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State of New Mexico
ENVIRONMENT DEPARTMENT

’
AIR QUALITY BUREAU —a
Harold Runnels Building "
1190 St. Francis Drive, P.O. Box 26110 .'
GARgOE/- EJRON%NRSON Santa Fe, New Mexico 87502-6110 PETER MAGGIORE
Telephone (505) 827-0031 SECRETARY

Fax (505) 827-0045

PAUL R. RITZMA
DEPUTY SECRETARY

October 27, 2000

Dear Potential Stakeholder for the Natural Events Action Plan:

We are ddlighted that so many of you were able to take time away from your busy schedules to attend
the Natural Events Action Plan (NEAP) - Stakeholder meeting held in Las Cruces on October 17,
2000. We were dso very pleased with the input we received from you. | have enclosed a copy of
the dides from each of the presentations made at the morning session of the meeting. We have aso
developed a draft outline of a general stakeholder agreement much like the one developed at the
October 17" meeting, should anyone like a copy.

For those of you aready working on an agreement, please fedl free to call usif you need assistance.

If you happen to be one of the potential stakeholders who were unable to attend the meeting we
would be glad to answer any questions you may have regarding this material. We will also be
contacting stakeholders individually, who are not aready participating in the NEAP, about
stakeholder agreements. As aways we would like to meet with any of you to discuss the
development of stakeholder agreements.

Please remember that we have to submit the Dofia Ana County Natural Events Action Plan to EPA-
Region 6 by the end of this year for their approval. So, the sooner we can meet with those of you
we haven't met with, the better. If you have any questions or need further information please feel free
to call us at 1-800-810-7227 and ask for Kim Kirby, Gail Cooke, or Steve Dubyk. Thank you for
your support and cooperation on the development of the Dofia Ana County NEAP.

Sincerely,

Kimberly D. Kirby
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October 6, 2000

Dear Potential Stakeholder:

We are hosting two gatherings that you are invited to participate in that concern keeping dust
down and growth up in Dofia Ana County .

1. Wewould liketo invite you to come and browse an Open House:

October 11, 2000 October 12, 2000 October 13 and 14, 2000
Wednesday Thursday Friday 9am - 9pm
Hatch Sunland Park Saturday 8am - Noon
Community Center City Council Chambers Mesilla Park Recreation Center
837 W. Hall 3800 McNultt Rd. 304 Bell Ave.,, Mesilla Park
4pm - 8pm 9am - 9pm

2. Stakeholder Meeting (see attached schedule):
Presentations by: EPA Representatives, NM Air Quality Bureau, & various dust
control vendors.
Tuesday, Oct. 17, from 8am to 5pm
Mesilla Park Recreation Center, 304 Bell Ave.

We look forward to meeting with you and discussing what can be done to help. We hope that
you are able to attend, and if not, we would be delighted to meet with you at your earliest
convenience. If you have any question or need further information please call Kim Kirby at (505)
827-0048. | will be out of the office from October 11 to the 18", so during that time please call
Steve Dubyk at (505) 827-2859.

Sincerely,

Kimberly Kirby
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November 1, 2000 Phone: (505) 827-0048

Contact: Cathy Tyson, PIO, NMED
Phone: (505) 827-2855

STATE ENVIRONMENT DEPARTMENT HOLDING MEETINGS ON
DONA ANA COUNTY DUST AND AIR QUALITY

(Santa Fe, NM) — The New Mexico Environment Department’s Air Quality Bureau invites the public to
attend “open houses” designed to provide information and solicit ideas about a plan for reducing dust,

sustaining growth and improving health in the area.

There will be no formal presentations, just a relaxed self-guided tour with staff available to answer
questions. NMED is soliciting the public’s thoughts, ideas, comments, and concerns in order to tailor
the plan to local needs. The open house in Sunland Park will also include a separate section with
information about Camino Real Landfill’s operating permit and collection and control systems. The

meeting times and locations are:

November 8, 2000 November 13 & 14, 2000
Wednesday 9 am —7 pm Monday 1pm - 7 pm
Sunland Park Tuesday 8 am — 6 pm
City Council Chambers Mesilla Park Recreation Center
3800 McNutt Rd. 304 W. Bell Ave., Mesilla Park
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STATE ENVIRONMENT DEPARTMENT HOLDING MEETINGS ON
DONA ANA DUST AND AIR QUALITY

(Santa Fe, NM) - The New Mexico Environment Department’s Air Quality Bureau invites the
public to attend “open houses™ designed to provide information and solicit ideas about a plan for

reducing dust, sustaining growth and improving health in the area.

There will be no formal presentations, just a relaxed self-guided tour with staff available to answer
questions. NMED is soliciting the public’s thoughts, ideas, comments, and complaints in order to

tailor the plan to local needs. The meeting times and locations are:

OcCTOBER 11, 2000 OCTOBER 12, 2000
WEDNESDAY THURSDAY
HATCH SUNLAND PARK
COMMUNITY CENTER C1TY COUNCIL CHAMBERS
837 W. HALL 3800 McNuUTT RD.
4PM - 8PM 9AM - 9PM

OCTOBER 13 AND 14, 2000
FRIDAY 9AM - 9pM
SATURDAY 8AM - NOON
MESILLA PARK RECREATION CENTER
304 W BELL AVE., MESILLA PARK

Hi#
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STATE ENVIRONMENT DEPARTMENT ASSISTS DONA ANA COUNTY IN
DEVELOPING “DUST MANAGEMENT” PLAN

(Santa Fe, NM) - The New Mexico Environment Department (NMED) is assisting Dofia Ana County in
developing a Natural Events Action Plan (NEAP). This Plan is being required by the U.S.
Environmental Protection Agency (EPA) to combat the increase in human-caused dust that has resulted

in unhealthful levels of particulate matter (windblown dust).

In the past, particulate matter, or blowing dust, levels such as those observed in Dofia Ana County
would have resulted in an area being designated “non-attainment” by EPA. With such a non-attainment
status comes the stigma of being an unclean and undesirable area to live. Moreover, the stigma could
be coupled with expensive requirements, such as more stringent controls on transportation,
construction or industry. Current EPA policy provides the opportunity for areas with high dust levels

due to natural events (like wind) to develop a NEAP.

The U.S. EPA has requested that local governments and the NMED develop a plan (the NEAP) to
reduce adverse health effects from human-caused dust in this area. If this is done, the EPA will not
require mitigation techniques, which are often unsuitable for New Mexico’s particulate problem.

Furthermore, this approach gives more control, along with responsibility, to local government agencies.

more --
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The plan must address measures for reducing windblown dust from contributing man-made sources,
such as land clearing and dirt roads, when and where possible. The plan is not meant to address

naturally occurring, wind-blown dust.

Under the Federal Clean Air Act, the EPA has established maximum standards for six major air
pollutants, one of which is particulate matter. These six pollutants are called “criteria” pollutants
because the limits were set using health-based criteria. Studies continue to show that breathing small

dust particles irritates the lungs and can trigger allergic reactions as well as asthma attacks.

The NMED has been working with local government entities in an effort to complete and submit the
NEAP by the end of this year. The City of Las Cruces has taken an active role in developing a
regulation that will limit the amount of dust within the city limits. Dofia Ana County is also being asked
to regulate industries or activities that generate particulate matter. The NMED, in its' quest to help
develop a NEAP for the County, is now asking those stakeholders not under City or County jurisdiction

to voluntarily take steps to control blowing dust.

If an adequate NEAP is not developed for Dofia Ana County by December 2000, the U.S. EPA may
designate this area as "non-attainment" for particulate matter. This could trigger a number of federal
requirements and generally impact on the ability of Las Cruces and Dofia Ana County to develop.
These requirements could restrict the influx of new businesses into the area, area construction and

development, and may affect road and highway construction and maintenance.

For more information, please contact Kim Kirby or Gail Cooke at 1-800-810-7227.

i
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November 17, 2000

Mr. Donnie Quintana

Assistant Director

New Mexico Economic Development Department
Economic Development Division

Joseph Montoya Building

1100 St. Francis Drive

Santa Fe, New Mexico 87505

Dear Mr. Quintana:

I feel it is important to inform you that Dofia Ana County is currently faced with a situation that
could be detrimental to economic growth, tourism, and public health. The situation is caused by
windblown dust generated during high winds from man-made sources. Local government staff
from Dofia Ana County and the City of Las Cruces, assisted by the state’s Environment
Department, have been working on this windblown dust issue for the last few years. Both Las
Cruces and Dofia Ana County either have or are currently developing local dust control
ordinances. However, additional support is now needed from all stakeholders.

The Air Quality Bureau of the New Mexico Environment Department has arranged a meeting
with the U.S. Environmental Protection Agency Region VI personnel in Santa Fe on November
20, 2000, to discuss this important issue. Economic Development Department management and
staff members are encouraged to attend. The meeting agenda is enclosed with this letter. The
meeting will be held at the State Highway and Transportation Department building, 1120
Cerrillos Road, in Santa Fe, in Training Rooms 1 and 2, at 10:30 a.m. Other state agency
personnel may also be attending this meeting.

I’m asking all stakeholders for your full support of Dofia Ana County’s local governments in
doing what is needed to prevent the area from being designated non-attainment by the U.S. EPA.
Your support is crucial to the success of this project.
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Page 2

I have included a briefing package so that you may be fully informed on this serious and
immediate economic and environmental issue. Please call Kim Kirby at 827-0048, or Steve
Dubyk at 827-2859 if you have any questions or require additional information. I thank you for
your time and consideration on this matter, and I look forward to your support.

Sincerely,

Peter Maggiore
Cabinet Secretary

Attachments: Briefing Document
Dust Storms and Health brochure
Natural Events Fact Sheet
November 20, 2000 Meeting Agenda
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November 17, 2000
Dr. Kathleen Forrer
Chief Financial Officer
New Mexico Department of Education
300 Don Gaspar

Santa Fe, New Mexico 87501-2786

Dear Dr. Forrer:

I feel it is important to inform you that Dofia Ana County is currently faced with a situation that
could be detrimental to economic growth and public health. The situation is caused by
windblown dust generated during high winds from man-made sources. Local government staff
from Dofia Ana County and the City of Las Cruces, assisted by the state’s Environment
Department, have been working on this windblown dust issue for the last few years. Both Las
Cruces and Dofia Ana County either have or are currently developing local dust control

ordinances. However, additional support is now needed from all stakeholders, including public
schools.

