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MEMORANDUM 

 

 

TO:  BoSS Permit Writing Staff 

 

FROM:    Danny Wong, Chief   

                        Bureau of Stationary Sources       

 

SUBJECT: Evaluation of AP-42 Emission Factors for Arsenic (As) and Cadmium (Cd) from 

Natural Gas Combustion  

 

DATE: December 11, 2023 

 

The purpose of this Memorandum is:  

 

1) To evaluate the validity of the arsenic and cadmium emission factors listed in Table 

1.4-4 “Emission Factors for Metal from Natural Gas Combustion (External 

Combustion Sources)” of USEPA Document AP-42; and  

2) To determine how the arsenic (As) and cadmium (Cd) emission rates, and therefore 

health risks, from natural gas combustion should be analyzed.  

 

As shown in Attachment 1 “Process Used by USEPA to Determine Arsenic and 

Cadmium Natural Gas Emission Factors,” these AP-42 emission factors are based on limited 

stack test results and are questionable.   

 

Attachment III “Characterization and Comparison of Trace Metal Compositions in 

Natural Gas, Biogas, and Biomethane (Characterization)” raises further questions on the validity 

of the AP-42 Emission Factors.   The Characterization document presents the results of arsenic 

and cadmium concentrations in natural gas and has been peer-reviewed and accepted for 

publication.  

 

The measured As and Cd concentrations listed in the Characterization document can be 

used to predict air contaminant emission factors more accurately than the AP-42 stack emissions 

test results for the following reasons: 

 



2 

 

+� Most of the stack tests used to determine AP-42 factors did not measure As and Cd 

over detection levels since there was insufficient As and Cd generated. The average, 

maximum, and two standard deviation levels of the As and Cd concentrations in the 

Characterization document were above the analytical method’s detection limit of 10-1 

ng/Nm3.           	

 

2. The As and Cd analytical results in the Characterization document were based on the 

direct sampling of natural gas with a consistent analytical method.  It can be assumed 

that all As and Cd are emitted since there are no air pollution controls for the metals.  

The AP-42 factors were based on stack test results, which have a higher potential for 

inaccuracy because of the additional sampling and analytical variables. 

 

3. The Characterization document outlined the analytical results of four arsenic samples 

and 65 Cd samples.  The As AP-42 factor was based on four boiler stack tests, one of 

which measured a non-detect concentration and the three others measured 

concentrations which were less than twice and more than the field value.  The Cd AP-

42 factor was based on the average of three stack tests of boilers with the following 

disparate capacities:  2.2 million British Thermal Units per hour (MMBTU/hr), 3,135 

MMBTU/hr, 6,650 MMBTU/hr). 

 

The following Table compares the AP-42 and Characterization document As and Cd  

emission factors: 

 

  

Pollutant AP-42 Emission Factor 

(lb/mmscf) - * 

Characterization Document 

Emission Factor -** 

(lb/mmscf) 

Arsenic 2.0E-04 5.98E-19 

Cadmium 1.1E-03 1.27E-20 

 

*- lb/mmscf is pounds per million cubic feet 

**-Based on the maximum As and Cd concentrations in the Characterization document, 10.33 

ng/Nm3 and 0.22 ng/Nm3, respectively. 

 

Attachment II is “Input from California Air Quality Management Districts on Heavy 

Metal Emission Factors from Natural Gas Combustion.”   None of the listed California AQMD 

evaluates the As and Cd emission rates from External Combustion Sources. 

 

It is the sole responsibility of the applicant to list in the permit application the emission  

rates of all air contaminants which have the potential to exceed their applicable reporting 

thresholds.   
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When evaluating the potential emission rates of As and Cd from natural gas combustion  

proposed by an applicant, the permit evaluator can consider the information outlined in this 

memorandum, which includes the following: 

 

1. The problematic development of the As and Cd AP-42 emission factors listed in 

the above table; 

2. The emission factors generated by the analytical results in the Characterization 

document; and  

3. The California AQMD not regulating As and Cd from natural gas combustion.  

 

Please note that there should be no differentiation when evaluating the potential As and  

Cd emissions from natural gas if the combustion unit is an external combustion unit, such as a 

boiler, or an internal combustion unit, such as a turbine or engine. 

