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Appendix I. Population distribution of Cowlitz County, Washington and Columbia County, Oregon 
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Appendix II. Technical Notes 
 
A. Additional Oregon population data used in health-related calculations (Contacts: Kathryn Hughes, 
Catherine Riddell) 
 
In the first set of calculations to determine whether there were elevations of aplastic anemia deaths, total 
leukemias or acute myeloid leukemia in the two counties of concern, we applied the 2000 U.S. Census 
populations for Oregon State and Columbia County for all years examined because inter-censal population 
estimates were not readily available for Oregon. Inter-censal population estimates refer to estimates of 
population sizes for the years between administrations of the U.S. Census. The Census collects demographic 
information once every ten years at the start of each decade (1990, 2000, etc). To ensure we were using the 
best available population estimates for both states, we acquired population estimates for inter-censal years in 
Oregon from the Population Research Center at Portland State University 
(http://www.pdx.edu/prc/annualorpopulation.html). As for Washington, the Oregon estimates for inter-censal 
years in the 1990s were adjusted to take into account information gathered through the 2000 Census. 
However, unlike the Washington estimates for these years, only total population estimates by year (and not 
estimates by age group for each year) were adjusted. To obtain age-specific adjusted population estimates for 
inter-censal years in the 1990s for Oregon State as a whole and Columbia County, we applied the originally 
projected age-distributions in each of these years to the adjusted total population. 
 
The range of expected values based on random variation was determined by means of a two-tailed Poisson p-
value calculation using SAS software. For the upper end of the range, we calculated the threshold number of 
observed cases above which the comparison of observed vs. expected cases produced a p value of less than 
.05 (a conservative and commonly accepted indicator of statistical significance). For the lower end of the 
range we calculated the threshold number of observed cases below which comparison of observed vs. 
expected cases produced a p value of less than .05 (or if this value was less than zero, we chose zero for the 
lower bound). 
 
B. Generation of benzene air emissions inventory in Columbia County, Oregon and Cowlitz County, 
Washington  
 
The benzene emission inventory for Columbia County (and all other Oregon counties) is a calculated 
estimate of benzene emissions from a variety of sources and source categories. The emission factors (EF) are 
usually standard factors developed by the U.S. Environmental Protection Agency (EPA). Inventories for 
Washington counties are based, whenever possible, on direct measurements from the different sources of 
emissions (also called “source tests”). When direct measurement is not feasible, EPA EFs are used as in 
Oregon. The Oregon Department of Environmental Quality (ODEQ) generates these inventories for Oregon, 
whereas the Southwest Clean Air Agency (SWCAA) conducts inventories for point sources and the 
Washington State Department of Ecology (Ecology) handles these for the remaining types of sources in 
Washington. 
 
“Point sources” are larger industrial facilities that have a permit (for example, the pulp mill in St. Helens has 
a permit from ODEQ). Emissions from such facilities are estimated based on a standard EF for each process 
at the facility and an annual operating rate for each process. For example, a boiler is estimated to use a 
certain amount of fuel each year. The fuel usage is multiplied by a benzene EF for that type of fuel, resulting 
in an estimate of benzene emissions from that boiler. This type of calculation is repeated for each process at 
each point source. 
 
“Area sources” are smaller industrial and commercial facilities that generally are not required to obtain 
permits, such as small printers and dry cleaners. This category also covers the pollution driven by the 
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activities of Oregonians and Washingtonians such as residential wood combustion, architectural surface 
coating, residential backyard burning, structure fires and vehicle refueling. Emissions from such categories 
are estimated using population-based activity, such as per capita solid waste generation or tons of cordwood 
burned, and EFs that were developed from small-scale studies of these types of activities and extrapolated to 
the county’s population. The population can be multiplied by the EF to estimate emissions from all area 
sources or area source subcategories. 
 
“On-road sources” refer to vehicular emissions from highway use (e.g. cars, trucks, and buses). “Non-road 
sources” refer to vehicles and machinery that are not used on roads (e.g. construction machinery, off-road 
recreational vehicles, etc.). The estimating methodology is similar to that for area sources, using population-
based EFs that assume a certain total of emissions from these sources for a given population size. Mobile 
non-road source emissions are estimated using computer models developed by the EPA. The non-road model 
calculates emissions based on a nationwide survey of small engines used for any activity, such as 
lawnmowers, leaf blowers, tractors, bulldozers, or water pumps, and internally correlates that info with the 
number of people undertaking that activity. It is used by all states to calculate the non-road emissions.  
 