The Air Quality Bureau of the New Mexico Environment Department has arranged a meeting
with the U.S. Environmental Protection Agency Region VI personnel in Santa Fe on November
20, 2000, to discuss this important issue. Department of Education management and staff
members are encouraged to attend. The meeting agenda is enclosed with this letter. The
meeting will be held at the State Highway and Transportation Department building, 1120
Cerrillos Road, in Santa Fe, in Training Rooms 1 and 2, at 10:30 a.m. Other state agency
personnel may also be attending this meeting.

I’m asking all stakeholders for your full support of Dofia Ana County’s local governments in
doing what is needed to prevent the area from being designated non-attainment by the U.S. EPA.
Your support is crucial to the success of this project.



Dr. Kathleen Forrer
November 17, 2000
Page 2

I have included a briefing package so that you may be fully informed on this serious and
immediate economic and environmental issue. Please call Kim Kirby at 827-0048, or Steve
Dubyk at 827-2859 if you have any questions or require additional information. I thank you for
your time and consideration on this matter, and I look forward to your support.

Sincerely,

Al Mogh—

Peter Maggiore
Cabinet Secretary

Attachments: Briefing Document
Dust Storms and Health brochure
Natural Events Fact Sheet
November 20, 2000 Meeting Agenda
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November 17, 2000

Mr. Peter Rahn

Cabinet Secretary

New Mexico State Highway and Transportation Department
1120 Cerrillos Road

P.O. Box 1149

Santa Fe, New Mexico 87504-5100

Dear Secretary Rahn:

I feel it is important to inform you that Dofia Ana County is currently faced with a situation that
could be detrimental to economic growth, tourism, and public health. The situation is caused by
windblown dust generated during high winds from man-made sources. Local government staff
from Dofia Ana County and the City of Las Cruces, assisted by the state’s Environment
Department, have been working on this windblown dust issue for the last few years. Both Las
Cruces and Dofia Ana County either have or are currently developing local dust control
ordinances. However, additional support is now needed from all stakeholders.

The Air Quality Bureau of the New Mexico Environment Department has arranged a meeting
with the U.S. Environmental Protection Agency Region VI personnel in Santa Fe on November
20, 2000, to discuss this important issue. New Mexico State Highway and Transportation
Department management and staff members are encouraged to attend. The meeting agenda is
enclosed with this letter. The meeting will be held at the State Highway and Transportation
Department building, 1120 Cerrillos Road, in Santa Fe, in Training Rooms 1 and 2, at 10:30 a.m.
Other state agency personnel may also be attending this meeting.

I’m asking all stakeholders for your full support of Dofia Ana County’s local governments in
doing what is needed to prevent the area from being designated non-attainment by the U.S. EPA.
Your support is crucial to the success of this project.



Secretary Pete Rahn
November 17, 2000
Page 2

I have included a briefing package so that you may be fully informed on this serious and
immediate economic and environmental issue. Please call Kim Kirby at 827-0048, or Steve
Dubyk at 827-2859 if you have any questions or require additional information. I thank you for
your time and consideration on this matter, and I look forward to your support.

Sincerely,
4t ogg

Peter Maggiore
Cabinet Secretary

Cc:  Judith James, Environmental Program Manager, NMSHTD

Attachments: Briefing Document
Dust Storms and Health brochure
Natural Events Fact Sheet
November 20, 2000 Meeting Agenda
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KIRBY-O’NEIL, Kimberly, New Mexico Environment Department, Air Quality Bureau, Environmental Scientist
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Abstract

Biography

Contact

Air Quality
Grappling with Dust Storms and Health in New Mexico

Kimberly Kirby-O’Neil, Environmental Scientist, New Mexico Environment Dept., Air Quality Bureau;
Michael D. Smith, Albuquerque Environmental Health Dept., Air Quality Division

Dust storms generated by high winds have caused unhealthful levels of airborne particulate matter within
the state of New Mexico. Two of the state’s largest and fastest growing economic areas find themselves
required to implement measures addressing this problem. How the issue is dealt with will impact New
Mexico’s industries and public, however, to what extent depends on the avenue of implementation.

Particulate matter of 10 microns or less (PM10) is an air pollutant that is regulated by the federal
Environmental Protection Agency (EPA) under the National Ambient Air Quality Standards. Studies
show that elevated levels of PM10 may aggravate asthma and other respiratory problems.

To protect public health, EPA designates areas where PM10 levels exceed federal standards as
“nonattainment areas.” State and local governments must then adopt plans to reduce air pollution in these
areas in order to protect public health. Federal requirements for these areas are focused on reducing air
pollution from industries and motor vehicles. However, we know that the traditional approach of
controlling factories and tailpipe emissions won’t fix a PM10 problem due to natural events such as
blowing dust raised by high winds.

At the urging of western states, EPA agreed to try a more common sense approach to the problem. In
June 1996, EPA adopted a new policy for natural events. The Natural Events Policy offers states
flexibility in meeting the PM10 standard, while still providing for public health protection. This policy
outlines requirements in general terms and urges local stakeholder involvement in developing the actual
plan. These general requirements include public health education, public notification, and control of
human-caused sources of windblown dust where feasible and effective. If a state develops and implements
a plan that responds to public health effects impacted by natural events, EPA will not designate the area as
nonattainment.

Kimberly Kirby-O’Neil is an Environmental Scientist in the Control Strategy Section of the New Mexico
Environment Department’s Air Quality Bureau. She is currently concentrating on the development and
implementation of a Natural Events Action Plan for Dofia Ana County. She also deals with other dust
issues and agriculture burning, as well as with the Small Business Assistance Program. Ms. Kirby-O’Neil
holds a Masters of Science degree in Animal Science and a Bachelor of Science degree in Agriculture
Economics and Animal Science, both from New Mexico State University. Previous work experience
includes working as a Production Team Advisor, QA/QC Specialist for environmental remediation
projects, and Agriculture Consultant for a bioremediation firm.

Kimberly Kirby-O’Neil

NM Environment Department
PO Box 26110

Santa Fe NM 87502

KNOWLTON, Robert G., Mission Research Corporation and HydroTechnics, Inc.

Track

Topic/Title

Authors

Technology Deployment

Innovative Groundwater Flow Sensors and Groundwater Modeling Applied to the Fruit Avenue Plume
Superfund Site

Robert G. Knowliton, PhD, P.E. and Martha Moses, Mission Research Corporation and HydroTechnics,
Inc.

39
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September 6, 2000

Dear Interested Party:

The New Mexico Environment Department (NMED) is asking for your assistance with the Dona Ana
County Natural Events Action Plan (NEAP). This Plan is being required by the US Environmental
Protection Agency (EPA) to combat the increase in man-made dust that has caused exceedances in the
levels of particulate matter (windblown dust) since 1996. | have included for your information a factsheet
and brochure so that you may better understand the option of a NEAP.

The Federal Clean Air Act of 1970 established maximum standards for six major air pollutants, one of
which is particulate matter. These six pollutants are called “criteria’ pollutants because the limits were
set using health-based criteria. Studies continue to show that breathing small dust particlesirritates the
lungs and can trigger alergic reactions as well as asthma attacks. Please refer to the “Dust Storms and
Health” brochure included.

In the past, exceedances such as those observed in Dofia Ana County would have resulted in an area
being designated non-attainment. With such a non-attainment status comes the stigma of being an unclean
and undesirable areato live. Moreover, the stigmawould be coupled with burdensome and expensive
requirements, shouldered by both local and state governments, as well as local businesses.

The US EPA has requested that the NMED develop a plan (the NEAP) to reduce adverse health effects
from dust in thisarea. This meansthat if we do what we reasonably can to inform the public and protect
health, the EPA will not require mitigation techniques that may be unsuitable for New Mexico’ s situation.
Furthermore, this approach gives more control, along with responsibility, to local government agencies.
The plan must include measures for reducing windblown dust from contributing man-made sources when
and where possible.

The NMED has historically viewed development of the NEAP by both state and local affected entities as
the key to a successful submittal of this document. The NMED has been working with local
governmental entities in an effort to complete and submit the NEAP by the end of thisyear. The City of
Las Cruces has taken an active role in developing regulation that will limit the amount of dust within the
city limits. Dona Ana County is also being asked to regulated industries or activities that generate



September 6, 2000 - Page 2

particulate matter. The NMED, inits quest to help develop a NEAP for the County, is now asking those
stakeholders not under City or County jurisdiction to voluntarily take steps to control PM 10 from
property and facilities that they control.

If an adequate NEAP is not developed for Dona Ana County by December 2000, the US EPA will
designate this area as "non-attainment” for PM10. Thiswill trigger a number of onerous federa
requirements and generally have a negative impact on the ability of Las Cruces and Dona Ana County to
develop economically and regulate their own resources. These requirements may restrict the influx of
new businesses into the area, area construction and development, and may affect road and highway
construction and maintenance.

If you would like to receive more information or be actively involved in the NEAP development, please
contact Kim Kirby or Gail Cooke at 1-800-810-7227. We look forward to hearing from you.

Sincerely,

Sandra Ely
Bureau Chief
Air Quality Bureau

Enc.: Dust Strom and Health Brochure
Particulate Air Pollution Factsheet
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September 1, 2000

Dear Political Official:

| feel it isimportant to inform you that Dofia Ana County is currently faced with a situation that
could be detrimental to economic growth, tourism, and public health. The situation is caused by
windblown dust generated during high winds from man-made sources. Local government staffs
from Dofla Ana County and the City of Las Cruces, assisted by the state’ s Environment
Department, have been working on this windblown dust issue for the last few years. However,
additional support is now needed.

| have included a briefing package so that you may be fully informed on this serious and
immediate economic and environmental issue. In short, due to high readings of particulate matter
(PM 10, otherwise know as airborne dust) in Dofia Ana County’s air, US EPA has informed us
that we have only two options regarding the air quality status for this area:

= Non-attainment status for particulate matter (dust). Becoming a non-attainment area can
be detrimental to economic development, requiring more stringent controls for existing
industry and new businesses. Furthermore, non-attainment status bears with it a stigma of
an area being dirty and polluted, which could affect tourism and retirement community
growth. It also means more complex air quality permitting requirements for new and
expanding businesses, as well as more burdensome requirements for city, county and state
road development and maintenance.

