��&'(�*����������6�*������(���*���*'*�����%�����$��&�&��*�(�&���&����*���&���6�����������1	�������$�
�(���(&���������.���'������$���� ��� '����������� �*����342��������(�����&��5���$���������(������������$�
�(���(&�� ������  ����(&� �(�*� �$�� *���� �������(������ ��(� ���� �(���(&�� �����&� ��� ���*�(�� �$��9� ��	� N� ��
�
��(����� ��� �$��*���� �������(�����>� �(� ��	� N� 
��� ��*� �%$��$���(� �&� ��&&� (�&�(������	/� �$�� ��&� &�(��*� �&�
���&� �(� � '�&�(������ � �� � ��'�*��� �������� &�*���&� �(�*��� &������ ������ �$���*�&�� ���&����*���$�&� �$��
*����� 5�� �$����
� ��(����� �(� 
��� ��*��(���(���� �&� ����*��/��'���$���������(������������$��(���(&��������
 ����(&� �(�*��$��*�����������(������ ��(� ���� �(���(&�������&� ��� ���*�(���$��9� ��	� N� 

�
� ��(�������� �$��
*���>� �(� ��	� N� 
�
� ��*� �%$��$���(� �&� ��&&� (�&�(������	/� �$�� ��&� &�(��*� �&� ���&� �(� � ��� ��� *���*�����
&�(������ /��� ���'�*�����<��&�*���&� �(�*��$(��������&��6������$���$(��������&����
1��/��
�
/��� ������
��(���������$��*��&'(�*���� ����������(��������/� ��� ���%����������� &�(��������������&��%�&� ��(��(*� ��� �
�$���*�&&���&�&$�%��������*���*�����&�(������ �����������&�%��$���N�

�
���(���������$��(�*�����(�%��$���N�

�
���*	/��� � ����$��&���<� ��*���(���(��)'�������� ��*���(/���(���(������'��(�&���<��(� '��	� �&��(����(�
�$��� ���� *���(&� ����� ��	/� �$��� ��'� *��� '&�� �0������ &�*������ �� � ������� �$�� �$(��� �����&� ������ �$��
*��&'(�*����������2$���������$��$��$�&�����(�����������(������ '(�����$��&�(��������������&�/����
��/�
�
�
�� ���
�*���(&��(�*��$��&���<��(� '���%�����5���$����&�&�(��*��&���'� �������&�(������ �����'&���$��

�
�
��(������(�
�
���*��(���(���� ��(����0��������&�� �&�����*��/� ��������%������(���(&�������&� ��(��$����&�� ���
����( �����%��$�#�����
0
��(�#�����
0�����:��$� �
�����$�&���2���

�
���� 5������� :��&'(�*���� 6�&��*� ��(��(*����� #�&�&�� G$��� �������� ��(��(*����� �(���(��� *'&�� *��

&�&��*�*��������(��5������������������&�*���&H��
7���(��*��&'(�����*�&&���&/���(��(*��$�������%�����(��� '(�&9�
��	�.����(��������&���(���������/�
��	�:��&'(�*����&�&��*��(���(�����/�



) ��*�'����
��������������
-�,,������
��������� ����, 

 

��	�.����(�������((�(���&�/�
� 	�34�����34������(&�����������������&�/��������������/�
��	�6�&��*����&��$��</�
��	�6�&��*�(�&���&����*����&�/��� �
��	�5���(��(������$��<�
�
����
�.����(������, �&�E�(�����������K�%�*'&��5���(�����$���������(�����&����*�������(��������&�&H�

4������ �� ��(��������� �(�*� �$�� ��&� *��'����'(�(� �� � �����(*� �$��� �$��  ��'*��������� ����' �&� ����
����(*������(�)'�(� �����$��#(������������(��������.����(*��$����$��*��'����'(�(���(������������&���*������
�� ��'((�����;�&'(���$�����'(������(��������&�&���(����������&�$���������2��(� ��#$�&� ��'*���������&$�'� �
���������������0&������(� ��&���������#���$���2������(���������/�&��������$��$0��������&��������(�������$���
%����(�&'�������$��*��&'(� ��*�&&���&����������%�����
��� �


���(���������$�������(������&������

�
������ :��&'(�*���� 6�&��*� �(���(������� K�%�  �� 5� �(���(�� *�� *��&'(�*���� &�&��*H� �&&�*���/�

�(���(�/� �� � �(���� ������ �$�� *��&'(�*���� &�&��*� ����( ���� ��� ��'(� &��� �( � ���(������ �(��� '(���
� +'&���$��&�&��*������$������$����((����&�*������(�����(� ��'�����(�������&�����������	��

��
������.����(������;((�(�#�&���K�%� ��5������(*�*�������B�(������(�������&���((���H�����(���'�$����

�&&�*��� /� �(���(� � �� � �����(��� � ��'(� &�*������ &�&��*� �� � �����B�(/� ��'� *'&�� ��� '��� �� �0������
�����B�(������(�������((�(���&����(����0������&�&��*������(�������((�(���&����(� ��'�����&�&��*&	�����(���$��
��(&��('���� �����������(���������� �&�&��*����&���&����(��0������&�&��*������(�������((�(���&����(� ��'�����
&�&��*&	��(������ � (������&���5��(� '����$�� ��%0/�*� 0/��� �$��$0�����������(��������&�&�&�)'����������"�(�
���0 ��'����0�����*��&'(�*����&�&��*&/����(� '����$����&�&���� �(���������(������*� ���"�(� ��'����0�����
*��&'(�*����&�&��*&/����(� '����$����&�&����&�&��*������(������*� ���

�
	�"�(����0 ��'�����&�&��*&/���'�*���� +'&���$��&�&��*����*���������$����((�������%�(��������$��
�����B�(� '(�����$����&�/��'����'�*�������*�<��� +'&�*���&���(�������$�(��'(��&���"�(� ��'�����&�&��*&/�
��'�*'&�����(�����$��*��&'(�*����&�&��*�����$�����(��(����� ��'�����(����� '(��������&�&��*������(������
�((�(��$��<&/��� �*���*�<��������$��� +'&�*���&�����&&�(�����*���������$���(���(�(�������

(2) Record the analyzer’s response to each calibration gas on a form similar to Table 7E-1. 
For each calibration gas, calculate the analyzer calibration error using Equation 7E-
1 in section 12.2 or the system calibration error using Equation 7E-3 in Section 12.4 
(as applicable). The calibration error specification in Section 13.1 must be met for 
the low-, mid-, and high-level gases. If the calibration error specification is not met, 
take corrective action and repeat the test until an acceptable 3-point calibration is 
achieved.  
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8.2.5 Initial System Bias and System Calibration Error Checks. Before sampling begins, 
determine whether the high-level or mid-level calibration gas best approximates the 
emissions and use it as the upscale gas. Introduce the upscale gas at the probe 
upstream of all sample conditioning components in system calibration mode. Record 
the time it takes for the measured concentration to increase to a value that is within 
95 percent or 0.5 ppm (whichever is less restrictive) of the certified gas 
concentration. Continue to observe the gas concentration reading until it has 
reached a final, stable value. Record this value on a form similar to Table 7E-2.  
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(3) For dilution systems, data from a 3-point system calibration error test may be used to 
met the pre-run 2-point system calibration error requirement for the first run in a test 
sequence. Also, the post-run bias (or 2-point calibration error) check data may be 
used as the pre run data for the next run in the test sequence at the discretion of the 
tester.  
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(2) You must include a copy of the manufacturer’s certification of the calibration gases used 
in the testing as part of the test report. This certification must include the 13 
documentation requirements in the EPA Traceability Protocol For Assay and 
Certification of Gaseous Calibration Standards, September 1997, as amended 
August 25, 1999. When Method 205 is used to produce diluted calibration gases, 
you must document that the specifications for the gas dilution system are met for the 
test. You must also include the date of the most recent dilution system calibration 
against flow standards and the name of the person or manufacturer who carried out 
the calibration in the test report. 
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Figure 7E-2 Testing Flow Chart 
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METHOD 10 

 DETERMINATION OF CARBON MONOXIDE EMISSIONS FROM STATIONARY SOURCES 

�12 !%�6 ) �2 %+8�+2 +849�����/ 5�0 6 ��� 
 
 
 
1. Principle and Applicability 
 
 1.1  Principle.  An integrated or continuous gas sample is extracted from a sampling point and 
analyzed for carbon monoxide (CO) content using a Luft-type nondispersive infrared analyzer (NDIR) or 
equivalent. 
 
 1.2  Applicability.  This method is applicable for the determination of carbon monoxide emissions from 
stationary sources only when specified by the test procedures contained in this text or otherwise specified by 
the Director.  The test procedure will indicate whether a continuous or an integrated sample is to be used. 
 
