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INTRODUCTION

This document is Volume III of a three volume State of the Environment
Report and is a compilation of reports on the relative human health
and/or ecological risks associated with 23 environmental threats in the
state of Washington. These reports were generated in support of
Washington Environment 2010, a long-range planning and public outreach
initiative aimed at identifying - and ultimately addressing - the
state's environmental priorities.

The first phase of Washington Environment 2010 involved the evaluation

of the past, present, and likely future condition of the state's
environmental resources, including analyses of the human health and
ecological risks and economic damages associated with 23 threats to
those resources. The results of the human health and ecological risk
analyses are presented here. The draft results of the economic damages
evaluation are presented separately in Appendix A. The limitations of this
draft economic damages report are discussed in more detail on pages 6 and

7 of Volume I. Also, detailed characterization of the state's environ-
mental resources (i.e. air, water, land, wetlands, fisheries, and wildlife)
are presented separately in Volume II of the State of the Environment Report.

These papers were generated for Washington Environment 2010 by a
Technical Advisory Committee (TAC) - which consisted of approximately 26
environmental professionals from various state agencies - with support
from the project staff and various consultants. The TAC first
identified and defined those environmental threats they considered to be
of primary concern in the state. These reports represent the TAC's
attempt to systematically gather and analyze the best available
information on those threats.

When using this document, it is critical that the reader understand the
context in which the analyses were prepared, and their major limitations:

4 The analyses are intended to supplement rather than replace
the judgement of environmental professionals and the general
public in the environmental priority-setting process.

. It is important to note that these draft reports are intended
to identify the major human health and ecological risks
associated with the 23 envirommental threats, and to highlight
important differences among those threats for the purpose of
comparison. Both the analytic approach and the data available
to support that approach, are limited. Consequently, these
reports are not intended to be comprehensive or precise. The
results of these analyses should not be construed as accurate
estimates of the absolute levels or risk associated with the
various threats; rather, they should be viewed as rough
approximations of the relative magnitude of these issues.

. It is also important to recognize that these reports were
prepared within a short timeframe, and with limited
resources. All of the analyses, then, are based on existing
information; no original research was conducted.

L Finally, the limitations noted above, should be carefully
considered prior to quoting or citing these reports.
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EXECUTIVE SUMMARY

Ambient air pollution is a significant risk to human health and the
environment in Washington State. Though impressive strides have been
made in our effort to improve air quality over the past 20 years, the
pressure on the air resource - the air that we breathe - will continue
to grow as our population grows. This report presents the risks
associated with ambient air pollution. Though the results are
generally quantitative, they should only be considered rough estimates
to be used in a comparative assessment of relative risk. 1In that
context, we feel the results fairly reflect the threat to the air
resource from ambient air pollution.

This study does not include impacts from pesticides, radon, acid rain,
and indoor air pollution. These environmental threats were analyzed
by other Environment 2010 technical advisory sub-committees.

The primary resource affected by air pollution is the ambient air. 1In
addition, air pollution poses a significant threat to the land
resource and the water resource from acid deposition, deposition of
particulates and toxic aerosols, ozone depletion and global warming.

There are probably impacts on the wildlife resource from air

pollution. Animal species are probably affected when a human health
threshold is exceeded.

The human health risk results of this assessment agree with what we
would expect intuitively - pollution is where the people are. "We
have seen the enemy, and it is us" is an apt description of the air
pollution problem in the state. From the gasoline we use to fuel our
cars to the wood we burn in our fireplaces, the largest contributor to
human health risks in the state is ourselves. For example:

o The entire population is at risk from elevated levels of
ozone, a pollutant formed in the atmosphere when organic
vapors (like gasoline) react with other pollutants and
sunlight.

o Over 1,700,000 people live in areas that exceed the federal
standard for carbon monoxide, virtually all of which comes
from automobile tailpipe emissions.

o Nearly 1,400,000 people will be exposed to levels of fine
particulates high enough to cause respiratory distress.
Motor vehicles and woodstoves are the primary sources in
most areas.

(o} Xylene and toluene, mostly from vehicle re-fueling, are
emitted in sufficient quantities to potentially affect over
2 million people in urbanized areas throughout the state.
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Woodburning is the primary source of manganese emissions in
the state. Our modeling shows that nearly 2 million people
live in areas likely to be effected by elevated manganese
levels.

It is clear from the lack of information about impacts on the
environment from ambient air pollution (i.e. the Ecological Risks)
that the threat to human health has been our principle concern. Few
conclusions can be drawn from our ecological risk analysis, except to
say that there is a very real need to study more closely the effects
of air pollution on the ecology of the state. Our conclusions:

(o]

There is evidence to indicate that elevated levels of ozone,
experienced throughout the state, are probably damaging
sensitive plant species. From our study of the probable
impact on hardwood trees, we would speculate that similar
damage is likely to occur in other plant species that have
not as yet been studied.

The impacts from toxic air pollutants are most likely very
localized - in the areas of maximum impact from large point
sources. '

Air pollution can significantly impact water ecosystems,
especially in the "microlayer", that is the interface
between the ambient air and the affected waterbody. The
microlayer is a particularly important, and potentially
sensitive, ecosystem suggesting the need for further
analysis.
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WASHINGTON ENVIRONMENT 2010

Report on Environmental Threat from
Ambient Air Pollution

Background
A. DEFINITIONS AND EXCLUSIONS

This report summarizes the risks to human health and the
environment from ambient air pollutants. For the purpose of this
report, ambient air pollution includes all forms of degradation of
the ambient air resource, with the exception of radioactive
pollutants (including radon), pesticides, and the secondary impact
of acid deposition. Radon, radioactive releases and acid
deposition are analyzed in other Environment 2010 Risk Reports.
Note that ambient air does not include indoor air pollution, which
is also analyzed elsewhere in the Environment 2010 report.
Finally, risks from catastrophic releases (such as the Bhopal
tragedy) are discussed in the Accidental Release portion of the
Environment 2010 report.

B. RISKS FROM AMBIENT AIR POLLUTION

Virtually all valued resources are affected by excessive levels of
some air contaminant. This report analyzes human health risks
(both cancer and non cancer), ecological risks and the economic
damages resulting from ambient air pollution.

Air pollution is a significant risk to human health and the
environment in Washington State. One main reason for this is
that air pollution, unlike hazardous waste or water pollution,
cannot practically be contained once it is emitted. Thus,
exposure to polluted air for the average individual who must
work, travel, exercise, and otherwise move about is practically
unavoidable. Some of the health risks associated with air
pollution are lung diseases, such as chronic bronchitis and
emphysema, cancer, neural disorders, asthma, and eye irritation.
Environmental damages from air pollution include foliar damage,
reduction in growth, alterations in reproductive capacity, and
alterations in susceptibility to pests and pathogens. Air
pollutants impact human health and the environment directly via
inhalation and skin contact, and indirectly via the food chain
from contaminants taken up through soil deposition and
inhalation.

Hundreds of air pollutants are emitted from a wide variety of
sources. Various heavy metals, volatile and other organic
compounds, inorganic compounds, and particulate matter have been
classified as air pollutants, causing acute and chronic cancerous
and non-cancerous harm. Ambient air pollutants emitted from
specific industrial sources such as smoke stacks are called point
sources. Examples of major point sources in Washington are pulp



mills, o0il refineries, aluminum smelters, and electric utilities.
Pollutants emitted from industrial facilities through leaking
valves, spills, evaporation from tanks or holding ponds, or
during material transfers are called non-point or area sources.
Ambient air pollutants coming from home use of paints and
solvents, construction site dust and painting, and slash burns
are also considered non-point or area pollutants. ' Automobiles,
trucks, trains, planes, and ships are classified as mobile
sources of air pollution.

Ambient air pollutants can have localized impacts, that is, they
only impact the area immediately surrounding their point of
origin, or they can have area-wide impacts causing harm many
miles from their point of origin. Carbon monoxide is an example
of a pollutant that primarily has localized impacts; sulfur
dioxide, because of its contribution to acid rain, and nitrogen
dioxide because of its contribution to smog formation are
examples of pollutants that have area-wide impacts.

Air pollution has long been recognized as a serious pollution
problem. Several large industrial cities - Chicago, Cincinnati,
Pittsburgh, and New York, passed smoke emission regulations as
early as the latter part of the 19th Century. "Killer fogs" in
Donora, Pennsylvania in 1948 and in London in 1952 focused
national attention on the potential health hazards of air
pollution, spurring increased legislative activity at the state
and federal level to control air pollution. The first federal
Clean Air Act was passed in 1963 and was substantially
strengthened in 1970, giving the federal government, through the
Environmental Protection Agency (EPA), the lead role in
controlling air pollution. Washington State passed its version
of the Clean Air Act in 1967 and has since incorporated the
requirements of the federal Clean Air Act.

The federal Clean Air Act classified air pollutants as either
criteria pollutants or non-criteria pollutants. Criteria
pollutants are those pollutants commonly found throughout the
country which pose the greatest overall threat to air quality.
There are six critera pollutants: carbon monoxide, ozone,
particulate matter, lead, nitrogen dioxide and sulfur dioxide.
EPA has set ambient air quality standards for these pollutants.
Non-criteria pollutants are those remaining air contaminants
which can contribute to an increase in mortality or serious
illness. EPA has established emission standards for very few
non-criteria pollutants. '

This report presents the risks associated with criteria and non-
criteria pollutants separately.



IT.

Human Health Risks

A. DESCRIPTION OF ANALYTICAL APPROACH AND DATA SOURCES

1. Pollutants Analyzed and Their Effects
a. Criteria Pollutants

The reader is referred to Appendix 1 for a thorough discussion of
the health effects from criteria air pollutants. The following
is a summary of impacts from elevated pollutant levels:

CARBON MONOXIDE: impaired learning ability, reduced vigilance,
decreased manual dexterity, headache, dizziness, lassitude and
increase in angina pain.

OZONE: eye irritation, chronic bronchitis, emphysema, pulmonary
edema.

PM10: asthma, pneumonia, bronchitis, lung cancer

SO02: respiratory symptoms, lung disease, increased frequency and
severity of respiratory disease.

LEAD: visual, motor, perceptual and learning deficits,
hyperactivity

b. Non-Criteria Air Pollutants

As noted previously, the list of non-criteria air pollutants is
virtually endless. We have limited our analysis to a selected
list of 24 pollutants and pollutant classes (e.g. dioxins, POMs)
which represents only a fraction of the total number of compounds
in the ambient air. The pollutant list was selected after review
of the Six Month Study’ 1list, the Region 10 Comparative Risk
Study—, the South Coast Air Quality Management District reportg,
the Pugst Sound Air Pollution Control Authority’s toxic poll%gant
ranking”® results, the Washington air toxics inventory (1984) >,
and the Washington Acceptable Ambient Level guigeline (AALs)ll.
We also reviewed a study by Radian Corporation of toxic
emissions in Washington and considered all of the pollutants in
their study for inclusion in this report. The pollutants we
selected are the major ones identified in the ambient air for
which there is health information. They are as follows:



Acetaldehyde Arsenic
Asbestos Benzene
Beryllium Cadmium

Carbon Tetrachloride Chloroform
Chromium (VI) Dichloromethane

Dioxin 2,3,7,8 TCDD
Ethylene Dibromide

Ethylene Dichloride
Fluoride

Formaldehyde Manganese
Mercury (Hg) Nickel (Ni)
Nickel-Refinery dust Perchloroethylene
Phenols POMS (BaP)
Toluene Trichloroethylene

Xylene

Health effects from each of these 24 pollutants are listed in
Appendix 2 (non-cancer effects).

Tables 1 ,2 and 3 below indicate the risk thresholds used by the
committee for this comparative risk report. In addition, the
source of the risk threshold is included for reference. The
Tables are broken out according to type of risk - cancer risk
from chronic exposures (Table 1), non-cancer risk from chronic

exposures (Table 2), and non-cancer risk from acute exposures
(Table 3).

Note in these tables that the éAL is inversely proportional to
the unit risk factor times 10" °. In words, the AAL is the
pollutant concentration at which the increased risk is 10'6, or
one in a million over a 70 year period of suffering the
applicable health impact.



POLLUTANT

Acetaldehyde
Arsenic

Asbestos

Benzene

Beryllium

Cadmium

Carbon Tetrachloride
Chloroform

Chromium (VI)
Dichloromethane
Dioxin 2,3,7,8 TCDD
Ethylene Dichloride
Ethylene Dibromide
Fluoride
Formaldehyde
Manganese

Mercury (Hg)

Nickel (Ni)
Nickel-Refinery dust
Perchloroethylene
Phenols

POMS (BaP)

Toluene
Trichloroethylene
Xylene

* Asbestos concentrations given in fibers per ml

Reference:F. Hauchman/OAQPS

Table 1
Cancer Risk Factors

Unit Risk
Factor (URF)
(ug/mg)_g

.200x10°°
.300x10‘3*
.300x10" %
.300x10~°
.400x1073
1.800x10"
1.500%10"
2.300x10"
1.200x10"2
4.700x%10"
3.300x10" 11
2.600x107°
2.200x10"4
N/A
1.300x107°
N/A

N/A

N/A
2.400x10"4
5.800%10"
N/A
1.700x10™3
N/A
1.700%X10”8
N/A

N0

6/3/88.

AAL=
10-6/URF
(ug/m~)

4.500x10" %+
2.300x10_2*
4.348%10
1.200x10"
4.200x10"
5.556x10 4
6.700%10"
4.300x10™2
8.300x10™°
2.130
3.030x108
3.800x%10"
4.545x10"3
N/A
7.692x10"2
N/A

N/A

N/A
4.167x10°3
1.720

N/A
6.000x10"4
N/A
5.900X10"1
N/A

EVIDENCE
CLASS

B2, CRAVE
A, CRAVE
A, CRAVE
A, CRAVE
B2, CAG
Bl, CRAVE
B2, CRAVE
B2, CRAVE
A, CRAVE
B2, CRAVE
B2, CAG
B2, CRAVE
B2, CRAVE
N/A

Bl, CRAVE
N/A

N/A

N/A

A, CRAVE
B2, CAG
N/A

B2, CAG
N/A

B2, CAG
N/A

Unit risk estimates

from Carcinogen Assessment Group (CAG) and verified by the
Carcinogen Risk Assessment Verification Effort (CRAVE),
except as indicated.

Assumptions:

All chromium emissions are Chromium VI.
15% of POM emissions are Benzo(a)pyrene (BaP).
Dioxin emissions are 2,3,7,8 TCDD

10% of



Table 2

NON-CANCER CHRONIC RISK THRESHOILDS

AAL SOURCE OF REF. DOSE

POLLUTANT ug/m3 AAL mg/kg/day
Acetaldehyde See acute
Arsenic Cancer N/A 1.4x1073
Asbestos Cancer N/A N/A
Benzene Cancer N/A N/A
Beryllium Cancer N/A 5.0X10~3
Cadmium Cancer N/A 2.9%x10" 4
Carbon Tetrachloride Cancer N/A N/A
Chloroform Cancer N/A N/A
Chromium Cancer N/A 5.0X1073
Dichloromethane/MeCl Cancer N/A N/A
Dioxins 2,3,7,8 TCDD Cancer N/A 1.0x107°
Ethylene Dichloride Cancer N/A N/A
Ethylene Dibromide Cancer N/A N/A
Fluoride ‘ 34.0 MASS, 1987 Case by case
Formaldehyde Cancer N/A N/A
Manganese 31.0 N.CAROLINA N/A
Mercury (Hg) 5.1X107°

Alkyl Hg cpds 0.06 N.CAROLINA N/A

Vapors 0.60 N.CAROLINA N/A

Aryl and inorganic 0.60 N.CAROLINA N/A
Nickel (Ni) 0.18 MASS,1987 2.0X1072
Perchloroethylene Cancer N/A N/A
Phenol 52.0 MASS, 1987 N/A
POMs (Benzo(a)pyrene Cancer N/A N/A
Toluene 51.0 MASS, 1987 N/A
Trichloroethylene Cancer N/A N/A
Xylenes 59.0 MASS, 1987 N/A

All AAL limits for noncarcinogens are 24 hour TWA.
for carcinogens are annual averages.

All limits
MASS refers to the

Massachusetts Chemical Health Effects Assessment Methodology
(CHEM) Method to Derive Acceptable Ambient Limits. N. Carolina
refers to proposed AALs by the North Carolina Department of
Natural Resources and Community Development, 1987. Both states’
AAL methods are characterized by a case by case review of the
applicable occupational exposure limit and application of
"adjustment factors" as appropriate to account for review
findings. N. Carolina is used for chemicals without a MASS AAL.



Table 3
Acute Exposure Qualitative Effect Information

POLLUTANT EFFECT CONCENTRATION SOURCE
Acetaldehyde Acute irritant 15 ppm/15 min N.C. AAL
Fluorides Acute irritant & chronic 0.25 mg/m3 1 hr. N.C. AAL
toxicant; nosebleeding,
nausea
Phenols Acute irritant & acute 0.25 ppm 1 hr. N.C. AAL

systemic toxicant;
toxicity to lungs,
heart, liver, kidney

Toluene Acute systemic chronic 15 ppm 15 min. N.C. AAL
toxicant; reaction time
prolongation & decrease
in pulse rate; decrease
systolic b.p.

Xylene Acute irritant & chronic 15 ppm/15 min N.C. AAL
toxicant
2. Methodologies for Estimating Risks from Criteria Pollutants

The basic approach to determining health risk from criteria air
pollutants (particulate matter, carbon monoxide, ozone, lead,
sulfur dioxide and nitrogen dioxide) by this project was to
estimate the population living within areas which exceeded a risk
threshold. Where possible, methods used in the EPA Region 10
Comparative Risk Project™ were followed. Deviations from these
methods are noted. One consistent difference is that we stated
all non-cancer risks in terms of "number of people at risk"
without regard to the duration of the event, whereas often the
Region 10 analysis stated risk in terms of the number of days
above a standard.

For a complete discussion of the risk thresholds and the
resulting health impacts used in these methodologies, the reader
is referred to Appendix 1. The severity of the impact in some
cases is rated generally as either high or low, where high is
ranked equal to or greater than 4 in the table provided in
Appendix 12, and low when the ranking was 3 or less.

a. Particulate Matter
Particulate matter can be a health risk when fine particles

(generally less than 10 microns in diameter) get past the body’s
natural defenses and penetrate deep into the lungs. We refer to



these fine particles as PM10 (for particulate matter of 10
microns or less). Epidemiological studies have shown a link
between elevated particulate levels and several health impacts
including premature mortality and restricted activity days.

The following formula is derived from two studies, both of which
were stated in terms of the annual arithmetic mean of total
suspended particulate (TSP) levels. This formula was converted
to one based on PM10 by assuming that 46% of TSP is PM10 (the
national average TSP to PM10 ratio). This figure (46%) is
generally consistent with data collected in Washington State.

4 people at risk = sum [5.7x1070 * (PM104-40) * POPy]

where:

PMle = annual average PM10 in ug/m3 in location j
POPj = total population in location j

The EPA Region 10 method for determining restricted activity days
also relied on average annual concentrations of PM10.
Intuitively, we do not feel it is accurate to assume that an area
which does not average 40 ug/m3 (the annual average figure used
by Region 10) has no days during which activity is restricted.
Data for PM10 are broken out by areas with exceedances of the 150
ug/m3 24 hour standard, which is the threshold we will use in the
following equation. We will use the 24 hour standard as a
measure of the risk to sensitive people according to the
following formula:

# people at risk = [# sites with exceedance * POP * F]

where:

POP = total population in locations with exceedances
F = fraction of population sensitive to elevated values

b. Carbon Monoxide

Carbon monoxide (CO) indirectly reduces the oxygen-carrying
capacity of the blood. This is particularly a problem for people
with heart or respiratory problems.

The Technical Advisory Committee (TAC) chose the federal 8 hour
standard of 9 ppm as the threshold beyond which there is a health
risk from CO. People with heart disease (approximately 10% of
the population) are most susceptible to risk from elevated levels
of CO. We therefore stated the risk from CO as high (severity
rank 4 or greater) for those most susceptible, and low for the
rest of the population.



# people at risk (high) = .10 * sum [coj * POPj]
# people at risk (low) = .90 * sum [coj * POPj]
where:

CO: = site with at least one 24 hour exceedance
PO%- = number of people in area j with at least 9 ppm
exceedance

- At more elevated levels (15 ppm 8 hour average), effects include
headaches, impaired coordination and impaired psychomotor
function. These are impacts to all people living within the
affected area and, for the purpose of this study, will be
considered a high risk.

Cc. Ozone

Ozone is the primary component of photochemical oxidants, or what
many refer to as smog. Ozone is formed in the ambient air from a
photochemical reaction involving volatile organic compounds (such
as gasoline vapors), oxides of nitrogen and sunlight. Because
this chemical reaction is slow, elevated levels of ozone are
often found many miles from urban centers, the source of the
precursor pollutants. A number of health risks can be attributed
to ozone, including chronic respiratory diseases and asthma.

The EPA Region 10 Comparative Risk_Project Plan of Attaik2 (POA)
cites studies by Chestnut and Rowe” and Chestnut et al.™ which
use the California standard of .10 ppm as a threshold level
beyond which there are health related impacts (primarily asthma
and restricted activity due to respiratory distress). While the
federal standard is .12 ppm, there is considerable dispute about
whether this standard actually protects against chronic
respiratory problems. One study cited by Chestnut and Rowe3
concluded that adverse health impacts were noted at .07 ppm. We

chose the .10 California standard as being a middle of the road
threshold.

To determine the number of people at high risk due to levels of
ozone in excess of this risk based level, we will sum the risks
to the population from both asthma and respiratory distress, both
of which have a severity rank of 4. The Region 10 POA analyzes
the number of days susceptible people are exposed to elevated
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levels of ozone. To estimate the number of people at risk from
elevated levels of ozone, we simply sum the population exposed to
levels in excess of .10 ppm, using the following formula:

# people at risk = [# sites with exceedance * POP]

where:
POP = total population in locations with exceedances

In addition to the high risk associated with exceedances of .10
ppm, one hour values in excess of .05 ppm have been shown to
cause headaches, a low risk. Since monitors throughout the state
have shown exceedances of this threshold, we would conclude that
the entire state population is at low risk from ozone exposure.

d. Lead

Lead affects different segments of the population in different
ways. Affects include hypertension, IQ detriments and impacts
the peripheral nervous system. Lead is also suspected as a
carcinogen. Children are particularly at risk from elevated
levels of lead.

The EPA Region 10 approach to estimating risk from lead is simply
to assume that per capita risk estimates derived from studies of
other grban areas would translate directly to Washington urban
areas. The TAC had no reason to believe the national estimates
would differ from Washington State.

Studies show that different population groups are affected
differently, and at varying levels, from elevated lead levels.
Assuming Washington lead levels are consistent with those found
nationally, we can estimate the number of people whose health is
affected by elevated levels from the following simple formulas:

# people at risk (low) = .0015 * urban population
# people at risk (high) = .0020 * urban population
e. Sulfur Dioxide

Elevated levels of SO2 have been shown to cause a number of
health effects, ranging from minor to severe. Our analysis will
use two thresholds: .14 ppm/24 hour average (the NAAQS) for high
risk to sensitive populations and low risk to the remainder of
the population, and .08 ppm/24 hour average for low risk
(increased frequency of asthma attacks). 1In the high risk case
(.14 ppm), since the health effect is to aggravate respiratory
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problems affecting only an estimated 10% of the population (see
similar discussion under carbon monoxide methodology), the number
of people at risk can be determined using the following formula:

# people at risk = .10 * sum [SO2. * POPj] (respiratory)

J
where:
sozj = site with at least one 24 hour exceedance
POP: = number of people in area j with at least one .14 ppm
excgedance

For low risk,

# people at risk sum (S02; * POPj) (asthma)

J
f. Oxides of Nitrogen

Nitrogen dioxide has not been monitored for a number of years in
the state of Washington. The reason is simple - after years of

monitoring in "worst case!" locations it was determined that the

NAAQS had never even been approached. We therefore will assume

there is no risk from nitrogen dioxide.

3. Methodologies for Estimating Risks from Non-Criteria (Toxic)
Pollutants
a. Definition

For the purpose of this analysis, we will use the term toxic air
pollutants to mean all air contaminants except criteria air
pollutants, which are covered above. With this definition we
could generate a virtually endless list of pollutants to be
analyzed. Clearly, a screening process is needed to identify the
"riskiest" of these many pollutants. An explanation of how we
chose which pollutants to analyze is included in section 1 above,
"Pollutants Analyzed and Their Effects".

b. Methodologies

The various types of risks analyzed in this report require
differing risk analysis methodologies, as described below. There
are several ways to describe the risks from air toxics. Those
that we chose to use were:

o Cancer risk to the maximum_exposed individual, stated as
a probability (e.g., 1x10'5, or one in 100,000) ;

o Cancer risk to overall population, stated as annual
number of excess cancers;

o Non-cancer risk to maximum exposed individual, stated in
terms of the number of people at risk;
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o Non-cancer risk/chronic, stated as number of people at
risk (consistent with units for criteria air pollutants);

o Non-cancer risk/acute, stated also as number of people at
risk.

Estimate cancer risks to maximum exposed individual (MEI). Our
approach was first to use a screening model (SCREEN) and to
identify the maximum downwind concentration of each of the non-
criteria pollutants on the target list . Modeling considered
point parameters (e.g. stack heights, exit velocities). From our
experience with screening models we concluded that running the
model on the largest point source would suffice since
concentrations drop off exponentially with distance from the
source. Add to the modeled value a background concentration,
assumed to be the contribution from area sources, determined as
part of the effort to determine average concentrations (see
methodology for determining cancer risk to overall population
below). Since the screening model produced maximum hourly
concentrations, we multiplied by 0.15 to estimate maximum annual
concentrations. Mu%tiplying the modeled maximum concentration
estimates times 10™° and dividing by the AAL results in an
estimate of the probability of the MEI contracting cancer. It
should be emphasized that this number is only theoretical, based
on worst case assumptions layered on other worst case
assumptions. It is however useful as a tool to compare relative
risks, which is the purpose of this exercise.

Estimate cancer risk to overall population. Average
concentrations were estimated based on county by county emissions
and simple box modeling. The geographic area modeled was assumed
to be smaller than the whole county (e.g., most of the population
and emissions are confined to a significantly smaller area than
the entire county). We chose 10% of the geographic area of the
county.

Our box model assumes that emissions are uniformly emitted
throughout the floor of the box and uniformly disbursed
throughout the box volume. The "top" of the box is defined by an
assumed mixing height, for which we used 900 meters.

The equation used to calculate average area concentration was as
follows:

C = (Qa * x * 106)/(A *u * z,)

where,

Cc average concentration in ug/m3

Qa = average emission rate (g/sec%

A 10% of area of county (meters”®)

X length of box = (A)°~ (meters)

u average windspeed (m/sec)

z; = average mixing height = 900 meters

o
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In our analysis, we modified the above equation to account for

wet and dry deposition, and atmospheric half%ife (Hanna, 1982),
as suggested in the Region 10 Plan of Attack® (David Sullivan,

1989). The above equation could be modified by dividing by the
following factor:

(x/u) * (1 + (vd/zi) + L + (1/Tc))
where,

vq = deposition velocity (m/sec)
L = scavenging coefficient (sec_l)
Tc = atmospheric residence time (sec)

Typical values for this expression range from 1 to 1.3, where the
higher value would be found for pollutants particularly sensitive
to scavenging (e.g. particulates), in rainy areas, and in large
counties with relatively low average windspeeds. Given the
uncertainties from many of our other estimates, we assumed
constant scavenging, using 1.1 as the scavenging factor.

This approach might be expected to significantly underestimate
actual monitored concentrations for several reasons. First,
monitoring is ordinarily done in industrialized areas. Our model
assumes all these emissions are spread over a large portion (10%)
of the county. 1In addition, lateral movement of pollutants
impacts adjoining "boxes". This impact is assumed to be zero in
our model.

The number of excess cancers per million population is calculated
by dividing the AAL for that compound into the average
concentration.

Estimate the number of people in the overall population at risk
from non-cancer/chronic exposures. Average concentrations were
estimated based on county by county emissions and simple box
modeling. The number of people at risk was determined by
comparing average concentrations to non-cancer AALs. Where AALs
are stated as 24 hour concentrations, the annual estimated
concentration was multiplyed by 2.67 to give us a 24 hour AAL.
People living in areas in which the AAL was exceeded by at least
one pollutant were assumed to be "at risk". Since non-fatal
health effects vary in their severity, a severity rating was
included with the risk result summary in accordance with the
severity ranking system provided in Appendix 12.

Estimate the number of people at risk of non-cancer/acute
affects. Our approach here was the same as for non-cancer
chronic health effects - model concentration, set a risk
threshold and determine a health index. To estimate short term
concentrations, we divided the box model results by 0.15 to
obtain hourly concentrations and by 0.0375 for 15 minute
concentrations.
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4. Sources of Pollutants

Thirty pollutants or classes of pollutants were considered in
this report (including both criteria and non-criteria
pollutants). Primary sources of each pollutant are listed in
Appendix 8: Major Sources of Pollutants.

5. Data Sources Used and Probable Bias

This study relied on data from a number of sources, some of which
are considered accurate and up-to-date, others the best available
under the circumstances. The individual data sources, the manner
in which they were used, and their reliability (and probable
bias, if known) are summarized below.

The ambient air monitoring database (SAROAD network) was used to
estimate the concentrations of criteria pollutants statewide.
Network design parameters dictate the spacial distribution of the
network, based largely on characterizing ambient air quality in
urban environments. Consequently, scaling up these discreet
monitored values to statewide concentrations would likely bias
the results towards the high end. However, since population
densities are much smaller in rural areas, the resulting
estimates of risk to the population would be affected only
minimally. Average sampling bias by pollutant monitored, stated
in terms of the 95% confidence interval, is listed below:

AVERAGE ERRORS (% of Actual)

POLLUTANT MEAN UPPER 95% LOWER 95%
PM10 . 0.5 9.3 -8.2

Cco 0.7 6.9 -5.6
Ozone -0.1 7.0 -7.1

S02 -0.1 7.0 -7.2
Lead -4.5 5.3 -14.3

(Air Monitoring Data for 1987, 9/88)

The toxic air pollutant subset of the Washington Emission Data
System (WEDS) was used to estimate the emission rates of point,
area and vehicular sources statewide. Updated annually, this
database is considered the most accurate assessment of emission
rates available. There may be an overall negative bias based on
the likelihood of errors of omission, without offsetting errors
in commission (i.e., estimates of a known emission points are
presumably without systematic bias, while there are undoubtedly
emission points which are not accounted for in the database).

The WEDS database itself relies on data from a variety of
sources. For example, emissions from motor vehicles are
estimated based on vehicle populations within a given area, the
miles traveled by those vehicles, and the average emission rate
of the fleet. Each of these estimates is subject to error, but
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we are not aware of bias in either direction introduced by these
individual databases. The same can be said of other emission
estimates (e.g. woodstoves, fugitive dust, etc.) in the WEDS
system. '

Population data is used to determine the number of people exposed
to a given concentration of pollutants. The most current
population estimates were used in this study (censu§3data and
figures from the "Washington State Yearbook, 1987") We assume
no bias in population figures used in this study.

Where we lacked current data on the ambient concentrations of
criteria pollutants, especially in suburban areas with dramatic
population growth, saturation studies (bag sampling) have been
used to help us characterize the spacial distribution of
pollutants throughout the study area. Where such data were
relevant, we augmented SAROAD data with results from these
studies. No bias is anticipated from the use of these data.

Two forms of modeling were used to estimate pollutant
concentrations given pollutant emission rates (see WEDS above) -
box modeling for average concentrations and dispersion modeling
for maximum concentration estimates. Our approach to the box
modeling should not result in a significant bias in either
direction in terms of its estimate of average concentrations,
however the approach itself is likely to underestimate both
concentrations and risks in urban areas while overestimating
concentrations in rural areas. The reason for this is that, in
assuming emissions are evenly spread out throughout the county or
a portion of the county and that the population is evenly
distributed throughout the county, we are ignoring the fact that
most of the population and emission sources generally congregate
in relatively small geographic areas around industry. As noted
in the methodology section, we have reduced the size of the box
to 10% of the county to deal with this potentially significant
error. Our modeling approach for estimating risks to the maximum
exposed individual, on the other hand, tends to overestimate
concentrations of individual pollutants from 2 to 4 times.

Meteorological data (windspeed, wind direction, mixing heights)
are used in the models noted above. Significant measurement
errors are known to exist at many of the sites used in the
modeling, though there appears to be no systematic bias to these
errors. Extrapolating a few monitoring sites to represent
meteorological conditions throughout the state is also a source
of significant error, again assumed to have no positive or
negative bias.

In addition to the data sources listed above, non-criteria
pollutant thresholds were derived from a number of studies and
references. We were not able to assess the probable bias of
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each. Though the most current generally accepted thresholds were
used, it should be noted that these tend to be worst case (or
upper bound) values - that is, they tend to overstate risks.

6. Assumptions

EXPOSURE BOUNDARIES: Though Washington is blessed with an
extensive criteria pollutant monitoring network, no ambient
monitoring network can characterize pollutant levels at every
street corner in every town throughout the state. Some
assumptions must be made regarding how the limited number of
monitoring sites describe pollution levels in areas where there
is no monitoring.

Carbon monoxide is a very localized pollutant. An extensive
monitoring network would be needed to completely describe levels
which can vary dramatically from one street corner to the next.
The state has performed a number of CO saturation studies (bag
sampling studies) to help characterize the spacial distribution
of CO in urban areas. In addition to SAROAD monitor exceedance
areas (non-attainment areas), we have incorporated bag sampling
results to expand the non-attainment boundaries where
appropriate.

Ozone can be considered a regional pollutant in that often the
highest values are found many miles from sources of the precursor
pollutants, and can be in any direction from the sources. Our
boundary assumption for ozone is to assume the few monitoring
sites west of the Cascades represent ozone values throughout the
Puget Sound basin from the Canadian to Oregon borders.

For S02, lead and PM10, the TAC used the actual non-attainment
boundaries.

POPULATION EXPOSURE: Air pollution does not respect boundaries
used by census takers, making the task of identifying the number
of people exposed to elevated levels difficult, at best. gur
reference for population, the 1987 Washington Source Book!
generally gives populations for cities and counties, plus a
breakdown, by county, of the number of people residing in
unincorporated and incorporated areas. After defining an
exposure boundary (see above), our approach was to "scale up" the
population of the incorporated cities within the boundary by the
percentage of the county’s population living in unincorporated
areas. Though we admit that this is somewhat arbitrary, clearly
some scale up is necessary. Future studies should use actual
population grids to estimate exposed population.

14

MODELING: The basic assumption inherent in our non-criteria
pollutant risk methodology is our assumption in modeling average
concentrations that pollutant concentrations are homogeneous
throughout a given area (for the purpose of estimating average
lifetime exposure). :
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A Gaussian plume screening model was used to estimate risk to the
maximum exposed individual (MEI). By their nature, screening
models tend to overpredict concentrations by about a factor of 2
to 4.

Finally, we assumed that there were no synergistic effects from
combining exposures to two or more pollutants.

7. Approach to Scaling Up

Scale-up is basically the same thing as data extrapolation and
uncertainty factoring. It is a detailed description and
rationale for how risk assessments for a complete database were
developed based on a risk assessment from a subset of that data
or how an uncertainty factor was added to that final risk
assessment value.

Our need to scale up limited data to represent the entire state
was minimal. Our approach to scaling up monitored criteria
pollutant values was to assume that monitored data were

indicative of concentrations throughout the area (see "Exposure
Boundaries" above).

Average concentrations of non criteria pollutants were
effectively scaled up by reducing the size of the box used in the
model. Our rationale for doing so was that most of any given
county’s population and emission sources are congregated in a
relatively small geographical area (see discussion above under
Data Sources Used and Probable Bias).

8. Sensitivity analysis of alternative assumptions

A sensitivity analysis measures the impact that a change in value
for one variable would have on an overall risk assessment. For
example, for a given variable x in a risk assessment equation,
you would calculate the equation using a range of values (1lx, 9x,
100x) representing your widest range of possible values (1x,
100x), and your best estimate of the value of x (9x). Two types
of variables warrant sensitivity analyses: those for which a high
degree of uncertainty is involved in the determination of their
value and those for which a change in value would cause a
disproportionately large change in the overall risk assessment.
The latter are the more important of the two to perform.

Sensitivity analysis is used to determine what affect the
uncertainty of any value might have on the usefulness of overall
risk assessment. For instance, a wide range of possible values
for a given variable, made plausible because of a high degree of
uncertainty or possible assumptions in calculating the wvariable,
might have little affect on the overall risk value when plugged
into the final equation. This large degree of uncertainty would
diminish in importance due to its minor impact on the overall
risk assessment.
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On the other hand, even though a value calculated for a given
variable might have a high degree of certainty associated with
it, one might want to focus more attention on that variable
because even a slight change in its value may make a large change
in the overall risk assessment.

The following is a recap of data sources and assumptions used in
our risk analyses, and a discussion of the sensitivity of each.
Also included in this discussion of the sensitivity of data
sources are the databases used to make these emission estimates.
For example, estimates of motor vehicle emissions are based on
the average emission rate the vehicle fleet operating in the
area, the vehicle mix in the fleet (make, model, age, etc.), and
the miles traveled by the vehicles in the area. Errors in
databases such as these can result in significant errors in the
estimated emissions of non-criteria pollutants (criteria
pollutants rely on actual ambient monitoring data) , noteworthy
because motor vehicles are the primary source of many of the
pollutants analyzed in this report. 1In a similar way, woodstove
inventory and usage rate estimates are critical in our estimates
of the concentrations of several of our target list of
pollutants.

MONITORING DATA: Because our approach to determine non-cancer
risks from ambient air pollution is to assume no risk below a
risk threshold, any error that would result in an incorrect
threshold classification (e.g., above the limit when it should
have been classified below) will have a significant effect on our
risk evaluation. This is only true at or near the risk
threshold.

EMISSION INVENTORY DATA: For non-cancer risks, inventory errors
when the modeled pollutant concentrations are at or near the risk
threshold will have a dramatic effect on the risk evaluation.

The same cannot be said for cancer risks, where the risk results
are proportional to pollutant concentration.

POPULATION DATA: Since this is a comparative risk report, we
expect any errors in the population exposed within a given area
to be consistent with like errors in the risks estimated from
other environmental threats. In terms of sensitivity, population
errors should result in proportional risk errors.

MODELING: Our non-criteria pollutant risk methodologies rely

heavily on mathematical modeling. Models can be very sensitive
to assumptions and the reliability of certain input fields. For
example, some models show exponential increases in concentration
with decreasing windspeeds. Windspeed errors in this case would
dramatically affect estimates of pollutant concentrations. To

minimize the error in this potentially significant parameter, we
used monitored county annual average windspeeds in our modeling.
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RISK THRESHOLD ESTIMATES: In the same way as discussed above
under ambient monitoring, we are assuming "all or nothing" risk
thresholds for all non-carcinogens - that is, we assume no risk
below our threshold, only at or above. Our approach of assuming
homogeneous pollutant mixing is very sensitive to our assumed
risk threshold. For example, if our modeled concentration of a
given pollutant were .09 and our risk threshold .10, our
conclusion would be no people are at risk. A small change in our
risk threshold to .09 would result in the population of the
entire area being at risk. Unfortunately, we do not have a great
deal of faith in these assumed risk numbers, despite the
sensitivity of our analysis to them.

The reader is referred to section C. below, Discussion of
Uncertainty, for further discussion of the uncertainty or our
analysis.

B. DESCRIPTION OF FINDINGS

Summarized below are the risks, presented for comparatlve
purposes, resulting from ambient air pollution.
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Table 4
Risks from Ambient Air Pollution in Washington

Threat: AMBIENT AIR POLLUTION

Human Health Risk

Cancer MEI probability
(risk of contracting) 1073 to 1072 Chromium, Whatcom Co
B(a)P, Pierce Co
Trichloroethylene,
King Co
Dioxin, Stevens Co

Excess cancers
(number of cancers) 2 - 150

Non-cancer effects

(# people at risk) 4+ million severity 1-3 (03)
3+ million severity 4-5 (03)
175,000 severity 6-7 (CO, PM10)

Significant Ecological Risks

Animals Fluoride at current levels may
nave minor impacts on some animal
species; air pollution may be sig-
nificant polluter of Puget Sound
microlayer

Plants Ozone in concentrations which have
been monitored in the Cascades is
likely damaging some tree species

Other Visibility degradation
Economic Damages
<reserved>
1. Summary of Human Health Risks

a. Criteria Pollutants

The following table summarizes the risks associated with exposure
to criteria air pollutants in the ambient air. All the risks are
listed with a severity rank since none are known carcinogens
(lead is a suspected carcinogen). Each is a non-cancer/chronic
risk, while some (e.g. CO) are known to have acute effects.
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Table 5
Summary of Risks from Criteria Pollutants

# PEOPLE : :
POLLUTANT 2 AT RISK* SEVERITY EFFECTS
Ozone 3,174,500 4 Asthma, chronic bron-
' chitis
4,420,000 3 Headaches from short term
exposures
PM10 104 7 Mortality
348,000 3 Respiratory distress from
24 hour NAAQS exceedance
co 174,900 6 Aggravated angina
1,574,000 3 Headaches and dizziness
‘ from short duration
exposure to hi values
LEAD 8,000 6 Perceptual and learning
deficits in children
3,300 4 Hyperactivity, focus and
other visual deficits
S02 2,682 4 Increased respiratory
infections
26,815 4 Asthma
* does not include frequency of exposure to levels at which
health impacts are assumed to occur (a measure of the
probability of exposure to unhealthful levels

These risks can be summarized in low, medium and high terms as
follows. Note that the same people are, in many cases, counted
as "people at risk". We have not merely added the number of
people at risk in each category, which would give the absurd
result in the case of low risk (severity 1-3) of having more
people at risk than reside in the state. Instead, the total
number of people at risk from the worst case pollutant is stated,
followed by an indication of the pollutant.