= Attainment status, with an adequate Natural Events Action Plan (NEAP) in place by the
end of thisyear. The attached briefing package contains information regarding what must
be accomplished within the next few monthsin order for the area to have an adequate
NEAP (refer to page 5).
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I’m asking for your full support of Dofla Ana County’s local governmentsin doing what is needed
to prevent the area from being designated non-attainment by the US EPA. Y our support is
crucial to the success of this project.

Should you require further information on this issue, my staff and | would be delighted to provide
you with further information or a presentation. Please call Jim Najima, Environmental Protection
Division Director at (505) 827-2932. | thank you for your time and consideration on this matter,

and look forward to your support.

Sincerely,

Peter Maggiore
Cabinet Secretary
New Mexico Environment Department

Enc.: Briefing Package
Dust Storms and Health brochure
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September 5, 2000

Dear Stakeholder:

The New Mexico Environment Department (NMED) has identified you as a potential stakeholder that
may have avested interest in developing and implementing the Natural Events Action Plan (NEAP) for
Dofia Ana County. We are seeking your assistance for this process. This Plan is being required by the
US Environmental Protection Agency (EPA) to combat the increase in man-made dust that has caused
exceedances in the levels of particulate matter (windblown dust) since 1996. | have included a briefing
package so that you may be fully informed on this serious and immediate economic and environmental
issue.

The NMED has historically viewed development of the NEAP by both state and local affected entities as
the key to a successful submittal of this document. The NMED has been working with local
governmental entitiesin an effort to complete and submit the NEAP by the end of thisyear. The City of
Las Cruces has taken an active role in developing regulation that will limit the amount of dust within the
city limits. Dofia Ana County is aso being asked to regulated industries or activities that generate
particulate matter. The NMED, inits quest to help develop a NEAP for the County, is now asking those
stakeholders not under City or County jurisdiction to voluntarily take steps to control PM 10 from
property and facilities that they control.

The sources of windblown dust in this area include unpaved roads and parking lots, construction sites,
unpaved industrial and storage areas, laydown yards, bladed undeveloped area, and shoulders of paved
roads. The NMED hasidentified several stakeholders within Dofia Ana County who can make a
significant contribution in reducing windblown dust. The NMED is requesting that stakeholders help
develop alist of Best Available Control M easures (BACMS) for dust controls at these sites, which can
include:
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Revegetating bladed undevel oped areas.

Landscaping, including the use of low-water use vegetation.

Covering areas with geotextiles.

Using of chemical dust suppressants on unpaved high traffic areas.

Using organic stabilizers and mulches on cleared undeveloped areas.

Staging site construction to reduce dust from bladed areas.

Planning construction or other land-use projects to include dust control and suppression.
Conducting educational programs to show citizens of the community what they can do to reduce
windblown dust from their properties.

The NMED feels that Dofia Ana County stakeholders have much to offer by developing BACMs for
thelr sites, since site conditions are variable throughout the County, and vary according to land use.
Therefore, we request that stakeholders identify the areas and the methods that they are willing to
include for the development of a satisfactory and successful NEAP.

| look forward to working with you on this important issue of controlling man-made sources of dust in
Doila Ana County. If you require additional information about this program and BACMs, please call
Kimberly Kirby at the New Mexico Air Quality Bureau at 1-800-810-7227, or (505) 827-0048.

Sincerely,

Jm Nagima

Division Director

Environmental Protection Division
New Mexico Environment Department

Enc.: Briefing Package
Dust Storms and Health brochure
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STATE ENVIRONMENT DEPARTMENT HEALTH ADVISORY
DONA ANA COUNTY DUST AND AIR QUALITY

(Santa Fe, NM) — The New Mexico Environment Department’s (NMED) Air Quality Bureau along
with the City of Las Cruces and Dofia Ana County would like to alert all citizens of Dofla Ana County
of the risks associated with dust storms.

A combination of weather conditions, features of the natural environment, and human activity can
cause dust storms. High winds can raise large amounts of dust from areas of dry, loose, exposed soil.

In the Dofa Ana County area, high winds are most common during January through April.

Dust storms can cause a number of serious health problems and can make some health problems
worse. It can irritate the lungs and trigger allergic reactions, as well as asthma attacks. For people who
already suffer from these conditions dust can cause serious breathing problems. Dust can also cause
coughing, wheezing and runny noses. Breathing large amounts of dust for prolonged periods can result

in chronic breathing and lung problems.

Breathing too much dust can potentially harm anyone. However, the following groups run the highest
risk of potentially being adversely affected by a dust storm.

Infants, children, and teens

Elderly
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Peoples with asthma, bronchitis, emphysema, or other respiratory conditions
People with heart disease
Pregnant women

Healthy adults working or exercising vigorously outdoors

There are severa different ways to protect yourself from adust storm. The best precaution is smply to
avoid going outside during severe dust storms. If you must go outside, spend as little time outside as
possible and avoid hard exercise. Wearing some type of covering over your nose and mouth can

provide some protection from large particles.

For more information on the risks associated with dust storms please see the NMED’ s website at www.

nmenv.state.nm.us, click on “ Air Quality Bureau” or contact Helly Diaz-Marcano at (505)524-6300.
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Our Mission: To protect the inhabitants
and natural beauty of New Mexico by

OPEN HOUSES
Keeping Dust Down and
Growth Up in Doina Ana

County
(Natural Events Action Plan)

preventing the deterioration of air quality  The State Air Quality Bureau and local governments

New Mexico
Environment Dept.

Harold Runnels Building
1190 St. Francis Dr.
P.O. Box 26110
SantaFe, NM 87502-6110

Phone: 1-800-810-7227
Fax: 505-827-0045
Email: kimberly _kirby@nmenv.state.nm.

and stakeholders are developing a plan for reducing
dust, sustaining growth and improving health in
Dofia Ana Co. The open houses are designed to
provide you with information and solicit your com-
ments. We are very interested in your thoughts,
ideas, comments, and concerns. We look for-
ward to visiting with you. So, join us at:

Sunland Park City Council Chambers
3800 McNutt Rd, Sunland Park
November 8th, 9 am to 7 pm
OR
Mesilla Valley Recreation Center
304 W. Bell Ave., Mesilla Park
November 13th, 1 pm to 7 pm
November 14th, 8 am to 6 pm



OPEN HOUSE
Keeping Dust Down and Growth

Up in Doina Ana County

New Mexico Environment Department
Air Quality Bureau
.

The State Air Quality Bureau and local governments and stakeholders, are developing a plan for re-
ducing dust, sustaining growth and improving health in Dofia Ana County. We encourage your par-
ticipation at this open house to develop Doia Ana County 3 Natural Events Action Plan. The open
house is designed to provide you with information and encourage your input. We are very inter-
ested in your thoughts, ideas, comments, and concerns. We look forward to visiting
with you.

This open house will also include a separate section with information about Camino Real Landfill 3 op-
erating permit and collection and control systems.
Joinus at:  Sunland Park City Council Chambers
3800 McNutt Rd., Sunland Park
November 8, 2000
9amto 7 pm

New Mexico Environment Department
Air Quality Bureau

. Our Mission: To protect the
1190 St. Francis Dr. inhabitants and natural beauty of
P.O. Box 26110 Phone: 1-800-810-7227 New Mexico by preventing the
Santa Fe, NM 87502-6110 Fax: 505-827-0045 deterioration of air quality




OPEN HOUSE
Keeping Dust Down and Growth

Up in Doina Ana County

New Mexico Environment Department
Air Quality Bureau

=

The State Air Quality Bureau and local governments and stakeholders, are developing a plan for
reducing dust, sustaining growth and improving health in Dofia Ana County. We encourage your
participation at this open house to develop Dofia Ana County3 Natural Events Action Plan. The
open house is designed to provide you with information and encourage your input. We are
very interested in your thoughts, ideas, comments, and concerns. We look forward
to visiting with you.

Joinus at: Mesilla Valley Recreation Center
304 W. Bell Ave., Mesilla Park
November 13,1 pm to 7 pm
November 14, 8 am to 6 pm

New Mexico Environment Department
Air Quality Bureau

Phone: 1-800-810-7227 Our Mission: To protect the
1190 St. Francis Dr. Fax:_505-827-0045 inhabitants and natural beauty of
P.O. Box 26110 Email: New Mexico by preventing the
Santa Fe, NM 87502-6110 kimberly_kirby@nmenv.state.nm.us deterioration of air quality
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Survei lance for Dust Storms and Respiratory Diseases

n Washington State, 1991
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ABSTRACT. Southeast Washington State, which has a long history of seasonal dust storms,
experienced 2 d of dust storms in October 1997, during which PM,, levels exceeded 1 000
pg/m? (i.e., six times greater than the Environmental Protection Agency’s 24-h PM,, stan-
dard). Three community hospitals in southeast Washington were visited for the purpose of
assessing the possible effects of dust storms on respiratory heaith. During these visits, the
number of emergency room visits for respiratory disorders for each day of 1991 were ab-
stracted. These numbers were compared with daily PM,, levels for 1991. Also determined
were the observed/expected ratios for the number of amergency room visits for each respi-
ratory disorder category during October 1991. The maximum observed/e?(pected ratio for
the respiratory disorders was 1. 2. For 1991, we found a 3.5% increase in the numb.e_r of
daily emergency room visits for bronchitis for each 100 pg/m? increase in PM,, In addition,
2 d subsequent to those days on which the PM,, levels exceeded 150 p.g/mJ, there was a
4.5% increase in the number of emergency room visits for sinusitis for each 100 pg/m?
increase in PM,, Our results’indicate that the naturally occurring PM,, in this setting has a
small effect on the respiratory health of the population in general.

SOUTHEAST WASHINGTON STATE has a long his-
tory of seasonal dust storms. Reportedly, the dust-storm
phenomenon takes place a number of times each spring
and fall and occurs when high-velocity gales from the
Columbia River basin reach the arid plains of eastern
Washington, during which particulate matter is dis-
persed into the atmosphere. Notations in the Lewis and
Clark diaries of October 1805 concerning the Columbia
River basin in southwest Washington and Oregon record
the high wind velocities the explorers encountered in the
area. Later, a historian described “a miserable country”
Copyright is not claimed; this work is in the public domain.
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in which “westerly winds came inland from the sea to
send stinging clouds of dust and sand whirling in every
direction.”? ,

Modern cultivation of the region, which denudes
some of the land, and a regional 5-y drought have been
accused of making the dust storms more severe. The pur-
pose of this investigation was to determine what effects
these dust storms, particularly thoracic particulate matter
less than 10 w in diameter (PM,), may have had on re-
spiratory health in 1991. We were specifically interested
in examining the effect that very high PM,, levels
(> 1 000 pg/m?) during October 1991 (October 16 and

Archives of Environmental Health



21) had on the number of visits to emergency rooms for
respiratory disorders. The Environmental Protection
Agency (EPA) has set National Ambient Air Quality Stan-
dards for PM,, that include a maximum level of 150 ng/
m? over a 24-h period and a maximum average level of
50 pg/m? over a 1-y period.?

