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INTRODUCTION

The emissions proposed by SMUD and sanctioned by the staff testimony of the California Energy Commission, especially with respect to fine and very fine particulate matter, would contribute to levels of pollutants that already exceed accepted minimum standards.  Recent environmental health research shows that existing pollutants already endanger lives at levels that current rules, regulations and laws sanction with minimum requirements that are far in excess of what is needed to prevent actual effects.  According to these studies, without substantial mitigations, the proposed Cosumnes Power Plant would increase predictable mortality.  Though not discussed directly in the research cited, it is logical that disease and disability would also increase.  

SIGNIFICANCE

In Mr. Rubenstein's testimony on page 17 on proposed mitigation to particulate matter emissions he states that:

"Localized air quality impacts are mitigated through the use of best available control technology; the performance of an air quality modeling analysis that demonstrates that the project will not cause any new violations of state or local ambient air quality standards at any location, under any meteorological conditions expected at the site, and under any operating conditions; and the performance of a health risk assessment that demonstrates that the health risks associated with the project will be insignificant, at any location, under any meteorological conditions expected at the site, and under any operating conditions."  

On the same page, Mr. Rubenstein states that the level of significance for maximum health risks recognized by the California Energy Commission is typically 10 in one million.

Recognized standards for PM2.5 pollution levels in regional air quality have, presumably, been set in accord with that minimum level of significance.  According to the AFC, on page 8.1-10, a federal standard for PM2.5 has been established at 65 micrograms per cubic meter for a three year average of a 98th percentile 24 hour average or a three-year annual arithmetic mean of 15 micrograms per cubic meter.  

HEALTH RESEARCH

In an article on March 6, 2002, in the Journal of the American Medical Association, "Lung Cancer, Cardiopulmonary Mortality and Long-term Exposure to Fine Particulate Air Pollution," Pope et al analyze the continuing results of longitudinal study of approximately 1.2 million adults begun by the American Cancer Society in1982 and reanalyze previously obtained results.  Through a series of sophisticated statistical analyses of the data they conclude:

"Each 10-microgram per cubic meter elevation in long-term average PM2.5 ambient concentrations was associated with approximately a four percent, six percent and eight percent increased risk of all-cause, cardiopulmonary and lung cancer mortality … "  (Suspension points elide references to periods in the study when exposure was more or less intense.  More on this below.)

Further, in "Ultrafine Particulate Pollutants Induce Oxidative Stress and Mitochondrial Damage," an article that appeared in Environmental Health Perspectives that summarized the results of a study funded by the National Institute of Environmental Health Sciences and the Southern California Particle Center and Supersite, funded in turn by the USEPA, Li et al found evidence of the chemical reactions that occur in oxidative stress in cultures immersed in solutions of ultrafine and fine particulate matter (PM<1.0 and PM<2.5 microns in diameter) collected from the atmosphere in the Los Angeles area:

" … UFPs had significantly higher redox activity than fine and coarse PM."  (Suspension points elide reference to the specific test used.)

Further, by examination with electron microscopy, they found evidence of cellular damage from ultrafine and, to a lesser extent, fine particulate matter to the mitochondria of the cell lines used, ironically the "powerhouses" of cell metabolism:

"Whereas coarse particles collected in large cytoplasmic vacuoles …, UFPs frequently lodged inside mitochondria …  Mitochondrial architecture remained intact in coarse PM incubations, but cells incubated with UFPs showed extensive disruption of mitochondrial cristae, resulting in vacuolar cellular appearance … These changes were time dependent, with fewer particles collecting inside mitochondria during shorter incubations … In cells exposed to fine particulates (which included some UFPs), some particles lodged inside mitochondria but did not show the same degree of ultrastructural damage …"  (Suspension points elide references to electron photographs.)

While the research of Pope et al focuses specifically on health effects of pollution of the ambient air by fine particulate matter, specifically on deaths, the focus of Li et al on two observable somatic indicia makes the consequences less clear.  They state, however, that:

"Low levels of oxidative stress activate antioxidant defenses, whereas higher levels of oxidative stress lead to proinflammatory and cytotoxic effects … "  (Suspension points elide reference to previous publication.)