2. Range and Sensitivity 
 
 2.1  Range.  0 to 1,000 ppm. 
 
 2.2  Sensitivity.  Minimum detectable concentration is 20 ppm for a 0 to 1,000 ppm span. 
 
3. Interferences 
 
 Any substance having a strong absorption of infrared energy will interfere to some extent.  For 
example, discrimination ratios for water (H2O) and carbon dioxide (CO2) are 3.5 percent H2O per 7 ppm CO 
and 10 percent CO2 per 10 ppm CO, respectively, for devices measuring in the 1,500 to 3,000 ppm range.  For 
devices measuring in the 0 to 100 ppm range, interference ratios can be as high as 3.5 percent H2O per 25 
ppm CO and 10 percent CO2 per 50 ppm CO.  The use of silica gel and ascarite traps will alleviate the major 
interference problems.  The measured gas volume must be corrected if these traps are used. 
 
4. Precision and Accuracy 
 
 4.1  Precision.  The precision of most NDIR analyzers is approximately ±2 percent of span. 
 
 4.2  Accuracy.  The accuracy of most NDIR analyzers is approximately ±5 percent of span after 
calibration. 
 
5. Apparatus 
 
 5.1  Continuous sample (Figure 10-1). 
 
 5.1.1  Probe.  Stainless steel or sheathed Pyrex1 glass, equipped with a filter to remove particulate 
matter. 
 
 5.1.2  Air-cooler condenser or equivalent.  To remove any excess moisture. 
 

                                            
1Mention of trade names or specific products does not constitute endorsement by the Georgia Department of 
Natural Resources. 
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 5.2  Integrated sample (Figure 10-2). 
 
 5.2.1  Probe.  Stainless steel or sheathed Pyrex glass, equipped with a filter to remove particulate 
matter. 
 
 5.2.2  Air-cooler condenser or equivalent.  To remove any excess moisture. 
 
 5.2.3  Valve.  Needle valve, or equivalent, to adjust flow rate. 
 
 5.2.4  Pump.  Leak-free diaphragm type, or equivalent, to transport gas. 
 
 5.2.5  Rate meter.  Rotameter, or equivalent, to measure a flow range from 0 to 1.0 liter per min.  
(0.035 cfm). 
 
 5.2.6  Flexible bag.  Tedlar, or equivalent, with a capacity of 60 to 90 liters (2 to 3 ft3).  Leak-test the 
bag in the laboratory before using by evacuating bag with a pump followed by a dry gas meter.  When 
evacuation is complete, there should be no flow through the meter. 
 
 5.2.7  Pitot tube.  Type S, or equivalent, attached to the probe so that the sampling rate can be 
regulated proportional to the stack gas velocity when velocity is varying with the time or a sample traverse is 
conducted. 
 
 5.3  Analysis (Figure 10-3). 
 
 5.3.1  Carbon monoxide analyzer.  Nondispersive infrared spectrometer, or equivalent.  This instrument 
should be demonstrated, preferably by the manufacturer, to meet or exceed manufacturer's specifications and 
those described in this method. 
 
 5.3.2  Drying tube.  To contain approximately 200 g of silica gel. 
 
 5.3.3  Calibration gas.  Refer to Section 6.1. 
 
 5.3.4  Filter.  As recommended by NDIR manufacturer. 
 
 5.3.5  CO2 removal tube.  To contain approximately 500 g of ascarite. 
 
 5.3.6  Ice water bath.  For ascarite and silica gel tubes. 
 
 5.3.7  Valve.  Needle valve, or equivalent, to adjust flow rate. 
 
 5.3.8  Rate meter.  Rotameter or equivalent to measure gas flow rate of 0 to 1.0 liter per minute (0.035 
cfm) through NDIR. 
 
 5.3.9  Recorder (optional).  To provide permanent record of NDIR readings. 
 
6.   Reagents 
 
 6.1  Calibration gases.  Known concentration of CO in nitrogen (N2) for instrument span, prepurified 
grade of N2 for zero, and two additional concentrations corresponding approximately to 60 percent and 30 
percent span.  The span concentration shall not exceed 1.5 times the applicable source performance standard.  
The calibration gases shall be certified by the manufacturer to be within ±2 percent of the specified 
concentration. 
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 6.2  Silica gel.  Indicating type, 6 to 16 mesh, dried at 175°C (347°F) for 2 hours. 
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 6.3  Ascarite.  Commercially available. 
 
7. Procedure 
 
 7.1  Sampling. 
 
 7.1.1  Continuous sampling.  Set up the equipment as shown in Figure 10-1 making sure all 
connections are leak free.  Place the probe in the stack at a sampling point and purge the sampling line.  
Connect the analyzer and begin drawing sample into the analyzer.  Allow 5 minutes for the system to stabilize, 
then record the analyzer reading as required by the test procedure.  (See Sections 7.2 and 8).  CO2 content of 
the gas may be determined by using the Method 3 integrated sample procedure, or by weighing the ascarite 
CO2 removal tube and computing CO2 concentration from the gas volume sampled and the weight gain of the 
tube. 
 
 7.1.2  Integrated sampling.  Evacuate the flexible bag.  Set up the equipment as shown in Figure 10-2 
with the bag disconnected.  Place the probe in the stack and purge the sampling line.  Connect the bag, making 
sure that all connections are leak free. Sample at a rate proportional to the stack velocity.  CO2 content of the 
gas may be determined by using the Method 3 integrated sample procedures, or by weighing the ascarite CO2 
removal tube and computing CO2 concentration from the gas volume sampled and the weight gain of the tube. 
 
 7.2  CO Analysis.  Assemble the apparatus as shown in Figure 10-3, calibrate the instrument, and 
perform other required operations as described in Section 8.  Purge analyzer with N2 prior to introduction of 
each sample.  Direct the sample stream through the instrument for the test period, recording the readings.  
Check the zero and span again after the test to assure that any drift or malfunction is detected.  Record the 
sample data on Table 10-1. 
 
8. Calibration 
 
 Assemble the apparatus according to Figure 10-3.  Generally an instrument requires a warm-up period 
before stability is obtained.  Follow the manufacturer's instructions for specific procedure.  Allow a minimum 
time of 1 hour for warm-up.  During this time check the sample conditioning apparatus, i.e., filter, condenser, 
drying tube, and CO2 removal tube, to ensure that each component is in good operating condition.  Zero and 
calibrate the instrument according to the manufacturer's procedures using, respectively, nitrogen and the 
calibration gases. 
 
 TABLE 10-1.  FIELD DATA  
 

 Location ....................................  Comments: 

 Test .......................................... 

 Date .......................................... 

 Operator ....................................  
 
  Clock Time   Rotameter setting, liters per minute (cubic feet per minute) 
 
 
9. Calculation 
 
 Calculate the concentration of carbon monoxide in the stack using Equation 10-1. 
 
 
 

 )F-(1 C = C COCOCO 2NDIRstack
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where: 
 
CCOstack

 =concentration of CO in stack, ppm by volume (dry basis). 
 
CCODNIR

 =concentration of CO measured by NDIR analyzer, ppm by volume (dry basis). 
 
FCO

2
  =volume fraction of CO2 in sample, i.e., percent CO2 from Orsat analysis divided by 100. 

 
10. Alternative Procedure 
 
 10.1  Interference Trap.  The sample condition system described in Method 10A, Sections 2.1.2 and 
4.2 may be used as an alternate to the silica gel and ascarite traps. 
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Technical Products Division, Pittsburgh, Pa. 
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Instructions 1635-B, Fullerton, Calif., October 1967. 
 
 5.  Continuous CO Monitoring System, Model A5611, Intertech Corp., Princeton, N.J. 
 
 6.  UNOR Infrared Gas Analayzers, Bendix Corp., Ronceverte, West Virginia. 
  
 
 ADDENDA 
 

A.  Performance Specifications for NDIR Carbon Monoxide Analyzers. 
 
Range  (minimum) ................................................................... 0-1000 ppm. 
Output (minimum) ................................................................... 0-10mV. 
Minimum detectable sensitivity .................................................. 20 ppm. 
Rise time, 90 percent (maximum) ............................................... 30 seconds. 
Fall time, 90 percent (maximum) ................................................ 30 seconds. 
Zero drift (maximum) ................................................................ 10% in 8 hours. 
Span drift (maximum) ............................................................... 10% in 8 hours. 
Precision (minimum) ................................................................. ±2% of full scale. 
Noise (maximum) ..................................................................... ±1% of full scale. 
Linearity (maximum deviation) .................................................... 2% of full scale. 
Interference rejection ratio ......................................................... CO2--1000 to 1,H2O--500 to 1. 
  
 
B. Definitions of Performance Specifications. 
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 Range -- The minimum and maximum measurement limits. 
 
 Output -- Electrical signal which is proportional to the measurement; intended for connection to readout 
or data processing devices.  Usually expressed as millivolts or milliamps full scale at a given impedance. 
 
 Full scale -- The maximum measuring limit for a given range. 
 
 Minimum detectable sensitivity -- The smallest amount of input concentration that can be detected as 
the concentration approaches zero. 
 
 Accuracy -- The degree of agreement between a measured value and the true value; usually 
expressed as ± percent of full scale. 
 
 Time to 90 percent response -- The time interval from a step change in the input concentration at the 
instrument inlet to a reading of 90 percent of the ultimate recorded concentration. 
 
 Rise Time (90 percent) -- The interval between initial response time and time to 90 percent response 
after a step increase in the inlet concentration. 
 
 Fall Time (90 percent) -- The interval between initial response time and time to 90 percent response 
after a step decrease in the inlet concentration. 
 