Total # people at risk, severity 1-3 : 4,420,000 (03)
severity 4-5 : 3,174,500 (03)
severity 6-7 : 174,900 (CO)

As noted in Table 5, the "number of people at risk" figure does
not indicate the probability that on any given day residents
within a given area might be exposed to levels above the assumed
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threshold, or the number of days per year a given area exceeds
the threshold. Unfortunately, time constraints did not allow us
to do a cmplete anlaysis of this issue.

As a first approximation of the fréquency of exposure, we assumed
that as the nubmer of days above a threshold increased people are
exposed to this additional day. For exmaple, if 1000 people are
at risk at least one day per year, then 750 would be at risk
twice per year, 563 three times per year, and so on. The idea
here is that though the entire state population may be at risk of
a given health impact from exposure to ozone, that exposure may
only be for one day in half the state while there may be 20 or
more exceedances affecting a much smaller population. Based on
this assumption, the number of people at risk at least 5 times
per year would be about 25% of the total given in Table 5, while
only 5% would be exposed 10 times or more.

b. Non-Criteria Pollutants

The health risks from non-criteria air pollutants can be both
cancer and non cancer, chronic and acute.

CANCER RISKS: Of the 24 non-criteria pollutant and pollutant
classes studied in this report, 17 are cancer risks. Risks are
generally higher in areas with high population density.
Significant sources in urban areas include motor vehicles
(products of combustion, asbestos brake and clutch linings) and
woodstoves. Emissions from both of these source categories are
directly related to population density. Further, the higher the
population density, the more people are exposed.

Table 6
Summary of Cancer Risks

Number of Excess Cancers Best Guess 15
Upper Bound 150
Lower Bound 2
Highest MEI Risks 1072 - 1073 B(a)P in Pierce Co.

Chromium in Whatcom Co.*
Chloroform in Clark Co.

* This risk is likely to be overstated since we assumed all
chromium to be hexavalent (most potent)

NON-CANCER RISKS: Of the seven non-criteria pollutants which are
not considered carcinogens, three (mercury, nickel and fluoride)
are primarily from point sources, while the other 4 come
principally from vehicular sources and wood burning.
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Table 7
Summary of Non-Cancer Risks

# PEOPLE POSSIBLE

POLLUTANT AT RISK#* SEVERITY EFFECTS

Fluoride -0- 2 Sclerosis of the bones

Manganese 1,937,200 4 Upper respiratory disease

Mercury -0~ 4 Damage to central nervous
system, kidneys

Nickel -0- 4 Lung disease _

Phenol 1,891,600 4 Lung, heart, liver and
kidney damage

Toluene 2,573,000 3 Central nervous system
effects

Xylene 1,309,800 4 Teratogenic & liver effect

* does not include frequency of exposure to levels at which
health impacts are assumed to occur (a measure of the
probability of exposure to unhealthful levels)

Finally, the non-cancer acute effects of non-criteria pollutants
were analyzed and none were found to exceed the short duration
risk threshold.

2. Detailed Summary of Estimated Risk

a. Criteria Pollutants

CARBON MONOXIDE: Table 8 below lists the population residing
within areas that have experienced exceedances of the carbon
monoxide standard. Not all the population exposed to these
unhealthful levels reside within the incorporated city limits
listed above. Our population estimates are scaled up to include
estimated population exposed to unhealthful values by multiplying
the city figures given above by the percentage of the county’s
total population that is unincorporated to the county’s total
population13. To these population figures, we will apply the
formulas described in the Methodology section of this report
(Section II. A. 2. b.) to calculate the number of people at risk.
The scaled up values are as follows:
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Table 8
Carbon Monoxide - Populations Within

Areas Exceeding Standard

Scaled Up

City County Ratioxx* Population Population
Seattle King .41 488,200 688,362
Everett Snohomish .55 59,470 92,178
Tacoma Pierce .59 158,900 252,651
Bellnghm* Whatcom .48 46,380 68,642
Olympia* Thurston .60 28,990 46,384
Bellevue King .41 81,770 115,296
Yakima Yakima .51 49,590 74,881
Spokane Spokane .46 172,700 252,142
Bremerton Kitsap .73 33,420 57,817
Vancouver Clark .72 42,740 73,513
Pullman#* Whitman .20 22,530 27,036
Total = 1,184,696 1,748,902

* - based on results from bag sampling studies
** - ratio of unincorporated to total county population

# people at risk (low) =

.9 * 1,748,902

=_1,574,000 people (Headaches, dizziness)

# people at risk (high) =

LEAD:

I

.10 * 1,748,902

174,900 people (Aggravated angina)

lead due to point source emissions:

Harbor Island

2555-13th Ave.S.W.

There are few,

if any,

residences on Harbor Island.
people do commute to and through this area.

Quarterly Ave

1.82 ug/m3 (1986)
1.53 ug/m3 (1985)

However

Statewide, there are two areas with elevated values of

’

Oour estimate of the

population exposed to elevated levels of lead from point sources
is 3,500 people.

As noted in the discussion of methodology for estimating risks
from lead, two simple formulas are used:

# people at risk (low) =

and,

# people at risk (high)

.0015 * urban population

.0020 * urban population
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Assuming 50% of the state’s population resides in urban areas,13

and adding 3500 people at risk int he Harbor Island non-
attainment area to the high risk total,
# people at risk (high) = .0020 * 2,210,000 + 3500

= 8000 people (learning disabilities)

# people at risk (low) = .0015 * 2,210,000

= 3300 people (visual impairment)

SULFUR DIOXIDE: The sulfur dioxide (S02) standard is exceeded in
one area. The 24 hour standard for SO2 is .14 ppm. The area
that exceeded the standard was Port Angeles (at .16 ppm) . The
population exposed is assumed to be the city population factored
by the ratio of unincorporated to total county population (see
discussion above), or 17,300 * 1.55 = 26,815. Assuming 10% of
the population is susceptible to lung disease:

# people at risk (respiratory infections) = .10 * 26,815

= 2,682 people

The number of people at low risk (asthma) is the sum of people
residing in areas with exceedances of .08 ppm. Other than the
Pt. Angeles site noted above, there were no sites with .08 ppm 24
hour exceedances.

# people at risk (asthma) = 26,815 people

PARTICULATE MATTER: The PM10 standard is exceeded in several
areas in the state - the nget Sound basin has two areas with
exceedances of the 50 ug/m” standard: the Tacoma Tide Flats and
the Duwamish industrial area. Both areas are greater than 50
annual arithmetic mean. Areas in the Puget Sound basin with 24
hour exceedances include, in addition to the Tacoma tide flats
and Duwamish, Kent and most of Seattle CBD. In Eastern
Washington, the Spokane CBD reports annual averages from 50-75.
Other areas with annual average exceedances in Eastern Washington
include Yakima (78) and Wallula (57). These areas also exceed
the 24 hour standard. Finally, Lacey in Thurston County exceeds
the 24 hour standard. We will again adjust population estimates
upwards to account for those people living within areas that
exceed the standard, but who do not live in incorporated cities
(see discussion under CO above). We will assume the following
population exposures for these areas:
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Table 9
Populations Within Areas Exceeding
the 24 Hour PM10 Standard

Scaled Up

City County Ratio Population Population
Seattle King .41 488,200 688,362
Tacoma Pierce .59 158,900 252,651
Lacey/Oly* Thurston .60 44,620 70,816
Kent King .41 28,620 40,354
Yakima Yakima .51 49,590 74,881
Spokane Spokane .46 172,700 252,142
Wallula W.Walla .32 2,000%* 2,640
Clarkston Asotin .54 6,730 10,364

Total = 951,000 1,392,200

* - estimate

Twenty four hour exceedances of the 150 ug/m3 standard have been
shown to cause respiratory declines in children, estimated to be
25% of the population. Therefore, the number of people at risk
from particulate matter, based on exceedances of the 24 hour
standard is as follows:

# people at risk = .25 * 1,392,200

= 348,000 people (respiratory distress)

Using the Region 10 formula? to determine annual_deaths from PM10
based on annual average values exceeding 40 ug/m~, the number of
people at risk is computed from:

# people at risk = sum [5.7x10"® * (PM10:-40) * POP; ]

J
where:
PMle = annual average PM10 in ug/m3 in location j
POP; = total population in location j

J

Areas exceeding 40 ug/m3, and their (adjusted) populations are
listed below:
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Table 10
Estimate of Additional Deaths in Areas
Exceeding Annual Average 40 ug/m= PM10

Annual Avg Scaled Up Annual
City (ug/m3) Population Population Deaths
Seattle 46 488,200 688,362 24
Tacoma 48 158,900 252,651 12
Bellnghm#* 45 46,380 68,642 2
Yakima 78 49,590 74,881 16
Spokane 75 172,700 252,142 50
Kent 43 28,620 40,354 1
Wallula 57 2000 2,640 <1l

Total = 946,390 1,379,700 105

* - based on results from bag sampling studies

Note that maximum values are reported for areas with more than
one monitoring site

Using the formula above for number of people at risk from annual
average exceedances,

# people at risk = 105 people (mortality)

OZONE: Based on ambient monitoring data, augmented by special
study sampling, we feel there is virtually no area west of the
Cascade crest that does not exceed .10 ppm at least once each
year. The entire population of each of the effected counties is
therefore assumed to be effected due to elevated levels of ozone.
The health effects include asthma (severity=4), respiratory
distress during active exercising (severity=3), headaches
(severity=3), chronic bronchitis (severity=4) and eye irritation
(severity=2). Longterm exposure can aggravate angina
(severity=6), however most ozone episodes in the northwest are
short duration events.

The population residing within the geographic area described
above (basically, west of the Cascades from the Canadian to
Oregon borders) is assumed to be at risk from elevated ozone
levels. County populations were taken from the 1987 Washington
State Yearbook (OFM)
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Table 11
County Populations Affected by Elevated Ozone Levels
Clark 205,000
Cowlitz 78,900
Island 50,600
King 1,361,700
Kitsap 164,500
Lewis 56,800
Pierce 530,800
San Juan 8,900
Skagit 69,000
Skamania 7,800
Snohomish ; 381,600
Thurston 142,200
Whatcom 116,700
Total = 3,174,500

# people at risk (medium) = 3,174,500 people (asthma,
bronchitis)

In addition, as noted in the methodology, there is a risk of
headaches and respiratory distress during periods of exercise
from relatively %ow levels (0.05) of ozone. A review of recent
monitoring datal® indicates that these levels are experienced
throughout the state.

# people at risk (low) = 4,420,000 people (headaches, resp
distress)

b. Non-Criteria Pollutants

Cancer risk to MEI. The following table presents maximum modeled
concentrations, the county in which the maximum was found, and
the resulting cancer risk to the MEI for each pollutant studied.
The probability was determined by dividing the modeled
concentration by the AAL times 10°. For more information on the
modeling method used to determine MEI risks, refer to Section
IT.A.3.b. Maps showing the distance from sources to the point at
which the risk is less than 10 ° are provided in Appendix 13.
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AAL MODELED MEI CANCER
POLLUTANT (ug/m3) CONCENTRATION AREA PROBABILTY
Acetaldehyde 4.5x1071 1.43 Pierce Co. 3.2x107°
Arsenic 2.3x1074 0.031 Benton Co. 1.3x1074
Asbestos 4.4x10-6* 0.003 Urban areas 6.81»(10"4
Benzene 1.2x10° 1
Benzo(a)Pyrene 6.0x10"4 4.9 Pierce Co. 8.2x10" 3
Beryllium 4.2x1074 6.4x1073 Lewis Co. 1.5%x1072
Cadmium 5.6x10"4 3.8x1073 Lewis Co. 6.9%x10"7
Carbon Tetr 6.7x10™2
Chloroform 4.3x1072 2250 Clark Co. 5.8x%x10°3
Chromium 8.3x10 O 0.548 Whatcom Co. 6.7x10"
Dichl’methane 2.1 912 King Co. 4.3x1074
Dioxin 3.0x1078 6.0x10"2 Stevens Co. 2.0x103
Ethylene Dich 3.8x1072 25.4 King Co. 6.7x10”4
Ethylene Dibro 4.5x10
Formaldehyde 7.7%1072 3.27 Pierce Co. - 4.3%x107°
Nickel 4.2x1073
Perchloroeth. 1.7
Trichloroeth. 5.9x1071 1079 King 1.8x1073

* concentrations expressed in fibers per cc
** assumes all chromium as hexavalent (most potent)

Though actual risk estimates are limited and most are
preliminary, these estimates are consistent, in an order of
magnitude sense, with those few risk analyses that have been
done.

Note that in the above table several values are omitted for
modeled concentration. Our modeling in these cases showed that
the distance to the theoretical one in a million risk was less
than one kilometer. We can assume for each of these pollutants
that our MEI cancer probability would have been less than one in
a million.

Cancer Incidences. To estimate the excess number of cancers from
exposure to toxic air pollutants, we estimated the average annual
concentration of each of the targeted pollutants within each
county. The results of this modeling are presented in Appendix
9: Modeled Concentrations. Comparing these results to published
monitoring data, our concentrations appear to be low by about one
to two orders of magnitude. Though some of this can be
attributed to emission inventory errors (conservative factors and
errors of omission), most of this difference should be expected
given the fact that most monitoring is done in industrialized
areas. We tested this by modeling those conditions that can be
expected to produce higher values. The results are presented in
Appendix 10 and are summarized below.
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Table 13
Order of Magnitude Comparison
of Monitored vs Modeled Values

MODELED MODELED
MONITORED KING CO PIERCE CO
POLLUTANT VALUES'4/7 AVERAGE MAXIMUM AVERAGE MAXIMUM
Arsenic 1073 1072 1073 107> 1074
Chromium 1072 1074 1072 107> 1073
Benzene 1011 10° 1072 100 10%1
Nickel 1073 1073 1071 1073 1072
B(a)P 1073 1072 1077 10”4 1072

We are comfortable with our modeled average values based on this
test in that modeling using these worst case assumptions did
produce values that are comparable to those found from monitoring
in worst case areas. Benzo(a)pyrene in King County appears to be
an exception (modeled concentration 10-9, modeled 10-3). King
County risk estimates from benzo(a)pyrene will be based on
monitored values.

The number of excess cancers was determined by using the method
described in Section II.A.3.b. The annual cancers are determined
by dividing 70 years into the total number of cancers for all
pollutants. Average modeled concentrations of all targeted
pollutants are presented in Appendix 9, and lifetime excess
cancers in Appendix 11. A summary of the excess cancers by
pollutant follows:
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Table 14
Lifetime Excess Cancers

70 YEAR ANNUAL

POLLUTANT EXCESS CANCERS EXCESS CANCERS
Acetaldehyde 1.17 negl
Arsenic 2.75 negl
Benzene 221.3 3.2
Beryllium 1.03 negl
Cadmium 0.20 negl
Chloroform 8.36 0.12
Chromium 26.50 0.38
Dichloromethane/MeCl 0.17 negl
Dioxins 2,3,7,8 TCDD 827.10 11.8
Ethylene Dichloride 0.19 negl
Formaldehyde 14.40 0.21
POMs (Benzo(a)pyrene) 16.40 .23
Trichloroethylene 0.72 negl

TOTAL. .. 1100 16

* estimates are plus or minus an order of magnitude

Non-Cancer Chronic Risks. The maximum concentrations from the
previous section were used to determine whether or not worst case
conditions would likely result in exceedances of the risk
thresholds for non-cancer pollutants. In a number of cases,
exceedances were modeled. Table 15 lists all for which the
hazard index (modeled exposure divided by AAL) exceeded 0.5.

Note that in table 15, the modeled concentration is the maximum
concentration using the worst case assumptions multiplied by 2.67
to account for the AAL being stated as a 24 hour average.
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Table 15
Non-Cancer Chronic Risks from Toxic Air Pollutants

ACCEPTABLE 24 HOUR HAZARD

POLLUTANT LIMIT (AAL) (ug/m3) INDEX COUNTY POPULATION RANK

Manganese 3.1E+01 5.5E+01 1.77 CLALLAM 29000 4
2.1E+01 0.69 CLARK 195800 4
3.5E401 1.13  COWLITZ 80500 4
2.8E4+01 0.89 GRAYS HARBOR 66800 4
3.9E+01 1.26 JEFFERSON 16600 4
3.7E+01 1.21 KING 1309800 4
2.3E401 0.74 LEWIS 56700 4
2.4E+01 0.78  PACIFIC 17800 4
4.4E+01 1.43  PIERCE 501300 4
1.6E+01 0.51 SKAGIT 64900 4
1.7E+01 0.56  SKAMANIA 8100 4
2.0E4+01 0.63  SNOHOMISH 353400 4
2.0E+01 0.65  SPOKANE 347600 4
1.6E+01 0.51  THURSTON 129100 4

Mercury 6.0E-02 4.3E-02 0.72 LEWIS 56700 4

Phenols 5.2E+01 2.6E+01 0.51 CLALLAM 29000 4
3.6E+01 0.69 CLARK 195800 4
8.6E+01 1.66 COWLITZ 80500 4
2.8E4+01 0.54 GRAYS HARBOR 66800 4
5.4E+01 1.04  KING 1309800 4
6.8E+01 1.31 PIERCE 501300 4
4.9E+01 0.95 SNOHOMISH 353400 4
3.8E+01 0.73  SPOKANE 347600 4
'4.6E+01 0.88  STEVENS 29500 4

Toluene 5.1E+01 5.1E+01 0.99 CLALLAM 29000 4
9.1E+01 1.77 CLARK 195800 3
5.1E+01 1.00 COWLITZ 80500 3
3.4E+01 0.66 GRAYS HARBOR 66800 3
3.3E+01 0.65 ISLAND 45200 3
3.4E+01 0.67 JEFFERSON 16600 3
2.9E+02 5.59  KING 1309800 3
8.0E+01 1.57  KITSAP 156800 3
3.1E+01 0.62 LEWIS 56700 3
2.6E+01 0.52 PACIFIC 17800 3
3.9E+01 0.76 PIERCE 501300 3
2.8E+01 0.56  SKAGIT 64900 3
8.4E+01 1.66  SNOHOMISH 353400 3
8.0E+01 1.56  SPOKANE 347600 3
6.1E+01 1.20 THURSTON 129100 3
3.0E+01 0.59  WHATCOM 109900 3
3.1E+01 0.60 YAKIMA 175000 3

Xylene 5.9E+01 8.8E+01 1.49 KING 1309800 4
3.4E+01 0.58 PIERCE 501300 4

Non-Cancer Acute Risks.

exposure risk thresholds was negative - that is, maximum
concentrations did not appear to even approach the risk
thresholds.

Oour comparison of modeled data to acute
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C. DISCUSSION OF UNCERTAINTY

The uncertainty of the risks presented above range from "somewhat
uncertain" to "a somewhat educated guess". Sources of error, and
therefore uncertainty, can be divided into two categories -
actual measurement errors and estimation errors. Generally,
measurement errors will be smaller than estimation errors,
especially where estimations are based on "best professional
judgement" and anecdotal information. Unfortunately, many of the

pollutants analyzed in this report are not routinely sampled in
the ambient air.

Risk thresholds are often based on short term, high dose studies
on laboratory animals. How to translate the results of such
studies to human health risk thresholds has been the subject of
much controversy, and should be viewed as a source of
considerable uncertainty.

Where actual monitored data were used to estimate ambient
concentrations (primarily criteria pollutants), we have a high
degree of confidence in our scaling up of these values to
represent statewide concentrations (see discussion in Section 7.
above, Approach to Scaling Up). A great deal of work has been
done setting health-based standards for criteria pollutants,
however the extent to which the standard allows for an "adequate
margin of safety", and how such a policy might affect the risk

numbers presented in this report is unclear. Some overstatement
of risk is likely.

Where our estimation of area pollutant concentration relied on a
combination of inventory estimates and modeling, our uncertainty
is much greater than for monitored/scaled up estimates. Coupled
with the uncertainty associated with the risk thresholds used for
non-criteria pollutants, we can do little more than characterize
our estimates as soft numbers with a dash of best professional
judgement thrown in. With the exception of the risk thresholds
themselves, we are not aware of any systematic bias. We would
caution, however, that the error band of the numbers used
(primarily emission rates and modeling) ranges from significant
to very large, and severely limit how the resulting risk numbers
should be used. In summary, the results should only be used in
comparison with risks from other media derived using similar
assumptions.

Where mohitored data were missing, an attempt was made to compare
modeled estimates with monitoring results from other states and
cities. Where significant differences were found, and those
results were likely to affect the resulting risk estimates, we
analyzed the reason for the differences and used as our estimate

the value we felt was more likely to represent what we would find
if monitoring were done.
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D. SUMMARY OF HUMAN HEALTH RISKS FROM AMBIENT AIR POLLUTION

1. Cancer Risks

Many toxic air pollutants are known or suspected carcinogens.
Though concentrations of many of these pollutants tend to be very
small, some are quite potent. 1In the worst case, our analysis
indicates that the chance of contracting cancer due to a single
pollutant may be as high as eight in 1000 over a 70 year
lifetime. 1In reality, the probability may have been considerably
higher had we determined the additive synergistic impacts of all
the pollutants studied. Such an analysis could not be completed
given the time constraints of this project.

Our best estimate of the total excess cancers due to air
pollution is 15 annually, with those living in urban areas most
likely to be victims. Though this result compares favorably with
other studies, we would say our uncertainty is an order of
magnitude in each direction - i.e., from 2 to 150 with 15 as our
best qguess.

2. Non-Cancer Risks

There is virtually no place to hide from unhealthful levels of
air pollution in the state of Washington, with ozone, CO and PM10
being the most pervasive. Adding to the risks from criteria air
pollutants are varying risks from several toxic air pollutants.
Areas affected by more than one pollutant (discounting low level
exposures to ozone) include:

* King County - ozone, PM10, CO, manganese, phenol,
toluene, xylene

* Pierce County - ozone, PM10, CO, manganese, phenol
* Thurston County - ozone, PM10, toluene
* Snohomish County - ozone, CO, toluene
* Whatcom County - ozone, CO
* Clark County - ozone, CO, toluene
* Yakima County - CO, PM10O
* Spokane County - CO, PM10, toluene
* Kitsap County - ozone, CO
* Cowlitz County - manganese, phenol, toluene
3. Trends

Air pollution has been regulated in Washington state for more
than 20 years. During that time, air pollution control
technology has improved remarkably, especially in the control of
criteria air pollutants from point sources. And that stands to
reason since our efforts in the beginning focused on controlling
the six criteria pollutants.
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It seems, however, that the more we know about the science and
chemistry of air pollution, the more problems we find - toxics,
acid precipitation and chlorofluorocarbons, for example. A great
deal of energy is going into these "non-criteria" pollutant
control efforts, as well it should.

Unfortunately, we cannot really afford to sit back and bask in
our criteria pollutant control successes. Though the rate of
emissions from nearly all major sources is lower today than it
ever has been, that lower rate is being more than offset by
population growth and our ever increasing energy demand.

The trend is a confusing one. We can only guess at the extent to
which growing population will outstrip our improvements in
controlling emission rates. More than likely, major emission
reductions will have to be found in significant source categories
(e.g. motor vehicles, woodstoves) or we can expect to see a trend
towards higher and higher pollution levels, with corresponding
increases in both human health and ecological risks.
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III. Ecological Risks

In this section, we will explore the risks ambient air pollution
present to the ecosystem (basically the universe of elements in
the environment not made by man), excepting risks to human
health, analyzed above. The basic limitation of this assessment
was the limitation of studies relating endpoint effects to
ambient levels of air pollutants. Most of these studies have
focused on human health effects.

As we did with our discussion of human health risks, we separated
criteria air pollutants and non-criteria pollutants in this
report, again because the data sources on which we based our
analyses were quite different.

A. CRITERIA AIR POLLUTANTS
1. Methodology

Of the six criteria air pollutants, ozone is the most likely to
be of concern from an economic damage point of view. Although
S02 and nitrogen oxides are primary contributors to acid
precipitation, these risks will be covered under the acid
deposition 2010 threat report.

This methodology will, for the most part, fo%low that used by
Region 10 in their Comparative Risk Project. Any differences
will be noted along with an explanation. Our analysis followed
the following four steps: ‘

Step 1: Define the threshold value. There is some disagreement
among experts as to what ozone concentration and
averaging times are most appropriate as the threshold
beyond which forest damage will occur. In this step,
we will define this threshold and the amount of damage
expected when the level is exceeded. The Region 10
study used .10 ppm hourly maximum to represent a 5%
damage.

Step 2: Determine the sensitivity of the resource. Elevated
levels of ozone have been shown to reduce the
productivity of some tree species, while having little
effect on others. 1In this step, we will determine
which tree species in Washington are susceptible to
ozone and to what extent. Fifty four references are
included in the RCG/Hagler reportl6, and are repeated
in our Appendix 4.
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Step 3: Estimate volume of sensitive species. The Region 10
study? estimated species volume using the Renewable
Resource Evaluation project of the USDA Forest Service.
We will use these data for our study unless a more
accurate or current database can be found.

Step 4: Summarize ambient ozone levels relative to threshold.
Data covering the growing season (May - October) from
all permanent monitoring sites should be summarized for
the last 5-10 years. The Region 10 study assumed no
damage east of the Cascade crest. Based on aircraft
studies there is reason to question this assumption.

We will reassess this issue based on a review of . these
studies.

2. Threshold Values and Their Effects

Our selection of risk thresholds and species sensitivity were
based on a number of references cited in "Pollutants Analyzed and
Their Effects" under Criteria Pollutants above. The search for
one appropriate statistic which will adequately characterize
ozone exposures to vegetation in regards to vegetation response
(sensitivity) is at best frustrating. Numerous exposure-response
studies report ozone exposures as means, however, the averaging
times can be peak hourly, daily, weekly, monthly or seasonal
means. None of these statistics adequately characterized the
relationship between concentration, exposure duration, and the
interval between exposures and plant responses. The selection of
the appropriate statistic to represent ozone exposures to forest
ecosystems is unresolved. While many investigators have
suggested the use of long term seasonal mean exposures, others
have pointed out that the use of the mean minimizes the
importance of peak concentrations by treating low-~level longterm
exposures with the same we}ght as high concentration short-term
exposures (U.S. EPA, 1987)~'.

Under natural conditions, exposure to 0.08 ppm ozone for 12 to 13
hours per day are sufficient to injure Ponderosa pine (Taylor,
1973). Subtle effects of ozone by sublethal exposures (0.06 ppm)
characteristic of chronic oxidant pollution involve interference
of the normal physiological and biochemical processes (Pell,
1974). This includes reduced yield, closure of stomates, genetic
abnormalities, reduced reproductive yield and other species-
specific responses (Heck and Brandt, 1977).

On the ecosystem level, oxidant-induced shifts in species
composition away from the dominant populations have been observed
in the San Bernardino Mountains of California (Miller et al,
1969). The effect on species composition and biomass can lead to
altered nutrient cycling and energy relationships in terrestrial
communities and altered hydrology and water quality in the
drainage basin (Taylor, 1980).

After a review of the available literature and with the
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aforementioned caveats in mind, it was decided that four hour
exposures of 0.07 ppm ozone or greater would cause 5% injury in
sensitive species, four hours at > 0.15 ppm would affect
intermediate species, four hours at > 0.25 would affect tolerant
species. Summaries of key references that led us to use these
criteria can be found in Appendix 4.

Within the time constraints of this project, we were only able to
fully analyze the effects of one criteria pollutant on the
environment - ozone. Specifically, we focused on the impact of
ozone on Washington tree species, as summarized below.

3. Volume of Sensitive Species in Washington

Olympic Peninsula Region

Although there are several sensitive and intermediate species,
low concentrations of ozone make it unlikely that any damage or
productivity decline is occurring in this region. Below is a
list of sensitive and intermediate species and the quantities
found in this region. (1)

Millions of % of Total
Softwoods Cubic Feet Softwoods
~-Sensitive Species
Western White Pine 15 0.12
-Intermediate Species

Douglas Fir 4218 33.08

-Species with insufficient information to rank:

Western Red Cedar 819 6.42
Pacific Silver Fir 762 5.98
Alaska Cedar 18 0.14
Subalpine Fir 2 0.02
Millions of % of Total
Hardwoods Cubic Feet Hardwoods

-Sensitive Species

Black Cottonwood 44 2.35
Oregon Ash 23 1.23
Oregon White Oak 1 0.05

-Speéies with insufficient information to rank:

Red Alder 1610 85.96
Pacific Madrone i3 0.69

Critical Assumptions: Only one monitoring site exists in this
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region. This site, Pt. Angeles, was used to characterize ozone
concentrations for the entire region. '

Puget Sound Region

Millions of % of Total
Softwoods Cubic Feet Softwoods
-Sensitive Species
Western White Pine 9 0.07
-Intermediate Species
Douglas Fir 4986 38.22
Noble Fir 93 0.71

~Species with insufficient information to rank:

Western Red Cedar 1171 8.98
Pacific Silver Fir 2263 17.34
Alaska Cedar 80 0.61
Subalpine Fir 34 0.26
Millions of % of Total
Hardwoods Cubic Feet Hardwoods

-Sensitive Species

Black Cottonwood 193 7.78
Oregon Ash 29 1.17
Western Paper Birch 47 1.89

-Species with insufficient information to rank:

Red Alder 1726 69.57
Pacific Madrone 29 1.17

Critical Assumptions: The combination of several ground
monitoring sites and the aerial reconnaissance performed in 1988
help to characterize this region more thoroughly than the other
three regions. However, according to Basabe’s data, Ecology is
not monitoring in the areas of highest ozone concentrations.

Southwest Washington Reqion

Millions of % of Total
Softwoods Cubic Feet Softwoods
-Sensitive Species
Western White Pine- 60 0.43

Ponderosa Pine 33 0.23
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-Intermediate Species
i

Douglas Fir 7271 51.59
Noble Fir 284 2.02
White Fir 7 0.05

-Species with insufficient information to rank:

Western Red Cedar 542 3.85
Pacific Silver Fir 1499 10.64
Alaska Cedar 10 0.07
Subalpine Fir 66 0.47
Western Larch 11 0.08

Millions of % of Total

-Sensitive Species Cubic Feet Hardwoods
Black Cottonwood 44 ' 2.35
Oregon Ash 23 1.23
Oregon White Oak 1 0.05

-Species with insufficient information to rank:

Red Alder 1610 85.96
Pacific Madrone 13 0.69

Critical Assumption: Very little monitoring has been done in
this region. Characterization of ozone concentrations are
extrapolated from one site within the region (Vancouver), one
site outside the region (Pack Forest) and aerial reconnaissance.
The geographical relationship of the eastern half of the region,
especially the northeastern portion to the typical pollutant
sources and pollutant routes, further strengthens the assumption
that concentrations occur which could effect at least the
sensitive species present.

Eastern Washington Region

Millions of % of Total
Softwoods Cubic Feet Softwoods
-Sensitive Species
Western White Pine 192 1.12
Ponderosa Pine 3160 18.47
-Intermediate Species
Douglas Fir 5960 34.83

Noble Fir 8 0.05
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~-Species with insufficient information to rank:

Western Red Cedar 456 2.66
Pacific Silver Fir 552 3.23
Alaska Cedar 32 0.19
Subalpine Fir 641 3.75
Western Larch 1507 8.81
Whitebark Pine 21 0.12
Subalpine Larch 1 0.01

Millions of % of Total

Hardwoods Cubic Feet Hardwoods

-Sensitive Species

Black Cottonwood 52 21.67
Oregon White Oak 13 5.42
Western Paper Birch 71 29.58
Quaking Aspen 87 36.25

-Species with insufficient information to rank:
Red Alder 10 4.17

Critical Assumptions: Data for the characterization of this
entire region is taken from only one site within the region
(Spokane) and one site near the western border of this region
(Stampede Pass). It is difficult to extrapolate from such a
limited data set to such a large region. It is reasonable to
postulate however, that possible source areas within the region
other than Spokane do not produce enough emissions to cause ozone
concentrations high enough to effect even sensitive species,
except on a rare occasion. Of much greater concern would be the
transport of ozone from Western Washington into and beyond the
east slope of the Cascades.

A last cautionary note: Although high concentrations of ozone
are not likely in this region, nearly all (93%) of the hardwood
species volume occurring here fall under the sensitive category.
Under moderately high ozone conditions, the overall effect to the
hardwood species population could be far greater than in other
regions.

A map of the regions used in this analysis can be found in
Appendix 5.

4. Summary of Risks from Criteria Air Pollutants

The data reviewed indicates that ozone levels throughout the
state are sufficiently high to damage sensitive tree species. It
is probably a reasonable assumption that other plant species are
effected by similar ozone levels. We would also suggest that,
given the evidence of human health risks, at similar levels other
animal species are at risk due to elevated ozone values
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throughout the state. Though we believe these are reasonable

theories, we were not able to find scientific evidence supporting
these conclusions.

Intensity of Impact: Plant injury by ozone has been observed in
several different regions affecting a wide range of vegetation
including leafy vegetables, grains, coniferous and deciduous
trees. Ozone enters the leaves of plants through the stomata
during normal gas exchange and reacts with moist cells causing
injury or death of cells (National Research Council, 1977).

Visible effects of trees include:

- Stipple, fleck and chlorosis (abnormal absence or deficiency
of green pigment) on upper leaf surface, premature death or
senescence in broad leafs.

- Brown or tan necrotic (pathological death of 1iving tissue)
needle taps and chlorotic mottling of needling in conifers.
(Heck & Brandt, 1977)

"Emergence tip burn" disease of eastern white pine is a well
documented effect of photochemical oxidants in the northeast
United States (Berry and Ripperton, 1963, Kelley et al, 1979).
Concentrations of 0.06 - -0.25 ppm ozone are sufficient to produce
tip burn symptoms and primary root die back in response (Berry &
Ripperton, 1963; Costonis, 1970). Other susceptible eastern
species include larch, hemlock and pine varieties while red pine,
firs and spruces show greater tolerance.

Reversibility

There has been no documented report of ozone caused forest injury
in Washington. However, monitoring data suggest that injury may
be occurring in the Puget Sound Area. Ozone caused forest damage
may be difficult to reverse if successional changes occur due to
variable sensitivity of vegetation. These changes could result
in alteration of animal habitat and other function and structural
changes in the ecosysten.

Scale

Ozone damage is likely to be concentrated in forested areas
downwind and to the east of urban centers in western Washington.
Ozone damage is not likely on the Olympic Peninsula or in Eastern
Washington.

Sensitivity

To determine the sensitivity ranking of tree species occurring in
Washington, ge relied on the EPA document by RCG/Hagler Bailly,
Inc. (6/88)1 . This risk assessment document lists species
occurring in Region 10 and ranks them in tabular form based on
available literature. This table, followed by the references
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they used and any additional references we used, is included in
Appendix 4. Please note that there are many species for which
there is insufficient information to determine a sensitivity
ranking.

Trend

Western Washington ozone concentration are strongly influenced by
summer weather patterns. The weather between 1986-1988 was
unusually hot and dry, resulting in ozone concentrations which
were higher than normal and make assessing future trends
difficult. However, as population continues to grow ozone in
some forested areas will increase. 1In addition, Basabe’s data
suggest there are much higher concentrations in western
Washington than historical ground monitoring has indicated.

Productivity

Though this analysis was limited to the effect of ozone on trees,
we expect there are other plant species in Washington equally as
sensitive. Trees are an important part of the economy, sociology,
history and culture of the citizens of Washington, the Evergreen
State. Trees are an essential part of the ecosystem of the
region, and, simply put, could not be replaced.

Uncertainty

The lack of adequate monitoring sites outside the Puget Sound
area provides a measure of uncertainty to this analysis. (See
critical assumptions for each region.) However, the dominant
uncertainty is the limited understanding of the response of
forest ecosystems and native tree species to ozone exposure.

This has limited our ability to establish credible thresholds and
estimate the response of forests to varying exposure levels.

B. NON-CRITERIA AIR POLLUTANTS

1. Methodology

There is limited information on the impacts of toxic air
pollution on_the ecology. Consequently, in their Comparative
Risk Projectz, the Region 10 work team responsible for non-
criteria air pollutant risks relied mostly on anecdotal
information coupled with information compiled from a literature
review conducted by a private consultant. The consultant’s work
resulted in a listing of LD50 values, sub-acute toxicity
thresholds and concentrations of metals known to impaét several
species of plants and wildlife.

In addition to these three studies cited in the Region 10 Report,
analysts reviewed a number of studies dealing with ecological

effects from air pollutants. The general approach included the
following four steps:
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Step 1: Review literature to determine which toxic air
pollutants are known to cause ecological damage.

Step 2: Develop a target list of compounds which have known
impacts and that are inventoried in our toxics
database.

Step 3: Estimate concentrations using modeling done for non-

criteria health impacts analysis.

Step 4: Estimate risks. Risks will not necessarily be stated
in common units, but our ultimate desire to compare
risks across media should be remembered. 1In lieu of
quantitative results, qualitative statements such as

‘ "Dibenzobadstuff emissions are likely to impact certain
tree species in North Cascades National Park" will
still convey an important message.

2. Analysis of Assumptions and Uncertainties

Our uncertainty of the risks presented above range from "somewhat
uncertain" to "a somewhat educated guess". Sources of error in
estimating pollutant concentrations, and therefore uncertainty,
can be divided into two categories - actual measurement errors
and estimation errors. Generally, measurement errors will be
smaller than estimation errors, especially where estimations are
based on "best professional judgement" and anecdotal information.
Unfortunately, many of the pollutants analyzed in this report
have not been sampled in the ambient air.

The reader is referred to the discussion of uncertainty under the
Human Health Risk section of this report for more discussion
regarding our uncertainty of pollutant concentrations. 1In
addition, we note the paucity of studies in the literature
dealing with the subject of environmental effects from air
pollution. With so little work having been done in this area, we
are somewhat skeptical of the few risk thresholds referred to in
this report.

Most of the studies cited in this report were conducted in the
field under ambient conditions. However, several controlled lab
studies are included to give an idea of potentially lethal levels
associated with certain pollutants. These studies do not
simulate exposure patterns experienced in the wild, but because
metals accumulate in the body over time, the results obtained
under lab conditions are relevant. One study conducted off the
coast of Rhode Island determined lethal concentrations of Cd, Ni
and Mg to softshell clams (see Appendix 3 for breakdown).
Another study found that high levels of heavy metals in aquatic
environments can cause behavioral changes and death in toad
tadpoles. However, it is unlikely that deposition from the air
could cause levels to rise high enough to see these effects but
deposition could be a significant contributor near point
sources.
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Laboratory studies conducted on lab rats are generally not
included because of the uncertainty involved in extrapolating
this data to correlate with wild animals. One study however is
included because it studied the effects of PAH’s specifically
through inhalation. They found that repeated exposure of 180 ppm
resulted in liver damage. The conclusions drawn here should be
applicable for any small mammal with similar respiratory system.

3. Literature Review

A literature search and a phone survey were conducted to
determine the effects of toxic air pollutants on the environment
in Washington. This approach revealed that there has been very
little analysis of toxic pollutants in Washington or for that
matter, nationwide. There have been quite a few studies done to
determine the levels of specific pollutants (Heavy Metals in
particular) but these have not been extended to evaluate what
negative effects are associated with these levels.

4. Target List of Compounds

To maintain continuity between this and the Human Health portion
of this comparative risk report, we have concentrated on the same
target list of pollutants in each. It seems that the only
pollutant for which there has been any significant amount of
research done which was not analyzed in this report is lead.
Future studies should include a full analysis of lead.

5. Estimate of Concentrations

The reader is referred to Appendix 10 which tabulates maximum
modeled concentrations of the 24 targeted pollutants.
Unfortunately, most of the studies we reviewed did not indicate
what endpoint could be expected at given concentrations.

6. Detailed Summary of Findings

Ecological effects from exposure to six toxic compounds or
classes of compounds (e.g. heavy metals) were found in an
extensive literature search. A tabular summary of these studies
can be found in Appendix 7, and a summary of the findings of each
study cited can be found in bibliography form in Appendix 3.

Three impacts were described in the Region 10 report: the effects
of fluoride emissions from aluminum plants on livestock, on honey
bees, and the possible contribution of toxic air pollutants to
pollution of the Puget Sound microlayer (the top 50 micrometers).
Fluoride from aluminum reduction facilities was found to reduce
growth of Douglas fir and cause tooth problems in moles, shrews
and white-tail deer. Washington State regulates fluoride
emission at a level that protects both livestock and plants.
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Fluoride and arsenic in sufficient concentrations can kill honey
bees. Other research disputes the fact that levels found
typically in the state are sufficient to kill bees. 19

Cadmium from zinc smelters and other environmental non-point
sources was shown to cause kidney damage to white-tail deer,
shrews and voles, in addition to showing a tendency to increase
in concentration in edible vegetables.

Heavy metals (e.g. hickel) can cause death to softshell clams and
behavioral changes and death to toad tadpoles.

Polynuclear aromatic hydrocarbons (PAH’s) were shown to cause
decreased hatching of sole eggs and to reduce the growth rate of
algae in Puget Sound.

Finally, carbon tetrachloride was shown to cause chronic liver
damage in laboratory rats.

7. Summary of Risks from Non-Criteria Air Pollutants

Overall, it seems that most of the studies have been on heavy
metal deposition. In high concentrations metals can have a
negative impact on animal life while their presence in plants
poses potential danger as the metals accumulate in the plant
tissue and are passed up the food chain. The exception was the
effects of Fluoride on Douglas Fir near an aluminum plant in
Whatcom County which caused growth reduction up to 70%. No
effects were found from environmental levels of Cadmium in
vegetables and plants in general and studies on Arsenic and
Mercury in Burmudagrass revealed no effects to the evolution of
CO2. Cadmium ingested by small mammals was found to cause kidney
and liver damage of varying degrees depending upon dose and age.
Fluoride caused tooth wear and mottling but no conclusions were
drawn as to what this means. Again, it should be noted that
Washington State regulates fluoride emission at levels which
protect both livestock and plants.

Two studies done on the Puget Sound microlayer deserve special
note. The microlayer is ecologically important as a nursing
ground for the egg and larvae stages of a variety of fish and
shellfish. One study found that fluoranthene, one of the PAH’s
deposited by industry near Commencement Bay caused significant
growth reduction in algae. The algae are extremely adaptable and
are able to recover to full rates of growth within 4 days. The
other study, conducted by the University of Oregon found that
deposited PAH’s significantly cut down on the hatching of sole
eggs.