Later, they state that:

"These data are in accordance with the growing awareness that oxidative stress plays a key role in the induction of airway inflammation … (Suspension points elide reference to previous publication.)

Li et al are, of course, referring to in part to the findings of many research studies that the incidence of asthma is related to the level of particulate matter exposure of any population.  

But they do not speculate about the effects of mitochondrial damage, except to point out that :

"Our previous studies have demonstrated that organic DEP chemicals induced pro-apoptic effects in macrophages and bronchial epithelial cells … "  (Suspension points elide reference to previous publication.  "DEP" refers to diesel exhaust particles used in earlier studies; "pro-apoptic effects” are a tendency to cell death.)

The mitochondria, ironically, are the "powerhouses" of cell metabolism.  Mitochondrial damage could, logically, inhibit cell functioning and thus reduce its contribution to the health of the organism.  This would be consistent with the findings of Pope et al that cardiopulmonary mortality would increase.  The study by Li et al does not directly suggest increases in cancer mortality, but it does not exclude them.

Pope et al qualify the statement cited above by adding:

" … although the magnitude of the effect somewhat depended on the time frame of pollution monitoring."

Higher levels of particulate pollution in earlier monitoring samples were associated with more pronounced health effects.  But the more significant factor, as emphasized by use of the phrase "long-term" in the title of the article, is the period of exposure:

"Within the range of pollution observed in this analysis, the concentration-response function appears to be monotonic and nearly linear."

The argument of Mr. Rubenstein that PM2.5 levels have shown a tendency to decrease, while only demonstrated over three or four years, and that the high point of 108 micrograms per cubic meter was only an aberration, is not the point.  The exposure over a long period, emphasized in both of the above studies, is where significance should be sought.

The longer the exposure the more serious the effects, with respect to cardiopulmonary leading to death and lung cancer.  Yet even acute exposures over short periods can produce oxidative stress, commonly resulting in asthma.

AMBIENT AIR QUALITY

According to the Application for Certification, page 8.1-10, the annual arithmetic mean of PM2.5 exposure is between 12.2 and 34.1 micrograms per cubic meter and generally between 13 and 16 micrograms per cubic meter on an annual arithmetic mean.  The highest 24-hour average ranges between 30 and 80 micrograms per cubic meter and generally between 45 and 70 micrograms per cubic meter.  In 1998, according to the AFC, the highest 24-hour average was 67 and in 1999 30 micrograms per cubic meter.  (Page 8.1-10)

According to the Final Staff Assessment, the highest 24-hour average ranges between 40 and 108 micrograms per cubic meter (page 4.1-7).  In 1998, according to the FSA, the highest 24-hour average was 67 and in 1999 108 micrograms per cubic meter.  (Page 8.1-10)

The testimony of Gary Rubenstein states on page 10 that the annual arithmetic means for the years 1999, 2000, 2001 and 2002 were 17, 12.3, 11.6 and 10.9 micrograms per cubic meter and the highest 24-hour averages for 1998, 1999, 2000, 2001 and 2002 were 96.0, 108.0, 67.0, 72.0 and 46.0.

The reasons for the discrepancies in the numbers for highest 24-hour average for the years 1998 and 1999 are not clear.  Mr. Rubenstein criticized the staff of the California Energy Commission for using the average for 1999 in its calculations, stating that the comparatively high reading was the result of anomalous conditions, namely forest fires, as if the project’s potential effect on the environment should be considered without reference to possible natural changes or conditions in the environment.

While the applicant's expert, Mr. Rubenstein estimates that the trend of exposure is decreasing the Final Staff Assessment states:

"In addition, because most PM10 emissions from the turbines are in the form of PM2.5, and the area's PM2.5 concentrations show an increasing trend, the project's PM2.5 emission impacts would contribute to the area's violations of the new federal 24-hour ambient PM2.5 standards."  (Page 4.1-14)

According to the Final Staff Assessment, no state standard has been set for PM2.5 compliance, but the Air Resources Board has adopted a new annual PM 2.5 standard of 12 micrograms per cubic meter (page 4.1-7).  The annual arithmetic mean in the federal standard for that exposure is 15 micrograms per cubic meter.  