 Zero Drift -- The change in instrument output over a stated time period, usually 24 hours, of unadjusted 
continuous operation when the input concentration is zero; usually expressed as percent full scale. 
 
 Span Drift -- The change in instrument output over a stated time period, usually 24 hours of unadjusted 
continuous operation when the input concentration is a stated upscale value; usually expressed as percent full 
scale. 
 
 Precision -- The degree of agreement between repeated measurements of the same concentration, 
expressed as the average deviation of the single results from the mean. 
 
 Noise -- Spontaneous deviations from a mean output not caused by input concentration changes. 
 
 Linearity -- The maximum deviation between an actual instrument reading and the reading 
predicted by a straight line drawn between upper and lower calibration points. 
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METHOD 20 

 DETERMINATION OF NITROGEN OXIDES, SULFUR DIOXIDE, AND DILUENT 

 EMISSIONS FROM STATIONARY GAS TURBINES 
 
 
 
1. Principle and Applicability 
 
 1.1  Applicability.  This method is applicable for the determination of nitrogen oxides (NOx), sulfur 
dioxide (SO2), and a diluent gas, either oxygen (O2) or carbon dioxide (CO2), emissions from stationary gas 
turbines.  For the NOx and diluent concentration determinations, this method includes:  (1) Measurement 
system design criteria; (2) Analyzer performance specifications and performance test procedures; and (3) 
Procedures for emission testing. 
 
 1.2  Principle.  A gas sample is continuously extracted from the exhaust stream of a stationary gas 
turbine; a portion of the sample stream is conveyed to instrumental analyzers for determination of NOx and 
diluent content.  During each NOx and SO2 determination, a separate measurement of SO2 emissions is made, 
using Method 6, or its equivalent.  The diluent determination is used to adjust the NOx and SO2 concentrations 
to a reference condition. 
 
2. Definitions 
 
 2.1  Measurement System.  The total equipment required for the determination of a gas concentration 
or a gas emission rate.  The system consists of the following major subsystems: 
 
 2.1.1  Sample Interface.  That portion of a system that is used for one or more of the following:  sample 
acquisition, sample transportation, sample conditioning, or protection of the analyzers from the effects of the 
stack effluent. 
 
 2.1.2  NOx Analyzer.  That portion of the system that senses NOx and generates an output proportional 
to the gas concentration. 
 
 2.1.3  O2 Analyzer.  That portion of the system that senses O2 and generates an output proportional to 
the gas concentration. 
 
 2.1.4  CO2 Analyzer.  That portion of the system that senses CO2 and generates an output proportional 
to the gas concentration. 
 
 2.1.5  Data Recorder.  That portion of the measurement system that provides a permanent record of 
the analyzer(s) output.  The data recorder may include automatic data reduction capabilities. 
 
 2.2  Span Value.  The upper limit of a gas concentration measurement range that is specified for 
affected source categories in the applicable part of the regulations. 
 
 2.3  Calibration Gas.  A known concentration of a gas in an appropriate diluent gas. 
 
 2.4  Calibration Error.  The difference between the gas concentration indicated by the measurement 
system and the known concentration of the calibration gas. 
 
 2.5  Zero Drift.  The difference in the measurement system output readings before and after a stated 
period of operation during which no unscheduled maintenance, repair, or adjustment took place and the input 
concentration at the time of the measurements was zero. 
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 2.6  Calibration Drift.  The difference in the measurement system output readings before and after a 
stated period of operation during which no unscheduled maintenance, repair, or adjustment took place and the 
input at the time of the measurements was a high-level value. 
 
 2.7  Response Time.  The amount of time required for the measurement system to display on the data 
output 95 percent of a step change in pollutant concentration. 
 
 2.8  Interference Response.  The output response of the measurement system to a component in the 
sample gas, other than the gas component being measured. 
 
3. Measurement System Performance Specifications 
 
 3.1  NO2 to NO Converter.  Greater than 90 percent conversion efficiency of NO2 to NO. 
 
 3.2  Interference Response.  Less than ±2 percent of the span value. 
 
 3.3  Response Time.  No greater than 30 seconds. 
 
 3.4  Zero Drift.  Less than ±2 percent of the span value over the period of each test run. 
 
 3.5  Calibration Drift.  Less than ±2 percent of the span value over the period of each test run. 
 
4. Apparatus and Reagents 
 
 4.1  Measurement System.  Use any measurement system for NO2 and diluent that is expected to 
meet the specifications in this method.  A schematic of an acceptable measurement system is shown in Figure 
20-1.  The essential components of the measurement system are described below: 
 
 4.1.1  Sample Probe.  Heated stainless steel, or equivalent, open-ended, straight tube of sufficient 
length to traverse the sample points. 
 
 4.1.2  Sample Line.  Heated (>95°C) stainless steel or Teflon tubing to transport the sample gas to the 
sample conditioners and analyzers. 
 
 4.1.3  Calibration Valve Assembly.  A three-way valve assembly to direct the zero and calibration 
gases to the sample conditioners and to the analyzers.  The calibration valve assembly shall be capable of 
blocking the sample gas flow and of introducing calibration gases to the measurement system when in the 
calibration mode. 
 
 4.1.4  NO2 to NO Converter.  That portion of the system that converts the nitrogen dioxide (NO2) in the 
sample gas to nitrogen oxide (NO).  Some analyzers are designed to measure NOx as NO2 on a wet basis and 
can be used without an NO2 to NO converter or a moisture removal trap provided the sample line to the 
analyzer is heated (>95°C) to the inlet of the analyzer.  In addition, an NO2 to NO converter is not necessary if 
the NO2 portion of the exhaust gas is less than 5 percent of the total NOx concentration.  As a guideline, an NO2 
to NO converter is not necessary if the gas turbine is operated at 90 percent or more of peak load capacity.  A 
converter is necessary under lower load conditions. 
 
 4.1.5  Moisture Removal Trap.  A refrigerator-type condenser or other type device designed to 
continuously remove condensate from the sample gas while maintaining minimal contact between any 
condensate and the sample gas.  The moisture removal trap is not necessary for analyzers that can measure 
NOx concentrations on a wet basis; for these analyzers, (a) heat the sample line up to the inlet of the analyzers, 
(b) determine the moisture content using methods subject to the approval of the Director, and (c) correct the 
NOx and diluent concentrations to a dry basis. 
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 4.1.6  Particulate Filter.  An in-stack or an out-of-stack glass fiber filter, of the type specified in EPA 
Method 5; however, an out-of-stack filter is recommended when the stack gas temperature exceeds 250 to 
300°C. 
 
 4.1.7  Sample Pump.  A nonreactive leak-free sample pump to pull the sample gas through the system 
at a flow rate sufficient to minimize transport delay.  The pump shall be made from stainless steel or coated with 
Teflon or equivalent. 
 
 4.1.8  Sample Gas Manifold.  A sample gas manifold to divert portions of the sample gas stream to the 
analyzers.  The manifold may be constructed of glass, Teflon, stainless steel, or equivalent. 
 
 4.1.9  Diluent Gas Analyzer.  An analyzer to determine the percent O2 or CO2 concentration of the 
sample gas. 
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 4.1.10  Nitrogen Oxides Analyzer.  An analyzer to determine the ppm NOx concentration in the sample 
gas stream. 
 
 4.1.11  Data Recorder.  A strip-chart recorder, analog computer, or digital recorder for recording 
measurement data. 
 
 4.2  Sulfur Dioxide Analysis.  EPA Method 6 apparatus and reagents. 
 
 4.3  NOx Calibration Gases.  The calibration gases for the NOx analyzer shall be NO in N2.  Use four 
calibration gas mixtures as specified below: 
 
 4.3.1  High-level Gas.  A gas concentration that is equivalent to 80 to 90 percent of the span value. 
 
 4.3.2  Mid-level Gas.  A gas concentration that is equivalent to 45 to 55 percent of the span value. 
 
 4.3.3  Low-level Gas.  A gas concentration that is equivalent to 20 to 30 percent of the span value. 
 
 4.3.4  Zero Gas.  A gas concentration of less than 0.25 percent of the span value. Ambient air may be 
used for the NOx zero gas. 
 
 4.4  Diluent Calibration Gases. 
 
 4.4.1  For O2 calibration gases, use purified air at 20.9 percent O2 as the high-level O2 gas.  Use a gas 
concentration between 11 and 15 percent O2 in nitrogen for the mid- level gas, and use purified nitrogen for the 
zero gas. 
 
 4.4.2  For CO2 calibration gases, use a gas concentration between 8 and 12 percent CO2 in air for the 
high-level calibration gas.  Use a gas concentration between 2 and 5 percent CO2 in air for the mid-level 
calibration gas, and use purified air (<100 ppm CO2) as the zero level calibration gas. 
 
5. Measurement System Performance Test Procedures 
 
 Perform the following procedures prior to measurement of emissions (Section 6) and only once for 
each test program, i.e., the series of all test runs for a given gas turbine engine. 
 