C. TRENDS

The reader is referred to the discussion of trends under the
human health portion of this report.
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APPENDIX 1
HEALTH EFFECTS OF CRITERIA POLLUTANTS

Carbon Monoxide (CO)

At lower COHb (carboxyhemoglobin - CO bound to hemoglobin) levels
there is evidence of neurobehavioral effects: impaired learning
ability, reduced vigilance, decreased manual dexterity, impaired
performance of complex tasks, disturbed sleep activity. There is
suggestive though not conclusive evidence that drivers in fatal
auto accidents often have elevated COHb levels. 10)

Acute effects of increasing CO exposure include a sequence of:
headache, dizziness, lassitude, flickering before the eyes,
ringing in the ears, nausea, vomiting, palpitations, pressure on
the chest, muscular weakness, collapse, coma and death.

CO at 5-10 ppm has been shown to cause subtle physiological
behavioral, motor and intellectual changes.

The body reacts to hypoxic stress (increased COHb formation) by
increasing cardiac output and blood flow to critical tissues such
as brain and myocardium. Individuals with cardiovascular disease
are particularly susceptible to increasing COHb levels.

COHb levels as low as 5% has been shown to cause a significant
increase in angina pain and decrease in exercise tolerance are
noted in patients with advanced coronary disease.

Chronic exposure to CO, resulting in COHb levels as low as 5%,
causes damage to the cardiovascular system, including increasing
the rate of cerebrovascular accidents, decreasing auditory
threshold sensitivity, increasing neuroretinitis and causing
optic nerve atrophy. The significance of these effects at low
continuous exposure levels is controversial. 11)

Ozone (03)

Ozone, a highly toxic, biologically reactive gas, is a major
component of photochemical smog.

Acute exposure to ozone causes pulmonary edema and epithelial
necrosis and induces lesions in the terminal bronchioles and
centroacinar alveoli.

Long-term exposure is associated with chronic bronchitis,
bronchiolitis, pneumonitis and emphysema. Patients with angina
appear to be more susceptible to 03 toxicity ; extensive exercise

may increase pulmonary and cardiovascular symptoms in such
individuals.

03 may increase the formation of nitrosamines in the atmosphere



or alter the pulmonary metabolism of inhaled PAH, thus

influencing the carcinogenic potential of other inhaled
carcinogens. 12)

Fine Particulates (PM10)

Human exposure to high particulate levels is associated with
increased incidences of asthma, pneumonia and bronchitis as well
as lung cancer. Inhaled particles may promote lung-cancer
development even though they are deposited at a different time or
route than the pulmonary carcinogen. Uptake and retention of
chemical carcinogens adsorbed onto the surface of particles may
be enhance by the particles themselves. In EPA's staff
assessment of epddemiological studies, they found that small

declines in lung function in children possible at 140 ug/m3.
13),14)

Sulfur Dioxide (S02)

The toxicity of SO2 is enhanced when inhaled with particulate
aerosol.

WHO (World Health Organization) suggests a threshold of 100-150
ug/m3 SO2 as 24 hour mean, 40-60 ug/m3 smoke as annual mean.
Epidemiologic studies do not ‘indicate that the concentration of
sulfates is a more important air pollution variable than total
particulates suspended as smoke as an annual mean. 15)

The following threshold values are from references 16) and 17):

S02 at 1500 ug/m3 (.52 ppm 24 hour average) and SPM (suspended
particle matter measured as a soiling index of 6 COH
or greater) = increased mortality may occur.

S02 at 750 ug/m3 (.25 ppm) and up with smoke at a concentration
of 750 ug/m3 = increased daily death rate may occur.

S02 at 715 ug/m3 (.25 ppm) with particulate matter = sharp rise
in illness for patients over age 54 with severe
bronchitis may occur.

S02 at 600 ug/m3 (.21 ppm) with smoke concentration of 300 ug/m3
= patients with chronic lung disease may experience
accentuation of symptoms.

S02 at 500 ug/m3 (.11 ppm) with low particulate levels =
increased hospital admissions of older persons for
respiratory disease may occur.

S02 at 105-265 ug/m3 (.037-.092 ppm) with smoke concentration of
185 ug/m3 = increased frequency of respiratory
symptoms and lung disease may occur.



S02 at 120 (.046) with smoke concentration of 100 ug/m3 =

increased frequency and severity of respiratory
diseases in school children may occur.

Lead

The lead TLV is 150 ug/m3 air concentration. A TLV (Threshold
Limit Value) is set by the American Conference of Government
Industrial Hygienists for occupational exposure to various

airborne materials based on continuous exposure 8 hours/day, 5
days/week. 18)

TLVs are not necessarily indicators of toxicity - does not take
into account sensitive groups or interactions with other agents
that may enhance toxicity. They do consider factors such as eye

and respiratory tract irritation, and provide nearly complete
protection. '

Healthy adults absorb about 10% of ingested inorganic lead, while
young children may absorb as much as 50%. The blood-brain
barrier to lead uptake is not as well developed in children,
making them more susceptible to brain damage from lead poisoning.
Low to moderate blood lead levels in children have been

associated with visual, motor, perceptual and learning deficits
and with hyperactivity.

The following thresholds are from reference 19):

30 ug/100ml - highest safe blood level for children less
than 5 years of age

60-80 ug/100 ml - mild toxic effects at this blood level in
children

120 ug/100 ml - clear-cut central nervous system effects at
this blood level in children

300 ug - normal daily intake of lead in the diet

600 ug lead daily (lifetime exposure) - has not resulted in
toxicity

2500 ug lead daily (4 year exposure) - damage in humans

3500 ug lead daily (two months exposure) - toxicity
developed

For children there is some research (unclear - but can't be
discounted) that lead in the bloodstream in ranges of 15-30 ug/dl
(deciliter - a blood lead measurement = ug/100ml) effects ability
to focus, and behavioral performance. Lead in airborne dust has
been shown to be a problem - windblown dust carries lead. 20)



Nitrogen Dioxide (NO2)

Nitrogen dioxide is damaging to alveolar mactophages, seriously
impairing phagocytosis, interferon production and
antibactericidal capability. Prolonged impairment of pulmonary
clearance of inhaled particles is seen following exposure to NO2
levels that produce permanent histological lesion in the lungs.

Acute exposure to NO2 results in dyspnea, bronchospasm, cough,
headache, tachycardia and chest pain. Bronchitis and
bronchiolitis, with persistent cough, bronchiolitis obliterans or

progressive deterioration and pneumonia may follow sub-acute
exposure to NO2.

The following threshold values are from reference 21):

NO2 at .5 ppm and below - little or not direct effect on.
pulmonary function, even in.
sensitive populations like.
asthmatics

The national ambient air quality standard (NAAQS) for NO2 is 100

ug/m3 (.5 ppm). Los Angeles is the only urban:'region in US that
regularly exceeds the standard.

NO2 may increase the formation of nitrosamines in the atmosphere
or alter the pulmonary metabolism of inhaled PAH, thus
influencing the carcinogenic potential of other inhaled
carcinogens. (p. 132)
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APPENDIX 2
NON-CANCER HEALTH EFFECTS FROM NON-CRITERIA POLLUTANTS

Acetaldehyde: See acute

Arsenic: Short term high dose effects of muscle cramps, facial
edema, gastrointestinal damage, vomiting, blood disorders,
cardiovascular effects and skin disorders. Chronic
ingestion hyperpigmentation and keratinization of skin,
typically leading to skin cancer. Short term inhalation
exposure: perforation of nasal septum and inflammation of
upper respiratory tract. Long term inhalation associated
with increased incidence of lung cancer in smelting industry
workers (1).

Asbestos: A human carcinogen via oral and inhalation routes,

causing cancer of the lung, pleura peritoneum, bronchus, and
oropharynx (2).

Benzene: A human carcinogen, poison. A central nervous system
narcotic and locally irritating (2).

Beryllium: Chronic inhalation can cause berylliosis, a fibrotic
lung disease. Associated with an increased incidence of
lung cancer (1).

Cadmium: Inhalation of fumes and dusts affects mainly the
respiratory system and kidneys. Increased incidence of lung
and prostate cancer in workers. Oral poison causes rapid GI
discomfort so less absorbed (1,2).

Carbon Tetrachloride: Potential human carcinogen. Teratogenic.
Damages human central nervous system, pulmonary and GI tract

(2) .

Chloroform: Suspected human carcinogen. Systemic, central
nervous system (2).

Chromium: Toxicity related to valence with hexavalent corrosive
and irritating. Chronic inhalation exposure to Chrome VI
include ulceration and perforation of nasal septum, chronic
rhinitis and pharyngitis. Inhalation associated with
increased incidence of lung cancer (1).

Dichloromethane: Suspected human carcinogen. Narcosis, affects
CNS and blood picture (2).

Dioxins 2,3,7,8TCDD: Potent animal carcinogen, probable human
carcinogen. Oral exposure associated with chloracne, wasting
syndrome, liver and immune system damage. Other dioxin
isomers thought to be less toxic though few studys (1).



Ethylene Dichloride: Suspected human carcinogen. CNS hazard via
inhalation. Also headache, mental confusion depression
fatigue, lung edema (2).

Ethylene Dibromide: Suspected human carcinogen.

Fluoride: Chronic F poisoning or fluorisis. Sclerosis of the
bones (2). Acute irritation.

Formaldehyde: Probable human carcinogen. Highly irritating to

eyes skin and respiratory tract. Hypersensitivity possible.
Allergan (2).

Manganese (Mn): Upper respiratory disease. Mn compounds induce
Parkinsonian symptoms (2,3).

Mercury (Hg): Damage to central nervous system and kidneys (1).

Nickel (Ni): Nickel refinery dust and subsulfide are known human
carcinogens. Inhalation effect on lung (1).

Perchloroethylene: Suspected human carcinogen. Acute
intoxication involves nervous system (2).

Phenols: Acute systemic toxicant to lungs heart liver kidney.
Acute irritant.

POMs/Benzo(a)pyrene: Major compounds of concern of polycyclic
organic matter are the carcinogenic polycyclic aromatic
hydrocarbons (PAH). Benzo(a)pyrene is the most studied and
is a suspected human carcinogen (4).

Toluene: Central nervous system effects (2).

Trichloroethylene: Suspected human carcinogen. Damage to liver
and other organs from chronic exposure (2).

Xylene: Acute irritant. Teratogenic and liver effects in
animals.



APPENDIX 3
BIBLIOGRAPHY OF STUDIES ON THE EFFECTS
OF TOXIC AIR POLLUTANTS ON THE ENVIRONMENT

Taylor, Ronald & Felix A. Basabe, 1984; Effects of Fluoride on
Douglas Fir, Environmental Pollution (Series A) 33:221-235

Study done in Whatcom County on the effects of Fluoride
emissions from the Intalco Aluminum plant on Douglas Fir.
Findings indicated up to 70% growth reduction occurs with F
concentrations >300 mg/kg. Those trees nearest Intalco with
levels >100 mg/kg experienced a mean growth of 40%; those
trees 0-8 km from the source showed a growth reduction of
33%, those trees >8km showed a reduction of 14%; and the
Pre-Intalco growth reduction was 11%. Other findings showed
that the effects of S02 and HF are additive.

Sakata, T et al, Chronic Liver Injury in Rats by Carbon

Tetrachloride Inhalation, Bulletin of Environmental Contamination
and Toxicology, 38:959-961 ,

Controlled lab experiment pumped CCl4 into chamber at
concentrations of 180 ppm. The rats became comatose after
15 minutes of exposure. They recovered completely after the
source was removed. Repeated exposure for 8 weeks caused
chronic liver injury with modular liver surface and
extensive fibrosis.

Riznyk, Raymond et al, Short-Term Effects of PAH's on Sea—Surface
Microlayer Phvtoneuston, Bulletin of Environmental Contamination
and Toxicology 38:1037-1043.

Study done on Puget Sound at Sequim Bay. Studies have shown
that the microlayer contains 10-1000 times the concentration
levels of metals and organic matter than the underlying
water. Tanks set up in the Bay with a constant flow of
seawater into them. Introduced Fluoranthene into microlayer
- found that 1 mg/l caused low growth rates but the algae
was able to fully recover after 4 days. Concluded that
algae has the ability to fully recover from initial
exposures repeatedly.

Zurera, et al, 1987, Lead and Cadmium ILevels in Edible

Vegetables, Bulletin of Environmental Contamination and
Toxicology 38(5):805-812.

Effects from airborne lead and cadmium were associated with
plants characterized by edible leaves and soft stalks, and
tubercles & roots. Cd levels found = .008 for chard, .068



for parsley mg/kg fresh weight. Conclusions stated that no
detrimental effects to the vegetables were found and the
levels did not constitute a human health risk.

Fleischer, Michael, et al, Environmental Impact of Cadmium: A
review by the Panal on Hazardous Trace Substances, May 1974,
Environmental Health Perspectives 7:253-323.

Brief statement that no toxic effects occur in "plants". The

danger comes from their ability to absorb Cd from soil and
air and pass it along to people.

Sileo, L, and W.N. Beyer, 1985 Heavy Metals in White-tail Deer
Living Near a Zinc Smelter in Pennsylvania, Journal of Wildlife

Diseases 21(3) ;289-296

Sited the National Academy of Sciences (1980) findings that
in many species of deer a Cd accumulation level of 2000 ppm
wetr weight in the kidney cortex is associated with tubular
damage. White-tail deer at the Pennsylvania site had levels

approaching this. Also found that Cd accumulates with age
in the kidney.

McKinnon, J. Glynn, et al, Heavy Metal Concentrations in Kidneys
of Urban Gray Squirrels, Environmental Pollution Agency

Study done in Jacksonville FL. Average atmosphere
concentration of Cd <0.001 ug/m3. Source was unknown but
pathways are both dietary and pulmonary (not water). Did
not give levels but found that levels accumulated over time.

Suttie, J.S. dt al, Effects of Fluoride Emissions from a Modern
Primary Aluminum Smelter of a local Population of White-tail Deer
(odocoileus virginianus), Journal of Wildlife Diseases 23(1):135-

143.

Alcoa smelter was in operation from 1980-1983 at 100%
capacity. It was equipped with BACT. Fluoride emissions
were 200-250 kg F/day or 182,000 metric tons/year. Pre-
smelter F levels were low at 50 ppm for fawns and 200-300
ppm for 2-1/2 year olds and older. Found that F exposure
decreased rapidly as distance form smelter increased.
Concluded that adverse impact on deer was minimal but there
was a 5-fold increase in F concentration in bones of various
aged deer. Tooth mottling was also found. Animals downwind

from the stack had twice the skeletal F content of those in
other areas.

Khangarot, B.S. & P.K. Ray, Sensitivity of Toad Tadpoles, Bufo



Melanostictus, to Heavy Metals,
Contamination and Toxicology,

Bulletin of Environmental

38:523-527.

The main source for Heavy metals are discharges from

industry and mining. This
were that at higher concen
including surfacing, incre
loss of equilibrium occure

was a lab study. Conclusions
trations (Hg) behavioral changes,
ased erratic body movement and
d at 1-4 hours of exposure. At

lower concentrations, behavioral changes were noted only

before death.

Levels found were: Hg-LD50 at 12h: .068; at 96h: .0436 mg/1l
Cd-LD50 at 12h: 22.42; at 96h: 8.18 mg/l
Ni-LD50 at 12h: 61.41; at 96h: 25.32 mg/1
Cr-LD50 at 12h: 74.25; at 96h: 49.29 mg/1
Eisler, Ronald, Acute Toxicities of Selected Heavy Metals to the
Softshell Clam, mya arenaria, USEPA
Study done off the coast of RI.
Levels found were: Cd-LC50 at 48h: 3.4; at 96h: .85;
at 168h: .15 mg/1
Cd-LC100 at 48h: 15; at 96h: 1.5
at 168h: 1.5 mg/1

Mg-LCO >300
Ni-Lco > 50

Beyer, W. Nelson,

mg/1
mg/1

Metal Contamination in Wildlife Living Near Two

Zinc Smelters,

Environmental Pollution 38:63-86.

Found no toxic effects from Cd although the test animals

were mostly young. Since

could skew the study significantly.

Cd accumulates over time this
The highest

concentration was found in the shrews at 4.8 mg/kg dry

weight. Cited a previous

study which found that levels of

28 mg/kg dry weight caused kidney damage (proteinuria).

Wang,

De-Shin, R.W. Weaver, and J.R. Melton, Microbial

Decomposition of Plant Tissue Contaminated with Arsenic and

Mercury, Environmental Pollution (Series A),

Common burmudagrass was grown outdoors in pots.

34:275-282.

Plant

tissue contaminated with Hg and As was added to the soil to
see what effects these metals have on C02 evolution.

Relatively high concentrat
soil.
evolution.

Walton, K.C., Fluoride in Moles

ions were used: As=90, Hg=50 ug/g

Concluded that there was no toxic effect on CO2

. Shrews and Earthworms Near an

Aluminum Reduction Plant, Environmental Pollution Vol.

34



Found that Fluoride concentrations were highest within 1 km
of the plant. At 15 km moles showed toothwear with the mean
concentration at 1294 ug/g (range=42-3125 ug/g). Shrews
showed toothwear with concentrations at 1404 ug/g (range=82-
86000 ug/g). No other effects from Fluoride were noted.
Compared to earlier studies done with foxes in the same area
they noted that it does not seem to pass up through the food
chain. Foxes had approximately the same concentrations as
the rodents therefore foxes were not accumulating F from the
rodents they eat. This is probably due to the fact that the
bones pass through their digestive tract.

Andrews, S.M., M.S. Johnson and J.A. Cooke, Cadmium in Small
Mammals from Grassland Established on Matalliferous Mine Waste,
Environmental Pollution (Series A) 33:153-162

Studied field voles and common shrews for cadmium levels and
effects. Findings indicated levels in their bones as
follows: Control Voles: 0.88 ug/g dry weight’

Exposed Voles: 1.84 "

Control Shrews: 1.19 ug/g dry weight
Exposed Shrews: 52.7 "

Concentrations found in their food sources are as follows:
Vole Diet concentrations: 4.7 ug/g dry weight
Shrew Diet concentrations: 23.2 n

Voles are herbivores while shrews have a voracious appetite
for lower invertebrates - beetles, arancae, worms,
opiliones. Effects from these levels of exposure included
significant kidney damage and some liver damage. Other
studies have found these effects from exposures at lower
concentrations than these.

While this study was conducted on a site contaminated from
tailings etc. from an old mine, the results can be applied
to Cd intake through airborne deposition and digestion.

Peterson, Todd, Honeybees as Monitors of Industrial Pollution;
The Work of Dr. Jerry Bromenshenk, A-Way With Waste, 2nd Ed.
Department of Ecology, 1985 pp 188-190.

Study done with Puget Sound region Beekeepers. Found LD50
levels of Arsenic = 3 ppm inside the hive. Lethal Fluoride
levels were measured to be LD50 = >100 ppm inside the hive.
The gathering and storage methods of Honeybees tended to
magnify F levels



APPENDIX 4

SENSITIVITY OF WESTERN TREE SPECIES TO OZONE

The following table was excerpted from the 1988 EPA Region 10
Comparative Risk Assessment Project.



Table 2
Sensitivity of Western Tree Species to Ozone

(l=tolerant; 2=intermediate; 3=sensitive; O-insufficient information to rank) -

Ozone
Species Sensitivity Source
Douglas-fir 2 5,8,9,
(Pseudotsuga menziesii) 21,27,31
Big Cone Douglas-fir 2 28,30
(Pseudotsuga macrocarpa)
Redwood 1 9
(Sequoia sempirvirons)
Giant Sequoia v 1 9,21,27,
(Sequoiadendron giganteum) 30,31
Ponderosa pine 3 1,2,3,5
(Pinus ponderosa) 6,7,8,9
11,12,16,
17,21.2,
23,25,5,
27,28,8,
30,31,
3,%,5,
36,37,38
39,44,45
46,49,9,
52,53,
Jeffrey pine 3 1,2,91,
(Pinus jeffreyi) 2,25,27,
28,29,%,
31,33,%,
35,38,%,
44,49
Sugar pine 1 9,11,2,
(Pinus lambertiana) 25,26,2,
B,m,m,
33,34,35
Western white pine 3 15,2,7Z,
(Pznus monticola) 30,31
Lodgepole pine 1 5,9
(Pinus contorta)
Coulter pine 2 9,11,2,
(Pinus coulteri) 27,30,31

RCG/Bagler, Bailly, Inc.



Table 2 -- Continued
Sensitivity of Vestern Tree Species to Ozone

(l=tolerant; 2=intermediate; 3=sensitive; O-insufficient information to rank)

Digger pine 1 9
(Pinus sabiniana)

Knobcone pine 2 9,21,27
(Pinus attenuata) 30,31
Bishop pine 1 *

(Pinus muircata)

Whitebark pine 1 *
(Pinus albicaulis)

Single leaf pinyon pine 0
(Pinus monophvylla)

Limber pine 1 15
(Pinus flexilis)

Foxtail pine 0
(Pinus balfouriana)

White fir ’ 2 5,9,2,3,

(Abies concolor) 25,26,2,
28,29,%,
31,33,%,
359“8’&,
54

Red fir 2 30

(Abies magnifica)

Grand fir 1 *(9]

(Abies grandis)

Bristlecone pine 0

(Pinus aristata)

Englemann spruce 1 *(9],(15]

(Picea engelmannii)

Brever spruce 1 *9],(15]

(Picea breweriana) i

Mountain hemlock 1 ¥(51,[9],

(Tsuga mertensiana) [(15]

Western hemlock 1 ¥5],[9]

(Tsuga heterophylla) (15]

RCG/Hagler, Bailly, Inc. -



Table 2 -- Continued

Sensitivity of Western Tree Species to Ozone

(l=tolerant; 2=intermediate; 3=sensitive; O-insuffi-ient information to rank)

Incense cedar
(Calocedrus decurrens)

Port-Orford-Cedar
(Chamaecyparis lawsoniana)

Western Red Cedar
(Thuja plicata)

California nutmeg
(Torreva californica)

Pacific yew
(Taxus brevifolia)

Western juniper
(Juniperus occidentalis)

Cypress
(Cupressus spp.)

Alaska yellow cedar
(Chamaecyparis nootkatensis)

Sitka spruce
(Picea sitchensis)

Santa Lucia fir
(Abies venusta)

Short red fir
(Abies magnifica var. shastensis)

Noble fir
(Abies nobilis)

Monterey pine
(Pinus radiata)

California juniper
(Juniperus californica)

Utah juniper

(Juniperus californica var. utahensis)

Pinyon pine
(Pinus spp.)

2

9,21,23,
25,26,77,
28,29,30,31,34,35

*(51,(9]

5,9

*[9]

*(30]
+(30]

9'21’27'
31

RCG/Hagler, Bailly, Inc.
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Table 2 -- Continued

Sensitivity of Western Tree Species to Ozone

(l=tolerant; 2=intermediate; l3=sensitive; O-insufficient information to rank)

Red Alder 0
(Alnus rubra)

Ash 3
(Fraxinus spp.)

Aspen 3
(Populus tremuloides)

Oregon ash 3
(Fraxinus oregona)

Black cottonwood 3
(Populus trichocarpa)

Bigleaf maple 1
(Acer macrophvllum)

California black oak 2
(Quercus kelloggii)

Coast live oak : 0
(Quercus agrifolia)

California white oak (Valley oak) | 3
(Quercus lobata)

Canyon live oak 0
(Quercus chrysolepis)

Interior live oak 0
(Quercus wislizenii)

Oregon white oak (Garry oak) 3
(Quercus garryana)

Tanoak 0
(Lithocarpus densiflorus)

Blue oak 0
(Quercus douglassii)

California laurel . 0
(Umbellularia californica)

*(9]

4,9,18,
47,48,50
*(9],(14]
9,13,40
41,42,43

+(5],[9),
[14]

3,35,38,
29,33

*(9]

*(91]

RCG/Hagler, Bailly, Inc.



Table 2 -- Continued
Sensitivity of Western Tree Species to Ozone

(l=tolerant; 2=intermediate; 3=sensitive; QO-insufficient information to rank)

Giant chinquapin (Golden chin uapi
(Castanopsis chrysophvlla) quapin) 0
Madrone 0
(Arbutus menziesii)
Pacific dogwood %
(Cornus nuttallii) 2 (9]
Sycamore

3
(Platanus racemosa) E%%SBL
White Alder 0
(Alous rhombifolia)
Water birch 1 *(5]1,(9]
(Betula occidentalis)
Engelmann oak 0
(Quercus engelmannii)
California buckeye 2 *(5]
(Aesculus californica)
Fremont cottonwood 2 *(51,(9]
(Populus fremonti)
Eucalyptus , 0
(Eucalyptus spp.)
Walnut 1 *(9],[14]
(Juglans spp.)
Apple | 0
(Malus spp.)
Cherry 3 9,10,24,
(Prunus spp.) 47
Willow 0

(Salix spp.)

Ranking base on close phylogenetic relationship to species with known sensitivity.

(1 reference dealing with sensitivity of related species.

RCG/Hagler, Bailly, Inc. o 13



10.

Table 2 -- Continued

Sensitivity of Western Tree Species to Ozone

(1=tolerant; 2=intermediate; 3-sensitive; O-insufficient information to rank)
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Site by Site Summaries of Elevated Ozone Levels
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2010 ECOLOGICAL ASSESSMENT - OZONE

Summary of Events > .07 ppm and > 4 hrs. Duration

1987
No. of Total 1-Hr.
Site Events Hours Max - Comments
Everson 3 14 .09
Arlington 3 16 .08
Enumclaw 17 94 .14
Pack Forest 20 115 .11
Longmire 10 53 .11
Graham 6 33 .10
Port Angeles 0 -- .07
Lake Sammamish 10 48 .11 -
Sumner 5 26 11 Discontinued for
season on 6/307
1986
Arlington 6 28 .08
Enumclaw 7 45 .12(2) No data 7/23-9/1;
ends 9/23
Pack Forest 28 199 14
Longmire 6 31 .10
Graham 11 64 11
Spokane 5 29 .09 Monitoring ends 9/9
Port Angeles 0 -- .06
Vancouver 9 50 .10
Lake Sammamish 16 87 .13
Sumner 6 29 .10 No data 4/1-7/18
Kent 2 10 .08
Firwood 3 14 .10
1985
Arlington 6 31 .11(3)
Tolt 10 58 .10
Enumclaw 5 22 .10 Monitoring begins
8/11
Pack Forest 22 158 .13
Graham 4 21 .10 No data 6/28-7/31
Spokane 4 19 .08(4)
Port Angeles 0 -- .06 No data 6/25-8/14
Vancouver 6 36 .10
Lake Sammamish 12 70 .12
Sumner 12 74 .10
Kent 2 : 8 .09

Firwood 4 21 .09
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APPENDIX 6
MISCELLANEOUS STANDARDS FOR CRITERIA AIR POLLUTANTS

National Ambient Air Quality Standards (NAAQS) 1)

0]

S02 - .03 ppm (80 ug/m3) - annual arithmetic mean

.14 ppm (365 ug/m3) - maximum 24 hour
concentration not to be exceeded more
than once per year. (Part 50.4)

PM10 50 ug/m3 annual
150 ug/m3 - 24 hour average concentration.
(Part 50.6)

8
|

9 ppm - 8 hour average concentration not to be exceeded
more than once per year

35 ppm - one hour average concentration not to be
exceeded more than once per year. (Part
50.8)

03 - .12 ppm (235 ug/m3) - standard attained
when expected number of days per
calendar year with maximum hourly
average concentrations above .12 ppm is
equal to or less than 1. (Part 50.9)
(see Appendix H)

NO2 - .053 ppm (100 ug/m3) - annual arithmetic mean. (Part
50.11)

Lead - 1.5 ug/m3 - maximum arithmetic mean averaged over a
calendar quarter. (Part 50.12)

Washington State Standards

Washington State standards are all identical to the NAAQS except
that we have no lead standard, and our S02 standards are more
strict.

S02 .02 ppm - annual average
.10 ppm - 24 hour average
.25 ppm - one hour average
.40 ppm - one hour average not to be exceeded more than
twice in seven days

Puget Sound Air Pollution Control Authority Standards

PSAPCA standards are identical to Washington State's except for



S02 - they have two additional standards.

S02 .10 ppm - 24 hour average - short term never to be
exceeded

1.00 ppm - 5 minute average not to be exceeded more
than once in eight hours

Oregon_ Standards

Oregon standards are identical to the NAAQS, except that they
have no lead standard. 2)

Idaho Standards

Idaho standards are identical to the NAAQS, except that they have
no lead standard. 3)

California Standards 4)

So2 - .02 ppm - annual average
.10 ppm -~ 24 hour average

PM10 - 30 ug/m3 - annual geometric mean (not arithmetic mean
like NAAQS)
50 ug/m3 - 24 hour average

co - 6 ppm - 8 hour average for Lake Tahoe area only - due
to concerns about CO effects at high altitudes
20 ppm - one hour average

03 - .09 ppm - one hour average
NOo2 - .25 ppm - one hour average
Lead - 1.5 ug/m3 - 30 day average

Canadian National Standards 5)

Canadian national and provincial standards are divided into two
designations:

A - which is to protect pristine and rural areas for long term
without deterioration

B - acceptable goal to protect majority of population and the
environment



So2

A - 150 ug/m3 (.06 ppm) - 24 hour average

B - 300 ug/m3 (.11 ppm0 - 24 hour average
A - 30 ug/m3 (.01 ppm) - one year average

B - 60 ug/m3 (.02 ppm) - one year average
03

A - 100 ug/m3 (.05 ppm) - one hour average
B - 160 ug/m3 (.08 ppm) - one hour average
A - 20 ug/m3 (.01 ppm0O - one year average

B - 30 ug/m3 (.02 ppm) - one year average
co

A - 15000 ug/m3 (13 ppm) - one hour average
B - 35000 ug/m3 (31 ppm) - one hour average
A - 6000 ug/m3 (5 ppm) - 8 hour average

B - 15000 ug/m3 (13 ppm) - 8 hour average
NO2

A - none

B - 400 ug/m3 (.212 ppm) one hour average
A - none

B - 200 ug/m3 (.106 ppm) - 24 hour average
‘A - 60 ug/m3 (.031 ppm)- - one year average
B - 100 ug/m3 (.053 ppm) - one year average
PM10

No standards for PM10 at this time. In development.

Lead

No standards for lead at this time. In development.

S02

A - 450 ug/m3
B - 900 ug/m3
A - 375 ug/m3
B - 655 ug/m3

British Columbia Standards 5)

(.17 ppm)
(.34 ppm)

(.14 ppm)
(.25 ppm)

one hour average
one hour average

three hour average
three hour average



160 ug/m3 (.06 ppm) - 24 hour average
260 ug/m3 (.10 ppm) - 24 hour average

w >
1

25 ug/m3 (.01 ppm) - one year average

A
B - 75 ug/m3 (.03 ppm) - one year average

03

Same as national standards.

co

A - 14300 ug/m3 (12 ppm) - one hour average
B - 28000 ug/m3 (24 ppm) - one hour average
A - 5500 ug/m3 (5 ppm) - 8 hour average

B - 11000 ug/m3 (10 ppm) - 8 hour average
NO2

Same as national standards.

PM10

No standards for PM10 at this time. 1In development.

Lead

A - 4 ug/m3 - 24 hour average
B - 4 ug/m3 - 24 hour average

A - 2 ug/m3 - one year average
B - 2 ug/m3 - one year average

Definitions, Acronyms and other References

NAAQS - Nationsl Ambient Air Quality Standard - set by EPA for
the general population

TLV - Threshold Limit Value - set by American Conference for
Governmental Industrial Hygienists for a 40 hour/week exposure

(the minimum exposure dose that produces significant adverse
effects)

STL - Short Term Limits - set by American Conference for
Governmental Industrial Hygienists - maximal limit for periods
not to exceed one hour

EEL - Emergency Exposure Limit - set by Committee on Toxicology
of the National Academy of Sciences - short term exposure limit
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thought not to cause disability or interfere with an emergency
task 6).
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APPENDIX 7
SUMMARY OF EFFECTS FROM
TOXICS ON THE ENVIRONMENT

Pollutant Fluoride

Source Aluminum smelter

Transport/Exposure Pathways Deposition

Ecosystem Affected Douglas Fir
Endpoints or Effects Growth Reduction (up to 70%)
Comments
LPollutant Fluoride
Source Aluminum smelter
Transport/Exposure Pathway Ingestion
Ecosystem Affected White~tail Deer
Endpoints or Effects Mottled teeth, Increased
concentration in bones
Comments Adverse impact was found to be
minimal
Pollutant Fluoride
Source Al Reduction Plant

Transport/Exposure Pathways Deposition/Ingestion

Ecosystem Affected Moles, Shrews, Earthworms
Endpoint or Effects Toothwear
Comments Not passed up through food chain

since bones pass through
digestive system



Pollutant

Cadmium

Source
Transport/Exposure Pathways
Ecosystem Affected

Endpoints or Effects

Zinc Smelters
Ingestion
Shrews

Kidney Damage

Comments
lPollutant Cadmium
Source Environments Non-Point Source

Transport/Exposure Pathways

Ecosystem Affected

Endpoints or Effects

Comments

Leaves, soft stalks

Edible Vegetables (parsley,
chard, etc)

None to plants but accumulation
does occur

Potential to pass it up the food
chain

lPollutant

Cadmium

Source

Transport/Exposure Pathways
Ecosystem Affected
Endpoints or Effects

Comments

Environmental Non-point sources
Deposition through leaves
Plants in general

None to plants

Potential to pass it up the food
chain



Pollutant Cadmium

Source Zinc Smelters

Transport/Exposure Pathways' Ingestion

Ecosystem Effected White-tail Deer
Endpoints or Effects Tubular damage to kidney
Comments
lPollutant Cadmium
Source ' Metalliferous mine residue

Transport/Exposure Pathways Ingestion

Ecosystem Affected Shrews and voles
Endpoints or Effects Kidney & liver damage
Comments '~ Contamination due to mining

leftovers but is applicable to
atmospheric deposition.

Pollutant Arsenic, Mercury
Source Controlled Exposure through
contaminated leaves added to
soil
Transport/Exposure Pathway Adsorption
Ecosystem Affected Common Burmudagrass
Endpoints or Effects No effects to CO2 evolution

Comments



Pollutant Heavy Metals (Cd, Ni, Mqg)

Source Coritrolled Exposure - deposition
to water

Transport/Exposure Pathway Deposition

Ecosystem Affected Softshell Clams

Endpoints or Effects Death

Comments

Pollutant Heavy Metals (Cd, Ni, Hg, Cr)

Source Controlled exposure - deposition

to water

Transport/Exposure Pathways Deposition

Ecosystem Affected Toad tadpoles
Endpoints or Effects Behavioral Changes & Death
Comments Unlikely to find levels this

high from deposition alone

Pollutant Arsenic, Fluoride

Source Industry

Transport/Exposure Pathways Honey Gathering (deposition)
Ecosystem Effected Honeybees

Endpoints of Effects Death

Comments Study done on Puget Sound



Pollutant PAH’s
Source Industry
Transport/Exposure Pathways Deposition

Ecosystem Affected

Endpoints or Effects

Algae in Puget Sound microlayer

Growth rate reduction

Comments Full recover and adaptation
occured within 3-4 days
Carbon Tetrachloride

[Pollutant

Transport/Exposure Pathways
Ecosystem Affected
Endpoints of Effects

Comments

Inhalation
Lab Rats

Chronic liver damage

[Pollutant

PAH’Ss

Source
Transport/Exposure Pathway

Ecosystem Affected

Endpoints or Effects

Comments

Unknown, (possibly coal burning)
Deposition

Sole eggs in Puget Sound
Microlayer

Decrease in hatching

Study done by U of Oregon. Cited
in Steve Nicholas’ 2010 report






Pollutant
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Carbon Monoxide

Ozone (VOC emissions)

Sulfur Dioxide
Particulates

Acetaldehyde

Arsenic

Benzene

Benzo(a)pyrene
Beryllium

Cadmium

Chlorform

Chromium

Appendix 8
Major Sources of Pollutants

Significant Sources

Motor vehicles
Off road transportation
Primary aluminum

Motor vehicles
Other area sources

Electric Utilities
Small boilers
Industrial boilers .

Motor vehicles
Other area sources
Slash burns

Wood Comb: Fireplaces
Woodfired Boilers
Forest Fire
Agricultural Fire

Coal fired Boilers
Coal Comb (R+C+Ins)
Forest Fire
Agricultural Fire

Nat Gas (R+C+Ins)
Nat Gas (Ind)
Hwy Veh (Gasoline)
Slash Burning

Aluminum Ore:
Electo-reduction

Coal fired Boilers
Coal Comb (R+C+Ins)

Coal fired Boilers

Solid Waste Disposal

Coal Comb (R+C+Ins)

Sewage Sludge Incineration

Sulfite Pulping
Sulfate(Kraft) Pulping

Solid Waste Disposal
Sewage Sludge Incineration
Coal Comb (R+C+Ins)

0il fired boilers

1,858,413
255,230
260,240

194,976
104,176

68,695
29,554
20,672

112,001
35,797
15,719

1212.660
496.825
177.400
158.000

9.160
1.070
0.033
0.029

44612.000
19572.000
5237.000
2008.000

15.030

4.226
1.130

2.470
0.291
0.071
0.027

1874.970
1858.700

4.325
3.150
1.990
1.597



Major Sources of Pollutants (cont’qd)

Pollutant
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Dichloromethane

Dioxins

Ethylene Dichloride

Fluorides

Formaldehyde

Manganese

Mercury

Nickel

Phenols

Polycyclic Organic
Matter

Toluene

Trichloroethylene

Xylene

Significant Sources

Point Sources

Wood fired Boilers
Wood Comb: Woodstoves
Wood Comb: Fireplaces

Point Sources

Aluminum Ore: Electro-red
Point Sources

Wood Comb: Fireplaces
Wood fired boilers
Wood Comb: Woodstoves

Slash Burning

Wood Comb: Woodstoves
Wood Comb: Fireplaces
Wood fired boilers

Coal fired boilers
Solid Waste Disposal

R/D 0il Comb (Comm+Ind)
0il fired boilers

0il Comb (R)

Coal Comm (R+C+Ins)

Wood fired boiler
Wood Comb: Woodstoves
Wood Comb: Fireplaces

Primary prod aluminum

Wood Comb: Woodstoves
Slash Burning

Hwy Veh (Gasoline)
Slash Burning
Point Sources

Point Sources
Hwy Veh (Gasoline)

Point Sources
Service Sta Tnk Refueling

1035.000

0.077
0.035
0.030

9.000

1388.000
46.000

2599.000
993.650
471.000

3734.000
981.000
866.000
613.000

1.028
0.065

47.250
34.090
12.800

1.620

4140.000
1962.218
1732.370

1177.000

539.600
212.990

11087.000
2867.000
1301.000

1225.000
3044.300

882.000
530.000



APPENDIX 9

ANNUAL AVERAGE MODELED CONCENTRATIONS

The attached tables are the results of modeling pollutant concentrations in
Washington counties using the modeling method described in Section II.A.2.b.
Emission data from the 1989 update of the Department of Ecology’s toxic
emission database were used with one exception. Our comparison of POMs model
concentrations were considerably under monitored values. Consequently, we
estimated POM emission rates by assuming that 15% of total POMs is B(a)P. Th
15% figure was based on a recent study by Larson, et al (reference on the Kin
County table). The reader will find that B(a)P values are 15% of POMs.