NEW SOURCE POLLUTION

According to the Sacramento Metropolitan Air Quality Management District's Final Determination of Compliance, the Cosumnes Power Plan would contribute 0.24 micrograms per cubic meter to the annual arithmetic mean of PM10 exposure and 4.5 micrograms per cubic meter to the 24-hour average and does not estimate its contribution to PM2.5 exposure (page 20 of 34).

According to the Application for Certification, the Cosumnes Power Plan would contribute 0.24 micrograms per cubic meter to the annual arithmetic mean of PM10 exposure and 4.65 micrograms per cubic meter to the 24-hour (page 8.1-38).

"The highest modeled impacts for the combustion turbines under normal operating conditions were found to occur within three kilometers of the facility boundary."  (Page 8.1-38)

The FSA estimates of "project Phase 1 operation emission impacts" is that the project would contribute 0.09 micrograms per cubic meter of PM10 and 0.09 micrograms per cubic meter of PM2.5 to ambient air on an annual average and 1.73 micrograms per cubic meter of PM10 and 1.73 micrograms per cubic meter of PM2.5 on a highest 24 hour average (page 4.1-14).  

In supplemental testimony, Mr. Ngo, on behalf of the California Energy Commission, states on page one that:

" … the project's PM2.5 emissions (approximately 95% of the project's PM10 emissions) … "

It is unclear, therefore, whether the above estimate of PM10 contribution to ambient air is actually inclusive of PM2.5.  The actual estimate for PM2.5 contribution, as a result, could be anywhere from 0.09 to 0.175 micrograms per cubic meter.

MORTALITY RATES

The U. S. Center for Disease Control entered the causes of death in its database for Sacramento County according to the Ninth International Classification of Diseases from 1989 to 1998, which is the classification scheme used by Pope et al in the above cited article.  It entered the causes of death from 1999 on according to the Tenth International Classification of Diseases.  The series are different enough, as can be seen from the included tables, that only the years 1989 to 1998 are used for the purposes of this analysis.

Death rates from cardiopulmonary causes are increasing in Sacramento County, as shown in data obtained from the U. S. Center for Disease Control through the Department of Health Services.  Combined cardiac and pulmonary causes of death have risen from 360.2 per 100,000 per year in 1989 to 384.2 in 1998.  Death rates from lung cancer vary from year to year roughly clustered around 50 per 100,000.  The total death rate from cardiopulmonary causes and lung cancer has risen from 413.0 per 100,000 in 1989 to 432.9 in 1998.

Assuming that the ambient PM2.5 estimates in the Application for Certification are correct, that exposures are generally between 13 and 16 micrograms per cubic meter on an annual arithmetic mean, and applying the factors proposed by Pope et al in their article, the death rate from cardiopulmonary causes attributable to PM2.5 would range from a low of 24.5 per 100,000 in 1992 to a high of 28.2 per 100,000 in 1997 at the lower end of the concentration or from a low of 29.7 per 100,000 in 1992 to a high of 34.1 per 100,000 in 1997.  

The death rate attributable to lung cancer attributable to PM2.5 would range from a low of 4.4 per 100,000 in 1992 to a high of 5.1 per 100,000 in 1997 at the lower end of the concentration or from a low of 5.4 per 100,000 in 1992 to a high of 6.1 per 100,000 in 1997.  

The combined rates from either cardiopulmonary causes or lung cancer would range from a low of 29.9 per 100,000 in 1992 to a high of 33.3 per 100,000 in 1997 at the lower end of the concentration or from a low of 35.1 per 100,000 in 1992 to a high of 40.2 per 100,000 in 1997.  

In any case, the rates attributable to existing PM2.5 ambient concentrations are greater than 10 in one million.