 5.1  Calibration Gas Checks.  There are two alternatives for checking the concentrations of the 
calibration gases.  (a) The first is to use calibration gases that are documented traceable to National Bureau of 
Standards Reference Materials.  Use Traceability Protocol for Establishing True Concentrations of Gases 
Used for Calibrations and Audits of Continuous Source Emission Monitors (Protocol Number 1) that is 
available from the Environmental Monitoring Systems Laboratory, Quality Assurance Branch, Mail Drop 77, 
Environmental Protection Agency, Research Triangle Park, North Carolina 27711.  Obtain a certification from 
the gas manufacturer that the protocol was followed. These calibration gases are not to be analyzed with the 
Reference Methods.  (b) The second alternative is to use calibration gases not prepared according to the 
protocol.  If this alternative is chosen, within 1 month prior to the emission test, analyze each of the calibration 
gas mixtures in triplicate using Method 7 or the procedure outlined in Citation 1 for NOx and use Method 3 for 
O2 or CO2.  Record the results on a data sheet (example is shown in Figure 20-2).  For the low-level, mid-level, 
or high-level gas mixtures, each of the individual NOx analytical results must be within 10 percent (or 10 ppm, 
whichever is greater) of the triplicate set average (O2 or CO2 test results must be within 0.5 percent O2 or CO2); 
otherwise, discard the entire set and repeat the triplicate analyses.  If the average of the triplicate reference 
method test results is within 5 percent for NOx gas or 0.5 percent O2 or CO2 for the O2 or CO2 gas of the 
calibration gas manufacturer's tag value, use the tag value; otherwise, conduct at least three additional 
reference method test analyses until the results of six individual NOx runs (the three original plus three 
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additional) agree within 10 percent (or 10 ppm, whichever is greater) of the average (O2 or CO2 test results 
must be within 0.5 percent O2 or CO2).  Then use this average for the cylinder value. 
 
 5.2  Measurement System Preparation.  Prior to the emission test, assemble the measurement system 
following the manufacturer's written instructions in preparing and operating the NO2 to NO converter, the NOx 
analyzer, the diluent analyzer, and other components. 
 
 5.3  Calibration Check.  Conduct the calibration checks for both the NOx and the diluent analyzers as 
follows: 
 
 5.3.1  After the measurement system has been prepared for use (Section 5.2), introduce zero gases 
and the mid-level calibration gases; set the analyzer output responses to the appropriate levels.  Then 
introduce each of the remainder of the calibration gases described in Sections 4.3 or 4.4, one at a time, to the 
measurement system.  Record the responses on a form similar to Figure 20-3. 
 
 5.3.2  If the linear curve determined from the zero and mid-level calibration gas responses does not 
predict the actual response of the low-level (not applicable for the diluent analyzer) and high-level gases within 
2 percent of the span value, the calibration shall be considered invalid.  Take corrective measures on the 
measurement system before proceeding with the test. 
 
 5.4  Interference Response.  Introduce the gaseous components listed in Table 20-1 into the 
measurement system separately, or as gas mixtures.  Determine the total interference output response of the 
system to these components in concentration units; record the values on a form similar to Figure 20-4.  If the 
sum of the interference responses of the test gases for either the NOx or diluent analyzers is greater than 2 
percent of the applicable span value, take corrective measure on the measurement system. 
 
 Conduct an interference response test of each analyzer prior to its initial use in the field.  Thereafter, 
recheck the measurement system if changes are made in the instrumentation that could alter the interference 
response, e.g., changes in the type of gas detector. 
 
 In lieu of conducting the interference response test, instrument vendor data, which demonstrate that for 
the test gases of Table 20-1 the interference performance specification is not exceeded, are acceptable. 
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 TABLE 20-1.  Interference Test Gas Concentration 
 
 CO ................................................   500±50 ppm 
 SO2 ................................................ 200±20 ppm 
 CO2 ................................................ 10±1 percent 
 O2 ................................................ 20.9±1 percent 
 
 5.5  Response Time.  To determine response time, first introduce zero gas into the system at the 
calibration valve until all readings are stable; then, switch to monitor the stack effluent until a stable reading can 
be obtained.  Record the upscale response time. Next, introduce high-level calibration gas into the system.  
Once the system has stabilized at the high-level concentration, switch to monitor the stack effluent and wait 
until a stable value is reached.  Record the downscale response time.  Repeat the procedure three times.  A 
stable value is equivalent to a change of less than 1 percent of span value for 30 seconds or less than 5 
percent of the measured average concentration for 2 minutes. Record the response time data on a form similar 
to Figure 20-5, the readings of the upscale or downscale response time, and report the greater time as the 
"response time" for the analyzer.  Conduct a response time test prior to the initial field use of the measurement 
system, and repeat if changes are made in the measurement system. 
 
 5.6  NO2 to NO Conversion Efficiency. 
 
 5.6.1  Add gas from the mid-level NO in N2 calibration gas cylinder to a clean, evacuated, leak-tight 
Tedlar bag.  Dilute this gas approximately 1:1 with 20.9 percent O2, purified air.  Immediately attach the bag 
outlet to the calibration valve assembly and begin operation of the sampling system.  Operate the sampling 
system, recording the NOx response, for at least 30 minutes.  If the NO2 to NO conversion is 100 percent, the 
instrument response will be stable at the highest peak value observed.  If the response at the end of 30 minutes 
decreases more than 2.0 percent of the highest peak value, the system is not acceptable and corrections must 
be made before repeating the check. 
 
 5.6.2  Alternatively, the NO2 to NO converter check described in Title 40, Part 86: Certification and Test 
Procedures for Heavy-Duty Engines for 1979 and Later Model Years may be used.  Other alternative 
procedures may be used with approval of the Director. 
 
6. Emission Measurement Test Procedure 
 
 6.1  Preliminaries. 
 
 6.1.1  Selection of a Sampling Site.  Select a sampling site as close as practical to the exhaust of the 
turbine.  Turbine geometry, stack configuration, internal baffling, and point of introduction of dilution air will vary 
for different turbine designs.  Thus, each of these factors must be given special consideration in order to obtain 
a representative sample.  Whenever possible, the sampling site shall be located upstream of the point of 
introduction of dilution air into the duct.  Sample ports may be located before or after the upturn elbow, in order 
to accommodate the configuration of the turning vanes and baffles and to permit a complete, unobstructed 
traverse of the stack.  The sample ports shall not be located within 5 feet or 2 diameters (whichever is less) of 
the gas discharge to atmosphere.  For supplementary-fired, combined-cycle plants, the sampling site shall be 
located between the gas turbine and the boiler.  The diameter of the sample ports shall be sufficient to allow 
entry of the sample probe. 
 
 6.1.2  A preliminary O2 or CO2 traverse is made for the purpose of selecting sampling points of low O2 
or high CO2 concentrations, as appropriate for the measurement system. Conduct this test at the turbine 
operating condition that is the lowest percentage of peak load operation included in the test program.  Follow 
the procedure below, or use an alternative procedure subject to the approval of the Director. 
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 6.1.2.1  Minimum Number of Points.  Select a minimum number of points as follows: (1) Eight, for 
stacks having cross-sectional areas less than 1.5 m2 (16.1 ft2); (2) eight plus one additional sample point for 
each 0.2 m2 (2.2 ft2 of areas, for stacks of 1.5 m2 to 10.1 m2) (16.1-107.6 ft2) in cross-sectional area; and (3) 49 
sample points (48 for circular stacks) for stacks greater than 10.1 m2 (107.6 ft2) in cross-sectional area.  Note 
that for circular ducts, the number of sample points must be a multiple of 4, and for rectangular ducts, the 
number of points must be one of those listed in Table 20-2; therefore, round off the number of points (upward), 
when appropriate. 
 
 6.1.2.2  Cross-sectional Layout and Location of Traverse Points.  After the number of traverse points 
for the preliminary diluent sampling has been determined, use Method 1 to locate the traverse points. 
 
 6.1.2.3  Preliminary Diluent Measurement.  While the gas turbine is operating at the lowest percent of 
peak load, conduct a preliminary diluent measurement as follows: Position the probe at the first traverse point 
and begin sampling.  The minimum sampling time at each point shall be 1 minute plus the average system 
response time.  Determine the average steady-state concentration of diluent at each point and record the data 
on Figure 20-6. 
 
 6.1.2.4  Selection of Emission Test Sampling Points.  Select the eight sampling points at which the 
lowest O2 concentrations or highest CO2 concentrations were obtained. Sample at each of these selected 
points during each run at the different turbine load conditions.  More than eight points may be used, if desired, 
providing that the points selected as described above are included. 
 
 TABLE 20-2. Cross-Sectional Layout for Rectangular Stacks   
 
   No. of Traverse Points       Matrix Layout 
 
        9     3 x 3 
      12     4 x 3 
      16     4 x 4 
      20     5 x 4 
      25     5 x 5 
      30     6 x 5 
      36     6 x 6 
      42     7 X 6 
      49     7 X 7 
 
 6.2  NOx and Diluent Measurement.  This test is to be conducted at each of the specified load 
conditions.  Three test runs at each load condition constitute a complete test. 
 
 6.2.1  At the beginning of each NOx test run and, as applicable, during the run, record turbine data as 
indicated in Figure 20-7.  Also, record the location and number of the traverse points on a diagram. 
 