PARAMETERS USED IN MODELING

"AREA AVG ANNUAL
COUNTY (sq. miles) POPULATION WINDSPEED
ADAMS : 1894 13100 5.0800
ASOTIN 633 17000 5.7400
BENTON 1722 113400 6.3600
CHELAN 2926 21713 6.4500
CLALLAM 1753 .29000 7.8000
CLARK 627 195800 6.0200
COLUMBIA 860 4000 5.7400
COWLITZ 1144 80500 5.8600
DOUGLAS 1839 22800 5.0800
FERRY 2202 6000 3.7800
FRANKLIN 1260 36700 6.3000
GARFIELD 713 2400 5.7400
GRANT 2680 48600 5.0800
GRAYS HARBOR 1910 66800 5.9200
ISLAND 212 45200 6.7200
JEFFERSON 1805 16600 7.8000
KING 2131 1309800 4.5500
KITSAP 393 156800 4.5500
KITTITAS 2320 25100 6.4500
KLICKITAT 1908 16200 6.2200
LEWIS 2449 56700 4.9100
LINCOLN 2306 9600 7.1900
MASON 962 31900 5.9200
OKANOGAN 5301 30900 5.0800
PACIFIC 908 17800 11.0900
PEND OREILLE 1402 8800 3.7800
PIERCE 1676 501300 4.2600
SAN JUAN 179 8100 6.7200
SKAGIT 1735 64900 5.5200
SKAMANIA 1672 8100 6.2200
SNOHOMISH 2098 353400 6.4600
SPOKANE 1758 347600 7.1900
STEVENS 2481 29500 3.7800
THURSTON 714 129100 4.9100
WAHKIAKUM 261 3800 11.0900
WALLA WALLA 1267 47900 5.7400
WHATCOM 2126 109900 5.5200
WHITMAN 2166 40400 7.1900

YAKIMA 4271 175000 6.2200



ANNUAL AVERAGE MODELED CONCENTRATIONS

-------------------------------- COUNTY=ADAMS ======= == oo e

AREA SOURCES POINT SOURCES TOTAL

POLLUTANT (ug/m3) (ug/m3) (ug/m3)
Acetaldehyde 6.1E-03 . 6.1E-03
Arsenic 2.0E-06 . 2.0E-06
Benzene 9.6E-02 . 9.6E-02
Benzo(a)pyrene 0.0E+00 . 0.0E+00
Beryllium 1.5E-06 . 1.5E-06
Cadmium 2.5E-07 . 2.5E-07
Chromium 9.6E-06 . 9.6E~-06
Dichloromethane . 1.7E-03 1.7E-03
Dioxins 0.0E+00 . 0.0E+00
Ethylene_Dichloride 0.0E+00 0.0E+00
Fluorides . 0.0E+00 0.0E+00
Formaldehyde 7.6E-03 . 7.6E-03
Manganese 6.7E-03 . 6.7E-03
Mercury 6.2E-07 . 6.2E-07
Nickel 8.4E-05 . 8.4E-05
POMs 0.0E+00 0.0E+00
Phenols 1.3E-02 . 1.3E-02
Toluene 3.5E-02 2.3E-03 3.7E-02
\\\\ Trichloroethylene . 2.3E-03 2.3E-03
Xylene 1.3E-02 1.7E-03 1.5E-02



ANNUAL AVERAGE MODELED CONCENTRATIONS

------------------------------ COUNTY=ASOTIN ===== === e e e e

AREA SOURCES POINT SOURCES TOTAL
POLLUTANT (ug/m3) (ug/m3) (ug/m3)
Acetaldehyde 5.9E-03 3.3E-04 6.2E-03
Arsenic 6.9E-06 . 6.9E-06
Benzene 6.8E-02 6.8E-02
Benzo(a)pyrene 9.2E-10 . 9.2E-10
Beryllium 7.4E-06 . 7.4E-06
Cadmium 4.5E-07 . 4 .5E-07
Chromium 1.6E-05 . 1.6E-05
Dichloromethane . 3.5E-03 3.5E-03
Dioxins 0.0E+00 5.2E-08 5.2E-08
Ethylene_Dichloride 0.0E+00 0.0E+00
Fluorides . 0.0E+00 0.0E+00
Formaldehyde 1.3E-02 6.7E-04 1.4E-02
Manganese 2.6E-02 1.4E-03 2.7E~-02
Mercury 1.6E-07 . 1.6E-07
Nickel 8.4E-05 . 8.4E-05
POMs 6.2E-09 . 6.2E-09
Phenols 1.8E-02 2.8E-03 2.0E-02
Toluene 6.0E-02 4.4E-03 6.4E-02
Trichloroethylene . 4.4E-03 4.4E-03
Xylene 1.6E-02 3.5E-03 1.9E-02



ANNUAL AVERAGE MODELED CONCENTRATIONS

------------------------------- COUNTY=BENTON =======—== o mm e

AREA SOURCES POINT SOURCES TOTAL
POLLUTANT (ug/m3) (ug/m3) (ug/m3)
Acetaldehyde 2.3E-02 . 2.3E-02
Arsenic 8.8E-06 1.0E-03 1.0E-03
Benzene 1.2E+00 . 1.2E+00
Benzo(a)pyrene 0.0E+00 . 0.0E+00
Beryllium 9.5E-06 2.5E-06 1.2E-05
Cadmium 5.8E-07 2.5E-06 3.1E-06
Chromium 4.0E-05 1.2E-05 5.3E-05
Dichloromethane . 1.4E-02 1.4E-02
Dioxins 9.7E-07 . 9.7E-07
Ethylene_Dichloride 0.0E+00 0.0E+00
Fluorides . 0.0E+00 0.0E+00
Formaldehyde 5.0E-02 1.1E-04 5.0E-02
Manganese 3.0E-02 6.9E-06 3.0E-02
Mercury 2.3E-07 7.5E-05 7.5E-05
Nickel 8.2E-04 2.3E-04 1.0E-03
POMs 0.0E+00 . 0.0E+00
Phenols 6.0E-02 . 6.0E-02
Toluene 1.4E-01 1.7E-02 1.6E-01
Trichloroethylene . 1.6E-02 1.6E-02
Xylene 4.7E-02 1.2E-02 5.8E-02



ANNUAL AVERAGE MODELED CONCENTRATIONS

------------------------------ COUNTY=CHELAN —===—==—- o e

AREA SOURCES POINT SOURCES TOTAL
POLLUTANT (ug/m3) (ug/m3) (ug/m3)
Acetaldehyde 3.9E-03 5.5E-03 9.4E-03
Arsenic 2.8E-06 . 2.8E-06
Benzene 3.0E-01 . 3.0E-01
Benzo(a)pyrene 1.4E-08 1.2E-04 1.2E-04
Beryllium 2.9E-06 . 2.9E-06
Cadmium 2.2E-07 . 2.2E-07
Chromium 1.2E-05 9.4E-07 1.2E-05
Dichloromethane . 1.8E-03 1.8E-03
Dioxins 1.8E-07 8.5E-07 1.0E-06
Ethylene_Dichloride 0.0E+00 0.0E+00
Fluorides . 8.4E-02 8.4E-02
Formaldehyde 7.6E-03 1.1E-02 1.9E-02
Manganese 2.0E-02 2.3E-02 4.3E-02
Mercury 2.0E-07 . 2.0E-07
Nickel 1.7E-04 1.9E-05 1.9E-04
POMs 9.3E-08 8.0E-04 8.0E-04
Phenols 1.0E-02 4.6E-02 5.6E-02
Toluene 1.1E-01 2.6E-03 1.1E-01
Trichloroethylene . 2.2E-03 2.2E-03
Xylene 3.1E-02 1.8E-03 3.3E-02



ANNUAL AVERAGE MODELED CONCENTRATIONS

------------------------------- COUNTY=CLALLAM --=-cm-e s o

AREA SOURCES POINT SOURCES TOTAL
POLLUTANT (ug/m3) (ug/m3) (ug/m3)
Acetaldehyde 5.2E-03 1.6E-02 2.1E-02
Arsenic 2.7E-06 . 2.7E-06
Benzene 3.7E-01 . 3.7E-01
Benzo(a)pyrene 2.0E-08 . 2.0E~-08
Beryllium 2.6E-06 . 2.6E-06
Cadmium 2.3E-07 . 2.3E-07
Chloroform . 9.8E-02 9.8E-02
Chromium 1.7E-05 5.1E-06 2.2E-05
Dichloromethane . 2.7E-03 2.7E-03
Dioxins 2.0E-07 2.4E-06 2.6E-06
Ethylene_Dichloride . 0.0E+00 0.0E+00
Fluorides . 0.0E+00 0.0E+00
Formaldehyde 8.9E-03 3.2E-02 4.0E-02
Manganese 2.7E-01 2.5E-02 2.9E-01
Mercury 3.1E-07 . 3.1E-07
Nickel 6.6E-04 1.0E-04 7.6E-04
POMs 1.3E-07 . 1.3E-07
Phenols 1.4E-02 1.3E-01 1.4E-01
Toluene 2.7E-01 3.5E-03 2.7E-01
Trichloroethylene . 3.1E-03 3.1E-03
Xylene 2.3E-02 2.3E-03 2.5E-02



ANNUAL AVERAGE MODELED CONCENTRATIONS

------------------------------- COUNTY=CLARK —========= == e e

AREA SOURCES POINT SOURCES TOTAL
POLLUTANT (ug/m3) (ug/m3) (ug/m3)
Acetaldehyde 8.4E-02 6.4E-03 9.1E-02
Arsenic 2.0E-06 . 2.0E-06
Benzene 2.2E+00 . 2.2E+00
Benzo(a)pyrene 1.3E-08 . 1.3E-08
Beryllium 1.1E-05 . 1.1E-05
Cadmium 1.2E-06 2.3E-05 2.4E-05
Chloroform . 9.5E-01 9.5E-01
Chromium 7.9E-05 3.2E-03 3.2E-03
Dichloromethane . 4.1E-02 4.1E-02
Dioxins 3.4E-06 9.9E-07 4.4E-06
Ethylene_Dichloride 0.0E+00 0.0E+00
Fluorides . 7.8E-02 7.8E-02
Formaldehyde 1.6E-01 1.5E-02 1.8E-01
Manganese 1.3E-01 1.3E-02 1.5E-01
Mercury 2.3E-06 2.3E-06 4 .5E-06
Nickel 2.8E-03 9.8E-03 1.3E-02
POMs 8.5E-08 . 8.5E-08
Phenols 1.9E-01 5.4E-02 2.5E-01
Toluene 5.7E-01 5.2E-02 6.3E-01
Trichloroethylene . 4.8E-02 4.8E-02
Xylene 1.5E-01 3.5E-02 1.8E-01
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ANNUAL AVERAGE MODELED CONCENTRATIONS
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POLLUTANT

Acetaldehyde
Arsenic

Benzene
Benzo(a)pyrene
Beryllium
Cadmium

Chromium
Dichloromethane
Dioxins
Ethylene_Dichloride
Fluorides
Formaldehyde
Manganese
Mercury

Nickel

POMs

Phenols

Toluene
Trichloroethylene
Xylene

COUNTY=COLUMBIA

AREA SOURCES

(ug/m3)

2.3E-03
6.7E-06
4.5E-02
0.0E+00
7.0E-06
4.9E-07
1.6E-05

0.0E+00

3.0E-03
1.8E-02
3.6E-07
6.3E~05
0.0E+00
5.2E-03
2.2E-02

3.8E-03

POINT SOURCES

(ug/m3)

7.6E-04

0.0E+00
0.0E+00

7.6E-04
7.6E-04
7.6E-04

- —— - ———— - - — ———— — — —- ——— ———————

TOTAL
(ug/m3)

2.3E-03
6.7E-06
4.5E-02
0.0E+00
7.0E-06
4.9E-07
1.6E-05
7.6E-04
0.0E+00
0.0E+00
0.0E+00
3.0E-03
1.8E-02
3.6E-07
6.3E-05
0.0E+00
5.2E-03
2.3E-02
7.6E-04
4.6E-03



ANNUAL AVERAGE MODELED CONCENTRATIONS

------------------------------ COUNTY=COWLITZ —=-======-——===————mmmm——— e

AREA SOURCES POINT SOURCES TOTAL
POLLUTANT (ug/m3) (ug/m3) (ug/m3)
Acetaldehyde 3.7E-02 6.3E-02 1.0E-01
Arsenic 9.1E-06 8.9E-04 9.0E-04
Benzene 1.6E+00 . 1.6E+00
Benzo(a) Pyrene . 4.6E-03 4.6E-03
Benzo(a)pyrene 1.3E-07 6.4E-04 6.4E-04
Beryllium 6.2E-06 2.2E-06 8.5E-06
Cadmium 1.3E-06 2.2E-06 3.5E-06
Chloroform . 2.4E-01 2.4E-01
Chromium 6.8E-05 4 .4E-05 1.1E-04
Dichloromethane . 1.3E-02 1.3E-02
Dioxins 6.5E-07 9.7E-06 1.0E-05
Ethylene_Dichloride . 0.0E+00 0.0E+00
Fluorides . 1.2E-01 1.2E-01
Formaldehyde 5.0E-02 1.3E-01 1.8E-01
Manganese 2.3E-01 1.7E-02 2.5E-01
Mercury 3.4E-06 6.7E-05 7.0E-05
Nickel 2.3E-03" 8.5E-04 3.2E-03
POMs . 3.1E-02 3.1E-02
POMs 8.8E-07 4 .3E-03 4.3E-03
Phenols 7.4E-02 5.4E-01 6.1E-01
Toluene 3.5E-01 1.6E-02 3.6E-01
Trichloroethylene . 1.5E-02 1.5E-02
Xylene 6.1E-02 1.1E-02 7.2E-02



ANNUAL AVERAGE MODELED CONCENTRATIONS

------------------------------- COUNTY=DOUGLAS ===========m—mm o e e e o

AREA SOURCES POINT SOURCES TOTAL
POLLUTANT (ug/m3) (ug/m3) (ug/m3)
Acetaldehyde 5.3E-03 . 5.3E-03
Arsenic 2.2E-06 . 2.2E-06
Benzene 5.4E-02 5.4E-02
Benzo(a)pyrene 0.0E+00 . 0.0E+00
Beryllium 2.4E-06 . 2.4E-06
Cadmium 1.5E-07 . 1.5E-07
Chromium 9.8E-06 . 9.8E-06
Dichloromethane . 3.5E-03 3.5E-03
Dioxins 2.9E-07 . 2.9E-07
Ethylene_Dichloride . 0.0E+00 0.0E+00
Fluorides . 0.0E+00 0.0E+00
Formaldehyde 1.1E-02 . 1.1E-02
Manganese 7.9E-03 7.9E-03
Mercury 5.3E-08 5.3E-08
Nickel 1.4E-04 1.4E-04
POMs 0.0E+00 . 0.0E+00
Phenols 1.6E-02 . 1.6E-02
Toluene 1.1E-02 4.1E-03 1.5E-02
Trichloroethylene . 4.1E-03 4.1E-03
Xylene 4.1E-03 2.9E-03 7.0E-03



ANNUAL AVERAGE MODELED CONCENTRATIONS

——————————————————————————————— COUNTY=FERRY ——========— =

AREA SOURCES POINT SOURCES TOTAL
POLLUTANT (ug/m3) (ug/m3) (ug/m3)
Acetaldehyde 1.9E-03 3.1E-03 5.0E-03
Arsenic 8.6E-08 . 8.6E-08
Benzene 1.2E-02 . 1.2E-02
Benzo (a)pyrene 7.3E-08 . 7.3E-08
Beryllium 5.0E-08 . 5.0E-08
Cadmium 7.3E-09 . 7.3E-09
Chromium 2.0E-06 . 2.0E-06
Dichloromethane . 7.2E-04 7.2E-04
Dioxins 0.0E+00 4.8E-07 4.8E-07
Ethylene_Dichloride 0.0E+00 0.0E+00
Fluorides . 0.0E+00 0.0E+00
Formaldehyde 3.8E-03 6.2E-03 1.0E-02
Manganese 4.7E-03 1.3E-02 1.8E-02
Mercury 3.6E-08 . 3.6E-08
Nickel 5.3E-05 . 5.3E-05
POMs 4.9E-07 . 4.9E-07
Phenols 5.3E-03 2.6E-02 3.1E-02
Toluene 1.5E-02 1.4E-03 1.6E-02
Trichloroethylene . 1.4E-03 1.4E-03
Xylene 4.2E-03 7.2E-04 4.9E-03



ANNUAL AVERAGE MODELED CONCENTRATIONS

------------------------------ COUNTY=FRANKLIN =—====— ==

AREA SOURCES POINT SOURCES TOTAL
POLLUTANT (ug/m3) (ug/m3) (ug/m3)
Acetaldehyde 1.3E-02 . 1.3E-02
Arsenic 3.5E-06 . 3.5E-06
Benzene 3.3E-01 . 3.3E-01
Benzo(a) pyrene 0.0E+00 . 0.0E+00
Beryllium 3.0E-06 3.0E-06
Cadmium 3.8E-07 . 3.8E-07
Chromium 1.8E-05 . 1.8E-05
Dichloromethane . 5.1E-03 5.1E-03
Dioxins 5.7E-07 . 5.7E-07
Ethylene_Dichloride 0.0E+00 0.0E+00
Fluorides . 0.0E+00 0.0E+00
Formaldehyde 2.1E-02 2.1E-02
Manganese 1.4E-02 1.4E-02
Mercury 8.0E-07 . 8.0E-07
Nickel 2.3E-04 2.3E-04
POMs 0.0E+00 . 0.0E+00
Phenols 2.8E-02 . 2.8E-02
Toluene 7.4E-02 6.3E-03 8.0E-02
Trichloroethylene . 6.3E-03 6.3E-03
Xylene 2.8E-02 4.6E-03 3.3E-02



ANNUAL AVERAGE MODELED CONCENTRATIONS

----------------------------- COUNTY=GARFIELD =======m=m = e e

AREA SOURCES POINT SOURCES TOTAL
POLLUTANT (ug/m3) (ug/m3) (ug/m3)
Acetaldehyde 1.2E-02 . 1.2E-02
Arsenic 5.6E-06 5.6E-06
Benzene 2.2E-02 . 2.2E-02 -
Benzo(a)pyrene 1.0E-08 . 1.0E-08
Beryllium 3.8E-06 . 3.8E-06
Cadmium 8.1E-07 . 8.1E-07
Chromium 2.2E-05 . 2.2E-05
Dichloromethane . 8.3E-04 8.3E-04
Dioxins 0.0E+00 . 0.0E+00
Ethylene_Dichloride . 0.0E+00 0.0E+00
Fluorides . 0.0E+00 0.0E+00
Formaldehyde 5.6E-03 . 5.6E-03
Manganese 2.7E-02 . 2.7E-02
Mercury 2.2E-06 . 2.2E-06
Nickel 5.1E-05 5.1E-05
POMs 7.0E-08 . 7.0E-08
Phenols 1.8E-02 . 1.8E-02
Toluene 2.9E-02 8.3E-04 3.0E-02
Trichloroethylene . 8.3E-04 8.3E-04
Xylene 3.8E-03 8.3E-04 4.6E-03



ANNUAL AVERAGE MODELED CONCENTRATIONS

-------------------------------- COUNTY=GRANT === e e

AREA SOURCES POINT SOURCES TOTAL
POLLUTANT (ug/m3) (ug/m3) (ug/m3)
Acetaldehyde 9.3E-03 . 9.3E-03
Arsenic 2.0E-06 . 2.0E-06
Benzene 2.9E-01 . 2.9E-01
Benzo(a)pyrene 0.0E+00 . 0.0E+00
Beryllium 1.9E-06 . 1.9E-06
Cadmium 1.8E-07 . 1.8E-07
Chromium 1.1E-05 . 1.1E-05
Dichloromethane . 5.8E-03 5.8E-03
Dioxins 4.9E-07 . 4.9E-07
Ethylene_Dichloride . 0.0E+00 0.0E+00
Fluorides . 0.0E+00 0.0E+00
Formaldehyde 1.8E-02 . 1.8E-02
Manganese 1.3E-02 . 1.3E-02
Mercury 2.7E-07 . 2.7E-07
Nickel 1.8E-04 . 1.8E-04
POMs 0.0E+00 . 0.0E+00
Phenols 2.6E-02 . 2.6E-02
Toluene 6.4E-02 7.3E-03 7.1E-02
Trichloroethylene . 6.8E-03 6.8E-03
Xylene 3.7E-02 4.9E-03 4.2E-02



ANNUAL AVERAGE MODELED CONCENTRATIONS

--------------------------- COUNTY=GRAYS HARBOR ==-=—=====————mmmmmme

AREA SOURCES POINT SOURCES TOTAL
POLLUTANT (ug/m3) (ug/m3) (ug/m3)
Acetaldehyde 1.5E-02 1.9E-02 3.4E-02
Arsenic 3.3E-06 . 3.3E-06
Benzene 5.9E-01 . 5.9E-01
Benzo(a)pyrene 9.9E-08 . 9.9E-08
Beryllium 3.1E-06 . 3.1E-06
Cadmium 3.0E-07 . 3.0E-07
Chloroform . 3.5E-01 3.5E-01
Chromium 3.3E-05 1.8E-06 3.5E-05
Dichloromethane . 7.9E-03 7.9E-03
Dioxins 7.4E-07 2.9E-06 3.6E-06
Ethylene Dichloride . 0.0E+00 0.0E+00
Fluorides . 0.0E+00 0.0E+00
Formaldehyde 2.9E-02 3.7E-02 6.7E-02
Manganese 1.7E-01 2.5E-02 1.9E-01
Mercury 4.6E-07 . 4.6E-07
Nickel 1.6E-03 3.7E-05 1.6E-03
POMs 6.6E-07 . 6.6E-07
Phenols 4.2E-02 1.6E-01 2.0E-01
Toluene 2.3E-01 1.0E-02 2.4E-01
Trichloroethylene . 9.4E-03 9.4E-03
Xylene 3.7E-02 6.9E-03 4.4E-02



ANNUAL AVERAGE MODELED CONCENTRATIONS

------------------------------- COUNTY=ISLAND —===== == e

AREA SOURCES POINT SOURCES TOTAL
POLLUTANT (ug/m3) (ug/m3) (ug/m3)
Acetaldehyde 0.0E+00 . 0.0E+00
Arsenic 4.2E-06 . 4.2E-06
Benzene 3.0E-01 . 3.0E-01
Benzo(a)pyrene 0.0E+00 . 0.0E+00
Beryllium 4.5E-06 . 4.5E-06
Cadmium 2.7E-07 1.5E-04 1.5E-04
Chromium 1.9E-05 6.6E-05 8.5E-05
Dichloromethane . 1.4E-02 1.4E-02
Dioxins 0.0E+00 . 0.0E+00
Ethylene_Dichloride . 0.0E+00 0.0E+00
Fluorides . 0.0E+00 0.0E+00
Formaldehyde 1.4E-03 2.7E-06 1.4E-03
Manganese 4.4E-06 2.1E-04 2.2E-04
Mercury 9.1E-08 3.3E-05 3.3E-05
Nickel 2.3E-04 4.4E-05 2.8E-04
POMs 0.0E+00 0.0E+00
Phenols 0.0E+0O0 . 0.0E+00
Toluene 1.9E-01 1.8E-02 2.1E-01
Trichloroethylene . 1.7E-02 1.7E-02
Xylene 5.9E-02 1.2E-02 7.0E-02



ANNUAL AVERAGE MODELED CONCENTRATIONS

----------------------------- COUNTY=JEFFERSON —=====—=— oo e

AREA SOURCES POINT SOURCES TOTAL
POLLUTANT (ug/m3) {(ug/m3) (ug/m3)
Acetaldehyde 3.2E-03 4.0E-03 7.2E-03
Arsenic 1.1E-06 . 1.1E-06
Benzene 2.6E-01 . 2.6E-01
Benzo (a)pyrene 1.2E-08 . 1.2E-08
Beryllium 9.7E-07 . 9.7E-07
Cadmium 1.3E-07 . 1.3E-07
Chromium 6.8E-06 1.5E-06 8.4E-06
Dichloromethane . 1.5E-03 1.5E-03
Dioxins 0.0E+00 6.1E-07 6.1E-07
Ethylene_Dichloride . 0.0E+00 0.0E+00
Fluorides . 0.0E+00 0.0E+00
Formaldehyde 4.7E-03 8.0E-03 1.3E-02
Manganese 2.1E-01 1.9E-03 2.1E-01
Mercury 2.7E-07 . 2.7E-07
Nickel 2.4E-04 3.1E-05 2.7E-04
POMs 7.8E-08 . 7.8E-08
Phenols 7.5E-03 3.3E-02 4.1E-02
Toluene 1.8E-01 1.9E-03 1.8E-01
Trichloroethylene . 1.9E-03 1.9E-03
Xylene 8 .9E-03 1.2E-03 1.0E-02



ANNUAL AVERAGE MODELED CONCENTRATIONS

-------------------------------- COUNTY=KING —=======mmm e e e e e

AREA SOURCES POINT SOURCES TOTAL
POLLUTANT (ug/m3) (ug/m3) (ug/m3)
Acetaldehyde 2.4E-01 . 2.4E-01
Arsenic 1.5E-04 . 1.5E-04
Benzene 1.6E+01 . 1.6E+01
Benzo(a)pyrene 1.1E-08 . 1.1E-08
Beryllium 1.6E-04 . 1.6E-04
Cadmium 1.0E-05 . 1.0E-05
Chromium 6.7E-04 . 6.7E-04
Dichloromethane . 2.0E-01 2.0E-01
Dioxins 8.8E-06 . 8.8E-06
Ethylene_Dichloride 5.5E-03 5.5E-03
Fluorides . 0.0E+00 0.0E+00
Formaldehyde 5.2E-01 . 5.2E-01
Manganese 3.4E-01 . 3.4E-01
Mercury 4.7E-06 . 4.7E-06
Nickel 1.2E-02 . 1.2E-02
POMs 7.1E-08 . 7.1E-08
Phenols 5.0E-01 . 5.0E-01
Toluene 2.4E+00 2.5E-01 2.6E+00
Trichloroethylene . 2.3E-01 2.3E-01
Xylene 6.4E-01 1.7E-01 8.1E-01



ANNUAL AVERAGE MODELED CONCENTRATIONS

------------------------------ COUNTY=KITSAP —-—=====———— - m e

AREA SOURCES POINT SOURCES TOTAL
POLLUTANT (ug/m3) (ug/m3) (ug/m3)
Acetaldehyde 6.7E-02 . 6.7E-02
Arsenic 2.1E-05 . 2.1E-05
Benzene 1.7E+00 . 1.7E+00
Benzo(a)pyrene 4.9E-10 . 4.9E-10
Beryllium 2.2E-05 . 2.2E-05
Cadmium 1.4E-06 . 1.4E-06
Chromium 1.1E-04 . 1.1E-04
Dichloromethane . 5.5E-02 5.5E-02
Dioxins 3.5E-06 . 3.5E-06
Ethylene_Dichloride . 0.0E+00 0.0E+00
Fluorides . 0.0E+00 0.0E+00
Formaldehyde 1.4E-01 . 1.4E-01
Manganese 1.2E-01 . 1.2E-01
Mercury 7.2E-07 . 7.2E-07
Nickel 1.4E-03 . 1.4E-03
POMs 3.3E-09 . 3.3E-09
Phenols 2.0E-01 . 2.0E-01
Toluene 6.7E-01 6.8E-02 7.3E-01
Trichloroethylene . . 6.5E-02 6.5E-02
Xylene 2.0E-01 4.7E-02 2.4E-01



ANNUAL AVERAGE MODELED CONCENTRATIONS
—————————————————————————————— COUNTY=KITTITAS ===========—m—m—m—————ee e~ ——

POINT SOURCES TOTAL

AREA SOURCES
POLLUTANT (ug/m3) (ug/m3) (ug/m3)
Acetaldehyde 8.9E-03 . 8.9E-03
Arsenic 9.7E-06 . 9.7E-06
Benzene 1.3E-01 . 1.3E-01
Benzo(a)pyrene 1.0E-08 . 1.0E-08
Beryllium 9.5E-06 . 9.5E-06
Cadmium 8.3E-07 . 8.3E-07
Chromium 2.6E-05 1.5E-07 2.6E-05
Dichloromethane . 2.5E-03 2.5E-03
Dioxins 2.1E-07 . 2.1E-07
Ethylene_Dichloride . 0.0E+00 0.0E+00
Fluorides . 0.0E+00 0.0E+00
Formaldehyde 1.1E-02 7.2E-07 1.1E-02
Manganese 3.0E-02 8.7E-08 3.0E-02
Mercury 1.1E-06 . 1.1E-06
Nickel 1.4E-04 3.1E-06 1.4E-04
POMs 6.7E-08 . 6.7E-08
Phenols 1.9E-02 . 1.9E-02
Toluene 5.6E-02 3.3E-03 5.9E-02
Trichloroethylene . 2.9E-03 2.9E-03
Xylene 1.3E-02 2.1E-03 1.6E-02



ANNUAL AVERAGE MODELED CONCENTRATIONS

————————————————————————————— COUNTY=KLICKITAT ==--===—==—=—mmm—mm—mmme e

AREA SOURCES POINT SOURCES TOTAL
POLLUTANT (ug/m3) (ug/m3) (ug/m3)
Acetaldehyde 3.1E-03 3.9E-03 7.0E-03
Arsenic 2.9E-07 . 2.9E-07
Benzene 1.7E-01 . 1.7E-01
Benzo(a)pyrene 3.8E-08 1.7E-03 1.7E-03
Beryllium 3.0E-07 . 3.0E-07
Cadmium 2.4E-08 . 2.4E-08
Chromium 3.9E-06 . 3.9E-06
Dichloromethane . 1.9E-03 1.9E-03
Dioxins 0.0E+00 6.0E-07 6.0E-07
Ethylene_Dichloride . 0.0E+00 0.0E+00
Fluorides . 1.6E-01 1.6E-01
Formaldehyde 6.6E-03 7.8E-03 1.4E-02
Manganese 2.3E-02 1.5E-02 3.8E-02
Mercury 1.4E-08 . 1.4E-08
Nickel 5.7E-05 . 5.7E-05
POMs 2.5E-07 1.2E-02 1.2E-02
Phenols 9.0E-03 3.3E-02 4.2E-02
Toluene 4.5E-02 2.4E-03 4.7E-02
Trichloroethylene . 2.4E-03 2.4E-03
Xylene 9.9E-03 1.4E-03 1.1E-02



ANNUAL AVERAGE MODELED CONCENTRATIONS

-------------------------------- COUNTY=LEWIS —===—== =

AREA SOURCES POINT SOURCES TOTAL
POLLUTANT (ug/m3) (ug/m3) (ug/m3)
Acetaldehyde 1.3E-02 2.0E-03 1.5E-02
Arsenic 3.2E-05 2.5E-03 2.5E-03
Benzene 4.4E-01 . 4.4E-01
Benzo(a)pyrene 8.8E-08 . 8.8E-08
Beryllium 3.4E-05 2.2E-03 2.3E-03
Cadmium 2.2E-06 1.3E-03 1.3E-03
Chromium 7.7E-05 1.7E-04 2.5E~-04
Dichloromethane . 7.4E-03 7.4E-03
Dioxins 5.3E-07 3.1E-07 8.4E~-07
Ethylene_Dichloride . 0.0E+00 0.0E+00
Fluorides . 0.0E+00 0.0E+00
Formaldehyde 2.0E-02 5.9E-03 2.6E-02
Manganese 1.9E-01 2.5E-03 1.9E-01
Mercury 1.5E-06 3.6E-04 3.7E-04
Nickel 4.1E-04 1.3E-04 5.4E-04
POMs 5.8E-07 . 5.8E-07
Phenols 3.2E-02 1.7E-02 4 .9E-02
Toluene 2.6E-01 9.5E-03 2.7E-01
Trichloroethylene . 8.9E-03 8.9E-03
Xylene 4.0E-02 6.3E-03 4.6E-02



ANNUAL AVERAGE MODELED CONCENTRATIONS

—————————————————————————————— COUNTY=LINCOLN —=====——= = m e e

AREA SOURCES POINT SOURCES TOTAL
POLLUTANT (ug/m3) (ug/m3) (ug/m3)
Acetaldehyde 5.5E-03 . 5.5E-03
Arsenic 3.0E-06 . 3.0E-06
Benzene 3.2E-02 . 3.2E-02
Benzo(a)pyrene 0.0E+00 . 0.0E+00
Beryllium 2.4E-06 2.4E-06
Cadmium 3.6E-07 . 3.6E-07
Chromium 1.2E-05 . 1.2E-05
Dichloromethane . 7.4E-04 7.4E-04
Dioxins 0.0E+00 . 0.0E+00
Ethylene_Dichloride . 0.0E+00 0.0E+00
Fluorides . 0.0E+00 0.0E+00
Formaldehyde 4.5E-03 . 4.5E-03
Manganese 5.0E-03 . 5.0E-03
Mercury 8.2E-07 8.2E-07
Nickel 5.5E-05 . 5.5E-05
POMs 0.0E+00 0.0E+00
Phenols 1.0E-02 . 1.0E-02
Toluene 2.0E-02 1.1E-03 2.1E-02
Trichloroethylene . 1.1E-03 1.1E-03
Xylene 6.8E-03 7.4E-04 7.6E-03



ANNUAL AVERAGE MODELED CONCENTRATIONS

———————————————————————————————— COUNTY=MASON ——===== = e

AREA SOURCES POINT SOURCES TOTAL
POLLUTANT (ug/m3) (ug/m3) (ug/m3)
Acetaldehyde 9.9E-03 6.3E-03 1.6E-02
Arsenic 2.1E-06 1.3E-04 1.3E-04
Benzene 2.1E-01 ' . 2.1E-01
Benzo(a)pyrene 3.9E-08 . 3.9E-08
Beryllium 2.0E-06 3.2E-07 2.4E-06
Cadmium 1.9E-07 3.2E-07 5.0E-07
Chromium 1.8E-05 3.8E-06 2.1E-05
Dichloromethane . 5.6E-03 5.6E-03
Dioxins 7.0E-07 9.7E-07 1.7E-06
Ethylene_Dichloride 0.0E+00 0.0E+00
Fluorides . 0.0E+00 0.0E+00
Formaldehyde 1.9E-02 1.3E-02 3.2E-02
Manganese 6.8E-02 2.6E-04 6.9E-02
Mercury 2.7E-07 9.5E-06 9.7E-06
Nickel 3.2E-04 5.0E-06 3.2E-04
POMs 2.6E-07 . 2.6E-07
Phenols 2.8E-02 5.2E-02 8.0E-02
Toluene 1.2E-01 7.0E-03 1.3E-01
Trichloroethylene . 6.3E-03 6.3E-03
Xylene 2.6E-02 4.9E-03 3.1E-02



ANNUAL AVERAGE MODELED CONCENTRATIONS

————————————————————————————— COUNTY=0KANOGAN =======—m = mm = m e

AREA SOURCES POINT SOURCES TOTAL
POLLUTANT (ug/m3) (ug/m3) (ug/m3)
Acetaldehyde 3.2E-02 2.5E-03 3.5E-02
Arsenic 6.9E-06 . 6.9E-06
Benzene 7.9E-02 . 7.9E~-02
‘Benzo(a)pyrene 9.4E-08 . 9.4E-08
Beryllium 1.8E-06 . 1.8E-06
Cadmium 1.5E-06 . 1.5E-06
Chromium 4.4E-05 . 4.4E~-05
Dichloromethane . 2.8E-03 2.8E-03
Dioxins 1.7E-07 3.8E-07 5.6E-07
Ethylene_Dichloride . 0.0E+00 0.0E+00
Fluorides . 0.0E+00 0.0E+00
Formaldehyde 1.9E-02 5.0E-03 2.4E-02
Manganese 4.0E-02 2.2E-04 4.0E-02
Mercury 5.2E-06 . 5.2E-06
Nickel 1.7E-04 . 1.7E-04
POMs 6.3E-07 . 6.3E-07
Phenols 5.2E-02 2.1E-02 7.3E-02
Toluene 7.2E-02 3.5E-03 7.5E-02
Trichloroethylene . 3.1E-03 3.1E-03
Xylene 1.5E-02 2.1E-03 1.7E-02



ANNUAL AVERAGE MODELED CONCENTRATIONS

------------------------------- COUNTY=PACIFIC —===m=—=m = m o

AREA SOURCES POINT SOURCES TOTAL
POLLUTANT (ug/m3) (ug/m3) (ug/m3)
Acetaldehyde 4.6E-03 2.5E-04 4.8E-03
Arsenic 4.0E-06 . 4.0E-06
Benzene 1.0E-01 . 1.0E-01
Benzo(a)pyrene 2.2E-08 2.2E-08
Beryllium 3.9E-06 3.9E-06
Cadmium 3.4E-07 3.4E-07
Chromium 1.2E-05 . 1.2E-05
Dichloromethane . 1.5E-03 1.5E-03
Dioxins 0.0E+00 3.8E-08 3.8E-08
Ethylene_Dichloride . 0.0E+00 0.0E+00
Fluorides . 0.0E+00 0.0E+00
Formaldehyde 6.5E-03 5.0E-04 7.0E-03
Manganese 8.9E-02 1.0E-03 9.0E-02
Mercury 4.4E-07 . 4.4E-07
Nickel 7.1E-05 . 7.1E-05
POMs 1.5E-07 . 1.5E-07
Phenols 1.1E-02 2.1E-03 1.3E-02
Toluene 9.6E-02 2.3E-03 9.9E-02
Trichloroethylene . 1.9E-03 1.9E-03
Xylene 1.0E-02 1.5E-03 1.2E-02



ANNUAL AVERAGE MODELED CONCENTRATIONS

——————————————————————————— COUNTY=PEND OREILLE —==========—-———m—————————

AREA SOURCES POINT SOURCES TOTAL
POLLUTANT (ug/m3) (ug/m3) (ug/m3)
Acetaldehyde 4.6E-03 1.2E-03 5.9E~-03
Arsenic 1.8E-06 . 1.8E-06
Benzene 7.1E-02 . 7.1E-02
Benzo(a)pyrene 4.3E-08 . 4.3E-08
Beryllium 1.6E-06 . 1.6E~-06
Cadmium 1.8E-07 . 1.8E-07
Chromium 9.6E-06 5.6E-04 5.7E-04
Dichloromethane . 1.8E-03 1.8E-03
Dioxins 0.0E+00 1.9E~-07 1.9E-07
Ethylene_Dichloride 0.0E+00 0.0E+00
Fluorides . 0.0E+00 0.0E+00
Formaldehyde 7.3E-03 2.5E-03 9.8E-03
Manganese 7.2E-03 5.2E-04 7.7E-03
Mercury 3.2E-07 . 3.2E-07
Nickel 7.6E-05 . 7.6E-05
POMs 2.8E-07 . 2.8E-07
Phenols 1.1E-02 1.0E-02 2.2E-02
Toluene 3.0E~-02 2.7E-03 3.3E-02
Trichloroethylene . 2.7E-03 2.7E-03
Xylene 8.9E-03 1.8E-03 1.1E-02



ANNUAL AVERAGE MODELED CONCENTRATIONS

------------------------------- COUNTY=PIERCE ===== === e e

AREA SOURCES POINT SOURCES TOTAL
POLLUTANT (ug/m3) (ug/m3) (ug/m3)
Acetaldehyde 1.3E-01 4.2E-02 1.7E-01
Arsenic 4.2E-05 . 4.2E-05
Benzene 5.3E+00 . 5.3E+00
Benzo(a)Pyrene . 2.1E-03 2.1E-03
Benzo(a)pyrene 2.8E-08 . 2.8E-08
Beryllium 4.4E-05 . 4.4E-05
Cadmium 3.0E-06 . 3.0E-06
Chloroform . 5.0E-02 5.0E-02
Chromium 2.1E-04 2.2E-05 2.3E-04
Dichloromethane . 9.1E-02. 9.1E-02
Dioxins 5.5E-06 6.5E-06 1.2E-05
Ethylene_Dichloride ' . 0.0E+00 0.0E+00
Fluorides . 7.8E-02 7.8E-02
Formaldehyde 2.7E-01 8.4E-02 3.6E-01
Manganese 3.4E-01 9.2E-02 4.3E-01
Mercury 2.4E-06 . 2.4E-06
Nickel 4 .8E-03 4.4E-04 5.3E-03
POMs . 1.4E-02 1.4E-02
POMs 1.8E-07 . 1.8E-07
Phenols 3.0E-01 3.6E-01 6.7E-01
Toluene 2.7E-01 1.1E-01 3.8E-01
Trichloroethylene . 1.1E-01 1.1E-01
Xylene 2.6E-01 7.7E-02 3.4E-01



ANNUAL AVERAGE MODELED CONCENTRATIONS

------------------------------ COUNTY=SAN JUAN ====m=m e

AREA SOURCES POINT SOURCES TOTAL

POLLUTANT (ug/m3) (ug/m3) (ug/m3)
Acetaldehyde 4.4E-03 . 4.4E-03
* Arsenic 6.5E-07 . 6.5E-07
Benzene 4.0E-02 . 4.0E-02
Benzo(a)pyrene 0.0E+00 . 0.0E+00
Beryllium 7.0E-07 . 7.0E-07
Cadmium 4.3E-08 . 4.3E-08
Chromium 7.0E-06 . 7.0E-06
Dichloromethane . 2.8E-03 2.8E-03
Dioxins 0.0E+00 . 0.0E+00
Ethylene_Dichloride 0.0E+00 0.0E+00
Fluorides . 0.0E+00 0.0E+00
Formaldehyde 9.6E-03 . 9.6E-03
Manganese 5.5E-03 . 5.5E-03
Mercury 1.4E-08 1.4E-08
Nickel 1.1E-04 . 1.1E-04
POMs 0.0E+00 . 0.0E+00
Phenols 1.1E-02 . 1.1E-02
Toluene 5.0E-02 4.3E-03 5.4E-02
Trichloroethylene . . 2.8E-03 2.8E-03
Xylene 1.5E-02 2.8E-03 1.8E-02



ANNUAL AVERAGE MODELED CONCENTRATIONS

------------------------------- COUNTY=SKAGIT ==m=m=m=mmmm oo e

AREA SOURCES POINT SOURCES TOTAL
POLLUTANT (ug/m3) (ug/m3) (ug/m3)
Acetaldehyde 1.7E-02 2.6E-03 1.9E-02
Arsenic 4.2E-06 . 4.2E-06
Benzene 9.4E-01 . 9.4E-01
Benzo(a)pyrene 2.0E-08 . 2.0E-08
Beryllium 4.1E-06 4.1E-06
Cadmium 3.7E-07 . 3.7E-07
Chromium 2.5E-05 6.0E-05 8.5E-05
Dichloromethane . 8.9E-03 8.9E-03
Dioxins 8.3E-07 3.9E-07 1.2E-06
Ethylene_Dichloride 0.0E+00 0.0E+00
Fluorides - . 0.0E+00 0.0E+00
Formaldehyde 3.2E-02 3.6E-02 6.8E-02
Manganese 1.1E-01 1.1E-02 1.2E-01
Mercury 5.3E-07 . 5.3E-07
Nickel 2.8E-04 1.2E-03 1.5E-03
POMs 1.3E-07 . 1.3E-07
Phenols 4.6E-02 2.1E-02 6.7E-02
Toluene 2.0E-01 1.1E-02 2.1E-01
Trichloroethylene . 1.1E-02 1.1E-02
Xylene 4.7E-02 7.8E-03 5.5E-02



ANNUAL AVERAGE MODELED CONCENTRATIONS

----------------------------- COUNTY=SKAMANIA ——==—==— -

AREA SOURCES POINT SOURCES TOTAL
POLLUTANT (ug/m3) (ug/m3) (ug/m3)
Acetaldehyde 2.3E-03 2.0E-03 4.3E-03
Arsenic 2.9E-06 2.9E-06
Benzene 6.8E-02 . 6.8E-02
Benzo(a)pyrene 6.5E-08 . 6.5E-08
Beryllium 3.0E-06 . 3.0E-06
Cadmium 2.2E-07 . 2.2E-07
Chromium 8.7E-06 . 8.7E-06
Dichloromethane . 1.0E-03 1.0E-03
Dioxins 0.0E+00 3.0E-07 3.0E-07
Ethylene_Dichloride . 0.0E+00 0.0E+00
Fluorides . 0.0E+00 0.0E+00
Formaldehyde 3.7E-03 3.9E-03 7.7E-03
Manganese 1.1E-01 2.4E-03 1.2E-01
Mercury 2.0E-07 2.0E-07
Nickel 4.6E-05 . 4.6E-05
POMs 4.4E-07 . 4.4E-07
Phenols 5.8E-03 1.6E-02 2.2E-02
Toluene 9.9E-02 1.5E-03 1.0E-01
Trichloroethylene . 1.0E-03 1.0E-03
Xylene 4.7E-03 1.0E-03 5.7E-03



ANNUAL AVERAGE MODELED CONCENTRATIONS

e COUNTY=SNOHOMISH ======m=m—mm e m e e oo

AREA SOURCES POINT SOURCES TOTAL
POLLUTANT (ug/m3) (ug/m3) (ug/m3)
Acetaldehyde 4.7E-02 2.2E-02 6.8E-02
Arsenic 2.0E-05 . 2.0E-05
Benzene 1.8E+00 . 1.8E+00
Benzo(a)pyrene 5.1E-09 . 5.1E-09
Beryllium 2.1E-05 . 2.1E-05
Cadmium 1.4E-06 . 1.4E-06
Chloroform . 2.0E-01 2.0E-01
Chromium 8.2E-05 3.2E-04 4.0E-04
Dichloromethane . 3.8E-02 3.8E-02
Dioxins 2.4E-06 3.3E-06 5.7E-06
Ethylene_Dichloride . 0.0E+00 0.0E+00
Fluorides . 0.0E+00 0.0E+00
Formaldehyde 1.0E-01 4.5E-02 1.4E-01
Manganese 8.9E-02 3.7E-02 1.3E-01
Mercury 8.0E-07 . 8.0E-07
Nickel 2.0E-03 7.4E-03 9.4E-03
POMs 3.4E-08 . 3.4E-08
Phenols 1.4E-01 1.8E-01 3.2E-01
Toluene 5.0E-01 4.7E-02 5.4E-01
Trichloroethylene . 4.5E-02 4.5E-02
Xylene 4 .5E-02 3.2E-02 7.7E-02



ANNUAL AVERAGE MODELED CONCENTRATIONS

------------------------------- COUNTY=SPOKANE =—=======— == et

AREA SOURCES POINT SOURCES TOTAL
POLLUTANT (ug/m3) (ug/m3) (ug/m3)
Acetaldehyde 9.1E-02 1.5E-04 9.1E-02
Arsenic 1.1E-04 1.1E-04
Benzene 3.1E+00 . 3.1E+00
Benzo(a)pyrene 5.5E-09 5.5E-09
Beryllium 1.2E-04 . 1.2E-04
Cadmium 8.3E-06 . 8.3E-06
Chromium 2.9E-04 8.4E-08 2.9E-04
Dichloromethane . 3.6E~-02 3.6E-02
Dioxins 3.4E-06 2.4E-08 3.4E-06
Ethylene_Dichloride . 0.0E+00 0.0E+00
Fluorides . 2.0E-01 2.0E-01
Formaldehyde 1.6E-01 3.1E-04 1.6E-01
Manganese 1.2E-01 1.3E-05 1.2E-01
Mercury 6.5E-06 . 6.5E-06
Nickel 2.0E-03 7.5E-06 2.0E-03
POMs 3.6E-08 . 3.6E-08
Phenols 2.2E-01 1.3E-03 2.2E-01
Toluene 4.2E-01 4.5E-02 4.6E-01
Trichloroethylene . 4.3E-02 4.3E-02
Xylene 1.4E-01 3.1E-02 1.7E-01



ANNUAL AVERAGE MODELED CONCENTRATIONS

------------------------------- COUNTY=STEVENS =====mm e e e

AREA SOURCES POINT SOURCES TOTAL
POLLUTANT (ug/m3) (ug/m3) (ug/m3)
Acetaldehyde 9.3E-03 5.7E-02 6.6E-02
Arsenic 4.0E-06 . 4 .0E-06
Benzene 2.3E-01 2.3E-01
Benzo(a)pyrene 6.2E-08 6.2E-08
Beryllium 4.0E-06 4 .0E-06
Cadmium 3.2E-07 . 3.2E-07
Chromium 1.5E-05 2.4E-07 1.5E-05
Dichloromethane . 4.8E-03 4 .8E-03
Dioxins 3.4E-07 8.8E-06 9.1E-06
Ethylene_Dichloride . 0.0E+00 0.0E+00
Fluorides . 0.0E+00 0.0E+00
Formaldehyde 1.8E-02 1.1E-01 1.3E-01
Manganese 1.5E-02 1.3E-02 2.8E-02
Mercury 3.5E-07 . 3.5E-07
Nickel 2.0E-04 4.9E-06 2.0E-04
POMs 4.2E-07 . 4.2E-07
Phenols 2.6E-02 4.8E-01 5.0E-01
Toluene 7.1E-02 6.1E-03 7.7E-02
Trichloroethylene . 6.1E-03 6.1E~-03
Xylene 2.2E-02 4.1E-03 2.6E-02



ANNUAL AVERAGE MODELED CONCENTRATIONS

—————————————————————————————— COUNTY=THURSTON ======= e e o e

AREA SOURCES POINT SOURCES TOTAL
POLLUTANT (ug/m3) (ug/m3) (ug/m3)
Acetaldehyde 4.3E-02 1.9E-03 4.5E-02
Arsenic 3.0E-05 . 3.0E-05
Benzene 1.5E+00 . 1.5E+00
Benzo(a)pyrene 2.8E-08 . 2.8E-08
Beryllium 3.2E-05 . 3.2E-05
Cadmium 2.0E-06 . 2.0E-06
Chromium 8.9E-05 . 8.9E-05
Dichloromethane . 3.1E-02 3.1E-02
Dioxins 1.9E-06 2.9E-07 2.2E-06
Ethylene_Dichloride 0.0E+00 0.0E+00
Fluorides . 0.0E+00 0.0E+00
Formaldehyde 9.0E-02 3.7E-03 9.4E-02
Manganese 1.3E-01 4.5E-03 1.3E-01
Mercury 8.8E-07 . 8.8E-07
Nickel 1.2E-03 . 1.2E-03
POMs 1.9E-07 . 1.9E-07
Phenols 1.1E-01 1.6E-02 1.2E-01
Toluene 4 .8E-01 3.9E-02 5.2E-01
Trichloroethylene . 3.7E-02 3.7E-02
Xylene 1.5E-01 2.6E~-02 1.8E-01



ANNUAL AVERAGE MODELED CONCENTRATIONS

TR COUNTY=WAHKIAKUM —========-=-————meem .