Using the increases in ambient concentrations of PM2.5 produced by the proposed project that are in the Application for Certification and the Final Staff Assessment, that exposures will generally be between 0.09 and 0.24 micrograms per cubic meter on an annual arithmetic mean, and applying the factors proposed by Pope et al in their article, the death rate from cardiopulmonary causes attributable to PM2.5 would range from a low of 3.0 per 100,000 in 1992 to a high of 7.9 per 100,000 in 1997 at the lower end of the concentration or from a low of 4.5 per 100,000 in 1992 to a high of 9.1 per 100,000 in 1997.  

The death rate attributable to lung cancer attributable to PM2.5 would range from a low of 0.4 per 100,000 in 1992 to a high of 1.1 per 100,000 in 1997 at the lower end of the concentration or from a low of 0.5 per 100,000 in 1992 to a high of 1.3 per 100,000 in 1997.  

The combined rates from either cardiopulmonary causes or lung cancer would range from a low of 3.4 per 100,000 in 1992 to a high of 9.0 per 100,000 in 1997 at the lower end of the concentration or from a low of 5.0 per 100,000 in 1992 to a high of 10.4 per 100,000 in 1997.  

In any case, the rates attributable to existing PM2.5 ambient concentrations are greater than 10 in one million.

DEMOGRAPHIC/GEOGRAPHIC CONSIDERATIONS

Population in the area of the proposed power plant at Rancho Seco has grown between 1990 and 2000 and is expected to continue to grow in projections available to 2025.

The Final Staff Assessment and the Application for Certification define the area surrounding the plant variously at a radius of six miles, ten miles, twelve miles and the region covered by the Sacramento Metropolitan Air Quality Management District.  For purposes of analyzing the populations in the area, I have chosen to focus on the six-mile radius defined as the local area for various purposes in the AFC and the twelve-mile radius suggested in the discussion of geography and topography on page 8.1-1 of the AFP.  Significantly, distance of the air quality monitoring stations whose data is cited by the applicant ranges from 11.1 miles to 25.4 miles from the proposed site.

Maps of the area from the 2000 Census show census block data with break downs for population categories.  Maps are included as exhibits with this testimony.  The population for those census blocks, any part of which is within the six-mile boundary, is 3,200.  This figure lies at a mid-point between the 4,099 and 2,009 cited by the Final Staff Assessment on pages 4.8-2 and 4.8-3.  The map that appears as Figure 1 of the FSA shows that census blocks have been chosen that have most of their area within the six-mile radius.  The figures may vary, therefore, depending in which census blocks are included for purposes of analysis.   I have chosen census blocks that have any part of their area within the six-mile radius because the maps do not show where the population is located within the census block.

Maps of the area that are associated with census data differ in part because the geographic areas defined for each decennial survey have different boundaries: i.e., the census blocks are moved or changed in a lot of places.  They are also different because the maps for the 1990 Census only go down to the census block group, and the data associated with that map only give total population figures, without break downs into subcategories.  Comparison with maps from the 2000 Census which shows a decrease of population from 3,451 to 3,200 are not strictly comparable because census block groups used for the former figure in the 1900 Census include more area and thus more population.  While it may not be possible to establish a population increase from 1990 to 2000 for the area within a six-mile or twelve-mile radius from the proposed project site, a close look at the comparison map reveals that population has moved into census blocks in the area around Rancho Seco where no population had previously been recorded.  Another of the attached maps shows precise numbers for each census block within the six-mile radius.

The 2000 Census shows that the population for the six-mile local area is composed of 5.63% children under the age of five, 22.34% people between the ages of 5 and 17, 4.25% people between the ages of 18 and 21, 6.00% people between the ages of 22 and 29, 13.13% people between the ages of 30 and 39, 19.41% people between the ages of 40 and 49, 20.28% people between the ages of 50 and 54 and 8.97% people over the age of 65.  Corresponding categories of population are not available for the state as a whole for comparison.  

The total population for the census blocks which had any part of their area within the twelve-mile radius from the proposed project site was 51.388.  The 2000 Census shows that the population for the twelve-mile area is composed of 6.37% children under the age of five, 21.26% people between the ages of 5 and 17, 4.94% people between the ages of 18 and 21, 8.22% people between the ages of 22 and 29, 16.25% people between the ages of 30 and 39, 16.50% people between the ages of 40 and 49, 16.19% people between the ages of 50 and 54 and 10.27% people over the age of 65.  Corresponding categories of population are not available for the state as a whole for comparison.  