 6.2.2  Position the probe at the first point determined in the preceding section and begin sampling.  The 
minimum sampling time at each point shall be at least 1 minute plus the average system response time.  
Determine the average steady-state concentration of diluent and NOx at each point and record the data on 
Figure 20-8. 
 
 6.2.3  After sampling the last point, conclude the test run by recording the final turbine operating 
parameters and by determining the zero and calibration drift, as follows: 
 
 Immediately following the test run at each load condition, or if adjustments are necessary for the 
measurement system during the tests, reintroduce the zero and mid-level calibration gases as described  
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in Sections 4.3, and 4.4, one at a time, to the measurement system at the calibration valve assembly.  (Make 
no adjustments to the measurement system until after the drift checks are made).  Record the analyzers' 
responses on a form similar to Figure 20-3.  If the drift values exceed the specified limits, the test run preceding 
the check is considered invalid and will be repeated following corrections to the measurement system.  
Alternatively, recalibrate the measurement system and recalculate the measurement data.  Report the test 
results based on both the initial calibration and the recalibration data. 
 
 6.3  SO2 Measurement.  This test is conducted only at the 100 percent peak load condition.  Determine 
SO2 using Method 6, or equivalent, during the test.  Select a minimum of six total points from those required for 
the NOx measurements; use two points for each sample run.  The sample time at each point shall be at least 10 
minutes. Average the O2 readings taken during the NOx test runs at sample points corresponding to the SO2 
traverse points (see Section 6.2.2) and use this average O2 concentration to correct the integrated SO2 
concentration obtained by Method 6 to 15 percent O2 (see Equation 20-1). 
 
 If the applicable regulation allows fuel sampling and analysis for fuel sulfur content to demonstrate 
compliance with sulfur emission unit, emission sampling with Method 6 is not required, provided the fuel sulfur 
content meets the limits of the regulation. 
 
7. Emission Calculations 
 
 7.1  Moisture Correction.  Measurement data used in most of these calculations must be on a dry 
basis.  If measurements must be corrected to dry conditions, use the following equation: 

 
 

 (Equation 20-1) 
where: 
 
Cd =Pollutant or diluent concentration adjusted to dry conditions, ppm or percent. 
 
Cw =Pollutant or diluent concentration measured under moist sample conditions, ppm or percent. 
 
Bws =Moisture content of sample gas as measured with Method 4, reference method, or other approved 

method, percent/100. 
 
 7.2  CO2 Correction Factor.  If pollutant concentrations are to be corrected to 15 percent O2 and CO2 
concentration is measured in lieu of O2 concentration measurement, a CO2 correction factor is needed.  
Calculate the CO2 correction factor as follows: 
 
 7.2.1  Calculate the fuel-specific Fo value for the fuel burned during the test using values obtained from 
Method 19, Section 5.2, and the following equation: 

 
 

 (Equation 20-2)
where: 
 
Fo =Fuel factor based on the ratio of oxygen volume to the ultimate CO2 volume produced by the fuel at 

zero percent excess air, dimensionless. 
 
0.209 =Fraction of air that is oxygen, percent/100. 
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Fd =Ratio of the volume of dry effluent gas to the gross calorific value of the fuel from Method 19, dsm3/J 
(dscf/106 Btu). 

 
Fc =Ratio of the volume of carbon dioxide produced to the gross calorific value of the fuel from Method 19, 

dsm3/J (dscf/106 Btu). 
 
 7.2.2  Calculate the CO2 correction factor for correcting measurement data to 15 percent oxygen, as 
follows: 

 

 (Equation 20-3) 
 
where: 
 
XCO2

 =CO2 correction factor, percent. 
 
5.9 =20.9 percent O2 -15 percent O2, the defined O2 correction value, percent. 
 
 7.3  Correction of Pollutant Concentrations to 15 percent O2.  Calculate the NOx and SO2 gas 
concentrations adjusted to 15 percent O2 using Equation 20-4 or 20-5, as appropriate. The correction to 15 
percent O2 is very sensitive to the accuracy of the O2 or CO2 concentration measurement.  At the level of the 
analyzer drift specified in Section 3, the O2 or CO2 correction can exceed 5 percent at the concentration levels 
expected in gas turbine exhaust gases.  Therefore, O2 or CO2 analyzer stability and careful calibration are 
necessary. 
 
 7.3.1  Correction of Pollutant Concentration Using O2 Concentration.  Calculate the O2 corrected 
pollutant concentration, as follows: 

 
 
 
 
 
 (Equation 20-4) 

 
where: 
 
Cadj =Pollutant concentration corrected to 15 percent O2 ppm. 
 
Cd =Pollutant concentration measured, dry basis, ppm. 
 
%O2 =Measured O2 concentration dry basis, percent. 
 
 7.3.2  Correction of Pollutant Concentration Using CO2 Concentration.  Calculate the CO2 corrected 
pollutant concentration, as follows: 

 
 
 
 
 
 (Equation 20-5) 
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where: 
 
%CO2 =Measured CO2 concentration measured, dry basis, percent. 
 
 7.4  Average Adjusted NOx Concentration.  Calculate the average adjusted NOx concentration by 
summing the adjusted values for each sample point and dividing by the number of points for each run. 
 
 7.5  NOx and SO2 Emission Rate Calculations.  The emission rates for NOx and SO2 in units of 
pollutant mass per quantity of heat input can be calculated using the pollutant and diluent concentrations and 
fuel-specific F-factors based on the fuel combustion characteristics. The measured concentrations of pollutant 
in units of parts per million by volume (ppm) must be converted to mass per unit volume concentration units for 
these calculations.  Use the following table for such conversions: 
 
 CONVERSION FACTORS FOR CONCENTRATION 

From To Multiply By 

g/sm3 
mg/sm3 
lb/scf 
ppm (SO2) 
ppm (NOx) 
ppm (SO2) 
ppm (NOx) 

ng/sm3 
ng/sm3 
ng/sm3 
ng/sm3 
ng/sm3 
lb/scf 
lb/scf 

109 
108 
1.602 x 1013 
2.660 x 106 
1.912 x 106 
1.660 x 10-7 
1.194 x 10-7 

 
 7.5.1  Calculation of Emission Rate Using Oxygen Correction.  Both the O2 concentration and the 
pollutant concentration must be on a dry basis.  Calculate the pollutant emission rate, as follows: 

 
 
 
 
 
 (Equation 20-6) 

 
where: 
 
E = Mass emission rate of pollutant, ng/J (lb/106 Btu). 
 
 7.5.2  Calculation of Emission Rate Using Carbon Dioxide Correction.  The CO2 concentration and the 
pollutant concentration may be on either a dry basis or a wet basis, but both concentrations must be on the 
same basis for the calculations.  Calculate the pollutant emission rate using Equation 20-7 or 20-8: 
 

 

 (Equation 20-7) 
 
 

O% - 20.9
20.9

 FC = E
2

dd  
 

CO%
100

 FC = E
2

cd  
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 (Equation 20-8) 

 
where: 
 
Cw  =Pollutant concentration measured on a moist sample basis, ng/sm3 (lb/scf). 
 
%CO2w

 =Measured CO2 concentration measured on a moist sample basis, percent. 
 
8. Bibliography 
 
 1.  Curtis, F.  A Method for Analyzing NOx Cylinder Gases-Specific Ion Electrode Procedure, 
Monograph available from Emission Measurement Laboratory, ESED, Research Triangle Park, N.C. 27711.  
October 1978. 
 
 2.  Sigsby, John E., F. M. Black, T. A. Bellar, and D. L. Klosterman.  Chemiluminescent Method for 
Analysis of Nitrogen Compounds in Mobile Source Emissions (NO, NO2, and NH3).  "Environmental Science 
and Technology," 7:51-54.  January 1973. 
 
 3.  Shigehara, R. T., R. M. Neulicht, and W. S. Smith.  Validating Orsat Analysis Data from 
Fossil Fuel-Fired Units.  Emission Measurement Branch, Emission Standards and Engineering 
Division, Office of Air Quality Planning and Standards, U.S. Environmental Protection Agency, 
Research Triangle Park, North Carolina 27711.  June 1975. 
 