AREA SOURCES POINT SOURCES TOTAL
POLLUTANT (ug/m3) (ug/m3) (ug/m3)
Acetaldehyde 1.1E-03 . 1.1E-03
Arsenic 5.0E-08 . 5.0E-08
Benzene 9.1E-03 . 9.1E-03
Benzo(a)pyrene 3.7E-09 . 3.7E-09
Beryllium 5.0E-08 . 5.0E-08
Cadmium 0.0E+00 . 0.0E+00
Chromium 2.3E-06 . 2.3E-06
Dichloromethane . 7.1E-04 7.1E-04
Dioxins 0.0E+00 . 0.0E+00
Ethylene_Dichloride . 0.0E+00 0.0E+00
Fluorides . 0.0E+00 0.0E+00
Formaldehyde 2.3E-03 . 2.3E-03
Manganese 1.6E-03 . 1.6E-03
Mercury 0.0E+00 . 0.0E+00
Nickel 4.9E-05 . 4 .9E-05
POMs 2.5E-08 . 2.5E-08
Phenols 3.2E-03 . 3.2E-03
Toluene 1.1E-02 7.1E-04 1.2E-02
Trichloroethylene . 7.1E-04 7.1E-04
Xylene 3.9E-03 7.1E-04 4.6E-03



ANNUAL AVERAGE MODELED CONCENTRATIONS

----------------------------- COUNTY=WALLA WALLA ==—======—— == mm e

AREA SOURCES POINT SOURCES TOTAL
POLLUTANT (ug/m3) (ug/m3) (ug/m3)
Acetaldehyde 2.4E-02 6.9E-03 3.1E-02
Arsenic 2.1E-05 1.3E-04 1.5E-04
Benzene 5.6E-01 . 5.6E-01
Benzo(a)pyrene 0.0E+00 . 0.0E+00
Beryllium 0.0E+00 3.1E-07 3.1E-07
Cadmium 1.9E-06 3.1E-07 2.2E-06
Chloroform . 2.8E-01 2.8E-01
Chromium 6.2E-05 1.7E-06 6.4E-05
Dichloromethane . 7.5E-03 7.5E-03
Dioxins 6.3E-07 1.1E-06 1.7E-06
Ethylene_Dichloride . 0.0E+00 0.0E+00
Fluorides . 0.0E+00 0.0E+00
Formaldehyde 3.2E-02 1.4E-02 4 .5E-02
Manganese 2.4E-02 6.3E-03 3.1E-02
Mercury 2.6E-06 9.4E-06 1.2E-05
Nickel 4.5E-04 3.2E-05 4.8E-04
POMs 0.0E+00 . 0.0E+00
Phenols 4.9E-02 5.8E-02 1.1E-01
Toluene 9.6E-02 9.4E-03 1.1E-01
Trichloroethylene . 8.8E-03 8.8E-03
Xylene 2.9E-02 6.3E-03 3.5E-02



ANNUAL AVERAGE MODELED CONCENTRATIONS

——————————————————————————————— COUNTY=WHATCOM =====mm == e e

AREA SOURCES POINT SOURCES TOTAL
POLLUTANT (ug/m3) (ug/m3) (ug/m3)
Acetaldehyde 3.0E-02 1.1E-02 4.1E-02
Arsenic 1.2E-05 . 1.2E-05
Benzene 1.3E+00 . 1.3E+00
Benzo(a)pyrene 7.0E-09 . 7.0E-09
Beryllium 1.3E-05 . 1.3E-05
Cadmium 8.8E-07 8.3E-05 8.3E-05
Chloroform . 1.6E-01 1.6E-01
Chromium 4.8E-05 2.0E-03 2.1E-03
Dichloromethane . 1.4E-02 1.4E-02
Dioxins 1.3E-06 1.7E-06 3.0E-06
Ethylene Dichloride 0.0E+00 0.0E+00
Fluorides . 0.0E+00 0.0E+00
Formaldehyde 6.2E-02 5.6E-02 1.2E-01
Manganese 7.3E-02 1.8E-02 8.1E-02
Mercury 6.4E-07 1.8E-05 1.9E-05
Nickel 8.2E-04 1.9E-04 1.0E-03
POMs 4.7E-08 . 4.7E-08
Phenols 8.0E-02 9.3E-02 1.7E-01
Toluene 2.1E-01 1.7E-02 2.3E-01
Trichloroethylene . 1.6E-02 1.6E-02
Xylene 6.5E-02 1.2E-02 7.6E-02



ANNUAL AVERAGE MODELED CONCENTRATIONS
------------------------------- COUNTY=WHITMAN —====== == e e

AREA SOURCES

POINT SOURCES TOTAL
POLLUTANT (ug/m3) (ug/m3) (ug/m3)
Acetaldehyde 7.8E-03 . 7.8E-03
Arsenic 7.3E-06 2.5E-04 2.6E-04
Benzene 1.7E-01 . 1.7E-01
Benzo(a)pyrene 0.0E+00 . 0.0E+00
Beryllium 7.4E-06 6.3E-07 8.0E-06
Cadmium 5.7E-07 6.3E-07 1.2E-06
Chromium 2.0E-05 3.6E-06 2.4E-05
Dichloromethane . 3.8E-03 3.8E-03
Dioxins 3.8E-07 . 3.8E-07
Ethylene Dichloride . 0.0E+00 0.0E+00
Fluorides . 0.0E+00 0.0E+00
Formaldehyde 1.2E-02 1.3E-05 1.2E-02
Manganese 9.7E-03 1.8E-06 9.7E-03
Mercury 6.2E-07 1.9E-05 1.9E-05
Nickel 1.1E-04 4.4E-06 1.1E-04
POMs 0.0E+00 . 0.0E+00
Phenols 1.9E-02 . 1.9E-02
Toluene 3.9E-02 4.6E-03 4.4E-02
Trichloroethylene . 4.6E-03 4.6E-03
Xylene 1.3E-02 3.1E-03 1.6E-02



ANNUAL AVERAGE MODELED CONCENTRATIONS

——————————————————————————————— COUNTY=YAKIMA ======m—m e oo

AREA SOURCES POINT SOURCES TOTAL
POLLUTANT (ug/m3) (ug/m3) (ug/m3)
Acetaldehyde 2.5E-02 6.2E-03 3.1E-02
Arsenic 4.2E-05 . 4.2E-05
Benzene 9.0E-01 . 9.0E-01
Benzo(a)pyrene 8.6E-08 . 8.6E-08
Beryllium 4 .5E-05 . 4.5E-05
Cadmium 3.0E-06 . 3.0E-06
Chromium 1.0E-04 2.2E-07 1.0E-04
Dichloromethane . 1.4E-02 1.4E-02
Dioxins 9.4E-07 9.6E-07 1.9E-06
Ethylene_Dichloride . 0.0E+00 0.0E+00
Fluorides . 0.0E+00 0.0E+00
Formaldehyde 4.4E-02 1.2E-02 5.6E-02
Manganese 3.5E-02 8.6E-03 4.4E-02
Mercury 2.0E-06 . 2.0E-06
Nickel 7.5E-04 4 .4E-06 7.5E-04
POMs 5.7E-07 . 5.7E-07
Phenols 6.5E-02 5.2E-02 1.2E-01
Toluene 1.9E-01 1.7E-02 2.1E-01
Trichloroethylene . 1.6E-02 1.6E-02
Xylene 6.1E-02 1.2E-02 7.2E-02






APPENDIX 11

MODELED EXCESS CANCERS
BASED ON 70 YEAR EXPOSURE



——————————————————————————— POLLUTANT=Acetaldehyde -=------=—c——mmmmmm—me e

TOTAL ACCEPTABLE EXCESS
COUNTY POPULATION (ug/m3) LIMIT (AAL) CANCERS
ADAMS 13100 6.1E-03 4.5E-01 0.00
ASOTIN 17000 6.2E-03 4.5E-01 0.00
BENTON 113400 2.3E-02 4.5E-01 0.01
CHELAN 21713 9.4E-03 4.5E-01 0.00
CLALLAM 29000 2.1E-02 4.5E-01 0.00
CLARK 195800 9.1E-02 4.5E-01 0.04
COLUMBIA 4000 2.3E-03 4.5E-01 0.00
COWLITZ 80500 1.0E-01 4.5E-01 0.02
DOUGLAS 22800 5.3E-03 4.5E-01 0.00
FERRY 6000 5.0E-03 4.5E-01 0.00
FRANKLIN 36700 1.3E-02 4.5E-01 0.00
GARFIELD 2400 1.2E-02 4.5E-01 0.00
GRANT 48600 9.3E-03 4.5E-01 0.00
GRAYS HARBOR 66800 3.4E-02 4.5E-01 0.01
ISLAND 45200 0.0E+00 4.5E-01 0.00
JEFFERSON 16600 7.2E-03 4.5E-01 0.00
KING 1309800 2.4E-01 4.5E-01 0.70
KITSAP 156800 6.7E=-02 4.5E-01 0.02
KITTITAS 25100 8.9E-03 4.5E-01 0.00
KLICKITAT 16200 7.0E-03 4.5E-01 0.00
LEWIS 56700 1.5E-02 4.5E-01 0.00
LINCOLN 9600 5.5E-03 4.5E-01 0.00
MASON 31900 1.6E-02 4.5E-01 0.00
OKANOGAN 30900 3.5E-02 4.5E-01 0.00
PACIFIC 17800 4.8E-03 4.5E-01 0.00
PEND OREILLE 8800 5.9E-03 4.5E-01 0.00
PIERCE 501300 1.7E-01 4.5E-01 0.19
SAN JUAN 8100 4.4E-03 4.5E-01 0.00
SKAGIT 64900 1.9E-02 4.5E-01 0.00
SKAMANIA 8100 4.3E-03 4.5E-01 0.00
SNOHOMISH 353400 6.8E-02 4.5E-01 0.05
SPOKANE 347600 9.1E-02 4.5E-01 0.07
STEVENS 29500 6.6E-02 4.5E-01 0.00
THURSTON 129100 4.5E-02 4.5E-01 0.01
WAHKIAKUM 3800 1.1E-03 4.5E-01 0.00
WALLA WALLA 47900 3.1E-02 4.5E-01 0.00
WHATCOM 109900 4.1E-02 4.5E-01 0.01
WHITMAN 40400 7.8E-03 4.5E-01 0.00
YAKIMA 175000 3.1E-02 4.5E-01 0.01

LIFETIME EXPOSURE RISK



————————————————————————————— POLLUTANT=Arsenic ---—---—-———---commmmmee————c-—

TOTAL ACCEPTABLE EXCESS
- COUNTY POPULATION (ug/m3) LIMIT (AAL) CANCERS
h ADAMS 13100 2.0E-06 2.3E-04 0.00
B ASOTIN 17000 6.9E-06 2.3E-04 0.00
BENTON 113400 1.0E-03 2.3E-04 0.50
) CHELAN 21713 2.8E-06 2.3E-04 0.00
CLALLAM 29000 2.7E-06 2.3E-04 0.00
’ CLARK 195800 2.0E-06 2.3E-04 0.00
COLUMBIA 4000 6.7E-06 2.3E-04 0.00
| COWLITZ 80500 9.0E-04 2.3E-04 0.31
J DOUGLAS 22800 2.2E-06 2.3E-04 0.00
FERRY 6000 8.6E-08 2.3E-04 0.00
1 FRANKLIN 36700 3.5E-06 2.3E-04 0.00
) GARFIELD 2400 5.6E-06 2.3E-04 0.00
GRANT 48600 2.0E-06 2.3E-04 0.00
\ GRAYS HARBOR 66800 3.3E-06 2.3E-04 0.00
| ISLAND 45200 4.2E-06 2.3E-04 0.00
JEFFERSON 16600 1.1E-06 2.3E-04 0.00
KING 1309800 1.5E-04 2.3E-04 0.86
KITSAP 156800 2.1E-05 2.3E-04 0.01
KITTITAS 25100 9.7E-06 2.3E-04 0.00
KLICKITAT 16200 2.9E-07 2.3E-04 0.00
LEWIS 56700 2.5E-03 2.3E-04 0.62
LINCOLN 9600 3.0E-06 2.3E-04 0.00
MASON 31900 1.3E-04 2.3E-04 0.02
OKANOGAN 30900 6.9E-06 2.3E-04 0.00
PACIFIC 17800 4.0E-06 2.3E-04 0.00
PEND OREILLE 8800 1.8E-06 2.3E-04 0.00
A PIERCE 501300 4 .2E-05 2.3E-04 0.09
) SAN JUAN 8100 6.5E-07 2.3E-04 0.00
j SKAGIT 64900 4.2E-06 2.3E-04 0.00
SKAMANIA 8100 2.9E-06 2.3E-04 0.00
> SNOHOMISH 353400 2.0E-05 2.3E-04 0.03
SPOKANE 347600 1.1E-04 2.3E-04 0.17
STEVENS 29500 4.0E-06 2.3E-04 0.00
. THURSTON 129100 3.0E-05 2.3E-04 0.02
WAHKIAKUM 3800 5.0E-08 2.3E-04 0.00
WALLA WALLA 47900 1.5E-04 2.3E-04 0.03
WHATCOM 109900 1.2E-05 2.3E-04 0.01
WHITMAN 40400 2.6E-04 2.3E-04 0.05
J YAKIMA 175000 4.2E-05 2.3E-04 0.03

LIFETIME EXPOSURE RISK



————————————————————————————— POLLUTANT=Benzene —-—-—--———--———m—m—memee—

TOTAL ACCEPTABLE EXCESS
COUNTY POPULATION (ug/m3) LIMIT (AAL) CANCERS
ADAMS 13100 9.6E-02 1.2E-01 0.01
ASOTIN 17000 6.8E-02 1.2E~-01 0.01
BENTON 113400 1.2E+00 1.2E-01 1.14
CHELAN 21713 3.0E-01 1.2E-01 0.05
CLALLAM 29000 3.7E-01 1.2E-01 0.09
CLARK 195800 2.2E+00 1.2E-01 3.57
COLUMBIA 4000 4.5E-02 1.2E-01 0.00
COWLITZ 80500 1.6E+00 1.2E-01 1.08
DOUGLAS 22800 5.4E-02 1.2E-01 0.01
FERRY 6000 1.2E-02 1.2E-01 0.00
FRANKLIN 36700 3.3E-01 1.2E-01 0.10
GARFIELD 2400 2.2E-02 1.2E-01 0.00
GRANT 48600 2.9E-01 1.2E-01 0.12
GRAYS HARBOR 66800 5.9E-01 1.2E-01 0.33
ISLAND 45200 3.0E-01 1.2E-01 0.11
JEFFERSON 16600 2.6E-01 1.2E-01 0.04
KING 1309800 1.6E+01 1.2E-01 170.6
KITSAP 156800 1.7E+00 1.2E-01 2.27
KITTITAS 25100 1.3E-01 1.2E-01 0.03
KLICKITAT 16200 1.7E-01 1.2E-01 0.02
LEWIS 56700 4.4E-01 1.2E-01 0.21
LINCOLN 9600 3.2E-02 1.2E-01 0.00
MASON 31800 2.1E-01 1.2E-01 0.06
OKANOGAN 30900 7.9E-02 1.2E-01 0.02
PACIFIC 17800 1.0E-01 1.2E-01 0.02
PEND OREILLE 8800 7.1E-02 1.2E-01 0.01
PIERCE 501300 5.3E+00 1.2E-01 22.09
SAN JUAN 8100 4.0E-02 1.2E-01 0.00
SKAGIT 64900 9.4E-01 1.2E-01 0.51
SKAMANIA 8100 6.8E-02 1.2E-01 0.00
SNOHOMISH 353400 1.8E+00 1.2E-01 5.33
SPOKANE 347600 3.1E+00 1.2E-01 8.98
STEVENS 29500 2.3E-01 1.2E-01 0.06
THURSTON 129100 1.5E+00 1.2E-01 1.62
WAHKIAKUM 3800 9.1E-03 1.2E-01 0.00
WALLA WALLA 47900 5.6E-01 1.2E-01 0.22
WHATCOM 109900 1.3E+00 1.2E-01 1.22
WHITMAN 40400 1.7E-01 1.2E-01 0.06
YAKIMA 175000 9.0E-01 1.2E-01 1.31

LIFETIME EXPOSURE RISK



—————————————————————————— POLLUTANT=Benzo(a)pyrene —-—-————=——-eme—e—ocoo—=———-

S |

TOTAL ACCEPTABLE EXCESS
COUNTY POPULATION (ug/m3) LIMIT (AAL) CANCERS
ADAMS 13100 0.0E+00 6.0E-04 0.00
ASOTIN 17000 9.2E-10 6.0E-04 0.00
BENTON 113400 0.0E+00 6.0E-04 0.00
CHELAN 21713 1.2E-04 6.0E-04 0.00
CLALLAM 29000 2.0E-08 6.0E-04 0.00
CLARK 195800 1.3E-08 6.0E-04 0.00
COLUMBIA 4000 0.0E+00 6.0E-04 0.00
COWLITZ 80500 5.2E-03 6.0E-04 0.71
DOUGLAS 22800 0.0E+00 6.0E-04 0.00
FERRY 6000 7.3E-08 6.0E-04 0.00
FRANKLIN 36700 0.0E+00 6.0E-04 0.00
GARFIELD 2400 1.0E-08 6.0E-04 0.00
GRANT 48600 0.0E+00 6.0E-04 0.00
GRAYS HARBOR 66800 9.9E-08 6.0E-04 0.00
ISLAND 45200 0.0E+00 6.0E-04 0.00
JEFFERSON 16600 1.2E-08 6.0E-04 0.00
KING 1309800 6.4E-03 6.0E-04 13.97
KITSAP 156800 4.9E-10 6.0E-04 0.00
KITTITAS 25100 1.0E-08 6.0E-04 0.00
KLICKITAT 16200 1.7E-03 6.0E-04 0.05
LEWIS 56700 8.8E-08 6.0E-04 0.00
LINCOLN 9600 0.0E+00 6.0E-04 0.00
MASON 31900 3.9E-08 6.0E-04 0.00
OKANOGAN 30900 9.4E-08 6.0E-04 0.00
PACIFIC 17800 2.2E-08 6.0E-04 0.00
PEND OREILLE 8800 4.3E-08 6.0E-04 0.00
PIERCE 501300 2.1E-03 6.0E-04 1.79
SAN JUAN 8100 0.0E+00 6.0E-04. 0.00
SKAGIT 64900 2.0E-08 6.0E-04 0.00
SKAMANIA 8100 6.5E-08 6.0E-04 0.00
SNOHOMISH 353400 5.1E-09 6.0E-04 0.00
SPOKANE 347600 5.5E~-09 6.0E-04 0.00
STEVENS 29500 6.2E-08 6.0E-04 0.00
THURSTON 129100 2.8E-08 6.0E-04 0.00
WAHKIAKUM 3800 3.7E-09 6.0E-04 0.00
WALLA WALLA 47900 0.0E+00 6.0E-04 0.00
WHATCOM 109900 7.0E-09 6.0E-04 0.00
WHITMAN 40400 0.0E+00 6.0E-04 0.00
YAKIMA 175000 8.6E-08 6.0E-04 0.00

LIFETIME EXPOSURE RISK



———————————————————————————— POLLUTANT=Beryllium --------—-——————cmmm

TOTAL ACCEPTABLE EXCESS
COUNTY POPULATION (ug/m3) LIMIT (AAL) CANCERS
ADAMS 13100 1.5E-06 4.2E-04 0.00
ASOTIN 17000 7.4E-06 4.2E-04 0.00
BENTON 113400 1.2E-05 4.2E-04 0.00
CHELAN 21713 2.9E-06 4.2E-04 0.00
CLALLAM 29000 2.6E-06 4.2E-04 0.00
CLARK 195800 1.1E-05 4.2E-04 0.01
COLUMBIA 4000 7.0E-06 4.2E-04 0.00
COWLITZ 80500 8.5E-06 4.2E-04 0.00
DOUGLAS 22800 2.4E-06 4.2E-04 0.00
FERRY 6000 5.0E-08 4.2E-04 0.00
FRANKLIN 36700 3.0E-06 4.2E-04 0.00
GARFIELD 2400 3.8E-06 4.2E-04 0.00
GRANT 48600 1.9E-06 4.2E-04 0.00
GRAYS HARBOR 66800 3.1E-06 4.2E-04 0.00
ISLAND 45200 4 .5E-06 4,.2E-04 0.00
JEFFERSON 16600 9.7E~07 4.2E-04 0.00
KING 1309800 1.6E-04 4.2E-04 0.50
KITSAP 156800 2.2E-05 4.2E-04 0.01
KITTITAS 25100 9.5E~06 4.2E-04 0.00
KLICKITAT 16200 3.0E~-07 4.2E-04 0.00
LEWIS 56700 2.3E-03 4.2E-04 0.30
LINCOLN 9600 2.4E-06 4.2E~-04 0.00
MASON 31900 2.4E-06 4.2E-04 0.00
OKANOGAN 30900 1.8E-06 4.2E-04 0.00
PACIFIC 17800 3.9E-06 4.2E-04 0.00
PEND OREILLE 8800 1.6E-06 4.2E-04 0.00
PIERCE 501300 4.4E-05 4.2E-04 0.05
SAN JUAN 8100 7.0E-07 4.2E-04 0.00
SKAGIT 64900 4.1E-06 4.2E-04 0.00
SKAMANIA 8100 3.0E-06 4.2E-04 0.00
SNOHOMISH 353400 2.1E-05 4.2E-04 0.02
SPOKANE 347600 1.2E-04 4.2E-04 0.10
STEVENS 29500 4.0E-06 4.2E-04 0.00
THURSTON 129100 3.2E-05 4.2E-04 0.01
WAHKIAKUM 3800 5.0E-08 4.2E-04 0.00
WALLA WALLA 47900 3.1E-07 4.2E-04 0.00
WHATCOM 109900 1.3E-05 4.2E-04 0.00
WHITMAN 40400 8.0E-06 4.2E-04 0.00
YAKIMA 175000 4 .5E~-05 4.2E-04 0.02

LIFETIME EXPOSURE RISK



————————————————————————————— POLLUTANT=Cadmium —-=—-—=—==—————————c——————e————

TOTAL ACCEPTABLE EXCESS
COUNTY POPULATION (ug/m3) LIMIT (AAL) CANCERS
ADAMS 13100 2.5E-07 5.6E-04 0.00
ASOTIN 17000 4.5E-07 5.6E-04 0.00
BENTON 113400 3.1E-06 5.6E-04 0.00
CHELAN 21713 2.2E-07 5.6E~04 0.00
CLALLAM 29000 2.3E-07 5.6E-04 0.00
CLARK 195800 2.4E-05 5.6E-04 0.01
COLUMBIA " 4000 4.9E-07 5.6E-04 0.00
COWLITZ 80500 3.5E-06 5.6E-04 0.00
DOUGLAS 22800 1.5E-07 5.6E-04 0.00
FERRY 6000 7.3E-09 5.6E-04 0.00
FRANKLIN 36700 3.8E-07 5.6E-04 0.00
GARFIELD 2400 8.1E-07 5.6E-04 0.00
GRANT 48600 1.8E-07 5.6E-04 0.00
GRAYS HARBOR 66800 3.0E-07 5.6E-04 0.00
ISLAND 45200 1.5E~04 5.6E-04 0.01
JEFFERSON 16600 1.3E-07 5.6E-04 0.00
KING 1309800 1.0E-05 5.6E-04 0.02
KITSAP 156800 1.4E-06 5.6E-04 0.00
KITTITAS 25100 8.3E~07 5.6E-04 0.00
KLICKITAT 16200 2.4E-08 5.6E-04 0.00
LEWIS 56700 1.3E-03 5.6E-04 0.13
LINCOLN 9600 3.6E-07 5.6E-04 0.00
MASON 31900 5.0E~-07 5.6E-04 0.00
OKANOGAN 30900 1.5E-06 5.6E-04 0.00
PACIFIC 17800 3.4E-07 5.6E-04 0.00
PEND OREILLE 8800 1.8E-07 5.6E-04 0.00
PIERCE 501300 3.0E-06 5.6E-04 0.00
SAN JUAN 8100 4.3E-08 5.6E-04 0.00
SKAGIT 64900 3.7E-07 5.6E-04 0.00
SKAMANIA 8100 2.2E-07 5.6E-04 0.00
SNOHOMISH 353400 1.4E-06 5.6E-04 0.00
SPOKANE 347600 8.3E-06 5.6E-04 0.01
STEVENS 29500 3.2E-07 5.6E-04 0.00
THURSTON 129100 2.0E-06 5.6E-04 0.00
WAHKIAKUM 3800 0.0E+00 5.6E-04 0.00
WALLA WALLA 47900 2.2E-06 5.6E-04 0.00
WHATCOM 109900 8.3E-05 5.6E-04 0.02
WHITMAN 40400 1.2E-06 5.6E-04 0.00
YAKIMA 175000 3.0E-06 5.6E-04 0.00

LIFETIME EXPOSURE RISK
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RANKING CF SPECIFIC NON-CANCER HEALTH ENDPOINTS

SPECIFIC
ENDPOINTS

Cardiovascular

- unspecified

- increased heart
attacks

- aggravation of
angina

- increased blood
pressure

Developmental
- fetotoxicity
- abnormal ossi-

fication (see teratogenicity)

- low birth weight
- teratogenicity

Hematopoietic

-unspecified

- decreased heme
production

- bone marrow
hypoplasia

- impaired heme
synthesis

- methemoglobinemia

Immunological
- unspecified
- herpes

- allergic reactions

- increased
infections

Kidney effects
- unspecified
- tubular
degeneration
- dysfunction
- hyperplasia
- hypertrophy
- atrophy
- necrosis
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Liver effects
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-hepatitis A
-jaundice
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-necrosis

Mutagenicity
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-cytogenetic
-heriditary
disorders
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Neurotoxic/Behavioral

- unspecified

- retardation

- reduced corneal
sensitivity

- retinal disorders

- vigual aging

- AChe inhibition

- learning disabili
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- decreased sensory
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- irritability

- tremors

- convulsions
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WASHINGTON ENVIRONMENT 2010

INDOOR AIR POLLUTANTS OTHER THAN RADON

I. Background

A.

B.

Indoor Air Pollutants Other Than Radon

Indoor concentrations of most air pollutants are considerably
higher than outdoor concentrations of these pollutants.
Research indicates that people spend approximately 90% of their
time indoors, resulting in greater health risks from exposure
to air pollution indoors than outdoors (Turiel, 1985). People
most susceptible to the risks of pollution, including the aged,
the ill, and the very young, spend nearly all of their time
indoors. Even if indoor air pollutant concentrations are low,
they may still make a substantial contribution to time-weighted
pollutant exposures (Spengler & Sexton, 1983). The major
sources of indoor air pollution include pollutant transport
from outdoor air, interior pollutant sources, and inadequate
ventilation (Meyer, 1983). Indoor pollution sources release
gases or particles into the air and include such broad cat-
egories as combustion sources, building materials and fur-
nishings, occupants and their activities, and household
cleaners and maintenance products (EPA, 1988a). Common indoor
air contaminants include carbon monoxide, carbon dioxide,
nitrogen dioxide, infectious agents (bacteria and fungi),
non-organic particulate matter, formaldehyde, trace organic
compounds, allergens, asbestos, and smoke.

The types of risks analyzed in this report are confined to
human health risks. The risks identified for indoor air
problems would include those posed to Washington residents from
their lifetime exposures to indoor air pollutants in
residences, nonindustrial occupational environments, and public
buildings. The human health risk analysis process addresses
acute, chronic, and carcinogenic endpoints.

Increasing interest in the quality of the indoor environment is
in part a result of efforts to reduce ventilation for energy
conservation. Approximately 20-50% of energy consumed nation-
wide is for space-heating and cooling (NRC, 1981). Reducing
ventilation in residential and commercial buildings can be a
cost-effective method to achieve energy conservation, but
concentrations of indoor air contaminants may increase as a
result. The relative importance of any single source depends
on how much of a given pollutant it emits, how many compounds
are emitted, and how hazardous those pollutants are. Some
sources release pollutants continuously (e.g., building mate-
rials or furnishings), while others result in only intermittent
pollution based on their application or use (e.g., smoking or
using gas appliances) (EPA, 1988a). As many as 30% of new and
remodelled buildings may have indoor air quality problems (EPA,
1988c). Indoor air quality problems potentially involve



thousands of substances, and any attempt to focus attention on
six or seven representative pollutants omits a substantial
portion of the indoor air problem. Due to the tremendous
complexity, variety, and significant unknowns, an adequate
assessment of '"total health risk" posed to individuals from
indoor air pollutants is impossible to achieve.

II. Human Health Risks

A.

Air contaminants come in contact with the skin and eyes, and
may be absorbed into the body through the skin, respiratory
tract, or gastrointestinal system, and then transported to the
rest of the body (Walsh et al., 1984). Some contaminants pro-
duce adverse health effects after contact with susceptible

tissue. Health effects vary depending on the contaminant's

chemical and/or biological properties, concentration, and
duration of exposure to the contaminant as well as the particu-
lar sensitivity of the person exposed (EPA, 1987a). At higher
concentrations, some pollutants have known carcinogenic,
allergenic, respiratory or other physiologic effects. Except
for some contaminants that cause irritation, the evidence of
direct or important health damage at reported concentrations is
not well established. The imprecision in air pollution health
effects data may be due partly to varying concentrations of
indoor air pollutants (NRC, 1981).

Many limitations prevent completion of an adequate quantitative
health risk assessment of Washington indoor air pollution
problems. The most limiting factor to an extensive assessment
is the lack of exposure data in the state. Additionally, even
on a national level, dose-response information for most indoor
air pollutants is poorly developed, because adverse human
health effects are reported at exposures to concentrations far
below occupational standards or other "threshold" levels. Most
indoor air related problems are multidisciplinary in nature,
and involve complex relationships among ventilation systems,
air pollutant concentrations, human response variations, and
some psychological factors (Wallace, 1986). A major barrier
for assessment of indoor air quality is the absence of stan-
dardized methods for sampling and analyzing indoor air. 1In
Washington state, as on the federal level, no single agency has
accepted responsibility for indoor air quality concerns, which
has resulted in a lack of data compilation and resource con-
centration. This assessment is, of necessity, a more qualita-
tive assessment of an unknown, but likely small, percentage of
the indoor air problem in Washington State.

This assessment will focus on a few of the myriad compounds
identified as common indoor air pollutants. These compounds
are believed to be the most common sources of adverse health
effects attributable to indoor air contamination exposure in
this state. They include: environmental tobacco smoke,
benzo(a)pyrene, nitrogen dioxide, volatile organic compounds
(including p-dichlorobenzene, tetrachloroethylene, and carbon



tetrachloride), formaldehyde, asbestos, and biological
organisms. Other compounds associated with indoor air
pollution, such as pesticides, will not be considered in this
assessment primarily because the frequency of their occurrence
in nonindustrial buildings in Washington State is unknown.

Environmental Tobacco Smoke. Environmental tobacco smoke is
the major source of indoor air particulates (NRC, 1981). Smoke
is generated from incomplete combustion, and is a complex
mixture of gases and particulates, including carbon monoxide,
nitrogen oxides, and organic compounds. Many of the substances
released by burning tobacco are known or suspected carcinogens.
To date, 43 chemicals in tobacco smoke have been determined to
be carcinogenic, including tobacco-specific nitrosamines.
Adverse health effects of mainstream smoke in tobacco smokers
have been well documented (Surgeon General, 1979). One out of
three adults smokes cigarettes, with the typical smoker smoking
32 cigarettes daily (Repace & Lowrey, 1985). Smoking is
responsible for approximately 30% of all cancer deaths na-
tionwide, 21% of deaths from coronary heart disease, 18% of
stroke deaths, and 82% of deaths from chronic obstructive
pulmonary disease (Surgeon General, 1989). The inhalation of
sidestream and exhaled smoke by nonsmokers, termed passive
smoking, may result in increased resting heart rate and blood
pressure, carboxyhemoglobin, decreased respiratory capacity,
ischemic heart disease, and induce allergic reactions (Repace &
Lowrey, 1980). Nonsmokers in the U.S. are exposed to an es-
timated 0 to 14 mg of tobacco tar daily, with an average ex~
posure of 1.4 mg (Repace & Lowrey, 1985). Risk estimates of
lung cancer deaths nationwide among non-smokers exposed to
environmental tobacco smoke range from 500 to 5,000 annually
(EPA, 1988c).

@

Benzo(a)pyrene. Benzo(a)pyrene is a component of tobacco smoke
and combustion appliance gases. It is one of hundreds of
polycyclic aromatic hydrocarbons released during the combustion
of wood or other organic substances. Benzo(a)pyrene is carcino-
genic and is considered an index of general polycyclic aromatic
hydrocarbon concentrations. The compound attaches to small
particles that are inhaled deeply into the lung, and may cause
acute or chronic tissue irritation.

In a study of indoor air components in 38 buildings in the
Pacific northwest, concentrations of benzo(a)pyrene were
positively correlated to respirable suspended particle
concentra%fons, with a maximum benzo(a)pyrene concentration of
9.67 ng/m”, consider%Ply above the U.S. ambient urban con-
centration of 2 ng/m~ (Turk et al., 1989). The nonsmoking
average benzo(a)pyrgne concentration in all buildings in this
study was 0.4 ng/m~ and the smoking average was 1.1 ng/m”,
clearly demonstrating the effect of smoking on airborne con-
centrations of this carcinogen.



The use of fireplaces or woodstoves appears to have a more
profound effect on the benzo(a)pyrene concentrations in indogr
air. Sample benzo(a)pyrene concentrations include 4.7 ng/m
during several days of woodstove use and 11.4 ng/m~ during
fireplace use (Quraishi & Todd, 1987).

Nitrogen Dioxide. The adverse health effects of nitrogen
oxides are generally attributed to nitrogen dioxide, which is a
respiratory irritant at low concentrations and may cause pul-
monary edema and chronic lung function impairment. Asthmatics
experience problems from short-term exposures to nitrogen diox-
ide at 0.3 ppm and greater (NRC, 1981). Sources of nitrogen
dioxide include tobacco smoking, kerosene heaters, gas-burning
appliances, and the outdoor air. Homes with gas stoves,
kerosene heaters, or unvented gas space heaters have much
higher levels of nitrogen dioxide than outdoor air, while homes
without combustion appliances generally have about half the
level of nitrogen dioxide in outdoor air (EPA, 1988a).

Volatile Organic Compounds. Sick building syndrome has been
linked to buildings with very low volatile organic compound
(VOC) concentrations, at orders of magnitude lower than levels
of concern for any one pollutant (EPA, 1987b). Among the more
common VOC's detected in 1indoor air include benzene,
p-dichlorobenzene, xylenes, styrene, tetrachloroethylene, and
carbon tetrachloride (Wallace, 1987). Benzene and xylenes are
components of fuels and their presence in indoor air may be
attributed to recent excursions to gas stations, or vehicles in
attached garages that lack appropriate ventilation. Styrenes
are associated with many plastics found in consumer items.
P-dichlorobenzene is found in room deodorizers and moth crys-
tals. Tetrachloroethylene and carbon tetrachloride are dry
cleaning agents, and are thought to volatilize from clothing
retrieved from’ dry cleaning establishments. Some of these
compounds are considered carcinogenic, and low dose exposures
to many of them may result in headaches or sensory irritation.
Wallace (1987) determined the lifetime canger risk of exposure
to indoor VOCs in urban areas to be 5 X 10 ', while the risk in
non-metropolitan areas was calucated at half that amount.

In September 1988, EPA (1988d) released the results of two
studies of indoor air quality that focused on VOCs. Buildings
chosen for study included those where people spend long periods
of time, such as schools, nursing homes, hospitals, and office
buildings. New buildings were monitored at completion of
construction and some months later for comparisons of VOC
levels. Data from this study indicated that air levels of VOCs
emitted by new building materials appear to decrease between
one and two orders of magnitude in the first weeks to months
following completion of comstruction. More importantly, people
in buildings where renovation or refinishing work is occurring
can be exposed to very elevated levels of toxic chemicals.
Monitoring data for 28 chemicals were reported, but reference



doses or cancer potency factor information is available for
only 11 of the examined pollutants. Because over 300 VOCs have
been detected in non-industrial indoor air, and risk estimates
are calculated for only 5, the risk estimates reported in EPA's
study likely capture only a fraction of the total risk posed by
VOCs indoors. Assuming that VOC concentrations in Washington
buildings do not differ from those in the EPA study, and that
all residents of Washington are exposed to VOCs in schools, of-
fices, or other buildings for 8 hours a day, a range of annual
cancer cases for the state can be calculated (Table 1).