The break down for the state's population is:  8.06% for children under the age of five, 7.47% for people between the ages of 5 and 9, 7.92% for people between the ages of 10 and 15, 5.63% for people between the ages of 16 and 19, 8.44 % for people between the ages of 20 and 24, 19.11% for people between the ages of 25 to 34, 15.59% for people between the ages of 35 to 44, 9.75% for people between the ages of 45 to 54, 5.30% for people between the ages of 55 and 64 and 12.74% for people over 65.

The census does not provide projections of population and the projections provided by the State's Department of Finance are not useful for this analysis because they are made by County or incorporated area.  The Sacramento Council of Governments does provide projections by traffic analysis zone for purposes of transportation planning for the area.  SACOG calculates projections for population as a whole and comparable break downs into age categories are only provided for children of primary school age and secondary school age. 

Traffic analysis zones are in general larger than census blocks and larger than census block groups.  Maps of traffic analysis zones which have any of their area within the six-mile radius from the proposed project site were not used because they include significantly more area than the above map based on census blocks.  SACOG does not include Amador or San Joaquin Counties; therefore, traffic analysis zones are only available for Sacramento County.  

The population for the traffic analysis zones that have any part of their area within a twelve-mile radius from the proposed project site ranged from 25,491 in 2000 to 43,888 in 2025 (please refer to the attached tables).  The percentage of primary school age children of the population starts at 11.42% in 2000 and peaks at 16.33% in 2015, declining slightly after that.  The percentage of secondary school age children in the population starts at 16.98% in 2000 and decreases gradually after that to 15.75% in 2025.

Using the rate of growth predicted by SACOG for the traffic analysis zones, population within the six-mile radius from the proposed project site from the 2000 Census would increase from 3,200 to 5,509.  Similarly, population within the twelve-mile radius would increase from 51,388 to 88,475.  The population of within the six-mile and twelve-mile radii bulges in the ages from 30 to 55 compared to the population for the state as a whole in the 2000 Census.  Exact comparisons are difficult given the age categories.  But, if SACOG's projections are right, the school age population will catch up to the state's proportions for 2000 and slightly surpass them in the coming years.

Applying the ratio of increase from SACOG’s projections of population growth from 2000 to 2025 to the total population from the U. S. Census for the census blocks that have any area within a 12-mile radius from the proposed site, the total population for this area could increase to 88,475.  Given the mortality rates found by Pope et al in their study, this area could expect to see between 3.0 and 9.2 more deaths per year from cardiopulmonary causes or from lung cancer by 2025 as a result of the proposed power plant, depending on the already registered death rates and the assumed levels of concentrations of fine particulate matter.  

The rates of disease produced by the proposed plant cannot be estimated from the data at hand but may be assumed to be more, especially with reference to effects produced by oxidative stress.  Given that the current resident population has a greater proportion than the state as a whole of people whose ages are between 30 and 55, and that projections from SACOG predict a growth in the proportion of children by in the near future, vulnerable populations of children and the aged in census blocks within a 12-mile radius from the proposed plant may grow at a relatively fast rate.  Further, if a trend for people to move into the area around the proposed site suggested by a comparison of the distribution of population in the 1990 Census and the 2000 Census continues or accelerates, following existing patterns of growth and development in California, exposures could increase in quantity and intensity.  The deterioration of air quality from the proposed power plant will result, therefore, in significant increases in health problems.

CONCLUSIONS

Recent research has produced new estimates of the effects of fine and ultrafine particulate atmospheric pollution.  Already existing ambient air pollution produces, applying to the findings of this research, serious health risks for the population of the area.  In addition, the proposed plant at Rancho Seco could be expected to contribute to mortalities at a higher rate than the oft-cited level of significance of ten per million.  Analysis of population, its breakdown according to age, geographic distribution and projections for growth, show that the health effects caused by emissions from the new plant would be felt by a significant number of people.  

I swear that the above testimony is true and accurate to the best of my knowledge,

Michael L. Roskey