 

C: Ken Ratzman 
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ATTACHMENT I  

PROCESS USED BY USEPA TO DETERMINE ARSENIC AND CADMIUM NATURAL 

GAS EMISSION FACTORS 

 

BACKGROUND 

 

The following references were used to determine the heavy metal emission factors for 

AP-42 Section 1.4 Natural Gas Combustion: 

 

1. PICES Field Chemical Emissions Monitoring Project Site 120 Emissions Report. 

Carnot, Tustin, CA, December 1995 (Site 120) 

2. PICES Field Chemical Emissions Monitoring Project Site 121 Emissions Report. 

Carnot, Tustin, CA, December 1995 (Site 121). 

3. Gas-Fired Boiler and Turbine Air Toxics Summary Report. Prepared by Carnot 

Technical Services, Tustin, CA, For the Gas Research Institute and The Electric 

Power Research Institute, August 1996 (Carnot). 

4. Source Test Report , Gibson Oil and Refining, Incorporated, May, 1990 (Gibson) 

 

After reviewing References 1, 2, and 3, it was determined that Reference 3 listed the same 

testing results as those listed in References 1 and 2.   Site 120 is a 750 MWe CE Tangentially-

Fired boiler and Site 121 is a 330 MWe B&W Opposed-Fired boiler.   

 

Reference 3 (Carnot) also included stack testing results for two gas fired utility turbines.  These 

were designated as: 1) Site 123 - 55/73 MWe Westinghouse 501AA Turbine; and 2) Site 124 � 

150 MWe GE Frame 7 Turbine.  Although AP-42, Section 1.4 focuses on external combustion 

sources, the data generated from Sites 123 and 124 can be used since it includes natural gas 

samples that were analyzed for arsenic and stack test results for arsenic and cadmium, whose 

emission levels are not impacted by the type of combustion. 

 

For Sites 120, 121, 123, and 124, stack testing for 15 elements was conducted while burning 

natural gas and a natural gas fuel analysis was done for the following elements:  arsenic, cobalt, 

copper, lead, mercury, nickel, selenium, and phosphorous.   

 

The Gibson boiler, which has a capacity of 2.2 million BTU/hr was stack tested while 

combusting natural gas for the following elements:   arsenic, beryllium, cadmium, chromium, 

copper, lead, manganese, nickel, selenium, zinc.  No analysis of the natural gas was done in the 

Gibson Boiler report. 

 

 

ANALYSIS OF THE CADMIUM DATA 

  

Initially, References 1, 2, and 3 were evaluated to determine how the cadmium emission factor in 

Table 1.4-4 was calculated.  After it was determined that there were inconsistencies between the 

References 1, 2, and 3 and Table 1.4-4, the USEPA Office of Air Quality Planning and Standards 

(OAQPS) was contacted.   The OAQPS explained that a fourth reference, �Source Test Report � 

Gibson Oil and Refining, Incorporated (Gibson)� was also used to arrive at the cadmium 

emission factor and provided the following table (Table 1) to show how the cadmium emission 

factor was derived: 
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OAQPS - TABLE 1  

BOILERS CADMIUM EMISSION FACTORS   

* - The average is the AP-42 emission factor. 

 

Table 2 lists the cadmium stack emission results for the three test runs for Site 120, Site 121, and 

Gibson and the average gas flow rate during the stack emission tests. 

 

TABLE 2 

BOILERS STACK TEST CADMIUM EMISSIONS 

Boiler Run 1 -* Run 2 -* Run 3 -* Average gas flow rate-* 

Site 120 ND(0.04) ND(0.05) ND(0.05) 1,202,000 

Site 121 0.11 NR ND(0.04) 629,896 

Gibson BL BL 7.52E-06 -** 13 

*- Site 120 and 121 units -  micrograms per cubic meter at standard conditions. 

    Gibson unit � pounds per hour  

    ND � Not detected at less than the reporting limit. 

    NR � Not reported. 