For the on-road mobile sources, ODEQ and Ecology use MOBILE6.2, another EPA model, which utilizes 
numerous inputs including registered vehicle (cars, trucks, motorcycles) age groups, local weather 
conditions, and the properties of fuels sold in Oregon and Washington to produce an EF in lbs/vehicle mile 
traveled (separated for cars, light trucks or heavy duty trucks, etc.). Then the agencies multiply the EF by an 
estimate of the miles driven by vehicles in each county. In Oregon, the Oregon Department of Transportation 
generates this estimate.  
 
C. Generation of benzene air emission estimates for Emerald Kalama (Contacts: John St. Clair, Paul 
Mairose) 
 
Emerald Kalama Chemical is required by law to report its emissions each year. Intentionally hiding, 
misleading or in any way obfuscating the data is a criminal offense (Mairose, personal communication). 
Emissions sources are tested by an outside contractor in accordance with local, state and federal regulations 
and the plant’s Air Operating Permit (Mairose, personal communication). The contractor uses the most 
recent source tests to calculate quantities of all plant emissions and reports these directly to the Southwest 
Clean Air Agency (SWCAA). SWCAA verifies all source tests and emissions calculations. In addition, 
SWCAA visits the plant many times during the course of a year to observe source testing activities and to 
perform inspections. The Air Operating Permit and all of the regulations are in the public domain (Mairose, 
personal communication). Anyone interested in details of the permit can contact Paul Mairose at SWCAA 
(paul@swcleanair.org or 360-574-3058, ext 30). Links to additional information about regulations on 
Emerald Kalama (including those that relate to reporting emissions) are available in Appendix IV. 
 
According to SWCAA, most benzene emissions into the air from Emerald Kalama in a given year occur 
during the wastewater treatment process. Organic compounds in the plant's wastewater, including benzene, 
are treated biologically, similar to a municipal wastewater treatment plant. Microbes in the treatment system 
break down the organic compounds as food and effectively remove the compounds from the water. The 
majority of the wastewater is routed to treatment tanks, which are open to the atmosphere. Benzene can 
volatilize from these tanks into the air, but the oxygen is required by the microbes to consume the organic 
compounds. The rest of the wastewater, which contains the highest benzene concentration, is directed to the 
anaerobic treatment plant. The anaerobic plant is also a biological treatment system that uses microorganisms 
that do not need oxygen to break down organic compounds.  Based on frequent measurements of the benzene 
concentration at various sampling points throughout the wastewater treatment system and mass balance 
calculations, about 4 tons of benzene per year (almost two-thirds of the benzene emitted to the atmosphere in 
2005) is released from wastewater treatment activities. 
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Benzene vapors from the plant processes are controlled using carbon beds and regenerative thermal oxidizers 
(RTOs). These two systems operate together to recover and then destroy any remaining organic compounds 
that would otherwise be emitted to the atmosphere (Wrobel, personal communication; Mairose, personal 
communication). First the carbon beds remove much of the organic compounds by adsorption. The organic 
chemicals are recovered from the carbon beds using heat and steam. The carbon beds exhaust to the RTOs, 
where any organic chemicals, including benzene, that made it past the carbon beds are destroyed (Mairose, 
personal communication). The RTOs destroy all of the organic chemicals through a process known as 
thermal oxidation. Emissions from this process accounted for 1.23 tons of benzene in 2005. Both RTO units 
were source tested in 2007 and the carbon beds are tested monthly in order to monitor their benzene and 
toluene removal efficiencies (Wrobel, personal communication; Mairose, personal communication). 
 
Other, very small (0.35 tons/year) sources of the benzene releases include the production of chemicals such 
as benzyl alcohol, benzyl amine and hexyl cinnamic aldehyde. When producing these chemicals, benzene is 
sometimes formed as an unwanted by-product. Liquid benzene, which is formed as a by-product in some of 
Emerald Kalama's processes, is shipped off-site in railcars. Less than one pound of benzene was emitted to 
the air in 2005 from loading benzene into railcars for transport. Emissions from the railcar loading operation 
are controlled by a carbon adsorption system. The railcar carbon adsorption system is continuously 
monitored for benzene breakthrough. 
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Appendix III. Interview form 
 

Initial Cluster Inquiry Report Form 
 

1. Name of Patient:____________________________________________________________________ 

2. Name of person providing information:__________________________________________________ 

3. Relationship to the patient:___________________________________________________________ 

4. Date of birth of the patient:     _____/ _____/_____      5. Age at last birthday:   __________ _____ 

6. Address of patient: _______________________________________________________________ 

    _______________________________________________________________ 

 Phone (day) _____________________________(evening)________________________________ 