�

�� 6������� �������������
�

G$����&�:��$� ��
H�:��$� ��
��������&��$�� �����&���'�*'&�������%�%$���'&�������
��&�('*������ �����B�(� ���  ���(*���� �������(�����&� ��� ���(����� �2� �&/� �2����/�
��(���� ��2� �/��� � &'��'(� ��2� �� ����$���*�&&���&� �(�*�&�������(����&��'(����&��
#$�&� *��$� � �����%&� �$�� &�������� ��&�('�����&� ��(� �)'��*���� �� � ��(��(*�����
(�)'�(�*���&/� &'�����&/� &�*���� ����������� �� � �����&�&/� ����'������&/� �� �  ����
�����&�&�����$��*��$� &���&�� ����6���������
���

�
1.1 �������&��G$��� ��&��$�&�*��$� � ���(*���H�

�

�������� .�6�3���� 6��&��������

3��(������2� �&��342	��&������
���(����� ��2� ��
3��(����2� ���34	�
3��(����� ��2� ���34�	�

�
�




�0��0��




�0��0
�

#���������=�A����
.����(������6����
�

!��'�����2������4�	��(�
��(���� ��2� ���.4�	�

�
#���������=�A����
.����(������6����

6'��'(� ��2� ���64�	� ���10
�0��
#���������=�A����
.����(������6����

�
�


������������������G$����&��$�&�*��$� �(�)'�(� H�#$��'&�����:��$� ��
�*������(�)'�(� ����&��������
3�%� 6�'(��� ��(��(*����� 6��� �( &/� .����� ��(� :�(<������ ('��&/� �� � 6����� 5*���*��������� ����&� �� �

CO%
100

 FC = E
2

cw

w

 
 



) ��*�'����
�������������
,��������
������;�� ������

��(*��&�%$�(��*��&'(����64�/�342/�.4�/��� ��(�4���������(�����&����&�������(����&��'(����&��*�&&���&��(��
(�)'�(� ��4�$�(�(��'������&�*�����&��(�)'�(����&�'&���

�

���!����-'������4�+������&��K�%���� �*'&��*���������� � ������H�����(����6�������
������:��$� �

�;��
�

��� 6'**�(�����:��$� �
�

5�� �$�&� *��$� /� 342/� 4�� ��(� .4�	/� �� � 64�� �(��*��&'(� � '&���� �$�� �����%���� *��$� &� ��'� � ���
����� �2�������$�&���2�9��

��	���:��$� �
J6�*������ �E��������#(���(&�&���(�6�������(��6�'(��&��
��	� �:��$� ���J!���(*�����������42������� �.�(����!��2� ��;*�&&���&�"(�*�6�������(���

�6�'(��&��5�&�('*�����������B�(��(��� '(�	��
��	� �:��$� �1.J!���(*�����������6'��'(�!��2� ��;*�&&���&�"(�*�6�������(��6�'(��&��

��5�&�('*�����������B�(��(��� '(�	��
� 	� �:��$� ��;J!���(*�����������3��(�����42� �&�;*�&&���&�"(�*�6�������(��6�'(��&��
��������5�&�('*�����������B�(��(��� '(�	��
��	� �:��$� �
�J!���(*�����������6'��'(�!��2� ����*�����;������������ ���(���'�����:����(/��

�6'��'(�!��2� �/��� �3��(�����42� ��;*�&&��������&��
�

��� !���������&�
�

����(����6���������
����:��$� ��;���(��$������������� ���������&��
�

��� 5���(��(����&�
�

����(����6���������
����:��$� &���/�1./��� ��;��&��������������
�

��� 6������
�

����(����6���������
����:��$� ��;���
�
1�� ;)'��*������ �6'�����&�
�

#$��*��&'(�*����&�&��*� �&���� �&�&$�%�� ���"��'(���;0
����:��$� ��;������(�����$�����(��(�����
*��$� &���&�� ����6���������
���(��)'��*������ �&'�����&���
�
��� �������&��� �6��� �( &�
�

����(�����$�����(��(�����*��$� &���&�� ����6���������
���(�(������&��� �&��� �( &��
�

��� 6�*����.���������/��(�&�(������/�6��(���/��� �#(��&��(��
�

��
�6�*������6������ �6�*�����������&��"����%��$���(��� '(�&����6���������
����:��$� ��;��"�(��$��
&�(������������ ��&�� ��� 6������� ��
��/�  ���(*���� �$��  ��'���0��((���� � ����'����� �������(������ ��� ���$�
�(���(&���������

�
���� 5������� :��&'(�*���� 6�&��*� ��(��(*����� #�&�&�� I�'�*'&�� (���(� ��� �$�� ���(��(�����*��$� &�

��&�� ����6���������
���(��$��*��&'(�*����&�&��*���(��(*�������&�&��&�������������
�
���� 5���(��(����� .$��<�� I�'�*'&�� �����%� �$�� �(��� '(�&� ��� 6������� ���� ���:��$� � ��� �(� 1./� �(�

6����������������:��$� ��;���&����(��(����	��
�
����6�*����.�����������I�'�*'&�������%��$���(��� '(�&����6���������������$�����(��(�����*��$� &�

��&�� ����6���������
��
�



) ��*�'����
�������������
,��������
��������� ������

������&�0�'��6�&��*�7��&�.$��</�!(�����&&�&&*���/��� �����(�������!���*���6��<���(��� '(���I�'�
*'&�������%��$���(��� '(�&����6������&������� ���1�����$�����(��(�����*��$� &���&�� ����6���������
��

�
��� -'������.���(���
�

"����%�)'����������(����(��� '(�&����6���������
����:��$� ��;��
�



�� .����(�������� �6��� �( �B������
�

"����%��$���(��� '(�&���(������(�������� �&��� �( �B���������6�������

�
����:��$� ��;��
�



�� ������������(��� '(�&�
�

7���'&�� &�*���� ����������� �� � �����&�&� �(�� ��(��(*� � �����$�(� �&��� 6������� �	/� �  ��������
 �&�'&&��������$��������������(��� '(���&���������&&�(���

�
�


��� .���'������&��� �!���������&�&�
�

I�'� *'&�� �����%� �$�� �(��� '(�&� ��(� ����'������&� �� �  ���� �����&�&� ��� 6������� 
��
� ��� �$��
���(��(����� *��$� � ��&�� � ��� 6������� ��
�� "����%� �$�� �(��� '(�&� ��� 6������� 
��
� ��� :��$� � 
�� ��(�
����'��������'��0&��������"������(&/� ��'���0��((���� �����'������������(�����&/��� ��*�&&����(���&��
�

��� :��$� ���(��(*�����
�

#$�� &������������&� ��(� �$�� ����������� ��(��(*����� �$��<&� �(�� �$�� &�*�� �&� ��� 6������� 
��
� ���
:��$� ��;���

�

��� ����'������(���������L��&�(�� M��
�

��� G�&���:�����*����L��&�(�� M�
�

1�� ����(��������(��� '(�&�
�

����(����6�������
1�
�����$�����(��(�����*��$� ���&�� ����6���������
���(�����(��������(��� '(�&��
�


��� ����(����&�
�

����(����6�������
��
�����$�����(��(�����*��$� ���&�� ����6���������
���(�(���(����&��
�


��� #����&/�!���(�*&/�"��%�$�(�&/��� �E��� ������!����
�

����(� ��� 6������� 
��
� ��� �$�� ���(��(����� *��$� � ��&�� � ��� 6������� ��
� ��(� �����&/�  ���(�*&/�
���%�$�(�&/��� ����� ������ �����

�



Appendix B 
Rev. (0) 
04/06 
Page 1 of 10 

 
PERFORMANCE SPECIFICATION 12A 

SPECIFICATIONS AND TEXT PROCEDURES FOR TOTAL VAPOR PHASE MERCURY  

CONTINUOUS EMISSION MONITORING SYSTEMS IN STATIONARY SOURCES 

 
 
1.0 Scope and Application 
 
1.1 Analyte 
  

ANALYTE CAS NO. 
Mercury 

(Hg) 

 
7439-97-6 

 
  
1.2 Applicability 
 
1.2.1 This specification is for evaluating the acceptability of total vapor phase Hg continuous emission 

monitoring systems (CEMS) installed on the exit gases from fossil fuel fired boilers at the time of or 
soon after installation and whenever specified in the regulations.  The Hg CEMS must be capable of 
measuring the total concentration in �g/m3 (regardless of speciation) of vapor phase Hg, and 
recording that concentration on a wet or dry basis.  Particle bound Hg is not included in the 
measurements. 

 
#$�&�&��������������&����� �&���� ��������'���������&����� �.;:6Q&���(��(*��������(�
����2��� � ���(�� ������*����(� ��&����� �������&�������������(���������$��)'�&��� �
�'2����(�� �(��� '(�&� ��� �&&�&&� �$�� .;:6Q&� ��(��(*������ � #$�� &�'(��� �%��(� �(�
���(���(/� $�%���(/� �&� (�&���&����� ��� �����(���/�*�������/� �� � ���(���� �$�� .;:6�
�(���(�����#$��� *���&�(���(�*���(�)'�(�/�'� �(�.�������(������.��	�&�������

�/�
�$�����(���(������� '���.;:6���(��(*���������'�����&������$�(���*�&���&� �&��$��
����������&���������'�����$��.;:6���(��(*�������6���^1
�
���	��

 
1.2.2 For an affected facility that is also subject to the requirements of subpart I of part 75 of this chapter, 

the owner or operator may conduct the performance evaluation of the Hg CEMS according to 
§75.20(c)(1) of this chapter and section 6 of appendix A to part 75 of this chapter, in lieu of following 
the procedures in this performance specification. 

 
 
2.0 Summary of Performance Specification 
 

�(��� '(�&���(�*��&'(����.;:6�(�����������'(���/�*��&'(�*�����((�(��� � (�����(��
�'����� �� � .;:6� ��&���������� �� � *��&'(�*���� ��������� &������������&/� �� �  ����
(� '������ �(��� '(�&� �(�� ����' � �� � .����(*����� ��� �$�� .;:6� %��$� �$��
��(��(*�����6��������������&� ���(*��� ��

 
 
3.0 Definitions 
 
3.1 Continuous Emission Monitoring System (CEMS) means the total equipment required for the 

determination of a pollutant concentration.  The system consists of the following major subsystems:  
sample interface, Hg analyzer, and data recorder. 
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3.2 Sample Interface means that portion of the CEMS used for one or more of the following: sample 

acquisition, sample transport, sample conditioning, and protection of the monitor from the effects of 
the stack effluent. 