Materials and methods

In an effort to investigate the possible effects of dust
storms on respiratory healith, in April 1991 we visited
three community hospitals in Richland, Pasco, and Ken-
newick, the three cities that constitute the Tri-Cities area
of Washington State. Data collection involved the re-
view of emergency room logs at each of the hospitals to
abstract the total number of emergency room visits and
the number of emergency room visits for respiratory dis-
orders. The respiratory disorders categorized were otitis
media, bronchitis, upper respiratory tract infections (in-
cluding rhinitis and viral syndromes), pharyngitis (also
included tonsillitis and laryngitis), sinusitis, croup, pneu-
monia (all types), asthma, influenza, bronchiolitis, and
chronic obstructive pulmonary disease (COPD). The to-
tal number of emergency room visits and the number of
emergency room visits for each of the disorders were de-
termined for each day during October 1990 and for all
months of 1991. Information from October 1996 was
collected and compared.with data from October 1991.

A dust storm day was defined as a day with blowing
dust that resulted in visibility of 5/8 of a mile or less
(which is the definition of a dust storm day used by Ba-
telle, Pacific Northwest Laboratories) or as a day with
blowing dust and a peak windspeed of 20 miles per hour
{mph) or greater.

Daily PM,, data for the Tri-Cities area was obtained
from the Washington Department of Ecology. The PM,,
samples were collected on top of a building in Kenne-
wick, Washington, on microquartz fiber filters with a
high-volume PM,, sampler for 24 h; gravimetric analysis
was performed on all samples after collection.? Other
environmental pollutants are not measured in the Tri-
Cities area. Meteorological data were obtained for the
area (daily mean temperature, humidity, windspeed, and
visibility) from Batelle, Pacific Northwest Laboratories,
Richland, Washington.

The SAS statistical package was used, and the daily
respiratory disorders, PM,, levels, and meteorological
data were entered and analyzed. The annual, monthly,
and daily totals for each respiratory disorder were calcu-
lated and correlations were made between the respira-

tory disorders, PM,, levels, and meteorological data. We

calculated the observed/expected ratios for each respira-
tory disorder in October 1991, using the first 15 d as
a reference period and the next 15 d as the period of
exposure,? ,
We performed multivariable analysis using general-
ized estimating equations to predict the number of daily
emergency room visits for each disorder {dependent
variable). A log link function was used, and daily visits
were assumed to have a poisson distribution. Each
month of 1991 was treated independently, allowing for
correlation from day to day. An exchangeable correla-

May/june 1994 [Vol. 49 (No. 3)]

tion structure was used. The predictors (independent
variables) in the logistic models included daily PM, val-
ues (all values, values > 150 wg/m?® only, and values
with a 1- and 2-d lag period, each analyzed separately);
seasons of the year; relative humidity; and the previous
day’s emergency room visit total for each disorder. With
respect to the independent variables, Robust z values
were obtained and 95% confidence intervals (Cls) were
calculated. As to the log linear function, each incremen-
tal change of 100 in an independent variable resuits in a
multiplicative change (') in the dependent variable.’

Results

in 1990, the population of the Tri-Cities area of Wash-
ington State was 101 623 persons (Pasco, 27 153; Rich-
land, 32 315; Kennewick, 42 155).5 In 1991, the total
number of emergency room visits for the three hospitals
of the Tri-Cities area was 73 749 (Pasco, 20 231; Rich-
land, 22 150; Kennewick, 31 368). The total number of
emergency room visits for all respiratory disorders was
23 349. Total emergency room visits for each respiratory
disorder and daily averages are given in Table 1.

The percentages of total monthly emergency room vis-
its that were the result of respiratory disorders for each
month of 1991 are as follows: January, 34%; February,
43%; March, 40%; April, 34%; May, 30%; June, 26%;
july, 22%; August, 24%; September, 26%; October,
34%; November, 33%; December, 35%.

The total number of emergency room visits for all re-
spiratory disorders was significantly higher for October
1991 (2 001 visits) than for October 1990 {1 656 visits)
(p < .001). During each month, from February through
May 1991, however, there were higher emergency room
visit -totals for respiratory disorders than for October
1991 (Fig. 1). -

The days on which there were the highest emergency
room visit totals for most of the respiratory disorders oc-
curred during the winter months of 1991. None of the
highest daily emergency room visit totals for respiratory
disorders occurred during October 1991.

A greater number of emergency room visits for pneu-
monia, influenza, otitis media, pharyngitis, upper respi-

“Table 1.—Annual Total of Emergency Room Visits to Three
Tri-City Hospitals and Daily Averages for Each Respiratery
Disorder, 1991

Respiratory disorder Total ER visits

Daily average visits

Otitis media 5775 15.8
Bronchitis 4992 13.7
URI 4 586 12.6
Pharyngitis 4253 11.6
Sinusitis 111 3.0
Asthma 850 2.3
Pneumonia 767 2.1
Influenza 397 1.1
COPD 303 <1.0
Croup 248 <1.0
Bronchiolitis 42 <1.0
Respiratory allergy 25
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ratory tract infections, and bronchitis were made during
the second half of October 1991 than during the first
half: however, even during this month the observed/
expected ratios for these disorders did not exceed 1.2
{(Table 2).

A total of 278 daily PM,, samples was obtained for
1991; most of the samples were obtained on Tuesday
through Saturday for each week of the year. Daily levels
of PM,, correlated with daily 1:00 Pm. windspeed (Pear-
son r = 0.4; p < .001). The annual mean PM,, value was
40 ng/m?, with a daily range of 3-1 689 ng/m’. As
shown in Figure 1, October had the highest mean PM,,
value (144 pg/m?) and November had the lowest (17 pg/
m?3). During October 1990, the mean PM,, vaiue was 32
ng/m?. There were 7 d in 1991 when PM,, values ex-
ceeded 150 p.g/m? (the EPA standard for a 24-h period),
including October 16 and 21 when PM,, values reached
1689 and 1035 ng/m?, respectively. In accordance
with our definition, we identified these two dates as the
only 2 d in 1991 during which dust storms occurred. In
Figure 2 is shown the comparison of daily total emer-
gency room visits for respiratory disorders, with daily
PM,, levels for October 1991.

Daily PM,, levels and emergency room visit totals for
each day of 1991 showed a statistically significant corre-
lation for bronchitis only (Pearson r = 0.13; p = .03).
Correlations between daily PM,, levels, restricted to
days on which levels exceeded 150 pg/m?3, and the num-
ber of emergency room visits were statistically signifi-
cant for sinusitis (Pearson r = 0.80; p'= .03). Correla-
tions between daily PM,, levels greater than 150 pg/m?
and the number of emergency room visits 2 d later were
statistically significant for sinusitis (Pearson r = 0.94;
p = .002) and upper respiratory. tract infections {Pearson
r=0.74; p = .05). o

The daily emergency room totals for each disorder, ex-
cept respiratory allergy, had statistically significant in-
verse correlations with mean daily temperature, Statisti-

72

cally significant correlations were found between daily
relative humidity and bronchitis, COPD, croup, pneu-
monia, and upper respiratory tract infections (Table 3).
On a given day, for each disorder, the number of emer-
gency room visits was significantly related to the number
of daily emergency room visits on the preceding day (p
< .01), except in the cases of bronchiolitis’ and pneu-
monia. :

In our final logistic models, the variables associated
significantly with the number of daily emergency rogm
visits for bronchitis were daily PM,, values (z-Robust =
8.4, B = 0.000353, C = 0.00027, 0.00043); and sea-
sons of the year (z-Robust = 4.1, B = 0.1855789, C| =
0.09607, 0.27509). The variables associated signifi-
cantly with the number of daily emergency room visits

Archives of Environmental Heaith
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Fig. 2. Daily total emergency room visits for respiratory disorders and daily PM,, levels for October, 1991.

for sinusitis were daily PM,, values greater than 150 g/
m? accompanied by a 2-d lag period (z-Robust = 7.6, B
= 0.0004525, Cl = 0.00033, 0.00057); and seasons of
the year (z-Robust = 3.0, 8 = 0.10474, Cl = 0.03619,
0.17329). The only variable associated significantly with
the number of daily emergency room visits for upper
respiratory tract infections was seasons of the year
(z-Robust = 3.8, B = 0.1848814, CI = 0.08966,
0.28010).

Discussion

In this investigation, a relationship was found between
PM,, levels and the number of emergency room visits
during 1991 for bronchitis and sinusitis. These disorders
had statistically significant correlations with what we be-
lieve is PM,, from mostly natural sources. Other air pol-
lutants are not measured in the Tri-Cities area because
the region is relatively free of industrial development.

Previous investigations have shown that PM,, contri-
butes to respiratory disorders, especially to asthma and
acute bronchitis, but in those investigations the source
of the particulate matter was primarily industrial.”- Par-
ticulates from an industrial source are a complex mixture
of smoke, sulfates, nitrates, and gases, such as oxides of
sulfur and nitrogen.” These differ from the particulates of
rural eastern Washington, which are volcanic in origin,
are mostly PM,,, and belong to the plagioclase (glass)
mineral class of aluminum silicates and other oxides.°
The source of particulates may be important because
some investigators report that an increase in respiratory
disorders, especially asthma, is usually associated with
increased levels of particulate matter and a concurrent
increase in other pollutants, such as sulfur dioxide.'"*?