7. Length of residence in community: ___________________ 

8. Patient’s gender: _______ Male  _______ Female 

9. Patient’s race: ________________      Ethnicity: Hispanic?    _____ Yes  _____ No 

10. Physician diagnosis (please be as specific as possible): 

 _________________________________________________________________________________ 

11. Date of diagnosis (month and year): ____________________________________________________ 

 Address at time of diagnosis: ___________________________________________________ 

    _______________________________________________________________ 

12. Name & telephone of primary physician: ________________________________________________ 

           ________________________________________________ 

13. Please list any other major health problems the patient has had (include major illnesses, long term 

 conditions, sensitivities, etc.): _________________________________________________________ 

 _________________________________________________________________________________ 

 _________________________________________________________________________________ 

14. Patient’s work history (please include the occupation, industry and length of employment for each 

 major job--begin with the current or most recent job): [If child (age 1-17), then list work history of 

 parents – father and mother – separately.]  

 _________________________________________________________________________________ 

 _________________________________________________________________________________ 
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 _________________________________________________________________________________ 

 _________________________________________________________________________________ 

15. If other family members have had this diagnosed illness, please list their relation to the patient and 

the age at diagnosis (include parents, grandparents, siblings, aunts and uncles): 

 _________________________________________________________________________________ 

 _________________________________________________________________________________ 

16. Does the patient presently smoke tobacco, or has the patient smoked tobacco in the past? 

 _____ No _____ Yes: Number of years of smoking: ___________ 

17. Is there anyone in the household who presently smokes tobacco, or has smoked during the patient’s 

 lifetime? _____ No _____ Yes: Number of people who smoke or smoked: _______ 

18. What is the source of drinking water for the patient’s residence? _____________________________ 

19. Please list major hobbies that are practiced in the patient’s house by any family member: 

 _________________________________________________________________________________ 

 _________________________________________________________________________________ 

20. If you have any thoughts about what may have caused or contributed to this diagnosed illness, please 

list them  _____________________________________________________________________ 

 _________________________________________________________________________________ 

 _________________________________________________________________________________ 

 
21. If patient deceased, please list date of death and place (city, state): ____________________________ 

 
22. Date form completed: ______________________ 
23. Interviewer (if different from item 2): ____________________________________ 
 
Thank you for taking the time to complete this form.  If there is any other information you think is relevant, 
please include it on an additional sheet of paper.  Please mail the completed form to: 
 
 
 
If you have questions, please call me at: (        )             . 
 
NOTE: This form has been supplied by the State agency for use by citizens. While information on this form 
may be reviewed by the agency, the use of the form does NOT constitute an official inquiry. Completion of 
this form is optional.  
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 Appendix IV. Links for Additional Information 
 
 
For more information about benzene and its health effects: 

• CDC. Frequently Asked Questions about Benzene. 
http://www.cdc.gov/nceh/clusters/fallon/benzenefaq.htm. 

• ATSDR. Public Health Statement for Benzene, Sept. 2005                                                 
http://www.atsdr.cdc.gov/toxprofiles/phs3.html. 

 
For information about Washington regulations on air and water quality: 

• Washington State Department of Ecology. Index of Laws. http://www.ecy.wa.gov/laws-
rules/ecyrcw.html. 

• Washington State Department of Ecology. Index of Rules. 
http://www.ecy.wa.gov/laws-rules/ecywac.html. 

 
For information about Oregon regulations on air and water quality (Note- these regulations do not apply to 
Emerald Kalama Chemical, located in Washington State): 

• The Oregon Revised Statutes (ORS) under which the Oregon Department of Environmental Quality 
(ODEQ) operates http://www.deq.state.or.us/regulations/statutes.htm  

• Oregon Administrative Rules (OAR) pertaining to all ODEQ programs (see Divisions 41-82 for 
water-related rules; 200-268 for air-related rules) http://www.deq.state.or.us/regulations/rules.htm   

   
For information about regulations that apply to Emerald Kalama Chemical (Note- this list is not exhaustive): 

• The Federal Clean Air Act, http://epa.gov/air/caa/peg/. 
• The Washington State Clean Air Act (RCW 70.94), 

http://apps.leg.wa.gov/RCW/default.aspx?cite=70.94. 
• Washington State Department of Ecology. Air Quality. 

http://www.ecy.wa.gov/programs/air/airhome.html  
• Emerald’s air emissions permit and permit background document (Statement of Basis) can be 

downloaded at http://www.swcleanair.org/PermitsTitleV.html.  
• Regulations from the Southwest Clean Air Agency are available at 

http://www.swcleanair.org/regs/reg400.pdf.  
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