Formaldehyde. Of all the pollutants recognized as being
important to the quality of indoor air, none has raised public
concern more than formaldehyde, because of its acute health
effects and irritant properties. Long term exposure studies
have shown formaldehyde to have mutagenic activity in a variety
of microorganisms and produce nasopharyngeal carcinomas in rats
and mice (Spengler & Sexton, 1983). TFormaldehyde effects on
the nervous system are not well understood, though psycho-
logical and neurophgsiological effects have been reported at
levels of 1500 mg/m~. Effects include subtle changes such as
short-term memory loss, increased anxiety, and slight change
in adaptation to darkness. Concentrations as low as 0.2 mg/m
can be irritating to the skin, eyes, and mucqus membranes (DOE,
1982). Higher concentrations (3 to 12 mg/m”) may cause head-
aches, nausea, dizziness, vomiting, coughing, pulmonary edema,
and skin rash. Sensitivity and chronic irritation may develop
with repeated exposure to formaldehyde (Turiel, 1985).
Formaldehyde may trigger asthmatic attacks or produce an
allergic response by forming a hapten-protein complex (Godish,
1981). People with lung diseases or impaired immune systems,
the elderly, and children may be particularly affected by this
pollutant (EPA, 1988c). - :

Formaldehyde is a colorless gas with a pungent odor, and is a
product of combustion and a component of many consumer
products. A ubiquitous compound, it is used as a preservative
in cosmetics, toiletries, and food contact substances. Over
50% of the formaldehyde produced today is wused in the
production of resins used as bonding or laminating agents and
as adhesives in wood products, or for modifying the properties
of paper or cloth, or as foam insulation in the sidewalls of
houses (Walsh et al., 1984). High temperature and humidity
induce the breakdown of the foam and resins, leading to
offgassing of formaldehyde. Incomplete combustion of natural
gas, tobacco and other combustibles may add to the formaldehyde
levels of indoor air (Versar, 1986). Versar (1986) determined
that average indoor air levels for foymaldehyde in conven-
tionally constructed homes was 75 mg/m~. Formaldehyde levels
in indoor air will be greatest when the building is new or
newly remodelled, and will decrease over time as the gas is re-
leased from building materials. Additionally, human exposures
tend to be greatest during winter months when windows and doors
are closed, preventing dilution with outside air. Winter



formaldehyde levels of 876 homes in the Pacific Northwest av-
eraged 124 mg/m~ (Reiland et al., 1988). This study also
demonstrated a 20% reduction in airborne formaldehyde levels in
a 12-month period, leading the authors to suggest that dwelling
age is the principle factor in predicting formaldehyde levels.

Because of extensive use of formaldehyde-emitting wood products
in construction and increased air tightness of newer mobile
homes, residents of such units may experience relatively high
exposures to free formaldehyde. Since 1985, HUD has permitted
only the use of plywood and particleboard that ?fnform to
specified formaldehyde emission limits (500 mg/m~) in the
construction of prefabricated and mobile homes (HUD, 1984).
Prior to instituting this construction standard, many mobile
homes were constructed with materials containing high levels of
formaldehyde, but emissions in these older units should be
significantly reduced at this time. Recent data indicate that
the HUD targeted concentration of formaldehyde in manufactured
homes may not be adequate to protect home occupants from
discomfort and other effects of exposure (Ritchie & Lehnen,
1987).

Asbestos. Asbestos is. a mineral fiber that has been incorpo-
rated in a variety of building materials and textiles to impart
insulation and fire-retardant properties. In buildings,
asbestos containing materials commonly include sprayed on in-
sulation of building supports and ceilings, ceiling tiles,
vinyl tile adhesive, pipewrap and furnace insulation, asbestos
shingles, millboard, and textured paints (EPA, 1988a). The use
of asbestos containing materials in construction is waning due
to federal bans on the use and manufacture of such products,
though other materials such as automobile brake linings con-
tinue to contain asbestos. Elevated concentrations of airborne
asbestos occur after such materials are disturbed by remodel-
ling activities such as cutting or sanding, or from damage due
to water or vibration. Even with normal aging, materials may
deteriorate and release asbestos fibers in clumps or clouds of
dust (EPA, 1%P8c). EPA measured asbestos concentrations from 9
to 1950 ng/m~, with average concentrations of 217 ng/m” in
schools visibly Sontaminated with asbestos (1987). Outside air
averaged 14 ng/m~ at these sites.

The association of pleural and pulmonary abnormalities with
asbestos exposure was reported as early as 1935 (Anton-Culver
et al., 1989). 1Inhalation of asbestos fibers can result in
lung cancer or mesothelioma (cancer of the lining of the chest
or abdominal cavities) several years after exposure has ceased.
Asbestosis, an irreversible scarring of the lung, is a non-
cancerous condition associated with occupational exposure to
asbestos. There is an exposure-response relationship between
cumulative asbestos exposure and prevalence rates of pleural
plaques as identified by chest radiographs of shipyard workers
(Anton-Culver et al., 1989). Although the pathogenic mechanism



of pleural plaques is unknown, such lesions are considered to
be strong indicators of previous asbestos exposure.

Biological Organisms. A variety of biological material is
present in indoor environments. Biological contaminants have
directly led to many deaths as well as the expenditure of
millions of dollars in lost time and productivity (Morris,
1986). These contaminants have a wide range of biological
activities involving inflammatory, hemodynamic, and immuno-
logical responses. Inhalation of aerosols of these substances
is a primary mechanism of contagion of upper respiratory dis-
eases. Pollen, molds, dust mites, bacterial endotoxins,
chemical additives, animal dander, fungi, algae, and insect
parts are known indoor biological contaminants. Sources of
these materials include pets, detergents, humidifier and
air-cooling fluids, growth of molds and fungi on ductwork and
other surfaces, and insect infestations (EPA, 1988a). Building
ventilation systems and equipment can impact the concentrations
of biological organisms in occupied spaces (Morris, 1986).
Temperature and humidity are very important for many indoor
aeroallergens. Higher temperatures and relative humidity en-
hance growth of molds, algae, and dust mites (Turiel, 1985).
Reduced ventilation and increased use of recirculated,
untreated air may concentrate many of these materials, and
prolonged exposure may cause sensitization.

The pollutants chosen for this assessment do not illustrate the
entire indoor air pollution problem, but were selected for the
following reasons:

1. The pollutant has been associated with adverse human
health effects in case studies or current literature.

2. The pollutant is commonly found in indoor environments at
concentrations that may adversely affect human health.

3. Some exposure and/or dose information is available on the
pollutant.

The exposure data utilized in the assessment are not specific
to Washington State. Statewide data on indoor air exposures
are negligible, and better data have been collected elsewhere
in the nation. Human activity patterns and exposures are
assumed to be similar to subjects cited in other studies.
Variations in such data may exist from state to state, but the
imprecision, uncertainty, and error inherent in available data
reduce the effect of such differences. Washington census data
has been used to determine the number of individuals affected
by specific sources, when available, including the prevalence
of smokers, number of homes with woodstoves and fireplaces
(Jenkins, 1986), and number of mobile homes.

Cancer risk assessments were performed for the following
pollutants:



Environmental tobacco smoke
Benzo(a)pyrene

Volatile organic compounds
Formaldehyde

Asbestos
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The cancer risk estimates are based on potency estimates
developed by EPA's Carcinogen Assessment Group. Because of the
uncertainties in the data used to develop the estimates, the
estimates are best utilized to determine the relative relation-
ships among the various pollutants and exposure types, and
cancer risks.

Lack of adequate data have made it impossible to separate acute
from chronic health effects, so all noncancer health effects
are summarized together. Qualitative health assessments were
performed for the following pollutants:

Environmental tobacco smoke
Nitrogen dioxide

Volatile organic compounds
Formaldehyde

Biological organisms
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The assessments outline the expected adverse health effects as
well as the numbers of Washingtonians potentially affected.
Noncancer effects are "scored" on the basis of the severity of
the health effect as determined by the EPA's National
Comparative Risk Project ranking (1987b).

Cancer risk assessment findings demonstrate the relative
importance of the various indoor air pollutants that were ex-

amined in relation to cancer risk (Table 1). Because of the

extensive assumptions and extrapolations made on the extremely
limited data to arrive at the risk numbers, the estimates
should not be used out of the context of this paper. Comparison
of the various cancer risks indicate that exposure to environ-
mental tobacco smoke would result in the greatest increased
incidence of cancer among the pollutants examined (64 to 321
cases annually). Exposures to VOCs and formaldehyde appear to
result in relatively high cancer risks as well (16 to 33, and 7
to 66 cases annually,.respectively). Personal air exposure
data was used for determining the cancer risk for VOCs rather
than indoor air sampling data (Wallace, 1986). . Since people
spend approximately 90% of their time indoors and indoor air is
generally more contaminated than outdoor air, these estimates
primarily reflect indoor air exposure. Benzo(a)pyrene and
asbestos exposure would result in few cases of excess cancer in
Washingtonians, based on estimated exposure conditions.

The acute and chronic health risk assessment is summarized in
Table 2 and illustrates the number of persons at risk of ex-

posure to concentrations of pollutants which may be associated
with adverse health effects. Generally, the number of affected
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individuals is not known, but it is possible to compare the
estimated numbers of affected individuals or extensiveness of
the problem for some of the pollutants. For most indoor air
quality complaint investigations, a source of the problem is
more likely to be identified than the specific pollutant(s)
causing the adverse health effect. Additionally, factors re-
lating to the building design and ventilation system influence
the severity of any problems that are identified (Godish,
1986).

Potentially, the entire stdate population (4,565,000
individuals) may be exposed to volatile organic compounds
emanating from such diverse items as plastics, bonding com-
pounds, wood products, dry cleaned items, cleaning compounds,
and smoking tobacco. Health effects associated with exposure
to these compounds vary depending upon the compound itself, the
size of the dose, and the duration of the exposure. Generally,
the effects associated with exposure to low levels of VOCs are
sensory irritation and headaches, which are ranked at 3 and 2
by EPA (1987b) as specific non-cancer health endpoints. An
estimated 2,830,300 persons are exposed to environmental
tobacco smoke at home with health effects endpoints of allergic
reactions (3) and respiratory impairment (4), though other
respiratory disorders, low birth weights (5) and mortality from
ischemic heart disease (5) may be associated with environmental
tobacco smoke (Repace & Lowrey, 1985). Relatively high for-
maldehyde exposure may occur to 274,731 mobile home residents,
resulting in headaches (3), sensory irritation (2), and pul-
monary edema (6). Additionally, other persons who are exquis-
itely sensitive to formaldehyde and energy efficient home
dwellers may develop adverse health effects. The numbers of
such individuals affected as well as their exposure levels are
unknown. Asthmatics (124,440 in Washington state) may have
increased severity of symptoms when exposed to either nitrogen
dioxide or biological organisms. Residents of homes with gas
cooking facilities may also be affected by increased levels of
nitrogen dioxide, resulting in respiratory irritation (3), and
impaired pulmonary function (4).

Valid measures of exposures of humans to pollutants over time
are necessary to classify accurately their exposure status.
This type of data was essentially not available to develop the
risk assessment estimates. Additionally, exposure to an agent
may be associated with other possible determinants of risk
(confounding variables). In determining risk of exposure to
indoor air contaminants, relevant confounding variables are
unknown or difficult to measure. This is a particular problem
in the interpretation of studies in which the relative risks
are not large. In the rare cases where knowledge of the
concentrations of the environmental pollutants in indoor air
are known, there is a general lack of information on the
magnitude of intake of, or contact with, the contaminated air
per unit of time. Duration and frequency of exposures to
indoor air contaminants are frequently unavailable, and are
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necessary components of an exposure assessment. Because of the
relatively large number of assumptions and inferences made to
complete the risk assessment, uncertainties are rampant in the
risks identified in this report.

Although numbers of cancers have been calculated, such numbers
are hypothetical. Little or no epidemiological data as-
sociating human cancer with the selected contaminants at the
concentrations to which humans are exposed is available.
Individual cancer risk can be relatively high, with passive

smoking responsible for the majority of expected additional
cancers.

Many individuals may have a relatively high risk of noncancer
health risks from exposure to indoor air pollutants. Com-
plaints of irritation and discomfort associated with exposure
to indoor air pollutants should not be minimized because of the
varying sensitivity of individuals exposed to such compounds.
Unfortunately, such indoor air complaints cannot be separated
from those associated with other factors. Indoor air related
problems must be addressed with related issues such as ventila-
tion, individual sensitivity, and human activity patterns. It
is important to note that it is normal for some percentage
(approximately 20%) of building occupants to experience
symptoms associated with indoor air pollution exposure, and
that occupant complaints may also result from an illness
contracted outside the building, acute individual sensitivity,
job~related stress or dissatisfaction, or other pyschosocial
factors (EPA, 1988a; 1988b).

Three basic strategies have been identified for control of
indoor air pollution: source removal, dilution, and air clean-
ing. The appropriate strategies to be used, either separately
or in combination, must be selected with respect to other
considerations, such as acoustic, thermal, economic, and energy
conservation (NRC, 1981). Control of pollutants by removal, if
sources are properly identified, provides the most effective
and least expensive approach (in the long run) to the mitiga-
tion of an indoor air quality problem (Godish, 1986). When
possible, mobile pollutant sources should be utilized when the
least number of people would be exposed, such as interior
painting during non-working hours. Building materials in new
or remodeled areas should be allowed to off-gas pollutants
under high ventilation conditions prior to occupancy. Air
exchange by infiltration, exfiltration, natural ventilation,
and mechanical ventilation may reduce indoor contaminants if
the outdoor replacement air contains lower concentrations than
the indoor air (DOE, 1982). Increasing ventilation rates can
often be a cost-effective means of reducing indoor pollutant
levels (EPA, 1988b). Ventilation is not the most important
parameter affecting observed pollutant concentrations, since
source strengths, which likely vary from building to building,
are often the determining factor in pollutant concentrations
(Turk et al., 1989). Filtration can be utilized for both



particulate and gaseous contaminants. Such systems are expen-
sive to install and maintain, and impose a decrease in
volumetric flow rate of the ventilation system.

Regulatbry controls of pollutants may be accomplished by
product bans, labelling requirements, minimum performance stan-
dards, public awareness programs, and housing-related
regulations (DOE, 1982). The adoption of indoor air quality
standards by trade and professional associations could result
in changes in the design and construction industry. At the
present, .it remains unclear who is responsible for residential
indoor air quality and what controls will be developed and
implemented. Precedents established through the courts may
determine what minimum indoor air quality controls must be
included in residential and other non-industrial structures,
including public buildings.

Prepared Candace A. Jacobs, D.V.M.
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Pollutant

Environmental
Tobacco Smoke

Benzo (a)pyrene

Volatile
Organic
Compounds

Formaldehyde‘

Asbestos

Table 1. Cancer Risk Estimates

Exposure Conditions

Exposure (0.45-2.27 mg
tar/day) at home for 62%
population

Average exposure (1.4 mg
tar/day) at work and home for
62% population

462,806 households with wood-
stoves/inserts used for 3

to 6 months, (456 to 912 hrs)
at 4.7 ng/m” per day

462,806 households with fire-
places-used for 3 to 6 months
(273 to 547 hrs) at 11.4 ng/m

per day

4,565,000 people exposed to
average conditions based on

_ ”TEAM study

274,731 mobile home residents
exposed to HUD mobile home

fgrmaldehyde standard (500 ug/
m3) and average level (525 ug/

)

274,731 mobile home residents
exposed to low tg high levels
(150 - 1500 ug/m™)

4,036,153 residents of con-
ventional homes exposed to
average §orma1dehyde levels
(75 ug/m™)

4,036,153 residents of con-
ventional homes exposed to
low Eo high levels (7-4350
ug/m”)

986,745 children aged 5-19
exposed tg average levels

(200 ng/m™) agd a range
(10-1950 ng/m~) of asbestos
for 200 days @ 8 hrs/day

where 10% of student area in
school contains asbestos and
66% of surface area is damaged
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Incidence

64-321 cases/yr

198 cases/yr

4-7 cases/year

5-10 cases/year

16-33 cases/year

22-23 cases/yr

7-66 cases/yr

42 cases/yr

4-2445 cases/yr

Mesothelioma:
Avg - 1 case/yr
Rng ~ <1 to 11
cases/yr

Lung cancer:
Avg - 1 case/yr
Rng - <1 to 6
cases/yr



Pollutant

Environmental
Tobacco Smoke

Nitrogen
Dioxide

Volatile
Organic
Compounds

Formaldehyde

Biological
Organisms

Table 2. Acute and Chronic

Health Effects
(Endpoint Ranking)

Allergic reactions

(5), Respiratory
impairment (4), Low
birthweight (5),

Ischemic heart disease (5)

Respiratory irri-
tation (2),

Impaired pulmonary
function (4),
Increased suscepti-
bility to infections

Headaches (3), Eye,
respiratory irritation (2)

Headaches (3), Eye,
respiratory irrita-
tion (2), Pulmon-
ary edema (6),
Pneumonia

Allergic rhinitis
(3), Bronchial asthma
(4), Hypersensitivity
pneumonitis (4),
Infection
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Health Effects

Estimated # Persons @ Risk

- 2,830,000 at home (MEI)
- population exposed occu-
pationally unknown, due

to workplace smoking re-
strictions

- 154,940 in homes with
gas cooking utilities
(MET)

- 124,440 asthmatics with
increased severity of
symptoms

- up to 4,565,000, depen-
ding on specific conta-
minant

- 274,731 mobile home res-
idents (MEI)

- Unknown number of sensi-
tive individuals

~ 124,440 asthmatics with
increased severity of
symptoms (MEI)

- Unknown number of sensi-
tive individuals
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RELEASES FROM RADIOACTIVE WASTES/RADIOACTIVE MATERIALS
HUMAN HEALTH RISKS

Background

The section reviews the causes of human health risk associated with the presence of
radioactive materials in the environment. The sources receiving attention were
selected for several reasons including the prevalence and mobility of a particular type
of radioactive waste within the state of Washington, the regulatory and political
attention received, the availability of information on each, and the potential for an
individual to be unknowingly exposed. The sources of potential radiation exposure
and the associated facilities reviewed in this section are: '

- the radioactive components of "mixed" hazardous wastes resulting from nuclear
materials production

- commercial nuclear power operations

- high-level nuclear waste storage sites

- low-level nuclear waste storage and disposal sites
- transuranic waste storage and disposal sites

- radioactive effluents from nuclear medicine, laboratory, and radiopharmaceutical
facilities

- uranium mill tailings disposal sites
- other licensed users of radioactive materials.

Risks associated with radiation exposure due to diagnostic medical procedures,or
naturally occurring radioactive isotopes will not be considered. Indoor radon and non-
ionizing radiation receive thorough reviews in other sections. Radiation exposures
received as part of an individual’s occupation can be several orders of magnitude
higher than those received by the public but are limited to a much smaller population.
Because of the limited populations in the occupational exposure category and because
there is an assumed benefit to the informed persons receiving these types of exposures,
(salary), occupational exposure will not be addressed in this section.

Long-term continuous exposure to relatively low levels of radiation is commonly
termed chronic exposure. The health endpoints of chronic radiation exposure are
usually described in terms of the number of cancers caused, or genetic or teratogenic
defects occurring within a given population.

An assumption being made in this section is that there are no sources of environmental
radiation sufficiently large enough to cause prompt, acute radiation exposure effects.



Acute effects are seen when large doses (hundreds of rem) are received by humans
over a short time frame. Although various facilities and activities within the state are
capable of producing such doses to the public under accidental conditions, those low
probability events will not be considered here.

However, the exposures that could result from negligence or loss of institutional
control over the radioactive materials and sources reviewed in this section might be
substantial. This leads one to conclude that monitoring and regulatory controls are
important in assuring that future doses to the public are minimized. Under certain
accident conditions there is a high potential for large localized public exposures.
Emergency preparedness around these activities should receive increased attention
based on the potential severity of the impacts.

Health impacts associated with anxieties imposed on the public from the perception of
risks associated with nuclear facilities and radioactive wastes are also not considered
in this evaluation. Some studies have shown that these types of impacts exist, but
because they are difficult to quantify and very little information is available for
Washington populations, this section only acknowledges their possibility and doesn’t
attempt to identify or evaluate any associated risks.

Analyvtic Approach and Data Sources

Radiation doses will be estimated and listed as dose equivalents. These are units of
radiation dose normalized to their potential for biological harm based on the nature of
the radiation and the biological endpoint under consideration. The units used in this
report are the rem, or the millirem, (one one-thousandth of a rem).

Throughout this report, site specific data were used when available. Reported
national data were utilized where local information was lacking, and where they were
judged to be representative of the local condition.

Various nuclear related activities in the state can lead to radioactive releases to the
environment, with the potential for subsequent doses to surrounding populations.
These activities are divided into: 1) nuclear weapons storage and atmospheric testing;
2) operation of nuclear navy facilities; 3) operation of the defense production
facilities on the Hanford Reservation; 4) commercial nuclear energy production; 5)
uranium mining, milling, and tailings disposal; 6) commercial low-level waste disposal;
and 7) other radioactive material uses.

Nuclear defense activities may lead to radiation exposures through several different
routes. Historically, nuclear weapons were tested in the atmosphere by several nations,
including the USA and the USSR, principally in the 1950’s and 1960’s. Atmospheric
testing by those major nations ended in 1963 with the establishment of an atmospheric
weapons testing ban. However, some nations such as the Peoples Republic of China
were not parties to that ban and continued to test in the atmosphere. The current
estimate of the dose contributed from fallout is less than one mrem per year. This is a
reduction from the dose reccived by the U.S. population in the early 1960’s of about 4
mrem per year and amounts to less than 0.5% of the dose annually received from



natural sources of exposure. Assuming that atmospheric testing continues to diminish,
the dose contribution should follow the same trend.

The state also has several federal facilities designed to hold, store, and ship nuclear
weapons. The presence of weapons at these facilities is classified information, but it
would be reasonable to assume that some inventory exists in the state at any time.
Those weapons contain various radioactive materials and thus have the potential to
cause some dispersal of that material under non-detonating accidental conditions.
Under normal transport and storage conditions the dose to the public can be
considered as negligible.

Nuclear reactors are used to power naval vessels. The region has a number of nuclear
powered submarines home based at Bangor, on the Hood Canal. Washington also has a
naval shipyard in Bremerton which deals with nuclear powered vessels. The normal
operation of these vessels and the associated maintenance activities cause trace releases
of radioactive contamination to the environment. The environment around these
facilities is surveyed and monitored by Department of Defense employees, and
periodically by the Environmental Protection Agency and state agencies. The
maximum dose to any member of the public has been estimated by the federal
government to be less than one mrem/year, and the total dose to the population at less
than one person-rem. The average public individual dose has been rounded to zero.

Potential impacts associated with historic activities on the federal Hanford
Reservation have recently been receiving a great deal of scrutiny after previously
classified information was released, revealing past radionuclide emissions at levels
millions of times greater than those emitted by the facility today. This section will
not attempt to estimate health risks associated with past Hanford operations. There
are two major scientific efforts underway to quantify those risks. One study, called
the Hanford Environmental Dose Reconstruction Project is attempting to provide dose
estimates for various groups of people who in the past, lived and worked around the
Hanford site. The other major study is reviewing the occurence of thyroid disease in
populations surrounding the federal reservation to determine if the thyroid disease
incidence rate is higher than expected and related to early Hanford emissions. The
state of Washington is involved in both of those efforts.

The cleanup of wastes resulting from past Hanford operations is also a top priority of
the associated state and federal agencies for many reasons. Those reasons include
technical issues such as potential negative effects on human health and the
environment and long-term loss or restriction of land use. Additionally, there are
social/ethical considerations supporting cleanup that result from the need for a
remedy to the impacts the state has suffered as part of its contribution to the national
defense. Although these wastes are receiving increasing regulatory attention, years of
work will be involved in developing the necessary technologies for the identification
and assessment of the long-term risks they present. Additionally, the goal of Hanford
clean-up is to reduce the potential for environmental degradation and health impacts
that might occur over the next several hundred years. This report only looks forward
to the year 2010 and does not attempt to quantify health, ecological, or other unknown
risks over that extensive time period.



Radioactive waste resulting from the production of defense related nuclear materials
has lead to public exposures through several environmental pathways. The Hanford
Site, which is operated by the U.S. Department of Energy, is a major national site used
in the production and processing of defense nuclear materials. The various industrial
facilities located on the site emit radionuclides to the environment during normal
operating conditions.

The site also contains a major fraction of the nation’s high level, low level, and
transuranic waste inventories. Most of these wastes exist as "mixed", or containing a
hazardous chemical component as well as the radioactive. Most of the low-level and
transuranic wastes have been disposed of with few environmental controls, in shallow
trenches or directly to the soil column. The radiological impacts to human health
from current operations have received a great deal of attention in recent years and
dose estimates are routinely made available to the public.

The U.S. Department of Energy estimates that the dose via all pathways to a
hypothetical maximally exposed member of the public as a result of 1987 Hanford
operations is less than 0.05 mrem per year. The Hanford effective dose to the
surrounding population (adding the doses to an average individual from all sources,
then multiplying by the number of people in the area) for 1987 was about 4 person-
rem. Both of these dose estimates are about 50% lower than the values estimated for
1986. These reductions can be attributed to a decrease in the release rates for
radionuclides to the environment due to the curtailed operations of the production
reactor and the reprocessing plant. '

Washington state has several facilities which have served as components of the nuclear
fuel cycle. Uranium mining and ‘milling in the northeast part of the state has resulted
in two large areas containing radioactive mill tailings. The state also has one
operating commercial reactor on the Columbia River near Hanford, and is involved in
the monitoring and emergency response activities for a second in Oregon. Finally,
there is a commercial low-level waste disposal facility which receives radioactive
wastes from nuclear reactors, medical laboratories, the armed forces, and industrial
operations.

Portland General Electric Company is the operating utility for a 1,130 MWe
pressurized water reactor located on the Oregon side of the Columbia River, three
miles northwest of Kalama, WA. The plant is owned by the utility in conjunction
with the Eugene Water and Electric Board and the Pacific Power and Light Company.
The Trojan reactor first achieved criticality on December 15, 1975. In 1987, Trojan’s
dose contribution to the maximally exposed individual was estimated at less than 1
mrem/year, and the total population impact is about 0.2 person-rem/year.

The Washington Public Power Supply System operates the WNP-2 reactor near
Richland, WA. This reactor is a 1,135 MWe boiling water reactor that became
operational in January 1984. In 1987, WNP-2’s dose contribution to the maximally
exposed individual was estimated at less that 1 mrem/year, and the total population
dose was about 0.25 person-rem/year.



Uranium mining occurred at several locations in the state but the two largest mines
are located on the Spokane Indian Reservation near Wellpinit, WA. Commercial
processing of the ore took place at two nearby mills which produced radioactive
tailings waste that cover about 250 acres. The tailings piles range in depth from
several feet to over ten feet and are in both lined and unlined impoundments. Both
the mine and mill sites contain an inventory of uranium decay products which can be
dispersed as particulates or as radon gas. These contaminants could potentially impact
nearby populations through ingestion, inhalation, or degradation of local water
quality. Historically, radiation releases and the subsequent exposures to nearby
populations have been below existing standards. The contribution to population dose
is probably negligible due to low population densities surrounding the sites. Currently
attention is being given to the closure and decommissioning of both facilities, which
will further reduce the potential for offsite exposures. Current dose estimates to
individuals or populations surrounding these facilities are not available although
monitoring data continues to be collected and reviewed by the facility owners and the
state. The mills have not been operating for the past 5 - 7 years and regulatory
agencies do not require an annual assessment of doses while they remain in a
shutdown mode. Dose estimates were last calculated during 1982 - 1983 for exposure
to isotopes of radium, thorium, and uranium. These estimates for the residents living
nearest to the two mill resulted in whole-body doses that were less than one millirem
per year.

US Ecology Inc. operates the commercial low-level radioactive waste facility on the
Hanford Reservation. The state leases 1,000 acres of the reservation from the federal
government and in turn sub-leases 100 acres to US Ecology for this purpose. This
disposal site has been in operation since 1965. Due to the location of the facility near
the middle of the Hanford Reservation, and the semi-arid hydrogeological setting, dose
contributions from normal operations to the nearest residents of the area are currently
negligible. Longer term effects of site degradation are under evaluation today.

There are about 300-400 licensed users of radioactive materials in the state. This
category includes university researchers, nuclear medicine physicians, industrial
radiographers and others. They receive regulatory oversight from both state and
federal agencies. Although the potential exists for large exposures to workers or
individual members of the public due to negligence on the part of the licensed user or
during an accident situation, normal operating conditions typically result in
population exposures and subsequent risks to human health that are negligible.

The doses noted above and on previous pages were tabulated in Table 1. The
equivalent whole body doses were used in calculating cancer mortality estimates. Due
to a lack of specific information on gonad doses and the low estimated whole body

doses, the risks associated with genetic or teratogenic damage were not evaluated in
this section.

A body of international information exists for estimating risks due to radiation
exposure. The cohorts studied include survivors of the atomic bombing of Japan, and
other groups including individuals who received exposures from various medical
procedures.



It is important to realize that the cancer risk numbers generated here are only
estimates. Numerous studies have demonstrated that exposure to high levels of
radiation is carcinogenic and many difficulties exist in designing research studies that
can accurately measure the small increases in cancer cases due to low exposures to
radiation, as compared to the normal rate of cancers. There is still uncertainty and a
great deal of controversy with regard to estimates of radiation risk at low levels of
exposure. The numbers used here result from studies involving high doses and high
dose rates, and they may not apply to doses at the lower levels of exposure. The
Nuclear Regulatory Commission (NRC) and other agencies both in the United States

and abroad are continuing extensive long-range research programs on radiation risk
from low exposures.

Some members of the National Academy of Sciences (NAS), Biological Effects of
Tonizing Radiation Advisory Committee and others feel that the risk estimates used in
this review are higher than would actually occur, and represent an upper limit on risk.
Other scientists believe that the estimates are low and that the net risk could be
higher. However, the values used in these estimates are considered by many to be the
best available that the public can use to make an informed decision concerning the
acceptance of the risks associated with radiation exposure.

This report uses a risk estimate derived from the no threshold, linear quadratic
extrapolation published by the NAS in 1980. The NAS estimates that the lifetime risk
of cancer mortality induced by x-rays or gamma radiation, expressed as units of excess
deaths per million exposed, per rem of dose, ranges from 67 to 226. To be
conservative in our risk estimates the upper value of 226 cancer deaths/million
exposed/rem of exposure will be used.



Findings and Conclusions

Several conclusions can be drawn from this risk analysis. Although not specifically
addressed, exposure to natural radioactive isotopes (average annual exposure is from
80 - 100 mrem per year without radon) is the primary contributor to population dose
in Washington. The average effective dose equivalent due to radon varies by
geographical location, but is around several hundred mrem per year for residents of
the state.

Radiation exposure associated with nuclear waste facilities, nuclear defense facilities,
nuclear fuel cycle components and other users of radioactive materials are at least
several orders of magnitude less than those associated with naturally-produced
isotopes. No member of the public routinely receives doses which could cause acute
effects, except for exposures that might be received under accidental conditions, or
through inadequate industrial controls at nuclear sites.

These data are estimates and contain uncertainties. The estimates are as accurate as
possible given the available information, and do not contain intentional large
conservative biases for an average member of the population. The cancer risk
estimates deal only with whole body exposures to x-rays and gamma rays. Those
estimates were not intended to be used in evaluating the risks associated with
exposures to other types of radioactive particles. Radioactive wastes that emit alpha
and beta radiation are found among the radioactive materials and wastes described in
this section. However, injuries resulting from exposure to these other types of
radioactive material are usually associated with either their ingestion or inhalation.
Exposures of the public due to ingestion and inhalation from the sources considered
here are probably very limited under normal conditions.

The total annual population dose associated with fallout is the largest listed in Table
1, because all 4 million state residents are assumed to be exposed to it.

Table 2 presents annual cancer risk estimates and the resulting cancer mortalities that
are predicted for affected populations. The cancer risk estimates are presented on an
annual basis. To obtain a lifetime risk estimate,(assuming constant conditions), the

annual estimate can be multiplied by the number of years an individual would receive

a particular type of exposure. Total lifetime risks (70 years) are also presented in
Table 2.

The population considered as part of the population dose estimate for defense
production facilities in the state included everyone within an 80 kilometer radius of
the various Hanford facilities, and ranged from 260 to 340 thousand people. The
assumption is that this population includes all individuals potentially affected by any
of the exposure pathways.

All doses were calculated using the most recent data available. Assuming that existing
institutional controls still exist, that technology associated with the use of radioactive
materials improves, and that progress is made to cleanup existing waste sites, then
future exposure to state populations should continue to decrease through the year 2010.



TABLE 1

RADIATION DOSE ESTIMATES
(ANNUAL BASIS)

Radiation Average Maximum Population
Dose Individual Exposed Dose
Source Dose(mrem) Individual(mrem) (person-rem)
Nuclear weapons
testing
<1 3! <4,100

Nuclear navy
facilities <1 <1 <1
Hanford defense
production
facilities <0.05 <0.05 4
Commercial
nuclear reactors

Trojan <l <1 0.2

WNP-2 <1 <l 0.25
Uranium mining
and milling <l <1 <1
Commercial low
level waste
disposal <1 <1 <l
Other uses of
radioactive
materials <1 <l <l

The value <1 was used to indicate estimates which resulted in a range of values from
near zero up to, but not including, one millirem per year.



TABLE 2

HEALTH IMPACTS AND
RISK ESTIMATES

Potential Maximum Maximum Maximum Maximum

Dose Annual Lifetime Individual Individual

Source Cancer Deaths Cancer Deaths Risk Risk
in Affected in Affected (annual) (70 vear)
Populations Populations

Atmospheric 0.9 65 <10'6 <1074

weapons

testing

Nuclear <0.1 <1 <10'6 <10'4

Naval

Facilities

Hanford <0.1 <0.3 <1077 <1076

Defense

Production

Facilities

Commercial <0.1 <1 <10'6 <10'4

Nuclear

Reactors

Uranium <0.1 <0.1 <1077 <1070

Mining and

Milling

Commercial <0.1 <0.1 <1077 <1076

Low-level

Waste

Disposal

Other Users <0.1 <0.1 <1077 <1076

of Radioactive

Materials
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RELEASES FROM RADIOACTIVE WASTES/RAIﬁIOACTIVE MATERIALS
ECOLOGICAL RISKS '
Background
This section reviews potential ecological risks associated with the presence of
radioactive materials in the environment. For the purposes of this review, ecological
risks are defined as any impacts from radioactive contamination that adversely affect
species, biotic communities, and ccosvstem structure or function. Economic impacts

and health risks related to the presence of radioactive contaminants in areas of the

state are reviewed in separate sections. The major potential radiation sources within
the state include:

- nuclear weapons testing and storage

- nuclear naval facilities

- defense production facilities at Hanford
- commercial nuclear energy reactors

- uranium mining and milling

- commercial low-level waste disposal

- other radioactive material uscrs

Description of Analvtical Approach

The approach used in this evaluation adopts the assumption that long-term ecological
risks due to radioactive materials in the environment are primarily limited to the
concern for the ecosystem as a potential route to humans for health-effects stresses.
This assumption is in agreement with the 1986 evaluation done by Harwell and Kelly
of Cornell University for the EPA Comparative Risk Project. Although very local
accidental releases can result in ecologically significant doses, only those releases of
radioactive contaminants under non-accident conditions are considered here.

The number of sites where major sources of radioactive wastes or materials exist in
the environment are limited. The Hanford Reservation has several facilities where
radioactive materials are handled on a daily basis and large quantities of radioactive
wastes are generated, stored and disposed. Therefore, this review will focus on what
is considered to be one of the most significant potential sources of radioactive:
contamination in the state, the Hanford Reservation. At the outset, it was determined
that if the review showed that Hanford represents a significant ecological risk, then
other major facilities in the region should also be examined. Other potential sites
which may present future impacts to ecological systems include the naval shipyvard at
Bremerton, the proposed naval homeport in Everett, and the commercial nuclear

reactors. However, these impacts are not expectcd to be severe under normal operating
conditions. ‘
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Findings
Summary

Ecological risks from nuclear facilities or nuclear wastes are expected to be localized
around their sources. The Hanford Site has an extensive monitoring program in place
that provides some information on ecological impacts sources have on the existing
environment. There are also environmental monitoring programs in operation on and
around the site for the commercial reactor (WNP-2) and for state oversight. Current
monitoring programs have not demonstrated widespread ecological impacts associated
with present-day operations.

Estimated Risks

Animal species potentially affected by activities on the Hanford site include
waterfowl, upland game birds and various terrestrial mammals. Wildlife have access
to several areas near facilities that contain various concentrations of radionuclides
produced by on-site facilities. Deer, fish, game birds, waterfowl, and rabbits were all
sampled during 1987 as biological indicators of environmental contamination. Results
of these analyses were used in the calculation of the potential dose to humans from
food pathways. These results were similar in magnitude to those observed in recent
years. The dose that would result from the consumption of these animals, even at the
maximum radionuclide concentrations measured in 1987, was well below applicable
standards for human exposure and contributed only slightly to the estimated 0.05
mrem dose to the maximum exposed individual..

Assuming that waste inventories do not significantly increase, and that existing wastes
continue to be removed from the site, or disposed in a secure manner, then the
expected ecological risk should decrease through the year 2010. However, the lack of
adequate attention to the existing waste volumes would serve to degrade the local
environment and potentially impact existing biotic systems.

Transport of radionuclides occurs through the air, groundwater and surface water.
Contact with air and surface waters are assumed to be the most significant pathways
posing ecological risk. Possible effects to local ecosystems due to chronic exposure to
radiation include mutations, cancer, and reproductive, developmental or immunological
abnormalities. All could be manifest in declining populations, but to date no
population declines have been attributed to Hanford. Table 1 presented below

presents estimated ecological effects from the wastes on-site and some 1987 data on
waste volumes and radioactive content.



Exposure

Source

Air
(inhala-
tion.and
direct
contact)

Water
(inges-
tion,
direct
contact)

Solid
wastes
(inges-
tion,
inhala-
tion,
direct
contact)

TABLE 1

Ecosystem Effects

Affected

terrestrial none
measurable

Columbia none

River measurable

(includes

input from

groundwater)

terrestrial none
mecasurable
(may be
small
localized
effects)

1687 Waste
Characteristics

There were significant
decreases in all radio-
1sotopes released compared
with 1986 values except for
tritium (1986 = 60 Ci and
1987 = 70 Ci1) and radon-220
(1986 = 4 Ci and 1987 = 53Ci)
Atmospheric releases
included about 74,000 Ci of
krypton-85, 0.0002 Ci of
strontium-89,90, and 0.0034
Ci of plutonium isotopes

The total volume of liquid
wastes discharged in 1987
was 5.5 billion gallons.
These wastes contained 2,000
Ci of tritium, 0.4 Ci ruth-
enium-106, and less than

1.3 Ci of plutonium. All
releases were significantly
below the levels of 1986.

The total volume of solid
wastes disposed in 1987 was
about 21,500 cubic meters of
low level wastes and about
60 cubic meters of trans-
uranic wastes. These wastes
are cither already disposed
or are being stored on-site.
Large volumes of high-level,
low-level and transuranic
wastes from past operations
have also been stored or
disposed on-site and remain
as part of the total
inventory.



Risk Criteria Evaluation

Intensity of impact - The impact of radioactive contaminants on the structure and/or
function of the ecosystem at the species or habitat level could be significant if the
levels of exposure are high enough. However, the areas and opportunities available at
Hanford for those types of exposures are limited.

Reversibility of impact - The reversibility of impacts to species. biotic systems, and
ccosystem structure is dependent on the level of exposure received. Concentrations of
radioactive contaminants in the systems will decrease with time once the source of
exposure is controlled or removed. The reversibility will depend on many factors that
restrict the future introduction of contaminants to the environment or cause those
contaminants to be removed. A list of these factors includes; the effectiveness of
control measures taken in the disposal of wastes, the adequacy of storage facilities,
future waste disposal practices and the physical/biological characteristics of the biotic
system affected and the isotopes present.

Sensitivity of the ecosystem/species affected - Several rare, threatened, and
endangered species reside on or around the Hanford Reservation. Increasing numbers
of bald eagles have been counted along the Hanford Reach since the 1970s. The
increase in wintering eagles is attributed to the increasing amounts of autumn-
spawning chinook salmon. The Hanford Reach also supports the only mainstream
chinook salmon spawning habitat on the Columbia River. This population is
maintained by a combination of natural spawning and artificial propagation.

The Western Canadian Goose, Ring-billed gulls, California gulls, Forster’s terns and
the Great Blue Heron all make use of cxisting habitats to nest and reside.

There are also two rare plant species which occur along the Hanford Reach of the
Columbia. One is the Columbia River milk vetch (Astragalus columbianus). which has
a very limited geographic distribution in the vicinity of the Priest Rapids Dam. The
other is a local variety of vellow cress (Rorippa calvcina) which is also a plant of
limited geographic distribution. It grows in the Hanford Reach at the water’s edge
within the zone of fluctuating water levels.

The Hanford Reservation consists mostly of undeveloped land that supports native
vegetation. Public access is restricted, the site is frece from agricultural practices, and
is essentially free from livestock grazing and the shooting of wildlife. This tyvpe of
land use has favored populations of native wildlife that use the habitats found along
the Columbia. In 1977, the Hanford Reservation was designated a National
Environmental Research Park to be used as an outdoor laboratory for ecological

research purposes, and to preserve the diversity of native populations of plants and
animals.

Trend of impacts - In this analysis we continue to hold to the assumption that the
primary ecological risk of concern is the potential pathway biotic systems provide for
human exposure. So, the environmental concentrations of radioactive materials in
plant and animal species and the inclusion of those species in the human food
pathway would have to be of sufficient magnitude to result in a dose to humans
before this impact could be considered significant. Current measured concentrations
in Hanford wildlife are too low to cause a significant dose to the maximally exposed

14



individual. Assuming that waste disposal volumes decrease and that disposal and
storage sites continue to receive regulatory attention, the impacts will continue to
decrease through the year 2010.