Furthermore, some studies indicate that the greatest
impact of PM, is on certain population subgroups, spe-
cifically people with pre-existing pulmonary disease, the
very young, and the elderly.”'>'* This conclusion is sup-
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Otitis media 0.2 0001 0.05
Bronchitis 0.4 0001 0.19 0003
URI 0.3 0001 0.12
Pharyngitis 0.2 006 0.01
Sinusitis 0.1 0.07 “
Asthma 04 0.04 4
Pneumonia 001 0.12 02
influenza 0.1 02 0.04 4
coPD 0.1 04 0.13 01
Croup 0.2 000" 0.16 002
Bronchiolitis 0.2 000" 0.10 .06
00T 0.08

i

Respiratory allergy 0.2
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ported by the results of the investigations of people’s ex-
posure to naturally occurring particulates following the
eruption of Washington State’s Mount St. Helens in
1980."° Several studies concluded that no new ash-
related asthma was observed but that there were in-
creases in adverse respiratory effects among those with
pre-existing asthma and chronic bronchitis. They also
considered it unlikely that the adult general population
exposed to volcanic ash would be at risk, as a result of
that exposure, for developing respiratory disease.’®

An investigation of the effect of smoke from California
forest fires on respiratory health revealed a relatively
modest overall health impact. investigators found a-sig-
hificant increase in emergency room admissions for
asthma and COPD (observed/expected ratios 1.4 and
1.3, respectively), and they concluded that people with
pre-existing respiratory disease should be targeted for in-
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arventior if potential exposure to smoke orest
fires occurs.? :

The health effects induced by particulates result from
an inflammatory response caused by the penetration and
deposition of particles into the respiratory tract. This re-
sponse affects pulmonary function, mucociliary clear-
ance, and other host defense mechanisms and is a plau-
sible explanation for the respiratory disorders we found
to be associated significantly with PM, (bronchitis and
sinusitis).” However, it is surprising that we not only
found no significant association between PM,; and
asthma, but we found relatively few emergency room
admissions for asthma in a community that would be ex-
pected to have 4 800 persons with asthma (asthma prev-
alence, 47.7/1 000 persons X Tri-Cities’ population).'s

There are at least four reasons for the fewer than ex-
pected emergency room admissions for asthma. People
with asthma may premedicate themselves if they antici-
pate exposure to an asthma-inducing event or they may
visit a private physician for an asthma attack, thereby re-
ducing the number of people seeking treatment at emer-
gency rooms. Another possibility is that emergency
room cases of asthma may have been misclassified as
bronchitis. Bronchitis appeared to be a generic diagnosis
{sometimes labeled as tracheobronchitis, laryngotra-
cheobronchitis, or sinobronchitis). Finally, we must con-
sider the possibility that thoracic particulates from a nat-
ural source do not exacerbate asthma.

The relatively high numbers of emergency room visits
for respiratory disorders in most of the winter and spring
months of 1991 (Fig. 1) were probably the result of ex-
pected seasonal effects, such as prevalent viral infec-
tions. In addition, given the statistically insignificant re-
lationship between the number of emergency room visits
for most of the respiratory disorders and PM,, levels, the
higher number of visits for October 1991, compared
with October 1990, was unlikely to be due sole!y to the
higher mean PM, level for October 1991. An outbreak
of viral illness may have occurred in October 1991,
which could explain the difference in the number of
emergency room visits.

We determined that the maximum observed/expected
ratio for respiratory disorders resulting from the dust
storms on October 16 and 21 (which produced the high-
est PM,, levels of 1991) was 1.2. This relatively low ratio
indicates that the high PM,, levels probably had a mini-
mal public health impact. We demonstrated a statisti-
cally significant relationship between a year of daily
PM,, levels and two respiratory disorders (bronchitis and
sinusitis), although B values from our longltudmal re-
gression analysis indicate a small effect, i. e., an increase
of 100 ng/m> of PM,, results in a 3.5% increase in num-
ber of emergency room visits for bronchitis. Further in-
vestigation is necessary to determine if the increase in
the number of emergency room visits for these disorders
represents sensitive groups, so that appropriate steps for
intervention can be taken when PM,, levels are high.

We express our appreciation to the following people who gave us
valuable assistance: Mark W. Oberle, M.D., M.P.H,, School of Public
Health, University of Washington; Patricia Lacy, Director, Medical Re-
cord Department, Kristy LeVeau, Director, Information Systems, Kad-
lec Medical Center; Loretta . Wingard, Supervisor, Medical Record
Department, Kennewick General Hospitai: Anita M. Kongslie, Medical
Records, Our Lady of Lourdes Hospital; Ora P. Gifford, Atmospheric
Sciences Department, Batelle, Pacific Northwest Laboratories; Tami
Laplante, Programmer/Analyst, David Olsen, Ph.D., Theresa Fearring-
ton, Program Assistant, National Center for Environmental Health,
Centers for Disease Control; J. Phillip Cooke, Control Officer, William
S. Statler, Benton-Franklin-Walla Waila Counties Air Pollution Controt
Authority; A. G. Corrado, M.D: W. S. Klipper, M. D., PS.; Greg Van
Doren, Benton County Agricultural Extension.

Submitted for publication December 23, 1992; rewsed accepted
for publication February 22, 1993,

Requests for reprints should be sent to: Brockton J. Hefflin, M. D.,
Division of Environmental Hazards and Health Effects, National Center
for Environmental Health, Centers for Disease Control, 4770 Buford
Highway NE, Mailstop F-39, Atlanta, GA 30341-3724.
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Particuiate Air Poliution and Respiratory Disease in Anchorage, Alaska
Mary Ellen Gordian,” Halitk Ozkaynak,? Jianping Xue? Stephen S. Morris,’ and John D. Spengler?

'Department of Health and Human Services, Municipality of Anchorage, Anchorage, AK 99519-6850 USA; “Department of
Environmental Heaith, Harvard School of Public Heaith, Bostan, MA 02115 USA

Recent studies have reported char particu-
late pollution in ambienc air is associated
with increased morrality (/—3) and mor-
bidicy (4,5). Studies have been done in
cities where the primary source of particu-
late pollution is combustion products.
Studies of areas with high industrial partc-
ulate poilution show increases in asthma
symptoms and hospiral admissions. The
present study examined the association
berween particulate pollution and the inci-
dence of acute respirarory diseases as mea-
sured by ourpatient visits for specific respi-
ratory diagnoses in an area wichour signifi-
cant industrial pollution, Anchorage,
Alaska. Anchorage is a city of 240,000
people located in a “bowl” surrounded by
mountains and sea coast. Wood smoke is
not a major contriburor to particulate pol-
lution in this area because wood is not
commonly used as fuel due to its high
cost. Elecrric power plancs are fueled by
natural gas. The main sources of particu-
late poilution are unpaved roads, road
sanding, vehicular craffic, and ashfall from
volcanic eruptions.

On 18 August 1992, during the period
of this study, Mt. Spurr, 60 miles west of
Anchorage, erupted and rained ash on the
city. Hourly measurements of particulace
macter with aecrodynamic diameter less
than 10 im (PM, ) reached 2 maximum
level of 3000 pg/m The 24-hr average
concentration was 565 pg/m>? on the day
after the erupcion. Compurer-controlled
scanning electron microscopy (CCSEM)
was used to determine the composition of
particles from 10 random samples taken
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before and after the volcano erupted (6).
Over 80% of the particle mass was
berween 2.5 and 10 pm. The composition
was mainly silica and silica—aluminum.
CCSEM showed thar less than 5% by
weight of the filter mass was carbonaceous
particles. This is consistent with source
apportionment studies by chemical mass
balance done 7 years previously (7,
which concluded that more than 85% of
the total suspended particulares (TSP) in
Anchorage was earth crustal marerial.
Size-fractionated mass measurements
below 15 pm were made in Anchorage by
the U.S. EPA in the early 1980s using
dichotomous samplers. Historic dara col-
lecred by EPA during 1983 also suggest a
high coarse-particle mass fraction.
Average fine [aerodynamic diameter (&) <
2.5 ym] to coarse (2.5 pm < 4, < 15 pm)
particle mass ratios in the summer of
1983 were 0.14 £ 0.05. The overall medi-
an ratio of fine to coarse PM,; was calcu-
lated to be 0.26. This is in czxstmct con-
trast with the 0.4 to0 0.7 PM, s/ PM,
ratios reporred for 6 communiries in the
lower 48 states by Spengler and Thurston
in 1983 (8). We mvcsmgated the relation-
ship berween respiratory illness treated on
an outpatient basis and ambient particu-
lace PM,, polludon using a health insur-
ance database. Working people and cheir
dependents, generally considered 2
healthy group, are the sample populacion
used in this analysis. The sample size was
approximately 6% of the population of
the cicy of Anchorage.

Methods
Database

Particulates are measured daily as 24-hr
PM, , samples using an Anderson head sam-
plcr at a ceneral location in Anchorage, the
Gambell sice. Measurements are made
intermittencly ac two other sites wichin the
city. The Pearson correlation coefficient
between sites ranges from 0.76 w0 0.81. The
Gambell site is located close to a major
highway, and PM,, concentrations are
43-76% higher than concentrations mea-
sured ac other sites. Other than PM, few
pollurants are roucinely monitored in-
Anchorage. Carbon monoxide monitoring
is conducted hourly and daily berween
Ocrober and March. CO is routinely moni-
tored at five locations in the Anchorage
area. Only wo sites exceeded the 9 ppm
CO standard during the period of this
study: the Seward Highway sice, located
four blocks from the Gambell PM,4 moni-
toring site, and the Garden site, a residen-
tial area about 2 miles from che Gambell
PMm monitoring site. Measurement of cri-
teria pollutants, sulfur dioxide, nicrogen
dioxide, and ozone are only done occasion-
ally as chey remain quite low.

Available 8-hr maximum CO concen-
tracions measured at each of the five CO
monitoring sites in Anchorage berween 1
Ocrober 1992 and 31 March 1993 and
between 1 October 1993 and 31 March
1994 were obrained from the Municipalicy
of Anchorage Environmental Services
Division. These data were processed to gen-
erate the average 8-hr maximum CO con-
centration for each day, which was then
used in the analysis.