    BL � instinguishable from the blank 

    Average gas flow rate � cubic feet per minute 

**- Converting Gibson hourly emissions to emission factor lb/mmscf: 

(7.52E-06 lb/hr) * (hr/2.2E+06 mmBTU) *(1020 BTU/scf) * (106 scf/106 scf)  =                      

3.4E-03 lb/mmscf, similar to AP-42 factor 

 

The cadmium emissions measured at Site 123 (55/73 MWe Turbine) were below the detection 

limit of 0.01 lb/1012 BTU and the cadmium emissions measured at Site 124 (124/150 MWe 

Turbine) were below the detection limit of 0.07 lb/1020 BTU. 

 

No natural gas fuel analysis was done for cadmium.    

 

The 1.10E-03 lb/mmscf cadmium emission factor in Table 1.4-4 is questionable for the 

following reasons:   

 

1. As presented in Table 1 above, the cadmium emission factors for Sites 120 and 121 

are approximately two orders of magnitude lower than the Gibson stack test results.  

This skews the Table 1.1-4 cadmium emission factor to a much higher value since 

there are only three data points being evaluated.   

2. The capacities of the Site 120 and 121 boilers are orders of magnitude higher than the 

Gibson boiler.  This creates another problem in averaging the three emission factors 

in Table 1 since the Site 120 and 121 results have a lower margin for error than the 

Gibson results given the larger sampling volume analyzed for cadmium content. 

3. Of the nine stack test runs in Table 2, only two had measurable quantities of 

cadmium.    

Site Heat Input 

(mmbtu/hr) 

Load (%) Emission Factor, 

(lb/mmscf) 

120 6650 97 1.49 E-05 

121 3135 101 6.80 E-05 

Gibson   2.2 100 3.23 E-03 

Average - * 1.10 E-03 
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4. The emission factors for Site 120 and Site 121 were calculated using the detection 

limits when the cadmium test result was �ND � Not detected at less than the reporting 

limit.� 

5. Two of the three Gibson cadmium tests had results which were �instinguishable from 

the blank.� 

6. The cadmium emissions for the two Turbines at Sites 123 and 124 were below 

detectable levels.   

7. USEPA AP-42 Sections 3.1 �Stationary Gas Turbines� and 3.2 �Natural Gas-Fired 

Reciprocating Engine� do not include an emission factor for cadmium.  This is 

significant since the cadmium emissions could only result from cadmium in the 

natural gas or being stripped from the interior of the combustion equipment. 

8. In Table 1.4-4, cadmium has an Emission Factor Rating of �D.�  A description of all 

USEPA AP-42 Emission Factor Ratings is at the end of this attachment.   

 

 

ANALYSIS OF THE ARSENIC DATA  

 

Table 3 presents the results of the arsenic natural gas fuel analysis for Sites 120, 121, 123, and 

124. 

 

TABLE 3  

ARSENIC CONCENTRATION LEVELS IN NATURAL GAS 

Site Concentration of Arsenic in Natural Gas -* 

120 ND<2 

121 4 

123 ND<2 

124 ND<2 

*-    micrograms per cubic meter  

       ND � Non-detect 

 

Table 4 lists the arsenic stack emission results for the three test runs for Site 120, Site 121, Site 

123, Site 124, and the Gibson boiler.  

 

TABLE 4  

ARSENIC STACK TEST RESULTS DURING NATURAL GAS COMBUSTION 

Boiler Run 1 -* Run 2 -* Run 3 -* 

Site 120 0.73 0.21F 0.23F 

Site 121 0.24F NR 0.31F 

Site 123 ND ND ND 

Site 124 2.1F 2.7 2.9 

Gibson BL BL BL 

                    *- Units - micrograms per cubic meter at standard conditions. 

      ND � Not detected at less than the reporting limit. 

      NR � Not reported. 

      BL � instinguishable from the blank 

F � Field blank exceeded 50% of uncorrected result.  
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NOTE: A Field Blank is a sample used to identify and estimate contamination 

immediately before and after sampling (evaluation of protocols), during sample 

shipment, and for samples awaiting measurement in the laboratory. 

  

Table 5 lists the Arsenic Emission factors determined from the stack emission testing. 