Scale of impact - The scale of potential impact is localized to the Hanford Reservation
which is about 570 square miles.

Uncertainty of analysis - Uncertainty in this problem area is moderate. The design of
the Hanford monitoring program should receive careful review to determine if 1t is
adequate in detecting ccological impacts if they indeed exist. The monitoring
programs are designed primarily to determine environmental concentrations of
radioactive contaminants and have a secondary use as indicators of potential

ccological impacts. Resource constraints did not allow for that level of critical review
in this report.

Structure of Risk

Radiation risks on the Hanford Reservation are associated with specific sites such as
nuclear reactors, reprocessing operations, waste storage sites, and waste disposal areas.
Currently, eight of the older reactors are awaiting decommissioning. A ninth
production reactor (N-reactor) is being prepared for cold standby status. The single
existing reprocessing facility will continue to operate into the early to middle 1990’s
and then will probably shut down as all existing stockpiles of irradiated fuel will be
processed. As cleanup activities on the Hanford Reservation continue, wastes
currently stored will either be shipped offsite or will be disposed of onsite.

At a major site, such as Hanford, populations of organisms at risk can be divided
between those in contact with onsite sources and those offsite. Monitoring of onsite
wildlife indicates that there have been increases in body burdens for some of those
populations. Pathways for the intake of the radioactive contaminants include direct
contact or ingestion of liquid or solid wastes and plant materials contaminated by
those wastes. Offsite populations are exposed primarily through the air and through
surface water. No measurable significant effects are currently noted for offsite
populations.
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Sources of Radon

Radon is a radioactive gas produced by the decay of radium, which occurs naturally in
varying amounts in almost all soil and rock. Radium can be found in high concentrations in soils
and rocks containing uranium, granite, shale, phosphate wastes, and pitch blende. When radon
gas is released, it percolates up through soils and rocks into the atmosphere. More permeable
soils and highly fractured rock represent larger pathways for the radon to escape from the earth.

In outdoor air, radon concentrations are extremely low. However, when it enters a
building through small gaps and cracks, radon can accumulate. The gas can be trapped by the
building and become concentrated. Radon can also emanate from building materials used (e.g.,
masonry), or enter a building through piped in drinking water or natural gas. The vast majority
of indoor radon, however, is believed to enter buildings through contact of basements or
foundations with underlying soils. Indoor radon levels are therefore strongly dependent on the
radon content of soils, or rock on which a building is built, the pathways available for radon
migration in these soils and rock, and on the construction characteristics of foundations, or
basements (e.g., cracks exposed to soil). Indoor radon concentrations will also depend, to a more

limited degree, on the ventilation characteristics of a building.

A variety of procedures have been developed to inhibit radon entry into buildings (e.g.
foundation sealing, sub-slab ventilation) in areas where soil source strength is high. These
procedures, taken together with well-designed mechanical ventilation systems, have proven to be
effective at preventing, or mitigating, high levels of indoor radon concentration.

Radon and Ecological Risk
No risk to ecology exists from radon, since outdoor radon concentrations are all

extremely low.

Radon and Health Risk

Because radon is chemically inert, it is not retained by most body tissues and poses little
direct health risk. However, as radon decays, radioactive by-products, known as radon progeny,
are formed. These can electrostatically adhere to dust particles in the air. When inhaled, these
radon progeny are deposited in the air passages of the lungs and emit alpha particles that can
damage lung tissue and, after long term exposure, lead to lung cancer. Current evidence suggests
that smokers are at a much higher risk from radon exposure than are non-smokers. (However,
this report will not investigate the additional risks to smokers.)



The relationship between inhaled radon progeny and lung cancer is well documented for
both laboratory animals and humans. In the last century, Harting and Hesse (1879) first
recognized the lung cancer hazard faced by underground miners. Studies by Chameaud and
colleagues in France during the late 1960s and early 1970s confirmed that radon progeny alone
induced tumors in rats. Current risk estimates from radon exposure are based on epidemiological

studies of miners, particularly uranium miners, exposed to relatively high levels of radon in their
work underground.

Exposure to radon is usually expressed in working level months (WLM). The working-
level (WL) is a unit of radon concentration introduced by the uranium industry and is defined as
an atmosphere contaminated with 100 pico curies per liter (pCi/l) of radon gas in equilibrium
with its daughters. One WLM equals exposure to one WL for one month. One WLM equals the
exposure a miner receives during one month of work (about 170 hours) in a working-level
environment. The Environmental Protection Agency (EPA) has established a 4 pCi/l average
annual reading as a guideline for maximum indoor radon concentrations in houses and advises
that action be taken to reduce radon concentrations when they exceed this level. (Indoor radon

concentrations can vary greatly throughout the year, increasing in winter and decreasing in
summer.)

This report estimates the health risk from raden exposure in houses by 1) estimating the
average indoor radon concentration, 2) multiplying that concentration by the total population
exposed and, 3) multiplying the total obtained in Step 2) by the estimated health risk factor.
Since exposure faced by miners in the working environment differs significantly from that
experienced by the average person in a home, several assumptions are necessary to estimate
exposure rates in homes. First, this report, in agreement with EPA, assumes that the residential
population is home about 75 percent of the time, and is thus exposed to radon levels in the home
about 540 hours per month (as opposed to the 170 hours per month that miners are exposed to
radon in their working environment). Second, the breathing rate of a working miner is assumed
to be about twice that of an average adult at home.

Third, this report adjusts the concentration of radon progeny as a function of radon gas
concentration in order to reflect typical home environmental conditions. As radon progeny are
formed from radon, they in turn decay into other isotopes. If the rate of formation and decay of

the radon progeny is exactly equal, 100 pCi/l of radon would exist in equilibrium with one



working level of radon progeny. However, other processes (such as attachment of decay
products to the walls or floor) tend to remove some radon progeny from the air before they
disintegrate, so equilibrium is never reached. Based on simultaneous measurements of radon and
its progeny, the EPA has found that the equilibrium fraction averages about 0.5. Therefore, a
ratio of 200 pCi/l of radon to one WL of radon progeny is fairly typical for residential
environments, though most homes have average annual radon concentrations far below 200
pCi/l. (The EPA action level of 4 pCi/l is therefore equivalent to 0.02 WL.)

Using these adjustments, data on population levels, and estimates of measured radon
concentrations in Washington counties, the population exposure is estimated. Assessment of the
health risk associated with population exposure relies upon published estimates relating lung
cancer deaths to lifetime exposure levels to radon. EPA reports that the risk from lifetime radon
exposure equals 350 additional lung cancer deaths per million WLMs. This estimate, which
EPA took from the BEIR IV report, is subject to uncertainty. Other studies estimate that the
excess lung cancer mortality rate from lifetime radon exposure ranges from 130 - 730 deaths per
million WLM. Consequently, estimates of future lung cancer mortality due to lifetime indoor
radon exposure in Washington homes are subject to uncertainty.

Further complicating estimates of lung cancer mortality is the geographic variability of
radon contamination. For example, a Washington Energy Office study monitored 345 homes
throughout the state for a 12 month period, and showed that indoor radon concentrations in
Eastern Washington tended to be higher than those in Western Washington. Figure 1 shows the
results of the study. Of the 62 homes monitored in Eastern Washington, over 30 percent were
found to have radon concentrations exceeding the EPA guideline of 4 pCi/l. Of the 275 homes
monitored in Western Washington, however, only about 5 percent were found to have
concentrations greater than 4 pCi/l. Of the 62 homes monitored in Eastern W ashington, two-
thirds were in Spokane County.

In a study conducted by the Bonneville Power Administration, mean household radon
levels at the county level were reported. As calculated by the Environmental Agency and shown
in Table 1, 14 counties had average radon levels less than 1 pCi/l, 8 counties had radon levels
between 1-2 pCi/l, 1 county had a radon level between 2-3 pCi/l, and 2 counties had levels
exceeding 3 pCi/l. Fourteen counties did not have any homes monitored. These counties,
however, account for less than 10 percent of current population in the state.



Household-specific exposure levels can vary greatly even in counties that report
generally high radon concentrations, depending on the porosity, or gas migration pathway
characteristics of the underlying soil. Also, population mobility increases the uncertainty
associated with estimates of mortality, since many people may not live in homes with high
average radon concentrations their entire lives.

[
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Table 1

Mean Residential Radon Concentrations

by County

1988 Mean
County Population Concentration(pCi/l)
Adams 14,000 N/A
Asotin 17,400 ' N/A
Benton 104,100 1.38
Chelan 49,700 1.43
Clallum 54,400 0.74
Clark 214,500 1.30
Columbia 4,100 N/A
Cowlitz 80,500 0.54
Douglas 24,100 1.34
Ferry 6,100 2.40
Franklin 35,500 1.13
Garfield 2,500 N/A
Grant 49,500 N/A
Grays Harbor 63,400 0.49
Island 53,400 043
Jefferson 18,600 0.48
King 1,413,900 0.67
Kitsap 177,300 0.76
Kittitas 25,000 1.70
Klickitat 16,600 0.88
Lewis 57,400 0.92
Lincoln 9,300 N/A
Mason 36,800 0.59
Okanogan 31,900 N/A
Pacific 17,600 0.84
Pend Oreille 9,100 N/A
Pierce 547,700 1.60
San Juan 9,600 0.30
Skagit 66,300 N/A
Skamania 8,000 4.30
Snohomish 409,500 0.49
Spokane 354,100 6.50
Stevens 30,200 ; N/A
Thurston 149,300 0.55
Wahkiakum 3,500 1.31
Walla Walla 48,300 N/A
Whatcom 117,200 N/A
Whitman 39,200 N/A
Yakima 180,000 N/A

Sources: OFM, Forecasting Division; BPA Report #10, EPA Draft Report on Risk Assessment
of Radon for Region X.



Assessment of Health Risk in 1988 and 2010
The general methodology used to estimate the annual rate of cancer deaths induced from

exposure to radon in residential environments in Washington state follows:

1. Determine population exposure in 1988 and 2010 in counties with available data.
The source of the radon exposure data is BPA Report No. 10, Radon Monitoring

Results from BPA’s Residential Weatherization Program. This repost presents the

arithmetic average radon concentration for each of the counties in which
measurements were obtained. It should be noted that arithmetic averages of skewed
sample distributions (such as measured air pollutant concentrations) may
overestimate typical exposure. The geometric mean, or median concentration, would
better represent typical exposure in these counties. However, estimation of total

population exposure is necessary to assess total health risk and for this purpose the
arithmetic average is correctly used.

Forecasts of population by county are from the Office of Financial Management,
1988 Population Trends for Washington State. Total exposure equals the average

county wide exposure level times the forecast population. The result is an estimate

of person times pCi/l in counties with radon exposure data.

2. Convert this figure to total WLMs. This is done by dividing the result in Step 1 by
the estimate of 200 pCi/ly/WLM to reflect the ratio of radon progeny to radon gas
concentrations in residences.

3. Convert to total WLM:s per year. Because the residential population is expected to
be home approximately 540 hours per month, while miner’s respiration rates are
assumed to be twice the rate of the residential population, conversion to WLM per
year is done by multiplying the estimate in Step 2 by (540/170)*(1/2)*12, or about
19.1

4. Assuming that radon exposure levels in counties that did not report data to the BPA
study equal the mean exposure rate for those counties that did, total statewide
WLM/year is extrapolated using the ratio of total forecast state population to forecast
population in the reporting counties. Counties for which average concentration data
are not available include Adams, Asotin, Columbia,_Garﬁeld, Grant, Lincoln,
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Okanogan, Pend Oreille, and Skagit. These counties account for about 12 percent of
the states projected population in 2010. This extrapolation is not likely to
significantly bias the statewide risk assessment. An average concentration in the
unmeasured counties that differed by 50 percent from the average in the measured
counties would only introduce a 6 percent error in the statewide risk assessment.

This is well within the uncertainty in the relationship between exposure and lung
cancer risk.

5. Finally, expected lung cancer deaths per year in 1988 and 2010 attributable to radon
exposure equals the estimate in Step 4 divided by the estimated deaths per million
WLM/year. Since estimates of lung cancer deaths depend critically on the assumed
death rate per million WLM/year, sensitivity results will be presented.

Risk Assessment Findings

The available data indicate that, in the year 2010, statewide residential exposure to radon
will be 730,493 WLM/year. Even though the highest reading reported by BPA in Report No. 10
was over 100 pCi/l, the mean exposure in the reporting counties was only slightly more than 1
pCi/l. Only about 3 percent of the monitored homes reported exposure levels greater than 4
pCi/l, the level that represents the current EPA indoor radon action guideline.

Table 2 presents the expected additional lung cancers statewide in 1988 and 2010 based
on alterative estimates of deaths per million WLM. The predictions for 2010 do not take into
account any controlling factors, such as testing and mitigation, that can be applied to the housing
stock. Thus, the 2010 estimates may represent upper bounds on additional lung cancer deaths.

Total estimated deaths per year in Washington will depend critically on epidemiological
estimates of deaths per million WLM. Therefore, alternative estimates on deaths per million
WLM were used to develop a range estimate. As a result, total expected statewide deaths could
range from between 78-441 per year in 1988, and 100-559 per year in 2010 due to residential
radon exposure. The BEIR IV study is the latest and most comprehensive study. Therefore, its

estimates can be used for comparative purposes with other environmental threats.



Table 2

Forecast Additional Lung Cancer Deaths
in Washington State Due to Lifetime Radon Exposure

Estimated Deaths per Deaths per Year
Source Million WLM 1988 20104
BEIR2 IV (1987) 350 210 268
NCRPP (1984) 130 78 100
BEIR III (1980) 730 441 559
UNSCEARC (1977) 200 - 450 121 -272 153 - 345

4 National Research Council, Committee on the Biological Effects of Ionizing Radiation

b National Council on Radiation Protection and Measurements

€ United Nations Scientific Committee on the Effects of Atomic Radiation

d Prediction for 2010 only assumes a chnage in population. Differences in housing stock or in
level of effort made to mitigate radon in existing structures was not considered.
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Summary of Key Issues and Findings

Radon exposure in homes is strongly dependent upon underlying soil and geological
characteristics. To a lesser extent, radon exposure also depends on the
characteristics of the home. Consequently, exposure and risk are not uniformly
distributed across the state. Available data indicate that average indoor radon
concentrations tend to be higher in counties east of the Cascade mountains than in
counties west of the range.

Using indoor radon concentration data collected in Washington homes and standard
assumptions taken from EPA and the uranium mining industry concemning exposure
rates, the annual rate of lung cancer mortality induced by lifetime radon exposure in
homes is estimated to range between 78-441 in 1988, and 100-599 in 2010. Itis

reasonable to assume that the majority of this health risk occurs in those areas of the

state where the source strength of radon in the soils and geology is highest.

The health risk associated with exposure to radon progeny in homes has been

estimated from data obtained from mining environments. In general, radon

concentration in these environments is greater than in homes. Consequently,

extension of the uranium mining epidemiological findings to residential
environments involve a number of assumptions and extrapolations. All of these
contribute to the uncertainty surrounding assessment of health risk due to radon
exposure in Washington homes.
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NONIONIZING RADIATION
BACKGROUND

Nonionizing radiation comprises a major portion of the electromagnetic spectrum.
See Figure 1. Nomnionizing radiation, by definition, includes lower frequencies
ultraviolet, visible light, and infra-red as well as microwave, radar, television, radio,

FIGURE 1
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and power line frequencies. This report focuses on the two major components of the
nonionizing electromagnetic spectrum which potentially impact the general public:
Radio frequency and transmission power line frequency.

The energy from shorter wavelength, higher frequency fields such as radio frequency
are absorbed more readily by biological material and can produce heating (as
applied, for example, in microwave ovens). In contrast the extremely long wavelength
at 60 Hertz (cycles per second) allows the transfer of only minute amounts of energy.
See Figure 2. Transmission lines are a very poor transmitting antenna. The low
frequency power is not radiated away as happens with high frequency television or
radio transmitters. Because of the long wavelength and low frequency, transmission
lines do not radiate energy comparable to microwave or radio and television
antennas.
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Risks associated with occupational exposures will not be considered for the
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Washington Environment 2010 Report. This exclusion also applies to exposures to
nonionizing radiation received inside a facility (within the fence line) other than a
residence. This effectively excludes several portions of the nonionizing spectrum
(such as infared and ultraviolet) which are primarily associated with workplace
exposures. Concern over video display terminals (VDT) use is also excluded since
this is predominately a workplace phenomenon. Use of tanning beds is now
discouraged but never-the-less represents an individual choice relating to ultraviolet
exposure. Increases in ultraviolet exposures as a result of ozone depletion is another
matter. However, the impact of ozone depletion is included in another report and
will not be separately addressed here.

This report will look at human health risks and ecological risks only.

HUMAN HEALTH RISKS
A. i roach an I

A review of several summary documents was undertaken to determine
existing monitoring data and potential risks. The known effects of nonionizing
radiation are summarized in Figure 3. Radio frequency radiation absorption
depends on a number of variables including wavelength, orientation of the
body to the incident electromagnetic field, electrical characteristics of the
body tissues at specific frequencies and intensity of the radiation. Localized
heating or nonuniform absorption can occur in humans because the complex
tissue structure absorbs energy differently in different parts of the body. Two
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kinds of effects on humans exposed to radio frequency radiation are usually
discussed: Thermal effects from high level exposure and possible low-level or
“nonthermal" effects. Thermal effects include warmth sensations, sweating,
fatigue, headaches, cataract formation and death. Thermal effects are those
which produce a mesurable temperature rise in body tissue and normally
occur from radiation with power densities above ten milliwatts per square
centimeter. This is the level set for the advisory standard for occupational
exposure issued by the Occupational Safety and Health Administration. The
American National Standards Institute applies a safety factor of 10 to the
~ specific absorption rate above while biological effects are assumed to begin,
and derives a power density of one milliwatt per square centimeter in the
frequency range which affects humans most. The Natural Council on
Radiation Protection and Measurements has recommended an exposure
standard of (0.2 milliwatts per square centimeter for general population
exposure.

Low-level effects are a subject of controversy. The effects of exposure to one
milliwatt per square centimeter or less have not been well documented. While
a portion of absorbed radio frequency radiation is always degraded to heat
there are scientists who believe that some low-level effects as a result of
nonthermal events (those which occur without an increase in tissue
temperature). Their views are based on animal research and statistical studies
of worker’s exposure histories and medical records. These effects are
considered to be mainly central nervous system effects. Symptoms attributed
to low-level nonthermal exposure include headache, weariness, dizziness,
irritability, emotional instability, partial loss of memory, loss of appetite,
cardiovascular effects, blood chemistry changes, changes in respiration and
possible genetic effects. Cancers have not been attributed to radiofrequency
radiation although some unconfirmed animal research would indicate a
possible connection. While many scientists are skeptical of the conclusions of
these low-level effects, there has been little research conducted in the U.S. to
validate the effects reported from long-term exposures to low-level
microwave and radiofrequency radiation.

Transmission power lines are in a different portion of the electromagnetic
spectrum than radiofrequency. Electrical power lines operating at low
frequency, long wavelength, produce both electrical fields and magnetic
fields. High power transmission lines typically produce electric fields on the
order of 9,000 volts per meter. The electrical field from a transmission line
rapidly gets weaker as one leaves the line right of way. In comparison, the



electric field created by wiring in appliances in the home may be only a few
volts per meter. Close to electrical appliances, levels are higher (for example
near an electric blanket the field may range between 240 volts per meter at
one foot away from the blanket to 10,000 volts per meter near the heating
wires).

Although electric discharges (shocks) associated with electric fields are well
understood and largely controllable, questions have been raised as to whether
there are long-term biological effects of electric fields. Electric fields such as
those produced by transmission lines and electrical appliances induce weak
currents and electric fields in people and animals. These currents and fields
are too small to be felt other than by hair stimulation. Some scientists believe
these fields are potentially harmful and that long-term exposures to 60 Hertz
fields should be minimized. Based on hundreds of studies over more than 20
years, the bulk of scientific evidence indicates that typical exposures to
electric fields pose no health hazard. This subject remains controversial
however because some studies have found effects withuncertain biological
significance. It is not possible to conclude scientifically that there is zero risk
associated with long-term electric field exposures. There is also renewed
_ interest in magnetic fields.

A magnetic field is produced whenever electric current flows in a wire. The
magnetic field beneath a transmission line is very weak compared to localized
magnetic fields near common household appliances. Alternating current
magnetic fields induce electric currents and electric fields in organisms and
objects. However, the internal currents and fields induced by a transmission
line magnetic field are even weaker than those produced by the electric field.
Because of this, long-term effects were not of concern until recently.
However, several recent reports have suggested a possible association
between occupational and residential exposure to alternating current
magnetic fields and an increased risk of lymphoreticular tumors such as
childhood leukemia. The evidence for such an association is weak and studies
are underway to obtain more definitive information on this subject.

Findi

Information on exposure levels to radio frequency and to 60 Hertz
transmission line is available. However, quantitative health impacts based
upon that level of exposure is not.



For instance, in the Seattle metropolitan area it is estimated that 99.81
percent of the population is exposed to less than one microwatt per square
centimeter of radio frequency energy and only .001 percent of the population
is exposed to more than ten microwatts per square centimeter. Several
proposed communication towers in and near downtown Seattle are projected
to increase localized power densities inoccupied areas from average values of
20 microwatts/cm’ (maximum 46 microwatts/cm? to projected values
around105 uW/cm? with a maximum near 120 uW/cm?. No information on the
size of the exposed population was provided. However, if we assume the
Seattle metropolitan exposure of 0.001% applies statewide to both
radiofrequency and transmission powerlines and further assume a 10 fold
safety margin, then the size of the population exposed to more than the lowest
levels of radiation would be 456 people based on the 1988 statewide
population. A projected doubling at the usage of electricity along with
population growth would potentially expose 1,202 people annually by the year
2010. Given the political climate regarding radiation exposure it is unlikely
that exposures to ionizing radiation would increase and, in fact, higher towers
and "right of way" clearance are likely to decrease individual exposures.
Because of this lack of hard information on risk impact it is not possible to

- critically evaluate this threat to the human environment. Additional research

is necessary to judge the health risk from nonoccupational uses of nonionizing
radiation.

III.  ECOLOGICAL RISKS

A.

P

Analytical Approach and Data Sources

Many studies have been conducted to investigate the possible effects of
transmission power lines on plants, insects, wildlife and livestock. In contrast,
studies of radiofrequency radiation appear to focus on laboratory animals and
cell cultures rather than systems or subject matter which could represent an
ecological risk. Overall, the results appear either inconclusive or no effects
were discerned for seed germination, plant growth, movement of large
mammals, fertility or milk production. However, there appear to be effects for
honey bees. Hives placed directly under high voltage transmission lines
exhibited decreased colony weight gains, increased irritability and mortality,
and poor over winter colony survival. However, these effects were most likely
caused by frequent shocks experienced by the bees while inside the hives and
this can be prevented by grounding the hive. The magnetic field appeared to
have no effect on bee colonies. Also, trees growing in the vicinity of power
lines will exhibit a "self pruning” effect as a result of electrical discharges due
to an induced current at branch tips. In general, low-level electric and
magnetic fields do not appear to pose a quantifable ecological risk and there
is little basis for determining qualitative effects.



Findi

As with human health risks, there is little consistent information on the nature
of the impact and any quantitative assessment of the effect. Given the limited
exposure to the ecological environment and the apparent absence of impact,
it is unlikely that even the most optimistic growth of the communications and
electric power industries would produce levels of nonionizing radiation
capable of causing signficant harm to the nonhuman members of the
environment.
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EXECUTIVE SUMMARY

Threat Definition

We know that the chemistry of the atmosphere is changing rapidly.
Scientific theory predicts that these changes will result in glo-
bal warming due to the greenhouse effect of certain gases, par-
ticularly carbon dioxide, methane, nitrous oxide, and chloro-
fluorocarbons, as well as other species. This warming will in-
clude other climate changes which are expected to have profound
effects on agriculture, forestry, ecosystems, sea level, water re-
sources, energy use, transportation, and many other aspects of hu-
man life.

The implications of ozone depletion are less well researched than
those of climate change. It is known that the effects will be
mostly related to human health issues, principally skin carcinomas
and melanomas, cataracts and other eye diseases, and immune system
effects. Ecological implications are also anticipated.

General Analytic Approach
Risks were evaluated by reviewing the literature and summarizing
the anticipated scenarios for Washington state.

Direct Effects

Average annual tgmperagure in the Pacific Northwest is projected
to increase by 3~ to 5 C with a doubling of carbon dioxide. No
analyses of seasonal variation are known to have been prepared.
Greater temperature increases are expected for the Columbia basin
than for western Washington.

Precipitation is generally expected to increase by as much as 25
to 25%, although seasonal variation could result in less pre-
cipitation at some times of the year. Due to the projected in-
crease in temperature, more precipitation will fall as rain than
does now, thus lessening the winter show pack.

In general, peak streamflows are expected to occur earlier in the
season, likely shifting from a spring snow melt runoff peak to a
winter precipitation runoff peak.

A sea level rise by 2100 of 1.8 feet to 11.3 feet is predicted to
occur due to global warming of the oceans (and thus expansion) as
well as the melting of snow and ice. Global sea level rise (G)
must be adjusted for local vertical land movement (V) to determine
local relative sea level rise (R) such that R = G - V. Subsidence
in Puget Sound will aggravate global sea level rise; uplift along
the ocean coast will moderate sea level rise.

The annual average total ozone column has decreased 2-3% between
53 degrees South and 53 degrees North from October, 1978, to Octo-
ber, 1985, or about 0.35% annually. In the mid latitudes (30 de-
grees north to 64 degrees north) of the northern hemisphere, ozone
decreased 1.7% to 3% between 1969 and 1985, depending on the

vii



latitude. Over Washington state, the total decrease is believed
to be about 2.2% (0OTP, 1988). Between 40 degrees north and 52 de-
grees north, wintertime ozone has decreased by 4.7%.

Human Health

It is difficult to predict specific regional impacts of global
warming on human health. Global warming may provide new geo-
graphic areas suitable for the survival and increase of certain
disease organisms, thus increasing the potential for incidence of
those diseases in Washington. Concurrently, climate change may
either increase or decrease the variability of weather patterns
within the state. Climate variables (heat waves, excessively cold
spells, heavy rains and warm or cold fronts) all affect human
health, whether directly or through effects on disease bearing or
causing organisms.

With a 1% decrease in upper atmospheric ozone, we can expect a 2%
increase in UVB (wavelengths from 280-320 nm) exposure. UVB light
is a major factor in human skin cancers, particularly basal and
squamous cell carcinomas and malignant melanomas. While rarely
fatal, a 3-6% increase in these common skin cancers can be reli-
ably predicted for each 1% decrease in ozone.

High cumulative exposure levels of UVB radiation significantly in-
crease the risk of cortical, or lower inner quadrant of the lens,
cataract formation. While still statistically inconclusive,
evidence is accumulating that solar radiation is responsible for
some of deteriorative changes leading to macular degeneration.
Pterygium is a degeneration of the epithelial conjunctiva, or scar
tissue on the inner surface of the eye extending from the conjunc-
tiva to the cornea; they are the most common result of ocular
overexposure to UV radiation and prove costly due to the large
numbers of patients requiring surgery.

Agriculture

In a study for the Environmental Protection Agency the economic
effects of changes in crop yields and water availability arising
from projected long-term changes in climate associated with a dou-
bling of CO, was measured. For the Pacific states (California,
Oregon, Wasﬁington), under the assumption that 002 enhances crop
yields, researchers predicted an increase in land“used for agri-
culture from eight to 13 percent. Irrigated acreage could either
increase or decrease by about six percent, depending on whether
the GISS or the GFDL model is used. Gross revenues from agricul-
ture in the Pacific region could increase by as much as 30 per-
cent. However, there remain questions about the availability of
irrigation water.

According to research conducted by the Environmental Protection
Agency's National Crop Loss Assessment Network, one of the major
pollutants that causes crop yield losses is ozone (either tropo-
spheric or atmospheric). Tropospheric ozone pollution has a di-
rect adverse effect on crop yields. Stratospheric ozone depletion
causes increases in UV radiation which causes crop yield declines.

viii
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Washgzgton has the largest hydropower generating system in the na-
tion, producing 30 percent of all hydropower in the US. Thus, the
region relies on year-round hydropower production, which makes the
nature and timing of precipitation as important as the quantity.

Washington's hydropower system is driven by water from rain run-
off, snow melt runoff, or through controlled reservoir releases.
On the Columbia/Snake system, snow-melt runoff accounts for about
85 million cubic feet of water per year, or 60 percent of the an-
nual flow through the rivers' hydroelectric power system (fifty
year average as measured at the Dalles Dam. For this reason, an
increase in regional temperature could have more impact on the hy-
dropower system than an increase in precipitation. A decrease in
snowfall would lead to a smaller snowpack, although the snowpack
most important to the power system -- in southern British Colum-
bia, Montana and Idaho -- could be less affected than the southern
Cascades. With an increased average temperature and reduced snow-
fall, large water volumes could be available during a short winter
period, forcing hydropower operators to serve winter demand and
fill reservoirs at the same time.

Precipitation, evaporation, and wind changes would likely have
little effect on the demand for electricity. But a rise in aver-
age temperature could increase the severity and length of the sum-
mer cooling season, increasing electricity demand. That same av-
erage temperature increase could produce a milder and shorter win-
ter heating season, decreasing electricity demand. It is unclear
whether the net result would be an increase or decrease in total
electricity demand.

Washington's energy system has not yet been analyzed in detail
with respect to possible climate changes from the greenhouse ef-
fect. However, preliminary analysis reviewed in this report sug-
gests that an increase of 4.5 degrees C in the Northwest could
have significant impacts on electricity supply and demand. These
impacts on the supply and demand balance could be economically
beneficial or detrimental to Washingtonians.

Fisheries

The effect the increased ultraviolet radiation will have on marine
phytoplankton (free-floating microscopic plants) is of major con-
"cern. Marine algae are a major sink for carbon dioxide, slowing
the rate of global warming. At the same time, phytoplankton are
very sensitive to UV light. Increases in UV may decrease phyto-
plankton production and/or change the species composition. Since
phytoplankton are the basis for most ocean food chains, these
changes could have profound effects on the food available and the
types and gquantities of fish production occurring in the ocean.

Under the present conditions, Washington state is located at the
southern extremity of the range of several commercially and
recreationally important species. If the Washington climate
changes to resemble northern California's, the ranges of all of
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these species may undergo a northward shift, with populations of
fish such as the salmon species dwindling or disappearing in Wash-
ington state and other species appearing.

Shifts in the timing and volumes of runoff are expected to have
substantial adverse effects on salmon productivity.

Sea level rise is expected to have adverse effects on species such
as Surf Smelt and Pacific Herring which spawn on intertidal
beaches, and on Pink and Chum Salmon which make extensive use of
shallow intertidal areas for rearing.

Forestry

Experimental data on plant seedlings shows that increased carbon
dioxide in the atmosphere will increase the optimum temperature
for photosynthesis, and at least partially compensate for in-
creases in heat stress and decreases in site water balance, thus
mitigating the effects of global warming. The extent to which ma-
ture trees respond to increased carbon dioxide in the atmosphere
is unknown, and remains key to determining the long range impact
of global warming on Washington Forests.

While the direct effects of increased temperature and decreased
water availability may be mitigated by higher levels of atmo-
spheric carbon dioxide, the ability of tree shoots and seedlings
to meet their chilling requirements in an overall warmer climate
may be substantially reduced. Without sufficient time below a
certain temperature, tree species such as Douglas-fir could be
eliminated from coastal areas in Washington state. For those tree
species whose chilling requirements can be met in the projected
climate scenario, their distribution in the lower elevations is
not expected to change. For most species, the upper elevation
limit of their range is projected to rise. A consequence of this
shift could be a reduction in subalpine meadows and subalpine tree
species in most mountain ranges.

The secondary and tertiary effects of doubled carbon dioxide and
global warming are not known, however certain adverse effects re-
lating to forest fire frequency and plant communities are pos-
sible.

Sea Level Rise

Sea level rise is generally expected to drown existing coastal
wetlands, and where the topographic gradient permits, cause wet-
lands to migrate inland. Computer modeling of wetlands inundation
in Washington state has produced mixed results -- in some areas
there will be wetlands and uplands loss; in other areas wetlands
are expected to actually increase in extent. More extensive mod-
eling and field verification is necessary.

Storm surges, the flooding induced by wind stresses and the baro-
metric pressure reduction associated with major storms, will be
aggravated by sea level rise in areas of low gradient offshore
slopes such as southwest Washington's ocean coast. Rising sea



level is accompanied by a general recession of the shoreline due
to inundation or erosion. Puget Sound bluff and cliff shorelines
are in dynamic equilibrium with sea level; accelerated sea level
rise is therefore expected to increase the rate and severity of
shoreline erosion and landsliding. Under certain circumstances
sea level rise is expected to aggravate sea water intrusion; sea
water intrusion of fresh water aquifers is presently a problem in
Island and San Juan counties and at some locales along Hood Canal
due to groundwater withdrawals for domestic use. A rising sea
level will tend to force upward the water table in low lying
coastal areas causing an increased duration of flooding due to im-
peded drainage and higher recovery costs; decreased effectiveness
of soils for onsite sewage disposal and the need to resort to more
costly alternatives; increased corrosion of underground utilities
and storage tanks leading to more frequent replacement schedules
and recovery costs of ground water contamination by leaking under-
ground storage tanks; inundation of coastal underground waste
sites leading to a leaching of pollutants into the groundwater and
the resultant recovery and cleanup costs; impediments to agricul-
ture due to water logged soils leading to drainage costs or aban-
donment. Coastal drainage systems will function less efficiently.

Trends

It is, of course, impossible to discuss trends in the context
which this topic is defined for other Environment 2010 risks. The
thrust of global warming and ozone depletion warnings from the
scientific community is that these processes will fundamentally
alter existing environmental trends and/or accelerate the rates of
existing trends to levels not known to have ever occurred.

Uncertainty

While there is good agreement in the scientific community regard-
ing the global and generalized effects of global warming and ozone
depletion, there is substantially less certainty regarding re-
gional or specific effects. This report presents an overview of
the current state-of-the-knowledge. National and international
research programs are expected to provide information on specific
effects within the next decade. The availability of better re-
gional predictions is dependent on the availability of enhanced
computer technology for civilian applications which does not ap-
pear likely.
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6. Global Warming and Ozone Depletion

1. BACKGROUND

This report summarizes information about the anticipated effects
of global warming and o%Zone depletion upon Washington state. Glo-
bal warming is caused by the addition of greenhouse gases to the
atmosphere. Ozone depletion is caused by the addition of chloro-
fluorocarbons (CFCs) to the atmosphere; CFCs are also greenhouse
gases.

Of necessity, these analyses differ from other Environment 2010

analyses. First, the pollutants involved are generally benign; it
is the impact pathways which they set in motion that are the prob-
lems. Second, the pathways are complex and interrelated. The ef-
- fects of greenhouse gas emissions, for example, lie with an impact

chain which begins with global warming, which causes other cli-
matic changes, e.g. precipitation, storm pattern, etc. changes,
which cause ecologic effects, and thus human health and economic
impacts. Third, the time scale involved is profoundly different.
The effects of water pollution, for example, are often immediate
and obvious. The effects of greenhouse gases emitted in past de-
cades are only now being tentatively detected, and the impacts are
not yet conclusive.

Global warming and ozone depletion is characterized by a high de-
gree of uncertainty, and a high degree of risk if we (society) are
wrong in our assessment. Funtowitz & Travetz (1985; in Gerlach &
Rayner, 1988) characterized three kinds of science and decision
making: (1) consensual (applied) science, (2) clinical consult-
ancy, and (3) total environmental assessment. Consensual science
is characterized by low decision making stakes, high consensus in
professional circles, and large amounts of data and therefore cer-
tainty; most 2010 topics are consensual science issues. Clinical
consultancy issues are characterized by uncertainty and consider-
able decision stakes, but are ones in which professional expertise
is still a useful guide. When decision stakes and uncertainty are
high, the process is permeated by qualitative judgements and value
commitments; global warming and ozone depletion are just such "to-
tal environmental assessment" issues.

The implications of global warming and ozone depletion and the as-
sociated risks are none the less real; the scenarios for both are
based on the laws of physics and chemistry.

Also, the full implications of global warming and ozone depletion
are just now becoming apparent; it is also becoming apparent that
our knowledge is incomplete, and that new knowledge is usually
"bad news." Throughout the preparation of this report, the prin-
cipal author was frequently frustrated to discover yet another as-
pect of the issue had just been announced in the scientific news
media such as Science News, Eos, or Ocean Science News. The
reader should be aware, then, that this report is totally lacking
in a discussion of the adverse implications of climate change for
air quality; information on comprehensive air quality modeling
results was just becoming available in May, 1989 as this report
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was nearing completion. The sections on fish and agriculture suf-
fer for a lack of information on seasonal stream flow characteris-
tics; limited information on modeling of a Yakima Basin watershed
became available in July, 1989. Information on sea level rise
scenarios has been available since at least 1983; quantitative in-
formation on Washington's coastal zone resources sufficient to de-
velop quantitative impact analyses is lacking, however. This re-
port is as accurate as it can be; within a few months many por-
tions of it will likely be obsolete.

1.1 Characterization of Threat

The future climate will likely be radically different from present
conditions. We know that the chemistry of the atmosphere is
changing rapidly. Scientific theory predicts that these changes
will result in global warming due to the greenhouse effect of cer-
tain gases, particularly carbon dioxide, methane, nitrous oxide,
and chlorofluorocarbons, as well as other species. This warming
will include other climate changes which are expected to have
profound effects on agriculture, forestry, ecosystems, sea level,
water resources, energy use, transportation, and many other as-
pects of human life.

1.1.1 Climate Change

The greenhouse effect results from the trapping of radiant energy
in the lower atmosphere by greenhouse gases (Figure 1.1). Most,
but not all ultraviolet (UV) radiation is filtered by the strato-
spheric ozone layer, and some penetrates the troposphere (lower
atmosphere). Visible radiation penetrates the troposphere and is
reflected from the surface of the earth as infrared (IR) ra-
diation. IR radiation does not penetrate the troposphere, and
thus is trapped, warming the Earth. Without She greenhouse gases,
the Earth's surface would be approximately 30 C cooler than it is,
thus prohibiting life as we know it. If Earth had a carbon diox-
ide atmosphere as does Venus and Mars (95—88% coz), Earth's aver-
age surface temperature would be about 290°C.

There is good agreement in the scientific community that:

* Carbon dioxide and other greenhouse gases-‘are accumulating in
the atmosphere.

* As these gases accumulate, they will cause a gradual increase
in global average temperature; an effective doubling of co,
will occur as early as 2030.

* An effective doubling of CO, will eventuallg cause global av-
erage tegperature increases“of at least 1.5 C and no more
than 4.57°C; the delay may be as much as 60 years.

* With this gradual warming will also come changes in wind,
rainfall, and other climatic patterns.

* There will be substantial regional variability. In general,
temperature increases will be greater in the polar latitudes
and lesser the equatorial latitudes; some areas may be cooler
than at present.
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Figure 1.1 Global energy balance and the greenhouse effect.
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* Global precipitation will increase; regional precipitation
may increase or decrease.

* Sea level will rise due to warming and expansion of the
oceans plus ice and snow melt; most scenarios lie in the
range of 0.5 to 2.0 meters increase by 2100.

1.1.2 Ozone Depletion

Stratospheric ozone depletion is caused by both simple and complex
chemical reactions. Many of the destructive reactions are depen-
dent upon the presence of chlorine or bromine radicals. Chloro-
fluorocarbons (CFCs) are the principal supplier of these radicals.

The implications of ozone depletion are less well researched than
those of climate change. It is known that the effects will be
mostly related to human health issues, principally skin carcinomas
and melanomas, cataracts and other eye diseases, and immune system
effects. Ecological implications are also anticipated.

1.2 Types of Risks Analyzed

The Global Warming and Ozone Depletion Subcommittee identified
five principal areas in which global warming could have sig-
nificant effects upon Washington state: agriculture, energy, fish-
eries, forestry, and sea level rise. Ozone depletion will prima-
rily affect human health, although effects are also anticipated
for the composition of the Puget Sound phytoplankton and the fish-
eries industry.

Human health risks are diffuse. Global warming will cause in-
creased heat stress and disease; introduction of insect disease
vectors due to ecological changes; and injuries and deaths due to
an increased frequency and intensity of flooding caused by sea
level rise. Ozone depletion and the resulting increase in ultra-
violet radiation will cause an increased incidence of malignant
melanoma and other less malignant skin cancers’, ocular damage such
as cataracts, and immune system disruptions.

Ecological impacts will be reflected as economic impacts: agricul-
tural crops and the agricultural economy; energy supply and
demand; fisheries and the sports, commercial, and Tribal harvests;
and forestry and the forest industry. Sea level rise will cause
economic losses or costs due to flood damage, property loss due to
inundation or erosion, and public and private protective measures.

Ecological risks will ensue from changes to climate (temperature
and precipitation), hydrology, and sea level rise, with resultant
effects on primary productivity (plant growth rates), ecosystem
composition, and the life cycles, ranges and migration patterns of
animals. Little is known about this latter issue, and is there-
fore not addressed by this analysis.
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1.3 Causes of Global Warming and Ozone Depletion:
Major Pollutants and Sources

Earth's atmosphere is composed mostly of nitrogen (78%) and oxygen
(20%), with small amounts of argon (1%) and carbon dioxide
(0.03%), and trace amounts of other gases including neon, helium,
methane, ozone, and nitrogen oxides. Greenhouse gases are any
molecules with three or more atoms. Atmospheric nitrogen and
oxygen molecules each have two atoms. The principal greenhouse
gas, carbon dioxide, accounts for approximately 50% of the current
greenhouse effect. The secondary gases account for the remaining
greenhouse effect, principally methane (20%), chlorofluorocarbons
(CFCs; 15%), nitrous oxide (10%) and ozone (5%). The following
discussion of greenhouse gases is summarized from Hansen, et al.
(1987, 1984a), Watson (1989), and Hoffman & Wells (1987) except as
noted.