Daily claims made for oucpatient visits
for respiratory illness were obtained from
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Aetna Insurance Company, which process-
es the health insurance claims for both
employees of the Srate of Alaska and
employees of the Municipality of
Anchorage. Boch groups have comprehen-
sive health insurance with low deductibles
for employees and dependents. We ana-
lyzed data from a 22-month period from 1
May 1992 to 1 March 1994. All oucpatient
visits that were submicted to insurance,
whether they occurred in docrors’ offices or
in emergency rooms, were captured by this
method. The diagnosis code recorded for
the visic was based on the Inrernational
Classification of Disesses 9th Revision
(ICD-9) coding. ICD~9 codes were
grouped to identify upper respiratory prob-
lems such as sore throar, earaches, sinusitis,
thinicis, and other nonspecific upper air-
way problems. This whole group of illness-
es is referred.to as upper respiratory illness
(URJ). The second group, referred to as
bronchitis, includes lower airway diseases
such as bronchiris, tracheitis, and nonspe-
cific cough. Pneumonia was not included,
as it is frequently treated on an inpadent
basis. The third respiratory category,
referred to as asthma, included ail reactve
airway disease, bronchospasm, and asthma
ICD-9 codes. Diarrhea, 2 common diag-
nosis presumably unrelated to air pollu-
tion, was recorded as a control diagnosis.
The ICD-9 codes used were: for asthma,
519.1, 493.9, 493.0, 495; for bronchitds,
466.0, 490, 490.0, 491.0, 491.1, 786.2;
for chronic obstructive pulmonary: disease

(COPD), 491.2, 491.9, 492.0, 492.8, 496,

506.4; for congestive heart failure (CHF),
428.0, 428.1, 402.01, 402.11, 402.91,
440.9, 398.91, 429.1, 429.4, 429.9; for
diarrhes, 558.9; and for upper respiratory
illness (URI), 077.2, 460, 461, 461.0,
461.1, 461.2, 461.3, 461.8, 461.9, 462,
465, 465.0, 465.9, 472, 472.0, 472.1,
472.2, 473.0, 473.1, 473.2, 473.3, 477,
477.1,477.9, 478.2, 478.8.

Reiterations of the insurance data col-
lection were done undi we were confident
of a stable claims report. Ounly visits where
both patient and provider had an
Anchorage zip code were included in the
analysis. There were approximarely 11,000
State of Alaska and 3000 municipal
employees and dependents eligible for
health insurance in Anchorage during the
time of the study.

Analytical Methods

Daily outpatienc visits, temperature, and
PM, series exhibit seasonal cycles, some of
which are common. Unless adjusced for
long-term cycles, shared seasonal or
moanthly cycles among outpatiefic visits and
environmental variables could confound

results. Adopting the technique used in
Kinney and Ozkaynak (8), a weighted 19-
day moving average fiiter deveioped by
Shumway (9) was used to detrend the pol-
lucion and meteorological series. The
method involves subtracting the weighted
moving average of each variable (X} from
ieself on each observarion. In other words,
the X, on day # = {is filtered as:

Y__F‘ =X‘_ —iX‘,w‘,

=)

where w, is the filter weights shown in
Shumway (9). This process of filtering
removes the long-term cycles bur noc the
short-term cycles (i.e., high frequencies).
When a linear filter such as this is applied
to both the predictor and predicted vari-
ables before regression analysis, lineac
regression relationships among variables are
preserved and can be estimated without
bias. In addition, this filcer efficiently
removes the autocorrelation in the pollu-
tion and the ourpatient visic series.
Aurocorrelation funcrions were examined
to detect any remaining temporal structure
in the filcered data, and none was found.

We compured descriptive stadstics for
all the filtered and unfiltered daca. We
used a generalized linear model procedure
to test staristical differences in the daily
outpatienc visits by day of the week. Cross-
correlations berween filtered outparient
visits (e.g., for asthma) and filtered PM
were calculated to determine the impor-
tance of the relationship berween docrors
visits and same-day (or lag 0), previous-
day (or lag 1) and 2-days prior (or lag 2)
PM,, measurements, We analyzed the
daily outparient visit (OV) counts and pol-
lution dara using time-series and regres-
sion modeling techniques implemented
with SAS software (SAS Institute Inc.,
Cary; North Carolina).

Because of low daily counts for some
categories of doctors visits (e.g., asthma,
bronchitis), we examined two different
methods of modeling the pollution~heaith
effect relationships. Both ordinary and
Poisson regression models were firzed w fl-
tered outpatient visit, temperature, and
pollucion data. Consistency of results aad
normality of model residuals were exam-
ined. In all cases, results from Poisson and
multiple regression models were almost

“identical. Moreover, residuals from the

multiple regression models were very neadly
normally discributed. Consequently. tor
rechnical and praccical reasons, we chose
multiple regression modeling framework in
the analysis. Basic amalysis involved fizing
multiple regression models to four fleered

morbidity variables (i.e., doctors visits diag-
nosed as asthma, bronchitis, diarrhea, and
upper respiratory infectioas ) using filrered
same-day or previous day PM o and tem-
perature as explanatory variables. The diar-
rhea category was selected for analysis as a
control category. The form of che basic
regression model (model I) was:

OV_F=B +3BX_F+E @

where OV_Fis the filtered daily ourpacient
visits, X_F, is the fiitered same-day or pre-
vious-day daily temperature and PM,,
measurements, and £ is the error term.
Other models were also done. Model 2
added a weekend/weekday indicator vari-
able (W_D) as an additional explanatory
variable to Equation 2. Model 3 was a
regression specification using as the depen-
denct variable outpatienc visits that were
both filtered and weekend/weekday adjust-
ed. Specifically, mode! 3 was written as:

OV_R=3B +3 BX_F+E @
where:
OV_R=0V_F-|a +aW _D)
4

In models 1-3, same-day temperature and
same-day PM, ; were included. We also ran
models with different lags of temperarure
and PM,,. We present results from one of
these, Model 4, where previous day’s PM,,
(or lag 1 PM ) instead of same-day PM,
is included in the specification. The models
were run for all ages combined and sepa-
rately for three age groups (<10 years,
11-45 years, and 46+). Due to sample size
limitations, male and female outpatient vis-
its were combined.

Finally, we also examined potential sta-
tistical confounding of results due to other
pollutants of health concern and the influ-
ence of variadions in the PM |, composition
over time. We included che available win-
tertime CO measurements independendy,
as well as jointly with PM,, daca, in the
regression models tested. Potential changes
in the seasonal composition of PM, and
the influence of the volcanic eruption that
occurred on 18 August 1992 were also
modeled using nested regression modeling
methods. In this case, we estimated sepa-
rate PM , slopes for wincer versus summer
seasons and periods strongly influenced by
volcanic eruprion (18 August 1992-31
December 1992) versus che remaining peri-
od less influenced by volcano ash (i.e., 1
May 1992-17 August 17 1992; 1 Januacy
1993~1 March 1994).
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Resuits
Figure | displays the daily PM,, measure-
ments collected at che Gambell site in
Anchorage. Both the original and filtered
series are shown. The influence of volcanic
eruptions on PM, levels during the fall of
1992 are clear. After detrending, long-term
cycles and seasonal patterns are no longer
apparent. Daily counts for outpatienc visics
for asthma, bronchitis, and URI are shown
in Figures 2—4. Again, the 19-day moving
average filter detrends the observations for
respiratory illness visits. Because of the rela-
tively young age of the sample populacion,
CHF and COPD visits were infrequent,
and no analysis of these was done. Table 1
presents the summary statistics for the
analysis variables: temperacure, PM,,, CO,
visits for illnesses of asthma, bronchitis,
diarrhea, and URIL Correlation of 8-hr
maximum CO measurements among the
five different sites was quite high (p = 0.8).
Coasequently, using the data from all
monitors, we calcilaced the 8-hr maximum
CO value in the Anchorage area for each
day dara were collected. The correlation
berween daily PM, ; and daily average max-
imum CO was found to be small (p =
0.15). Table 1 also provides a breakdown
of the statistics by different age categories.
Clearly, most of the visits are recorded. in
the largest age category, 11-45 year olds.
Because only active employee insurance
records were analyzed, most of the popula-
tion ar risk were under 65 years of age.
Ordinary regression models were run for
all ourparient visic categories. Table 2 pre-

sents the results for the basic model (model

1) for the three respiratory illness categories:
asthma, bronchitis, and URL All of the esti-
mated PM,; regression coefficients were sig-
nificant for these illness caregories.
However, a generalized linear model analysis
indicated substantial weekend/ weekday dif-
ferences in the recorded outpatient visits.
Because most doctors’ offices are closed on
the weekends, typical weekend visit counts
for all causes of illness were five times lower
than during the weekdays. Moreover, there
was also a slight difference, though not sta-
dstically significant, in the PM,, concentra-'
tions during weekdays versus weekends.
Average PM,, concentration on Saturdays
and Sundays was about 37 pg/m3, whereas
during weekdays it was around 48 pg/m3.
We suspected thar less traffic over the week-
end results in slightly lower PM ; levels in
the city. Consequencly, we accempred to
conurol for-the differences in the outpatient
visits during weekends in two differenc ways.
One way was to add a weekend-versus-
weekday dummy or indicaror variable to the
basic regression model (Eq. 2), which we
called model 2. The other way was to adjuse
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Figure 1. Measurements of PM, {particulate matter <10 pm in diameter) in Anchorage, Alaska (Gambeil

site). (A) Original data; (B) filtered data.

for day-of-the-week effect on ourpatient vis-
its first, and then run che regression on the
residuals with either same-day PM,;, (model
3) or previous-day PM , value (model 4).

The results from these alternative model fies.

are-shown in Table 2. Model 2 cesitles wich
the weekend/weekday dummy variable do
noc indicate a significant association
between PM; and docrors visits. The rea-
son for nonsignificant findings under model
2 is the induced statiscical collinearity
becween the estimated PM, coefficients
and the weekend/weekday (W_D) coeffi-
ciencs. Because the underlying reason for
reduced ourpatienc visics over weekend days
are different and much more pronounced
than those affecting the differences in week-
end/weekday PM,, concentrations, a sepa-
rate adjustmenc (_)f’ outpacient visits was con-
sidered more appropriace. Therefore, a owo-
stage regression analysis wis considered to
be the most reliable method with chis daea
set. Models 3 and 4 were boch Jeveloped as
two=stage regression anulvses using fileered

weekday/weekend adjusted ourparienc visics

as the dependenc variable.