 
3.3 Hg Analyzer means that portion of the Hg CEMS that measures the total vapor phase Hg mass 

concentration and generates a proportional output. 
 
3.4 Data Recorder means that portion of the CEMS that provides a permanent electronic record of the 

analyzer output.  The data recorder may provide automatic data reduction and CEMS control 
capabilities. 

 
3.5 Span Value means the upper limit of the intended Hg concentration measurement range.  The span 

value is a value equal to two times the emission standard.  Alternatively, for an affected facility that is 
also subject to the requirements of subpart I of 40 CFR part 75, the Hg span value(s) may be 
determined according to section 2.1.7 of appendix A to 40 CFR part 75. 

 
3.6 Measurement Error (ME) means the absolute value of the difference between the concentration 

indicated by the Hg analyzer and the known concentration generated by a reference gas, expressed 
as a percentage of the span value, when the entire CEMS, including the sampling interface, is 
challenged.  An ME test procedure is performed to document the accuracy and linearity of the Hg 
CEMS at several points over the measurement range. 

 
3.7 Upscale Drift (UD) means the absolute value of the difference between the CEMS output response 

and an upscale Hg reference gas, expressed as a percentage of the span value, when the entire 
CEMS, including the sampling interface, is challenged after a stated period of operation during which 
no unscheduled maintenance, repair, or adjustment took place. 

 
3.8 Zero Drift (ZD) means the absolute value of the difference between the CEMS output response and 

a zero-level Hg reference gas, expressed as a percentage of the span value, when the entire CEMS, 
including the sampling interface, is challenged after a stated period of operation during which no 
unscheduled maintenance, repair, or adjustment took place. 

 
3.9 Relative Accuracy (RA) means the absolute mean difference between the pollutant concentration(s) 

determined by the CEMS and the value determined by the reference method (RM) plus the 2.5 
percent error confidence coefficient of a series of tests divided by the mean of the RM tests.  
Alternatively, for low concentration sources, the RA may be expressed as the absolute value of the 
difference between the mean CEMS and RM values. 

 
 
4.0 Interferences [Reserved]  
 
 
5.0 Safety 
 

The procedures required under this performance specification may involve hazardous materials, 
operations, and equipment.  This performance specification may not address all of the safety 
problems associated with these procedures.  It is the responsibility of the user to establish 
appropriate safety and health practices and determine the applicable regulatory limitations prior to 
performing these procedures.  The CEMS user's manual and materials recommended by the RM 
should be consulted for specific precautions to be taken. 
 
 

6.0 Equipment and Supplies 
 
6.1 CEMS Equipment Specifications 
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6.1.1 Data Recorder Scale.  The Hg CEMS data recorder output range must include zero and a high level 

value.  The high level value must be approximately two times the Hg concentration corresponding to 
the emission standard level for the stack gas under the circumstances existing as the stack gas is 
sampled.  A lower high-level value may be used, provided that the measured values do not exceed 
95 percent of the high level value.  Alternatively, for an affected facility that is also subject to the 
requirements of subpart I of 40 CFR part 75, the owner or operator may set the full-scale range(s) of 
the Hg analyzer according to section 2.1.7 of appendix A to 40 CFR part 75. 

 
6.1.2 The CEMS design should also provide for the determination of calibration drift at a 

zero value (zero to 20 percent of the span value) and at an upscale value (between 
50 and 100 percent of the high-level value). 

 
6.2 Reference Gas Delivery System.  The reference gas delivery system must be designed so that the 

flowrate of reference gas introduced to the CEMS is the same at all three challenge levels specified 
in Section 7.1 and at all times exceeds the flow requirements of the CEMS. 

 
6.3 Other equipment and supplies, as needed by the applicable reference method used.  See Section 

8.6.2. 
 
 
7.0 Reagents and Standards 
 
7.1 Reference Gases.  Reference gas standards are required for both elemental (Hg0) and oxidized Hg 

(Hg and mercuric chloride, HgCl  2).  The use of National Institute of Standards and Technology 
(NIST)-certified or NIST-traceable standards and reagents is required.  The following gas 
concentrations are required. 

 
7.1.1 Zero-level.  0 to 20 percent of the span value. 
 
7.1.2 Mid-level.  50 to 60 percent of the span value. 
 
7.1.3 High-level.  80 to 100 percent of the span value. 
 
7.2 Reference gas standards may also be required for the reference methods.  See Section 8.6.2. 
 
 
8.0 Performance Specification (PS) Test Procedure 
 
8.1 Installation and Measurement Location Specifications 
 
8.1.1 CEMS Installation.  Install the CEMS at an accessible location downstream of all pollution control 

equipment.  Since the Hg CEMS sample system normally extracts gas from a single point in the 
stack, use a location that has been shown to be free of stratification for SO  2 and NO  X through 
concentration measurement traverses for those gases.  If the cause of failure to meet the RA test 
requirement is determined to be the measurement location and a satisfactory correction technique 
cannot be established, the Administrator may require the CEMS to be relocated. 

 
:��&'(�*���� ��������&� �� � �����&� �(� ���$&� �$��� �(��*�&�� ��<���� ��� �(��� ��  ����
�$���%����*�����$�����(�)'�(�*���&��(����&�� �����%��

 
8.1.2 Measurement Location.  The measurement location should be (1) at least two equivalent diameters 

downstream of the nearest control device, point of pollutant generation or other point at which a 
change of pollutant concentration may occur, and (2) at least half an equivalent diameter upstream 
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from the effluent exhaust.  The equivalent duct diameter is calculated as per 40 CFR part 60, 
appendix A, Method 1. 

 
8.1.3 Hg CEMS Sample Extraction Point.  Use a sample extraction point (1) no less than 1.0 meter from 

the stack or duct wall, or (2) within the centroidal velocity traverse area of the stack or duct cross 
section. 

 
8.2 RM Measurement Location and Traverse Points.  Refer to PS 2.  The RM and CEMS locations need 

not be immediately adjacent. 
 
8.3 ME Test Procedure. The Hg CEMS must be constructed to permit the introduction of known 

concentrations of Hg and HgCl  2 separately into the sampling system of the CEMS immediately 
preceding the sample extraction filtration system such that the entire CEMS can be challenged.  
Sequentially inject each of the three reference gases (zero, mid-level, and high level) for each Hg 
species.  Record the CEMS response and subtract the reference value from the CEMS value, and 
express the absolute value of the difference as a percentage of the span value (see example data 
sheet in Figure 12A–1).  For each reference gas, the absolute value of the difference between the 
CEMS response and the reference value shall not exceed 5 percent of the span value.  If this 
specification is not met, identify and correct the problem before proceeding. 

 
8.4 UD Test Procedure 
 
8.4.1 UD Test Period.  While the affected facility is operating at more than 50 percent of normal load, or as 

specified in an applicable subpart, determine the magnitude of the UD once each day (at 24-hour 
intervals, to the extent practicable) for 7 consecutive unit operating days according to the procedure 
given in Sections 8.4.2 through 8.4.3. The 7 consecutive unit operating days need not be 7 
consecutive calendar days. Use either Hg0 or HgCl  2 standards for this test. 

 
8.4.2 The purpose of the UD measurement is to verify the ability of the CEMS to conform to the 

established CEMS response used for determining emission concentrations or emission rates. 
Therefore, if periodic automatic or manual adjustments are made to the CEMS zero and response 
settings, conduct the UD test immediately before these adjustments, or conduct it in such a way that 
the UD can be determined. 

 
8.4.3 Conduct the UD test at either the mid-level or high-level point specified in Section 7.1. Introduce the 

reference gas to the CEMS.  Record the CEMS response and subtract the reference value from the 
CEMS value, and express the absolute value of the difference as a percentage of the span value 
(see example data sheet in Figure 12A–1).  For the reference gas, the absolute value of the 
difference between the CEMS response and the reference value shall not exceed 5 percent of the 
span value.  If this specification is not met, identify and correct the problem before proceeding. 

 
8.5 ZD Test Procedure 
 
8.5.1 ZD Test Period.  While the affected facility is operating at more than 50 percent of normal load, or as 

specified in an applicable subpart, determine the magnitude of the ZD once each day (at 24-hour 
intervals, to the extent practicable) for 7 consecutive unit operating days according to the procedure 
given in Sections 8.5.2 through 8.5.3. The 7 consecutive unit operating days need not be 7 
consecutive calendar days. Use either nitrogen, air, Hg°, or HgCl  2 standards for this test. 

 
8.5.2 The purpose of the ZD measurement is to verify the ability of the CEMS to conform to the 

established CEMS response used for determining emission concentrations or emission rates.  
Therefore, if periodic automatic or manual adjustments are made to the CEMS zero and response 
settings, conduct the ZD test immediately before these adjustments, or conduct it in such a way that 
the ZD can be determined. 
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8.5.3 Conduct the ZD test at the zero level specified in Section 7.1. Introduce the zero gas to the CEMS.  