 

TABLE 5  

ARSENIC EMISSION FACTORS DETERMINED BY STACK TESTING 

Site Arsenic emission factor 

(lb/1012 BTU) 

Arsenic emission factor (lb/106 scf) 

120 0.23-* 2.3E-04 

121 0.2 -* 2.0E-04 

123 ND<0.10 1.0E-04 

124 0.18-* 1.8E-04 

*- Figure shown is less than twice and more than the field blank level. 

 

Table 1.4-4 lists an arsenic emission factor for natural gas combustion of 2.3E-04 lb/106 scf. 

 

The 2.0E-04 lb/106 scf arsenic emission factor in Table 1.4-4 is questionable for the following 

reasons:   

 

1. Three out of the four natural gas samples analyzed for arsenic content had results which 

were below the detection limit. 

2. Of the fifteen stack test runs to measure arsenic during natural gas combustion, three 

were non-detect, three were instinguishable from the blank, five had results in which the 

field blank exceeded 50% of uncorrected result, and one result was not reported. 

3. In Table 1.4-4, arsenic has an Emission Factor Rating of �E.�  A description of all 

USEPA AP-42 Emission Factor Ratings is at the end of this attachment.   

4. USEPA AP-42 Sections 3.1 �Stationary Gas Turbines� and 3.2 �Natural Gas-Fired 

Reciprocating Engine� do not include an emission factor for arsenic.  This is significant 

since the arsenic emissions could only result from arsenic in the natural gas or being 

stripped off of the interior of the combustion equipment. 

 

 

NATURAL GAS SAMPLING RESULTS  

 

A peer-reviewed and accepted for publication paper �Characterization and Comparison of Trace 

Metal Compositions in Natural Gas, Biogas, and Biomethane (Characterization) Attachment III� 

summarizes the sampling and analysis of natural gas for heavy metal content.  The average and 

maximum results of four natural gas samples for arsenic and 65 natural gas samples for cadmium 

are provided.   The following table compares arsenic and cadmium natural gas emission factors 

based on the Characterization with the AP-42 Emission Factors. 

 

Source of emission Factor Arsenic Emission Factor 

(lb/106 ft3) 

Cadmium Emission Factor 

(lb/106 ft3) 

Paper-* 5.98E-19 1.27E-20 

AP-42 2.3E-04 1.1E-03 

* - Based on the maximum measured concentrations 
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USEPA AP-42 Emission Factor Ratings 

 

· A = Excellent. Emission factor is developed primarily from A and B rated source test 

data taken from many randomly chosen facilities in the industry population. The source 

category population is sufficiently specific to minimize variability. 

· B = Above average. Emission factor is developed primarily from A or B rated test data 

from a moderate number of facilities. Although no specific bias is evident, is not clear if 

the facilities tested represent a random sample of the industry. As with the A rating, the 

source category population is sufficiently specific to minimize variability. 

· C = Average. Emission factor is developed primarily from A, B, and C rated test data 

from a reasonable number of facilities. Although no specific bias is evident, it is not clear 

if the facilities tested represent a random sample of the industry. As with the A rating, the 

source category population is sufficiently specific to minimize variability. 

· D = Below average. Emission factor is developed primarily from A, B and C rated test 

data from a small number of facilities, and there may be reason to suspect that these 

facilities do not represent a random sample of the industry. There also may be evidence 

of variability within the source population. 

· E = Poor. Factor is developed from C and D rated test data from a very few number of 

facilities, and there may be reason to suspect that the facilities tested do not represent a 

random sample of the industry. There also may be evidence of variability within the 

source category population. 
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ATTACHMENT II  

INPUT FROM CALIFORNIA AIR QUALITY MANAGEMENT DISTRICTS ON 

HEAVY METAL EMISSION FACTORS FROM NATURAL GAS COMBUSTION 

 

 

Ventura County Air Pollution Control District (VCAPCD) 

VCAPCD does not include heavy metal emissions in permitted emission calculations for 

permitting of natural gas combustion emissions units.  VCAPCD also does not require heavy 

metal emissions be included in a permit application. 

 

 

Bay Area Air Quality Management District (BAAQMD) 

In general, for combustion sources, BAAQMD collects annual data on fuel throughput, but does 

not require facilities to provide annual emissions data. The reported fuel throughput is used to 

calculate the emission inventory internally, and our internal calculations generally do not 

consider heavy metal emissions from natural gas combustion. 