Stadistically significant associarions were
found berween both same-day and previ-
ous-day PM |, (lag 0, lag 1) and asthma vis-
its and berween same-day PM , and URI
diagnosed outparient visits based on model
3 and 4 specifications. The statistical associ-
ation found berween lag I PM , and visits
for asthma was scronger and more signifi-
canc than the association found berween
same-day PM,; and visits for asthma
(Tables 2 and 4). Orher lags (i.e., lag 2,3)
of PM, were also studied but not found to
be signiticant in the models tested. Using
the coefficients from model 3 and model 4,
the magnitude of che projecred PM  effect
on outpatienc visits for each 18 pg/m3
increase in PM,, is 2.5-3.5% excess ourpa-
tienc visies for asthma and 1.2% excess out-
patienc visits for URI (Table 2). _

Nexe we examined che age dependence
of the resules by repeating the model 3
amalysis for daily visits recorded separacely
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Figure 2. Daily outpatient visits for upper respiratory infections in Anchorage, Alaska. {A} Original data; (B)

filtered data.

under che three age categories: <10 years,
berween 11 and 43 years, and >46 years
{bur cypically less chan 65 years). Table 3
presens these regression results. Due to the
small number of daily counrs, some of the
age-specific regression estimates were noc
significant. For asthma visits, the effecc
estimace for the 11- to 45-years age group
(2.6% excess visits) was not significant {p =
0.14) but similar-in magnicude w one pre-
viously found for the all ages combined.
However, statistically significanc associa-
tions were found berween PM, ) and URI-
related outpatient visits for children ander
10 years of age and adults over 46 years of
age. The predicred PM effect on URI vis-
its associated with an increase of 10 pg/m?
PM,, was 1.9% and 1.2%, respectively, in
these two age caregories, Outpacient visics
for diarrhea were noc signiﬁcant eicher in
models 2 or 3.

We examined the associution berween
daily CO and outpatient visits using che
regression models (i.e., models 3 and 4).

Table 4 presents che estimared regression
coefficients for CO from models of ourpa-
tient visits for asthma, bronchitis, and
URI. These results are based on model 3
specifications. Models with lag 1, 2, or 3
CO’vagiables did noc resule in stacistically
significant coefficiencs. Same-day CO was
highly significantly associated with ourpa-
tienc visits for bronchitis and” UR! using
the available CO series, obrained during
fall/winter of 1992-1993. In comparison
to the estimated PM  effect, the magni-
tude of the estimated CO effect on URI
and bronchitis outpatienc visits seems to be
greacer. For an increase of 1 ppm (8-hr
maximum) CO, it is estimated thac doector
visits for bronchitis and URI will rise by
10% and 13%, respectively. The signifi-
canc associations found between CO and
bronchitis and URI are not influenced or
confounded by PM . Models in which
bath PM,,, and CO variables were includ-
ed produced results essentially che same as
the single pollutanc regression models.

Environmental Health Parspectives « Volume 104, Number- 3, March 1996

Temperature and Volcano Effects

The temperature coefficient was significant
in only one of the models. The estimated
coefficient for the filtered temperature vari-
able from the model of CO and tempera-
cure on URI was 0.24 (p<0.04). We exam-
ined further the remperature and PM,,
and temperacure and CO relationships,
and found those to be weak. We re-ran the
PM,, regression models with lag 1 temper-
ature instead of the same-day temperature
and obrained idenrical resuits. We assume
that the 19-day weighted Shumway filter
adequarely removes not only the seasonal
trends in the dara, but multiday variacions
in the temperature observations that may
influence respiratory diseases and symp-
toms more than the day-to-day variations
in temperacure. Variations in temperature
may have less effect on health in a young,
wotking population than on a more vul-
nerable populacion.

We also examined whether the estimar-
ed PM , coefficients were influenced by
seasonal or other compositional factors. We
ran nested regression models to estimace
separate PM,, slopes for summer (April~
Ocrober) versus winter (November-
March) seasons and also for the period
influenced by the volcano eruption (18

* August 1992-31 December 1992) versus

the period not expected to be influenced by
the Mt. Spurr volcano (1 May 1992-17
August 1992; 1 January 1993-1 March
1994). Table 5 presents the estimated
PM,, and (lag 1) PM, coefficients
obtained from these models. The associa-
ton found with PM; and asthma does not
seem to be influenced much by season. A
significant (lag 1) PM 4 coefficient is esti-
mared for the winter season from models of
asthma-related outparient visits. For URJ,
because of sample size limitations, PM,
coefficient loses its significance when the
dara ser is split by summer and winter sea-
son. However, the magnitude of the esu-
mated summer and winter coefficiencs
remain similar to the PM,; coefficient esti-
mated from the full dara ser (see Tables 4
and 5). Interestingly, the period immedi-
ately after the volcanic eruprion resulted in
nossignificant PM  coefficients in models
of asthma and URI outpatienc visits. In
contrast, the period not affected by the vol-
canic eruption resulted in staristically sig-
nificant PM,, coefficiencs. Average PM
concentration during the period influenced
by the volcano was around 70 pg/m3 ,
whereas the period not affected by the vol-
cano had an average PM,, of 40 pg/m3.
The magnitude of the estimated same-day
or previous-day PM , effect on docrors vis-
its for asthma, during the period nor influ-
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enced by the volcano, was about 6%, corre-
sponding 10 an increase of 10 pg/m® PM,,.
Likewise, doctors visits for URI are expect-
ed to increase by abour 3% corresponding
w0 increase of 10 pg/m® PM,, during the
period not influenced by volcanic activity.

Discussion

We analyzed 22 months of daily PM,,,
temperacure, and daily cause-specific ouc-
patient visit data from Anchorage, Alaska,
to study the acure relationship berween
PM,y and respirarory illnesses. The health
data were obrained from a large health
insurance provider to state and municipal
employees in Anchorage. Even though the
coverage was only partial (80-90%) and
records may have included repeat visits to a
doctor by the same individuals, the daca ser
is considered to be representative.
Furthermore, we applied conservarive sta-
tistical methods to control for potential
seasonal, weekly, and daily confounders of
PM, health effects. In pardcular, we con-
trolled for potential influences of tempera-
ture on daily outpatienc visits.

In Anchorage, continuous records for
other pollumnts such as ozone (O,), sulfur
dioxide (SO,), and nirrogen dioxide (NO,)
were not available for the period of analysis.
It is unlikely thac these omitred variables
could confound potential associations
between PM, and outpatient visics.
Limited monitoring data available for these
pollurants indicate very low levels [below the
National Ambient Air Quality Standards
(NAAQS) for O;, NO, and SO,. 8O, con-
centrations measured in 1983—1985 were
less than 10% of the NAAQS. The maxi-
mum hourly O, was 40 ppb, one-chird the
NAAQS during the 2 years of monitoring in
1983-1985. Although only 6 months of
NO, dara are available for Anchorage, levels
of this pollurant did not exceed one-third
the NAAQS. SO, was measured at the base
of the volcano during the eruption, but not
in the city of Anchorage. The measurement
taken art the base of the volcano 60 miles
from Anchorage was considered low for a
volcanic eruption (750 tons/day) and
unlikely to affect Anchorage.

Two pollurants do occur in Anchorage
in significanc amounts. They are CO and
benzene. A year-long monitoring scudy of
ambienc air for volatile organic compounds
in Anchorage was completed in 1994, The
study showed that the levels of benzene in
the winter in Anchorage were higher than
the levels reported in any other U.S. ciry in
a national study doae in 1987 (10).
Benzene monitoring was done at cthe CO
monitoring sites and was highly correlated
with CO concentrations (p = 0.97) (Z1).
Both benzene and CO are exhaust emis-
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Figure 3. Oaily outpatient visits for bronchitis in Anchorage, Alaska. (A) QOriginal data; {B) filtered data.

sions of incomplete combustion of Alaskan
gasoline, which is high in benzene (5%)
and ochier aromaric compounds. An
increase of 1 ppm CO is equivalent to an
increase of 3 ppb benzene in Anchorage.

CO measurements at five sices in

Anchorage were available for October—
Muirch during fall and winter of 1992 and
1993. CO measurements were not correlac-
ed with PM; measured ac the Gambell site

(R% = 0.14). Nevertheless. poteritial con-

founding of PM,, associations due to CO
were examined by running the outpatieat
visit-pollution models using average maxi-
mum CO as an independent exposure vari-
able. Models were also run with both CO
and PM,, rogether in model 3 and model 4
spedification. Resulrs indicated thac CO
and PM,; associations with outpatient vis-

its are independent of each ocher. Because .
CO daca are only coilected in che cold sex-

son, the sample size for the CO models was
about half of thar used in the PM 1p models,
Therefore, we have less confidence in the
associations detected for CO chan those

found for PM ;. Nevertheless, the signifi-
cant associations detected for CO are
intriguing. These resules suggest that win-
tertime emissions from automobiles, CO,
NO,, fine particles, and volacile organic
compounds (VOCs), may significancly
contribuce to bronchitis and URI in che
Anchorage population. Because CO is a
surrogate for many of the vehicular emis-
sions, it is not possible to direcdy link CO
with the inferred respiratory effects.
Available epidemiologic data on respiracory
effects of CO and VOCs are quite limited.
A recenc article by Morris ec al. (12)
showed that ambienc CO levels were posi-
tively associated with hospiral admissions
foc CHF among elderly people in seven
large U.S. cities. Ware et al. (13) had
shown respiratory and irritant health effects
associated with ambient VOCs in Kanawha
Valley, West Virginia. Both petroleum or
auto-related compounds and chemical
manufacturing emissions were determined
to be the likely source of ambient VOCs
and the escimated health effeces in that
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Figure 4. Daily outpatient visits for asthma in Anchorage, Alaska. (A) Original data; (B) filtered data.

community. Analyses of many years of
daily mortality and daily air pollution in
Los Angeles as well as in Toronto, Canada,
have also shown statistically significanc
associations berween CO, NO,, index of
fine particulate or carbonaceous air pollu-
don, and daily total morality (14,15).

We have found statistically significant
associations between cither the same-day or
previous-day PM; and outpacienc visits for
illnesses due ro asthma and URY, in 2 loca-
tion where the primary sources of PM,  are
not combustion or secondary aerosols.
Earth crustal and volcanic ash sources are
believed w dominate che respirable particle
mass in Anchorage. However, the associa-
tion found berween PM,; and asthma-
related docrors visits seems to be higher
and significant only during the period
excluding volcanic acrivity, These findings
could be explained by various exposure or
source-refaced facrors. After the volcanic
eruption, PM,; levels exceeded hundreds of
micrograms per cubic meter. Anchorage res-
idents were advised to minimize their ambi-

ent exposures by staying indoors or limidng
their outdoor acrivities. Businesses closed,
work was curtailed, and events were post-
poned immediacely after the eruption. Many
people wore dust masks. Consequently, use
of ambient PM,, concentrations following
the period of volcanic eruption can lead to
misclassification of personal exposures o
PM . Pasc studies have shown chat poten-
tial pulmonary toxicicy of volcanic ash may
be quite low. Beck er al. (16} showed that
based on short-term animal bioassays, toxi-
city of Mt St. Helens volcanic ash was low
and similar to responses to aluminum
oxide, a dust considered to be relatively
inert. This result is also compatible with
the possibilicy that volcanic ash is noc roxic
until after mixing with combustion-relared
fine pacticles.