Record the CEMS response and subtract the zero value from the CEMS value and express the 
absolute value of the difference as a percentage of the span value (see example data sheet in 
Figure 12A–1).  For the zero gas, the absolute value of the difference between the CEMS response 
and the reference value shall not exceed 5 percent of the span value.  If this specification is not met, 
identify and correct the problem before proceeding. 

 
8.6 RA Test Procedure 
 
8.6.1 RA Test Period.  Conduct the RA test according to the procedure given in Sections 8.6.2 through 

8.6.6 while the affected facility is operating at normal full load, or as specified in an applicable 
subpart.  The RA test may be conducted during the ZD and UD test period. 

 
8.6.2 RM. Unless otherwise specified in an applicable subpart of the regulations, use either Method 29, or 

American Society of Testing and Materials (ASTM) Method D 6784–02 (incorporated by reference, 
see §60.17) as the RM for Hg concentration.  Alternatively, an instrumental RM may be used, subject 
to the approval of the Administrator.  Do not include the filterable portion of the sample when making 
comparisons to the CEMS results.  When Method 29 or ASTM D6784–02 is used, conduct the RM 
test runs with paired or duplicate sampling systems.  When an approved instrumental method is 
used, paired sampling systems are not required.  If the RM and CEMS measure on a different 
moisture basis, data derived with Method 4 shall also be obtained during the RA test. 

 
8.6.3 Sampling Strategy for RM Tests.  Conduct the RM tests in such a way that they will yield results 

representative of the emissions from the source and can be compared to the CEMS data.  It is 
preferable to conduct moisture measurements (if needed) and Hg measurements simultaneously, 
although moisture measurements that are taken within an hour of the Hg measurements may be 
used to adjust the Hg concentrations to a consistent moisture basis.  In order to correlate the CEMS 
and RM data properly, note the beginning and end of each RM test period for each paired RM run 
(including the exact time of day) on the CEMS chart recordings or other permanent record of output. 

 
8.6.4 Number and length of RM Tests. Conduct a minimum of nine RM test runs.  When Method 29 or 

ASTM D6784–02 is used, only test runs for which the data from the paired RM trains meet the 
relative deviation (RD) criteria of this PS shall be used in the RA calculations.  In addition, for Method 
29 and ASTM D 6784–02 use a minimum sample run time of 2 hours.  

 
Note: More than nine sets of RM tests may be performed.  If this option is chosen, paired RM test 
results may be excluded so long as the total number of paired RM test results used to determine the 
CEMS RA is greater than or equal to nine.  However, all data must be reported, including the 
excluded data. 
 

8.6.5 Correlation of RM and CEMS Data. Correlate the CEMS and the RM test data as to the time and 
duration by first determining from the CEMS final output (the one used for reporting) the integrated 
average pollutant concentration for each RM test period.  Consider system response time, if 
important, and confirm that the results are on a consistent moisture basis with the RM test.  Then, 
compare each integrated CEMS value against the corresponding RM value.  When Method 29 or 
ASTM D6784–02 is used, compare each CEMS value against the corresponding average of the 
paired RM values. 

 
8.6.6 Paired RM Outliers 
 
8.6.6.1 When Method 29 or ASTM D6784–02 is used, outliers are identified through the determination of 

relative deviation (RD) of the paired RM tests.  Data that do not meet this criteria should be flagged 
as a data quality problem. The primary reason for performing paired RM sampling is to ensure the 
quality of the RM data.  The percent RD of paired data is the parameter used to quantify data quality.  
Determine RD for two paired data points as follows: 
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×= 100  Eq. 12A-1 
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&�*���&�(�&�����������

 
8.6.6.2 A minimum performance criteria for RM Hg data is that RD for any data pair must be �10 percent as 

long as the mean Hg concentration is greater than 1.0 �g/m3.  If the mean Hg concentration is less 
than or equal to 1.0 �g/m3, the RD must be �20 percent.  Pairs of RM data exceeding these RD 
criteria should be eliminated from the data set used to develop a Hg CEMS correlation or to assess 
CEMS RA. 

 
8.6.7 Calculate the mean difference between the RM and CEMS values in the units of micrograms per 

cubic meter (�g/m3), the standard deviation, the confidence coefficient, and the RA according to the 
procedures in Section 12.0. 

 
8.7 Reporting.  At a minimum (check with the appropriate EPA Regional Office, State or local Agency for 

additional requirements, if any), summarize in tabular form the results of the RD tests and the RA 
tests or alternative RA procedure, as appropriate.  Include all data sheets, calculations, charts 
(records of CEMS responses), reference gas concentration certifications, and any other information 
necessary to confirm that the performance of the CEMS meets the performance criteria. 

 
 
9.0 Quality Control [Reserved]  
 
 
10.0 Calibration and Standardization [Reserved]  
 
 
11.0 Analytical Procedure 
 

6�*����������������� ������&�&��(������'((������(��$�&��6��&���6���������
	�������(�
����$���:��*����� ���(�&��������������������(��� '(�&��

 
 
12.0 Calculations and Data Analysis 
 

Summarize the results on a data sheet similar to that shown in Figure 2–2 for PS 2. 
 
12.1 Consistent Basis.  All data from the RM and CEMS must be compared in units of �g/m3, on a 

consistent and identified moisture and volumetric basis (STP = 20 °C, 760 millimeters (mm) Hg). 
 
12.1.1 Moisture Correction (as applicable).  If the RM and CEMS measure Hg on a different moisture basis, 

use Equation 12A–2 to make the appropriate corrections to the Hg concentrations. 
 

 ( )
( )

( )ws

wet
dry B1

ionConcentrat
ionConcentrat

−
=  Eq. 12A-2 

  
5�� ;)'������ 
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�2�(�&&� ��&��� ���*����(������������/���(���
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�
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12.2 Arithmetic Mean.  Calculate the arithmetic mean of the difference, d, of a data set as follows: 
   

 �
=

=
n

1i
id

n
d



 Eq. 12A-3 

 
where:  
n  =  Number of data points; and 

�
=

n

i
id

1

 =  Algebraic summation of the individual differences, d i. 

 
12.3 Standard Deviation.  Calculate the standard deviation, S  d, as follows: 
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d  Eq. 12A-4 

   
12.4 Confidence Coefficient (CC).  Calculate the 2.5 percent error confidence coefficient (one-tailed), CC, 

as follows: 
 

  
n

S
tCC d

.���
=  Eq. 12A-5 

 
 where: 
 t  0.975  =  t-value (see Table 12A-1) 
  
12.5 RA.  Calculate the RA of a set of data as follows: 
 

 100
RM

CCd
RA ×

+
=  Eq. 12A-6 

 
where: 

 d  =  Absolute value of the mean differences (from Equation 12A-3); 

 CC  =  Absolute value of the confidence coefficient (from Equation 12A-5); and 

 RM  =  Average RM value. 
  
 
13.0 Method Performance 
 
13.1 ME. ME is assessed at zero-level, mid-level and high-level values as given below using standards 

for both Hg0 and HgCl  2. The mean difference between the indicated CEMS concentration and the 
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reference concentration value for each standard shall be no greater than 5 percent of the span 
value. 

 
13.2 UD.  The UD shall not exceed 5 percent of the span value on any of the 7 days of the UD test. 
 
13.3 ZD.  The ZD shall not exceed 5 percent of the span value on any of the 7 days of the ZD test. 
 
13.4 RA.  The RA of the CEMS must be no greater than 20 percent of the mean value of the RM test data 

in terms of units of �g/m3.  Alternatively, if the mean RM is less than 5.0 �g/m3, the results are 
acceptable if the absolute value of the difference between the mean RM and CEMS values does not 
exceed 1.0 �g/m3. 

 
 
14.0 Pollution Prevention [Reserved]  
 
 
15.0 Waste Management [Reserved]  
 
 
16.0 Alternative Procedures [Reserved]  
 
 
17.0 Bibliography 
 
17.1 40 CFR part 60, appendix B, “Performance Specification 2—Specifications and Test Procedures for 

SO2 and NOX Continuous Emission Monitoring Systems in Stationary Sources.” 
 
17.2 40 CFR part 60, appendix A, “Method 29—Determination of Metals Emissions from Stationary 

Sources.” 
 
17.3 ASTM Method D6784–02, “Standard Test Method for Elemental, Oxidized, Particle-Bound and Total 

Mercury in Flue Gas Generated from Coal-Fired Stationary Sources (Ontario Hydro Method).”  
 
 
18.0 Tables and Figures 
 

Table 12A-1:  t
na t  0.975 na t  0.975 na t  0.975 

2 12.706 7 2.447 12 2.201 

3 4.303 8 2.365 13 2.179 

4 3.182 9 2.306 14 2.160 

5 2.776 10 2.262 15 2.145 

6 2.571 11 2.228 16 2.131 
a The values in this table are already corrected for n-1 degrees of  
 freedom.  Use n equal to the number of individual values. 
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Figure 12A-1:  ME, ZD, and UD Determination
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