 

Site specific source test data is preferred instead of the old AP-42 or CATEF data, which have 

low quality ratings, but we do not have any recent source test data for boilers, so AP-42 data is 

used. BAAQMD source test data was used for gas turbines. 

 

BAAQMD lists a cadmium emission factor from Turbines as 1.88E-04 lb/MMBTU, and an 

arsenic emission factor of 2.21E-05 lb/MMBTU.   Note: Arsenic was non-detect and ½ of the 

reported detection limit was used.  The key particulate Toxic Air Contaminants of concern are 

nickel, cadmium, and hexavalent chromium which may be present in the stainless steel used to 

make the turbine blades or in protective coating applied to the blades. 

 

In the BAAQMD September 7, 2005 �Policy: Emission Factors for Toxic Air Contaminants 

from Miscellaneous Natural Gas Combustion Sources,� the following is stated: 

AP-42 emission factors for metals are not used because: 

� they are based on a small number of tests;  

� they have poor EPA data quality ratings; and  

� Ventura and San Diego APCD do not use these factors.   

 

South Coast Air Quality Management District (SCAQMD) 

Comment issued by SCAQMD in response to Departments inquiry: 

We currently don�t consider metals emissions for natural gas fired external combustion 

equipment, and so far have not required the facilities to submit metals emission data during 

permitting of natural gas fired external combustion equipment. We do consider emissions of 

other toxics from natural gas combustion and use that in determining compliance with air toxics 

regulations, including Rule 1401. 

 

San Diego Air Quality Management District (SDAQMD) 

In the SDAPCD �Calculation Procedures,� such as AO1- B12 - Boiler, Natural Gas Fired, >100 

MMBTU/HR, PRE- NSPS, Uncontrolled, for natural gas combustion, the following is stated: 

 
�The AP-42 trace metal emission factors listed in Table 1.4-4 are NOT included since 
these values were based on insignificant and/or nondetectable test results.� 
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ATTACHMENT III  
CHARACTERIZATION AND COMPARISON OF TRACE METAL 
COMPOSITIONS IN NATURAL GAS, BIOGAS AND BIOMETHANE 



Subscriber access provided by UNIV OF DURHAM

is published by the American Chemical Society. 1155 Sixteenth Street N.W.,

Washington, DC 20036

Published by American Chemical Society. Copyright © American Chemical Society.

However, no copyright claim is made to original U.S. Government works, or works

produced by employees of any Commonwealth realm Crown government in the course

of their duties.

Characterization and comparison of trace metal

compositions in natural gas, biogas and biomethane
Maxime Cachia, Brice Bouyssiere, Herve Carrier, Hervé Garraud, Guilhem Caumette, and Isabelle Le Hécho

Energy Fuels, Just Accepted Manuscript � DOI: 10.1021/acs.energyfuels.7b03915 � Publication Date (Web): 08 Apr 2018

Downloaded from http://pubs.acs.org on April 8, 2018

Just Accepted

�Just Accepted� manuscripts have been peer-reviewed and accepted for publication. They are posted

online prior to technical editing, formatting for publication and author proofing. The American Chemical

Society provides �Just Accepted� as a service to the research community to expedite the dissemination

of scientific material as soon as possible after acceptance. �Just Accepted� manuscripts appear in

full in PDF format accompanied by an HTML abstract. �Just Accepted� manuscripts have been fully

peer reviewed, but should not be considered the official version of record. They are citable by the

Digital Object Identifier (DOI®). �Just Accepted� is an optional service offered to authors. Therefore,

the �Just Accepted� Web site may not include all articles that will be published in the journal. After

a manuscript is technically edited and formatted, it will be removed from the �Just Accepted� Web

site and published as an ASAP article. Note that technical editing may introduce minor changes

to the manuscript text and/or graphics which could affect content, and all legal disclaimers and

ethical guidelines that apply to the journal pertain. ACS cannot be held responsible for errors or

consequences arising from the use of information contained in these �Just Accepted� manuscripts.
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