Based on our findings, the toxicity of
the aerosol mixture in Anchorage seems to
be comparable to that inferred from other
epidemiologic studies conducted in areas
with more typical ambient or urban partic-
ulace pollution. For example, previous
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reports of estimated acure effects associated
with a 10 pg/m? increase in daily PM,, on
respiratory morbidicy were: 1) Seactle,
Washingron (/7): asthma emergency room
visits for <G5 year olds were increased by
4% = 1%; 2) Utah Valley, Utah (18): hos-
pital admissions for asthma and bronchiris
for children under 5 years were increased
by 7.1% = 3%; 3) Birmingham, Alabama
(19): hospiral admissions for the elderly
(>65 years) for COPD were increased by
2.4% = 0.8% and for pneumonia by 1.8%
+ 0.5; 4) Detroit, Michigan (20): hospital
admissions for the elderly (>65 yeass) for
COPD were increased by 2% = 0.6% and
for pneumonia by 1.1% = 0.4%; 5)
Minneapolis-Sc. Paul, Minnesoca {21):
hospital admissions for the elderly (>65
years) for COPD were increased by 4.5% =
1.4% and for pneumonia by 1.6% = 0.7%;
6) U.S. and European sites combined (23):
URI increased by 0.7% and asthmaric
artacks by 3%.

In comparison, our findings are quite
similar in magnitude and indicate a 1-3%
increase in outpatient visits for upper respi-
ratory illness and abour a 3-6% increase in
asthma-related outpatient visits associated
with 10 pg/m? increase in daily PM,, con-
centrations. Most of these other investga-
tions, however, have been conducted in
urban sertings with numerous industrial
and vehicular sources of particles, leading
some researchers and regulators to suggest
that these adverse particle-linked healch
effects are due to fine parricles (<2.5 pm in
diameter) generated largely by combustion
sources. Because of the high ratio of coarse
to fine particles in Anchorage, our analyses
is somewhar unique in that it suggests thac
some morbidicy may be related to coarse
particles (>2.5 pm in diamerer) that are
primarily of geologic origin. This is consis-
tent with a study done in rural, western
Washingron state, where PM,; also has a
predominanty earth cruscal component
(23). If our results are confirmed through
addicional studies, they would bear signifi-
cantly on some of the critical sciencific
uncertainties facing the U.S. EPA in its
ongoing review of che ambient air quality
standard for PM . ,

We believe that it is importanc to fur-
ther examine the robustness of these results
by analyzing a longer series of available
records for outpatient visits, and PM,, in
Anchorage. It is also important to exrend
the analysis to more vulnerable segments of
the population such as persons 65 years of
age and older. The association found
berween CO and docrors visics for bronchi-
tis and URI clearly needs to be pursued
furcher, particularly in light of che recent
findings associating urban CO with con-
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Table 1. Descriptive statistics for air poilution and doctors’ visits in Ancharage, Alaska, 1 May 1992-
1 March 1994

—_— ,._'}'-\g_e-c—ategory'
Variable (years) . |
669
526 45.54 48.81 5.00 565.00
64 2.54 1.24 0.50 7.00
<10 669 0.50 1.05 0.00 7.00
1145 569 1.22 1.97 0.00 15.00
>46 669 0.39 0.95 0.00 9.00
All ages 569 212 2.54 0.00 1500
Bronchitis <10 669 1.59 2.07 0.00 17.00
1145 569 4.54 3.83 0.00 24.00
>48 669 1.57 1.81 0.00 15.00
All ages 669 7.70 5.85 0.00 37.00
Disrrhea <10 669 0.77 0.00 8.00
11-45 669 0.81 126 0.00 12.00
>46 869 0.33 0.82 0.00 10.00
All ages 669 1.50 181 0.00 14.00
Rl <10 669 6.64 5.35 0.00 41.00
1145 669 137 9.86 0.00 104.00
>46 569 4.15 4.47 0.00 34.00
Ali ages 669 24.50 15.65 0.00 116.00
E(%)
42
NS
| 25
35
Bronchitis 0.014 0.1191 0.0310 00180 23
0.378 2.0924" 7.14C 0.0154 0.0020 NS
3 0.003 0.0018 0.0006 0.0067 NS
URI 0237 0.2058 0.1284 0.0650"
2 0.568 6.9938' 24.2439" -0.0292 0.0105 IS
3 0.007 0.6301 —_ 0.0332 0.0295*

Abbraviations: PM,,, particulate matter < 10 ym in diameter; URI, upper respiratory illness.

*All variables are detranded using the Shumway fiiter {9); n = 610. W_0, weekend/weekday dummy; £
predicted percent change in outpatient visits for each 10 pg/md increase in PM,, poitution.

*Mode! definitions: model 1: regressian of daily doctors visits on daily PM,q and temperature; mode! 2:
ragression of daily doctors’ visits on daily PM,, temperature, and W_D; modei 3: regression of week-
end/weskday adjusted daily docters’ visits on daily PM,, and temperature; model 4: regression of week-
end/weekday adjusted daily doctors’ visits on previous day’s PM,, and same-day temperature.

*p<0 05; **p<0.01; 1p<0.001; NS, not significant (p>0.08). -

Table 3. Regressian results by different age groups for respiratory illness in Anchorage, Alaska?

Dependent Age categary
variable (years) R? Intercept mperature PM,, E(%)
Asthma 10 -0.0042 0.0012 NS
11-45 0.0035 0.0032{p=0.14} 2.6 (NS}
46 0.0081 0.0008 NS
All ages 0.0124 0.0653* 25
URI 10 ©0.0137 0.0128* 1.9
11-45 -0.1086 0.0062 NS
46 0.0260 0.0102* 11
. All ages -0.0301 0.0235* 12

Abbreviations: PM,, particulate matter < 10 ym in diameter; URI, upper respiratory illness.

#All variables ara detrended using the Shumway filter (9); # = 610. All regressions are weeker {/weekday
adjusted {filtered) daily doctors visits on (filtered) daily PM,, and temperature; , predic! 'd percent
change in daily outpatient visits for each 10 pg/m? incraase in PM,, poilution.

*p<0.05; NS, not significant {p>0.05).
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Table 4. Regression coefficients for PM,; and co
from madels of outpatient visits in Anchorags,
Alaska?

Asthma 0009 6§10
0.014. 610 —_—
0003 304 — —_ NS
Bronchitis 0.003 §10

0.001 610 — NS

0036 3068 — — gat
URi 0.007 610 0.3

0.001 610 — NS

0075 306 —

Abbreviations: PM,,, particulate matter < 10 ym in
diameter; {lag 1)PM,, PM,, on the pravious day;
CQ, carbon monaxide; URI, upper respiratory ill-
ness.

®All variables are detrended using the Shumway
filter {9). All models are regressions of
weekend/weekday adjusted daily dactars visits on
daily temperatura and pollution .

byariable not included in the model.

*p<0.05; **p<0.01; Tp<0.001; NS, not significant
{p>0.05).

Table 5: Estima;éd poilution regression coeffi-
cients for different study periads from modeis of
outpatient visits in Anchorage, Alaska?

Dependent

variable  Period PM, | IPM, o
Summer 0.004 (NS}  0.008*
Winter 0.011* 0.006 {NS)
Voicano 0.001 {NS)  0.005(NS)
No voicano 0.013** 0.012%

URI Summer 0.027 (p<0.1} -0.008 (NS}
Winter 0.033 (NS}  0.011(NS)
Volcano - 0.012(NS) -0.016 (NS)
No volcanc  0.064** 0.022 (NS)

Abbreviations: PM,,, particulate matter < 10 ym in
diameter; (lag 1PM;y PM,, on the previous day;
URI, upper respiratory iliness. i

2All varisbles are detrended using the Shumway
filter {9); n = 610. Alf models are regressions of
weekend/weekday adjusted daily dactors visits
on daily temperature and pailution. Summer =
April-October; Wintar = November~March; voi-
cano period = 18 August 1992-31 December 1992;
No voicano period = 1 May 1992-17 August 1992
and 1 January 1993-1 March 1994,

*p<0.05; ** p<0.01; NS, nat significant {p>0.05).

gestive heart failure. Additional years of
darca should be analyzed to confirm that the
results are not influenced by limited sample
size. It is also important to better characrer-
ize the combustion or petroleum pollutancs
by collecting and analyzing long-term mea-
surements of fine particles (PM, ¢ <4 <2.5
pm), coarse particles (2.5 um<d <10 pm),
NO,, CO, selected VOCs (e.g., benzene,
toluene, xylenes), and trace elements of
combustion (Br, Pb, V, Ni, etc.). Finally,
the teasibilicy of examining other health
records from Anchorage, such as emer-
gency room visits, hospiral admissions, and
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mortality should also be considered in sub-

sequenc studies.

Conclusions

The resules from analysw of 22 months of
daily PM,, and outpatient visits for respi-
ratory illness in Anchorage, Alaska
showed that an increase of 10 pg/m3 in
PM,, is associated with a 3-6% increase
in medical visits for asthma and 2 1-3%
increase in medical visits for upper respira-
tory illness. This study is one of few which
shows thart silicaceous or earth crustal
coarse particulate pollution may have an
acute, adverse effect on respiratory health
even at relatively low ambient concentra-
tons. It also suggests chac the increased
morbidity is associated not just with a vul-
nerable segment of the population, bur
with a relacively young, healthy working
group as well. These findings could have
imporrant implications to U.S. EPA in the
ongoing review of the ambient air quality
standard for PM ;. Whereas most of the
past cpldcrmologlc smdles have linked par-
ticulace air pollunon ‘with daily healch
effects in urban settings, our results suggest

that anchropogemc sources are not the

only sources that may have an impact on
respiratory health. Additional srtudies in
Alaska or other environments with similar
aerosol ‘composition are highly recom-
mended to confirm ‘the staistical associa-
tions found between réspiratory illness and
coarse parricle dominated PM 10°
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