When the National Science Foundation released its first report on
global warming (Charney, et al., 1979), the analyses were based on
a doubling of carbon dioxide which was expected to occur sometime
during the second half of the 21st century. Since then, the im-
portance of the other greenhouse gases has become better known.
Global warming analyses now include consideration of all the
greenhouse gases, but generally speak in terms of an "effective
doubling" of carbon dioxide, that is, a doubling of greenhouse gas
effect due to the combined effect of carbon dioxide plus the other
greenhouse gases. The phrase "effective carbon dioxide doubling"
is often represented as "2XCO," in the technical literature, and
present conditions as "1XCO,. An effective doubling of carbon
dioxide is now expected as %arly as 2030.

1.3.1 Ccarbon Dioxide

The principal anthropogenic source of carbon dioxide (CO,) is the
burning of carbon fuels (coal, petroleum, and natural gaé). About
20% of the carbon dioxide increase is attributed to deforestation,
principally in the equatorial regions. The sources of carbon di-
oxide by fuel source and function in the United States and Wash-
ington state are summarized in Table 1.1. The global sources of
carbon dioxide are depicted in Figure 1.2. In Washington state,
the principal source of carbon dioxide emissions is the burning of
petroleum products for transportation (Table 1.1).

Pre-industrial atmospheric carbon dioxide concentrations were
about 280 ppm. Since accurate, modern measurements were begun in
1958, concentrations have increased from approximately 315 ppm to
approximately 350 ppm. Carbon dioxide emissions from Washington
state constitute 1% of the North American total, which in turn
constitutes about 27% of the global total (Figure 1.2).

Carbon dioxide also plays a part in stratospheric ozone formation.
Increased levels of CO, cause a decrease in stratospheric tem-
perature (as opposed t% greenhouse warming in the troposphere)
with a resulting increase in ozone production.
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Table 1.1. Carbon dioxide sources by fuel type and function.

Source United States Washington state
Fuel Type

Coal 33% 14%
0il 49% 65%
Natural Gas 18% _ o9&
Wood <1% 12%
Function

Industry 24% 24%
Buildings 12% 14%
Electric Utilities 33% 14%
Transportation 31% 48%

Source: Electrical Power Research Institute in: Watson (1989).

* * * * %* * * *

1.3.2 Methane

Nearly fifty percent of methane (CH,) is derived from biological
respiration, principally rice growiﬁg and sheep and cattle produc-
tion. Overall, the sources are estimated to be: rice paddies,
28%; ruminants (cows, sheep, etc.), 20%; biomass burning, 19%;
swamps and marshes, 11%; coal mining, 8%; natural gas, 8%; and
other biogenic sources, 6% (Scientific Committee on Problems of
the Environment, 1986:167).

Atmospheric concentrations of methane are increasing at a rate of
about 1% a year principally due to increasing rice production in
equatorial areas and increased ruminant herding globally. Wash-
ington state is not likely to be a major contributor to methane
emissions.

Methane can also reduce the rate at which chlorine radicals de-
stroy stratospheric ozone, and can also be responsible in part for
the formation of tropospheric ozone.

1.3.3 Chlorofluorocarbons

Chlorofluorocarbons (CFCs) are a class of substances which are
doubly an environmental problem. In the troposphere (lower atmo-
sphere) they act as a greenhouse gas. Rising to the stratosphere,
they release their chlorine atoms through photochemical reactions
with UV radiation and other atmospheric chemicals. If not bonded
to other agents within the stratosphere, chlorine radicals will
react with odd-atom oxygen molecules (O and O,) to produce mo-
lecular oxygen (0,), thereby depleting the ozgne (0,) layer and
reducing its ability to filter ultraviolet radiatiof.
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CFCs have no natural source; all CFCs are manufactured. They are
used as aerosol propellants, solvents, blowing agents for insulat-
ing foams, and in a number of other industrial processes. CFCs
are well suited to many industrial processes because of their sta-
bility: they are nontoxic, nonflammable, and virtually indestruc-
tible. These desirable industrial properties are environmentally
troublesome; decreases in CFC emissions will not result in a cor-
responding decrease in atmospheric CFC concentrations for decades.
CFCs have a residence time in the environment of at least 100
years.

Since the 1970s, CFCs have been increasing in the atmosphere at an
average annual rate of 5 percent.

1.3.4 Nitrous Oxide

The major sources of nitrous oxide (N,0O) are f05511 fuel combus-—-
tion and fertilizer denitrification. “Fossil fuel combustion is
estimated to produce 20 - 30% of nitrous oxide emissions, with
fertilizers and natural sources contributing the remainder. Like
CFCs, nitrous oxide is long lived in the environment and therefore
not susceptible to rapid reductions in concentration with reduc-
tions of emissions. Their residence time is estimated to be 100
to 175 years. Nitrous oxide also can form nitric acid in the
stratosphere, which, under appropriate conditions, can neutralize
atomic radicals capable of depleting the ozone layer.

In recent decades nitrous oxide concentrations have been increas-
'ing at an average annual rate of 0.2%.

1.3.5 Other

Other substances which have been identified as very small con-

tributors to global warming include nitrogen compounds, sulfur

compounds, fully fluorinated species, chlorocarbons, brominated
and iodated species, hydrocarbons, aldehydes, and tropospheric

ozone (Hoffman & Wells, 1987).

Two minor classes of ozone depleting chemicals include halons and
methylchloroform and carbon tetrachloride.

Halons are used primarily in fire extinguishing systems and in the
computer industry. While their volume of use is smaller than
other ozone depleting chemicals, their bromine radicals are far
more effective at ozone destruction. No feasible substitute for
the fire fighting chemicals currently exists. Their release into
the atmosphere, however, can be contained more easily than other
chemicals. Most major releases occur during training for fire-
fighting and testing of equipment, rather than during actual
fire-fighting activities. The simple processes of equipment rede-
sign and changes in testing or training practices can greatly
minimize halon release into the atmosphere.
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Methylchloroform and carbon tetrachloride represent 13% of the
ozone depleting chemicals released into the lower atmosphere.
(Amicus, Summer 88) While very effective at breaking ozone into
smaller molecules, these chemicals are less stable than other
halocarbons, break down quickly and, therefore, have a shorter de-
structive residence time in the stratosphere.

1.3.6 Cumulative Effects

Global warming is caused by the cumulative effect of the entire
class of greenhouse gases and an array of human activities. Car-
bon dioxide receives the greatest attention in the popular press,
but it now accounts for just 50% of the greenhouse effect. The
estimated residence times and concentrations of greenhouse gases
in 1980 and 2030 are summarized in Table 1.2. The less abundant
greenhouse gases, however, are much more effective than carbon di-
oxide at radiative forcing, or warming. A chlorofluorocarbon mol-
ecule, for example, 1s approximately 20,000 times as effective as
is a carbon dioxide molecule (see Table 1.3).

It is important to remember that these processes are all intercon-
nected, and in the final analysis none can be viewed as a separate
issue. Also, it is important to remember that many of the green-

house gases have residence times in the atmosphere of hundreds of

years (Table 1.2).

In recent months, the scientific literature has begun to emphasize
the close causal relationships between global warming, ozone
depletion, and acid precipitation. In the future, we can expect
to find that the causes of each phenomenon are more closely re-
lated than now commonly realized.
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Table 1.3
gases.

Radiative forcing for a uniform increase in trace

Radiagive Forcing

Compound C/ppb
cafbon dioxide CO2 0.000004
methane CH4 0.0001
nitrous oxide N20 0.001
chlorofluorocarbons
CFC-11 0.07
CFC-12 0.08
CFC-13 0.10
Halon 1301 0.10
fluorinated species
F-116 0.08
F-14 0.04
chlorocarbons
carbon tetrachloride ccl, 0.05
CHC1. 0.04
CH2C 2 0.02
CH3Cl3 0.01
sulfur dioxide SO2 0.01
Source: Ramanathan, et al., 1985.
* * * * * * *
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6. Global Warming and Ozone Depletion

1.4 Climate Change

1.4.1 Analytic Approach

Global climate predictions, or more accurately, scenarios, are
based on General Circulation Models (GCMs). Five GCMs have been
developed, four American and one British. The American GCMs are:
the GISS model developed by James Hansen's team at NASA's (Na-
tional Aeronautics and Space Administration) Goddard Institute for
Space Studies, New York City; the GFDL model developed by the
Princeton University Geophysical Fluid Dynamics Laboratory for the
National Oceanic and Atmospheric Administration (NOAA); the OSU
model developed by Michael Schlesinger's team at the Department of
Atmospheric Sciences, Oregon State University; and the ORNL model
developed at Oak Ridge National Laboratory, Oak Ridge, Tennessee.

General Circulation Models do not have sufficiently fine resolu-
tion to produce consistent regional scenarios. The grid or cell
compartments used in GCMs are a few hundred miles on a side, usu-
ally covering an area larger than the state of Washington (see
Figure 1.3). A stack of cells represents the atmosphere. Each
cell is assigned a set of single values to represent temperature,
precipitation, etc., at a particular time. Each GCM uses a dif-
ferent cell size and makes different assumptions about global cli-
mate interactions.

Thus, the GCMs, while in good general agreement as to global aver-
age temperature changes, show less agreement, and occasional dis-
agreement as to regional climate change patterns. Therefore, the
following discussion of climate change in Washington state and
surrounding areas should not be taken as anything more than a gen-
eral indication. Also, remember that these are scenarios, not
predictions.

It now appears that there is a lag time of about 60 years between
the introduction of greenhouse gasses to the atmosphere and any
resultant temperature increases (Schlesinger, 1989).

Our scenarios for the effects of global warming in the Pacific
Northwest rely on interpretations of the GCMs as cited in our
text. The US EPA Report to Congress (Smith & Tirpak, 1988) de-
picts scenarios based on the GISS, GFDL, and OSU GCMs.

1.4.2 Uncertainty

While there is good agreement in the scientific community as to
the likelihood of global warming and climate change, there are
dissenting opinions. Arguments are made by some scientists that
the global circulation models which are used to predict global
climate change do not adequately model either cloud cover, or oce-
anic heat or carbon dioxide absorption. Their arguments contend
that these factors could act as negative feedback, lessening or
negating the generally accepted effects of global warming. How-
ever good these arguments are intellectually, good evidence to the
contrary abounds.

13
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6. Global Warming and Ozone Depletion

One common argument is that the oceans will absorb the excess car-
bon dioxide from the atmosphere, thus mitigating anthropogenic
disruption of the global carbon cycle. This is true, but the rate
of carbon dioxide emission to the atmosphere appears to be vastly
greater than the oceanic uptake capacity. Lapenis and Rampino
(1989) modeled a set of these factors including seawater alkalin-
ity and biological calcium carbonate fixation in the ocean. Ac-
cording to model calculations, atmospheric carbon dioxide concen-
trations will rise to a maximum of 750 ppm (for the average emis-
sion scenario), and then will decrease to 450 ppm over 2,000 to
2,500 years. The remaining excess carbon dioxide in the atmo-
sphere would be neutralized in about 15 to 20,000 years.

Another ongoing debate has questioned the role of planetary cloud
cover in global warming models (GCMs). All researchers and model-
ers agree that clouds play a role in global climate; the debate is
whether they act more to cool the planet or to warm it. A re-
cently published (May, 1989) article reports that, based on NASA
satellite experiments, clouds presently cool the planet more than
they heat it (Ramanathan, Barkstrom & Harrison, 1989). The NASA
program, Earth Radiation Budget Experiment (ERBE) was begun in the
mid-1980s; data has been processed for four months: April, July,
and October 1985, and January 1986. The data for July 1985, foE
example, show that the long-wave radiative forcing was 30.1 W/m
while the shortwave cloud forcing was =46.7 W/m“. ;his is inter-
preted to indicate a net cloud forcing of -16.6 W/m“, and there-
fore a cooling effect. Because long wave length and short wave
length radiative forcing is produced by different kinds of clouds,
there remain questions as to the net effects under global warming
scenarios because it is not certain what kind of cloud would be
produced under climate change conditions.

Possibly the best indication of certainty is the effects of in-
creased carbon dioxide in the atmosphere found in ice cores re-
trieved from polar ice caps. The Vostok ice core records analyzed
by Barnola et al. (1987) show an excellent correlation between
carbon dioxide and global average temperatures over the last
160,000 years (see Figure 1.4). Approximately 20,000 ypb (years
before present) an increase in carbon dioxide from 200 to_250 ppm
was accompanied by an increase in temperature of about 10 C. Ap-
proximately 150,000 ybp an increase in carbon dioxide from 190 to
280 ppm Was also accompanied by an increase in temperature of
about 107°C.

Debates also occur as to whether global warming has already begun.
As reported by the popular press, these debates are often misin-
terpreted as being debates over whether global warming will occur.

In June, 1988, James E. Hansen, a global climate modeler and di-
rector of NASA's Goddard Institute for Space Studies (GISS) testi-
fied before Congress that he was 99 percent certain that the pre-
dicted greenhouse warming had begun. (Then recent temperatures
had so exceeded the norm that there was only a 1% probability of
such an occurrence; Hansen interpreted the converse 99%
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Figure 1.4 Carbon dioxide levels and temperature over the last
160,000 years. From Vostok 5 Ice Core (Barnola, et
al., 1987).
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6. Global Warming and Ozone Depletion

probability to indicate the likelihood of greenhouse warming.) He
went on to state that the global average temperature had increased
significantly over the past century, and that part of the increase
could be attributed to human activities which introduced green-
house gases to the atmosphere. Since then other climatologists
have joined Hansen, while yet others have publicly disagreed.
Hansen's statements were often misinterpreted, claiming that he
had attributed the 1988 heat wave and drought solely to global
warming (Monastersky, 1989%9a).

There is no debate whether the record shows an increase in global
average temperature over the past centugy: the global record
clearly shows an increase of 0.5 to 0.7°C. Some scientists assert
that the increase is due solely to the urban heat island effect.
Most weather stations were established adjacent to a population
center. As these areas urbanized, they enveloped the weather sta-
tions. Urban areas have been shown to be warmer and to have more
precipitation than nearby rural areas, thus leading to climatic
records showing artificially altered condigions. The urban heat
island effect accounts for some (up to 0.37°C) but not all of She
global average temperature increase; the residual (0.3 to 0.4°C)
can still be attributed to greenhouse warming (Lettenmaier, 1989;
Monastersky, 198%a).

1.4.3 Temperature

Average annual tgmperagure in the Pacific Northwest is projected
to increase by 3~ to 5 C with a doubling of carbon dioxide.

There appears to be general agreement that temperature increases
will be similar for the Pacific Northwest and Northern California.
Existing average annual temperature and precipitation data for se-
lected locations in Washington is shown in Table 1.4.

Existing average annual temperature and precipitation data for se-
lected locations in Washington is shown in Table 1.4.

GISS Model Hansen et al. (1934) mapped global warming based on
their GISS model and show a 4 C increase for coastal Pacific
Northwest and northern California, with the temperature gradient
increasing to the east and south. The expectgd increase in summer
temperatures for the Pacific Northwest is 4.4 °C (Adams, Glyer &
McCarl, 1988). For an east Cascages basin, temperature increases
range from 3°C during summer to 6 C during winter (Vail &
Lettenmaier, 1989). Temperature increase scenarios for galifornia
(Smith & Tirpak, 1983) indicate an annual average 8f 4.7°C, with a
winter change of 4.9°C, and a summer change of 4.8 C.

GFDL Model Gibbs and Hoffman (1987) used the GFDL model to map
changes in meanoannual temperature for the United States and indi-
cate a 4.1 to 5°C increase for the Washington, Oregon, California,
and western Nevada cells. At a finer level of detail, Gibbs and
Hoffman worked with National Climate Center climate division data
to project mean annual temperature increases in this area for Le-
verenz & Lev (1987). In this detailed work, they projected >5 C
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Table 1.4 Existing average annual temperature and precipitation
at representative locations in Washington state.

Temperature . Precipitation
Location -t 5-- 00000 Tmmmmmemmseme——eeee
F c in/year mm/day
Aberdeen 50.3 10.2 84.54 5.90
Vancouver 41.7 5.4 39.00 2.71
Sequim 49.3 9.6 16.81 1.12
Seattle 40.8 4.9 38.94 2.71
Kennewick 53.6 12.0 7.49 0.52
Spokane 47.8 8.8 17.19 1.20

Source: Phillips, 1965.

%* * * * * * % *

increases for_ the Columbia Basin, 3-5°C increases for the Cas-
cades, and <3 C increases for coastal and Puget Sound Basin por-
tions of Washington. The exgected increase in temperatures for
the Pacific Northwest is 4.5 C (Adams, Glyer & McCarl, 1988).
Temperature increase scenarios for California (Sgith & Tirpak,
1988) indicate an annual average increase of 4.4 C, with a winter
increase of 4.2°C, and a summer increase of 4.3 C.o For an east
Cascades basin, temperature increases range from 4 C to 6 C
throughout the year (Vail & Lettenmaier, 1989).

OoSU Mogel For an east Cascgdes basin, temperature increases range
from 1°C during winter to 4 C during summer (Vail & Lettenmaier,
1989). Temperature increase scenarios for California (Sgith &
Tirpak, 1988) indicate_an annual average increase of 263 C, with a
winter increase of 3.0 C, and a summer increase of 2.2 C.

1.4.4 Precipitation

Precipitation projections for Washington are more variable than
temperature scenarios. In general, the GISS model predicts a 29%
increase, and the GFDL model predicts a 1.7% increase. Due to the
projected increase in temperature, more precipitation will fall as
rain than does now, thus lessening the winter show pack.

GISS Model 1In the Pacific Northwest, average annual precipitation
is predicted to increase by 23 percent (Adams, Glyer & McCarl,
1988). For an east Cascades basin, precipitation changes range
from a 20 to 30% increase throughout most of the year to a 25% de-
crease during the autumn, with an apparent 25% net increase (Vail
& Lettenmaier, 1989). Precipitation change scenarios for Califor-
nia (Smith & Tirpak, 1988) indicate an annual average increase of
0.28 mm/day, with a winter increase of 0.45 mm/day, and a summer
increase of 0.30 mm/day.

18



6. Global Warming and Ozone Depletion

GFDL Model Gibbs and Hoffman (1987) used the GFDL model to map
changes in mean annual precipitation for the United States and in-
dicate an increase of 11 to 30% for Washington, Oregon, northern
Ccalifornia, the northern Great Basin, and the Northern Rocky Moun-
tains cells. In the Pacific Northwest, average annual precipita-
tion is predicted to increase by 1.7 percent (Adams, Glyer &
McCarl, 1988). For an east Cascades basin, precipitation changes
range between 25% increases to 35% decreases throughout the year
with a slight apparent net increase (Vail & Lettenmaier, 1989).
Precipitation change scenarios for California (Smith & Tirpak,
1988) indicate no substantial change on an annual basis, with a
winter increase of 0.25 mm/day, and no substantial change on a
summer season basis.

OSU Model For an east Cascades basin, precipitation changes range
from a 0 to 25% increase throughout most of the year to a 25% de-
crease during the autumn with an apparent slight net increase
(Vail & Lettenmaier, 1989). Precipitation change scenarios for
California (Smith & Tirpak, 1988) indicate an annual average de-
crease of 0.10 mm/day, with a winter increase of 0.12 mm/day, and
a summer decrease of 0.35 mm/day.

1.5 Hydrology
No comprehensive hydrologic projections have yet been developed
for Washington state or the Pacific Northwest. Lettenmaier (1989)
is developing hydrologic scenarios for two watersheds in the Yaki-
ma River basin and has presented preliminary findings (Vail &
Lettenmaier, 1989). Hartman (1988) summarized the literature and
has offered a scenario for Washington which hypothesizes more to-
tal precipitation, but dryer summers, with the Cascade snow line
approximately 1,850 feet higher than present.

As noted in Section 1.4.3, more precipitation is expected to fall
as rain than does now, thus lessening the winter show pack. A
corollary of this is the expectation that higher average tem-
peratures will lead to higher snow lines in the mountains. The
cunulative effect of these factors will be increased winter stream
flows in all streams, and decreased delayed runoff during the sum-
mer in snow pack fed streams.

Vail & Lettenmaier's (1989) evaluation of the effect of global
warming on the American River watershed of the Yakima Basin used
three GCMs; all indicated a shift in the hydrograph to the left,
that is, from a May - June peak runoff (approximately 40 inches),
to an earlier runoff peak. The GISS scenario shows a January peak
runoff (approximately 50 inches); the GFDL scenario a December
peak (approximately 35 inches) with a secondary peak in March (ap-
proximately 30 inches); and the OSU scenario an April peak (ap-
proximately 35 inches). In general, all scenarios indicate higher
flows between November and April, and lower flows between May and
August.
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It is likely, therefore, that the hydrograph of all snow fed
streams will shift to the left. Streams not fed by snow melt may
also experience lower summer flows if summer precipitation de-
creases. These conditions are similar to those now caused by de-
velopment in urban areas (see Canning, 1988) whereby cumulative
increases in impervious surface increases winter runoff and de-
creases ground water recharge, thus decreasing summer delayed run-
off.

1.5.1 Decreased Summer Stream Flow

During the relatively dry summer season, most, if not all, stream
flow results from (1) the seepage of ground water into streams and
ponds or (2) snow melt. Regardless, summer stream flows are de-
layed runoff from winter storms. In many western Washington ar-
eas, summer low flows are now so reduced from what was the norm
under predevelopment conditions that the fisheries productivity of
the stream is adversely affected. Late summer flows may be insuf-
ficient for returning salmon to ascend the stream to spawning lo-
cations. 1In extreme cases summer stream stagnation results in the
death or diminished growth of salmon eggs or young in the gravel
or rearing pools of the stream (Canning, 1988). Precipitation
changes due to global warming will aggravate this situation.

1.5.2 Increased Winter Stream Flow

The size of a streambed -- its width and depth =-- is created by
the one and one-half- to two-year recurrence interval flow volume.
Flows larger than the one and one-half- to two-year volume top the
stream banks and flow overland on the floodplain. If global
warming results in a steadily increasing winter runoff volume, it
is inevitable that the stream bed and banks would be continually
scoured as the stream enlarged itself to accommodate the larger
flows. Bed scour is destructive of salmon spawning habitat. Bank
scour leads to unstable bank conditions. Additionally, increased
runoff will contribute to an increased frequency and volume of
flood flows (Canning, 1988).

These conditions are presently occurring in western Washington due
to urbanization (Canning, 1988) and can be illustrated with some
research results from the Bellevue NURP studies on Kelsey Creek.
Kelsey Creek drains an area of 3,200 hectares (7,910 acres). The
majority (78%) of the watershed is now urbanized; the remainder
(22%) is parkland or undeveloped. The shift in flood flow hydrol-
ogy for Kelsey Creek from the 1960s to the 1970s is summarized in
Table 1.5. With the increasing urbanization and coverage by im-
pervious surface which occurred during those decades, the stream-
flow volume resulting from the 100-year storm doubled. Under
natural conditions, the 100-year storm produced a relatively pre-
dictable 100-year flood flow in Kelsey Creek. Under urbanizing:
conditions, however, the 100-year storm produces increasingly
larger 100-year flood flow volumes.

20



6. Global Warming and Ozone Depletion

Table 1.5. Flood frequency estimates, Kelsey Creek, Bellevue.

Recurrence Annual Flow Rates, m3/s
Interval, Probability, ==-=—rerecrccrccccrrnr e ——
years per cent 1962-70 1971-80
1.01 99 3.68 4.33
1.25 80 4,79 6.68
2.0 50 6.63 11.36
5.0 20 6.43 10.85
10 10 6.97 12.32
25 4 7.56 14.13
50 2 7.99 15.41
100 1 8.38 16.68

Source: Pitt & Bissonnette, 1984: 37.

Another way of looking at the data in Table 1.5 is to say that
what was formerly the 100-year flood flow volume (8.38 cubic
meters per second), now occurs every year or two, with an average
recurrence interval of about 1.5 years. That is, the former
100-year flood flow volume is now the 1l.5-year flow volume in
Kelsey Creek. These increases in flood flow frequency and volume
in turn cause additional adverse impacts to streams. Increased
winter precipitation and runoff will simply aggravate these exist-
ing trends.

1.6 Sea lLevel Rise

1.6.1 Analytic Approach

This evaluation of sea level rise summarizes the findings of a de-
tailed preliminary evaluation of the implications of sea level
rise for Washington state (Canning, 1989) prepared by the Shore-
lands and Coastal Zone Management Program, Washington Department
of Ecology. Other recommended information sources include Barth &
Titus (1984), Hoffman, Keyes & Titus (1983), National Research
Council (1987), and Titus (1988). Quantitative damage estimates
for Washington state in dollars or land losses have not yet been
developed.

1.6.2 Sea Level Rise Scenarios

Accelerated sea level rise is one secondary effect of an altered
greenhouse effect. Global sea level rise is estimated to have
been in the range of 10 to 15 cm during the past century
(Fairbridge & Krebs, 1962; Barnett, 1984). Presently, 1.2 mm/yr
is the generally accepted rate for predictive modeling (Park, et
al., 1988; Titus, 1988). Moffat & Nichol (1988) determined a glo-
bal sea level change of 0.0039 ft/yr (1.2 mm/yr) for San Francisco
Bay.

Sea level rise is predicted to occur due to global warming of the
oceans (and thus expansion) as well as the melting of snow and
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ice. The factors which are thought to control future sea level
rise are summarized in Table 1.6. These factors are the basis for
sea level rise scenarios developed by the US Environmental Protec-
tion Agency and summarized in Table 1.7. The low range scenarios
were developed using the low assumptions, and the high range sce-
narios, the high assumptions. The US EPA researchers further as-
sumed that it is possible but unlikely that either extreme sce-
nario (high or low) would occur. Therefore, two mid-range sce-
narios were developed. In recent years, most sea level rise sce-
narios have fallen into the range 0.5 to 2.0 meter rise by 2100
(see Figure 1.5).

Other scenarios are offered which go far beyond the US EPA predic-
tions. One scenario postulates a collapse of the West Antarctic
ice shelf, resulting in a sea level rise of about 20 feet over a
few hundred years. There is evidence for this having occurred ap-
proximately 150,000 years ago, but the evidence for sufficient fu-
ture global warming is not convincing to a majority of clima-
tologists. The most radical theory envisions a complete melting
of the Greenland and Antarctic ice caps, resulting in a sea level
rise of about 200 feet. There is little scientific support for
this scenario.

Global sea level rise (G) must be adjusted for local vertical land
movement (V) to determine local relative sea level rise (R) such
that R = G - V. Uplift moderates or negates sea level rise; sub-
sidence aggravates sea level rise. Although global climate change
may alter the mass of the planet, thus producing latitudinal dif-
ferences in sea level rise rates, presently only uniform global
sea level rise is modeled (Titus, 1988).

Relative sea level change in Washington state will result from the
combined effects of vertical land movement and global sea level
rise. Subsidence in Puget Sound (1 - 2mm/yr; 0.3 - 0.6ft/century)
will aggravate global sea level rise; uplift along the ocean coast
(1 - 1.6mm/year; 0.3 - 0.5ft/century) will moderate sea level rise
(Lyles, Hickman & Debaugh, 1988; Holdahl, Faucher & Dragert, nd).

Vertical land movement patterns in western Washington are not well
understood. Ecology's Shorelands and Coastal Zone Management Pro-
gram is conducting a review of the scientific literature which is
expected to be completed by late 1989.
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Summary of high and low assumptions used to estimate

sea level rise by US Environmental Protection Agency.

Factor

Assumption

Population Growth

Productivity
Growth

Energy
Technology

Unexpected Addi-
tions To Fossil
Fuel Base

Energy
Conservation

Fraction Airborne
Carbon Dioxide

Nitrous Oxide

Chlorofluorocarbons

Methane

Temperature
Sensitivity

Heat Diffusion
of Ocean

Glacial Discharge

All scenarios assumed the world will reach
zero population growth by 2075.

2.2% per year;
decreases to
1.7% by 2100.

Best estimate;
nuclear costs
halved arbitrarily.

None.

3.5% per year:
decreases to
2.2% by 2100.

Best estimates.

None.

All countries move toward high efficiency
(60% improvement in energy efficiency).

53%

0.2% per year growth.
Emissions increase
0.7% of 1980 level
per year.

1% per year growth.

1.5°c for co

doubling. 2

1.18 cmz/sec

Equal to thermal

ORNL Model; 60%
increases to 80%.

0.7% per year growth.
Emissions increase
3.8% of 1980 level
per year.

2% per year growth.

4.5% for co

doubling. 2

1.9 cmz/sec

Twice thermal

expansion. expansion.
Source: Hoffman, Keyes & Titus, 1983.
* * * * * * * *
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Table 1.7 Scenarios for future sea level rise developed by US En-
vironmental Protection Agency. (Centimeters Feet)

. Year
Scenario = 2 = ~mmemcmmmcmmcnr e
2000 2025 2050 2075 2100
High 17.1 54.9 116.7 211.5 345.0
0.6 1.8 3.8 6.9 11.3
Mid-range High 13.2 39.3 78.9 136.8 216.6
0.4 1.3 2.6 4.5 7.1
Mid-range Low 8.8 26.2 52.6 91.2 144.4
0.3 0.9 1.7 3.0 4.7
Low 4.8 13.0 23.8 38.0 56.2
0.2 0.4 0.8 1.2 1.8

4.3 12.0-18.0

Current Trends 2.0~ .
.5 0.4- 0.6

O+

Source: Hoffman, Keyes & Titus, 1983.

Note 1: The values projected by US EPA in this table are absolute
sea level rise predictions. The base year is 1980. To apply
these values to a particular local area requires consideration of
local subsidence or uplift. Subsidence will produce a greater
relative sea level rise; uplift will produce a lesser relative sea
level rise.

Note 2: Subsequent to developing these scenarios, Hoffman et al.
refined their computations, and now feel that the "mid~range low"
scenario is most probable (Barth & Titus, 1984:16). The low and
high scenarios, however, remain as the outer limits of what is
reasonably possible during the next century.

* * * % * * * *
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1.7 Ozone Depletion

1.7.1 Analytic Approach
Three networks have been primarily responsible for ozone monitor-
ing during the past two decades. The Nimbus 7 Solar Backscatter
Ultraviolet (SBUV) Satellite and the Total Ozone Mapping Spectrom-
eter (TOMS) have provided continuous global records of the total
atmospheric ozone column since October of 1978. This data is not 1
entirely reliable due to the gradual degradation of satellite
equipment. Results from SBUV and TOMS have, therefore, been nor-
malized by coordinating with measurements from the groundbased
Dobson network in the Northern Hemisphere. During the past three
years, more accurate measurements have been obtained by actual
aerial collection and monitoring of stratospheric gases by regular
flights of specially equipped airplanes.

An Ozone Trends Panel (OTP) was formed with representatives from

the National Aeronautics and Space Administration (NASA), National -1
Oceanic and Atmospheric Administration (NOAA), United Nations En-
vironment Program (UNEP), Western Meteorological Organization
(WMO) , and the Federal Aviation Administration (FAA). Their
March, 1988, report to Congress stresses "undisputed evidence that
atmospheric concentrations of source gases important in control-
ling stratospheric ozone levels continue to increase on a global
scale because of human activities." Their report states the an-
nual average total ozone column has decreased 2-3% between 53 de-
grees South and 53 degrees North from October, 1978, to October,
1985, or about 0.35% annually. In the mid latitudes (30 degrees
north to 64 degrees north) of the northern hemisphere, ozone de-
creased 1.7% to 3% between 1969 and 1985, depending on the
latitude. Over Washington state, the total decrease is believed
to be about 2.2% (OTP, 1988). Between 40 degrees north and 52 de-
grees north, wintertime ozone has decreased by 4.7%. The actual
numbers were not accurately predicted by previous models because
atmospheric models do not include ice in their reaction schemes; N
ice clouds appear to bind chemicals which in turn are not avail-

able to neutralize ozone destroying radicals.

1.7.2 Chemical Breakdown Mechanisms J
Ozone is the triatomic form (0,) of oxygen (O.,) While rare in

the troposphere, its presence in small but crﬁc1al amounts in the
stratosphere protects the earth from damaging ultraviolet ra-

diation. The amount of ozone present varies with latitude, tem-

perature and sunlight and is a result of a balance between ongoing
processes that produce and destroy this substance. Its formation

is influenced by solar activity, the presence of certain chemicals

in the atmosphere, and meteorological conditions. Normally, ul-
traviolet (UV) light may break molecular oxygen (O,) into two par-

ticles of atomic oxygen (0) (1). One atom of O joiﬁs with an 02

molecule to form the triatomic ozone and, additionally, the
stratosphere is warmed by the absorption of the UV radiation (2).
Concurrently, UV rays also break ozone into smaller molecules (3)
or (4).
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(1) UV + O, --> 0 + O + heat

2
(2) 0+ 0, =->0,
(3) UV + O3 --> 0 + 02 + heat
(4) UV + O + o3 -—> 02 + o2 + heat

While these two reactions (3) (4) normally fluctuate within a nar-
row range of equilibrium, the steadily increasing presence of
man-made chemicals in the atmosphere appears to destabilize the
balanced chemical reactions with the rate of ozone destruction
currently exceeding the rate of ozone formation.

Chemicals effective at reducing the ozone layer are dominated by
halocarbons. All include a carbon (C) atom surrounded by a combi-
nation of chlorine (Cl), bromine (Br), or fluorine (Fl) atoms.
These chemicals are very stable until bombarded by ultraviolet ra-
diation, at which point they release chlorine and bromine radicals
which react with the surrounding odd oxygen molecules (O, O ),
converting them to molecular oxygen (O ) (5).

(5) C1 + O3 -=> Chlorine monoxide (Cl0) + 02
Chlorine and bromine monoxides (ClO0, BrO) already present in the
atmosphere or formed by this reaction are also capable of attack-
ing odd oxygen molecules and converting them into molecular
oxygen, thereby further depleting the ozone layer and reverting
back into the original radicals, capable of further ozone deple-
tion (6) (7).

(6) Clo + 0 -=>Cl + 0,

(7) ClO + 05 ==> Cl + 0, + O,

Other radicals which also appear to fit this catalytic cycle in-
clude chlorine monoxide dimers ((Cl0),), hydroxyl (OH) and
hydroperoxy (HO,):; more research is n%cessary to delineate all
possible pathways of chemical ozone reduction. The presence of
free nitrogen, hydrogen chloride and water in the atmosphere re-
duce the ability of bromine and chlorine molecules to attack
ozone. If present in sufficient quantities, free nitrogen, hydro-
gen chloride and water neutralize the destructive radicals and
prevent them from attacking ozone. If these chemicals are incor-
porated into stratospheric ice clouds, they are unavailable to
neutralize the destructive radicals.
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2. ECOLOGICAL RISKS

This section addresses the ecological implications of greenhouse
induced climate change and ozone depletion. The ecologic implica-
tions of ozone depletion are not yet well studied; most efforts
have addressed human health issues. The potential ecologic ef-
fects of climate change have been better addressed by ecologists,
but only in a generalized manner.

2.1 Analytic Approach

Ecologic risks were evaluated by reviewing the literature and sum-
marizing the anticipated scenarios for Washington state. The
state-of-the~-art in climate change and ozone depletion impacts
analysis is not yet quantitative due to the uncertainties of the
exact natures of the secondary, tertiary, etc., impacts. There is
still little or no information specific to Washington state or
even the Pacific Northwest. The implications of this for Environ-
ment 2010 is that is not possible to conduct gquantitative analyses
for Washington state, in fact even qualitative discussions are of-
ten difficult. Quantitative capabilities are probably at least
five years in the future.

2.2 Climate Change

There is not yet any published speculation on the effects of glo-
bal warming on the natural systems of Washington state. The rate
of temperature increase projected is unprecedented, and we are
limited by our imagination as to the consequences. In general we
can expect a migration of plant communities, and the animal com-
munities associated with then, north in latitude and upward in el-
evation. Whether the plant communities will be able to migrate
rapidly enough to keep up with climate change is speculative and
of concern. The following excerpt from a memorandum report by the
lead author (DJC) illustrates the kind of unexpected consequences
global warming will have for Washington.

On December 14, 1988 the Pacific County Planning Depart-
ment convened a work shop to discuss recent findings on
the status of Spartina alterniflora in Willapa Bay.
Twenty eight attendees represented various federal,
state, and local government agencies, academic inter-
ests, and local aquaculturists.

Spartina alterniflora, Smooth Cordgrass, is a species
native to the Atlantic Coast. First introduced to Will-
apa Bay in c. 1895, it appears to have been held in
check by the relatively cool summer climate in western
Washington. During the 1980s, Spartina has noticeably
colonized larger areas; the expansion is attributed to
the abnormally warmer summer temperatures of this de-
cade.
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If recent abnormally warm conditions continue, Spartina
is predicted to expand from its present 680 acres to
31,000 acres -- 66% of the total intertidal mudflats of
Willapa Bay -- by 2025. Spartina is more invasive in
Willapa Bay than in its native habitat where a barnacle
limits its range to above mean sea level, and insect
predators limit its vitality within its range. In Will-
apa Bay Spartina grows from about the 3 foot tide level
(2.5 feet below mean sea level) to the upper limits of
the mud flats, and has no predators (Sayce, 1988).

The ecological implications of a Spartina invasion are
the replacement of the native, mid-tide, diverse, mud-
flat habitat and associated species with a high inter-
tidal Spartina monoculture. Spartina colonies eventu-
ally succeed to a high intertidal Salicornia marsh when
sedimentation raises the marsh elevation above the tidal
range in which Spartina competes most effectively.

The economic implications of a Spartina invasion is the
loss of habitat for rearing and holding oysters, the
principal aquaculture business in Willapa Bay.

An invasion of Willapa Bay, and other estuarine areas of
Washington, could be the first documented ecologic ef-
fect of global warming in the state.

Intensity The intensity of impacts will, of course, vary in the
different ecological communities in Washington state. Some com-
munities will likely be little affected. As illustrated above,
the impacts could be profound in other instances.

Reversibility There appears to be about a 60 year lag between the
introduction of greenhouse gases and the resultant global warming;
we are therefore committed to at least 60 years of global warming.

Scale Impacts can be expected across the entire state. Effects
will be most noticeable along the edges of distinct ecologic com-
munities.

Sensitivity Ecologic impact studies of climate change typically
show address the northward movement of plant communities or ranges
of species. 1In the Northwest, elevation controls community and
species location as much as does latitude. Therefore, community
and species migration will be both northward and to higher eleva
tions.

Trend There are not yet any measurable trends, therefore it is
not yet possible to speak in terms of trends. .

Productivity/Uniqueness Unique plants will be most affected by
climate change. Unique plants which, in Washington, are at the
northern extent of their range will likely increase in extent and
abundance. Unique plants which, in Washington, are at the south-
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ern extent of their range will likely decrease in extent and abun-
dance or be extirpated in Washington.

Uncertainty Until better information on climate change in
Washington has been developed, and until plant ecologists examine
the issue with respect to Washington, no quantitative or
species-specific analyses will be possible.

2.3 Sea Level Rise

National studies on the ecological effects of sea level rise are

largely limited to wetlands, and then only to inundation and mi~-

gration. This section reviews the ecological effects on wetlands
and fish dependent on shallow water and intertidal habitats. The
national literature also addresses changes in estuarine salinity,
but we are not as yet able to discuss this issue for Washington's
estuaries.

Intensity The intensity of the ecologic effects of sea level rise
are variable and uncertain as yet for Washington state -- the reg-
uisite studies to sensitize national trends to local conditions
have not yet been done.

Reversibility There appears to be about a 60 year lag between the
introduction of greenhouse gases and the resultant global warming;
the lag between global warming effects and corresponding sea level
rise is not yet known. We are therefore committed to at least 60
years of accelerated sea level rise, and likely more. For all
practical purposes, sea level rise is irreversible.

Scale The effects of sea level rise will be measurable along all
marine and estuarine shorelines of the state. The ecologic impli-
cations will vary from place to place depending on the sensitivity
of the local community.

Sensitivity Because marine and estuarine communities are inher-
ently formed and regulated by salinity and the frequency and dura-
tion of daily tidal inundation, any change in sea level will have
profound effects in the location of these communities. If they
are unable to migrate inland, they will be eliminated.

Trend The existing sea level rise trend will be accelerated in
coming decades; as noted, the most likely sea level rise scenario
id a rise of approximately five feet by 2100.

Productivity/Uniqueness The habitats most affected by sea level
rise, coastal wetlands, are both unique and highly productive.

Uncertainty Sea level rise is considered to be the most certain

of the side effects of global warming. The degree and rate of sea
level rise is, however, debated.
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2.3.1 Wetlands Modification and Inundation

Sea level rise is generally expected to drown existing coastal
wetlands, and where the topographic gradient permits, cause wet-
lands to migrate inland. Freshwater wetlands backing salt marshes
may be converted to salt marsh. Coastal wetlands backed by devel-
oped lands will be prevented from migration by protection of the
developed uplands (Titus, 1988). Initial computer modeling of the
effect of sea level rise on selected Washington coastal wetlands
predicted net gains in coastal wetlands (Armentano, Park &
Cloonan, 1988), but the modeling assumptions appear to have been
incomplete. The model has been enhanced, and the modeling of the
Pacific coast is being rerun. The selection of coastal sites for
the second modeling (5 sites in Puget Sound) was done by random
sampling (Park, pers. comm.); because wetlands in Puget Sound are
not randomly dispersed, but rather are clumped, therefore the re-
sults of this modeling, too, must be evaluated. The principal ar-
eas at risk are river deltas and estuaries plus nonestuarine
coastal wetlands.

Intensity Whether a coastal wetland would be able to migrate in-
land, would be prevented from migration by topography, or be pre-
vented from migration by existing or future development is site
specific and not yet known on a broad scale. Where wetlands are
able to migrate, it is likely that the newly established wetland
would be smaller than before.

Reversibility Wetlands loss to sea level rise is irreversible.

Scale The extent of wetlands loss has not yet been studied quan-
titatively; Ecology's Shorelands and Coastal Zone Management Pro-
gram proposes to inventory and evaluate coastal wetlands relative
to sea level rise during the next few years.

Sensitivity Because marine and estuarine wetlands are inherently
formed and regulated by salinity and the. frequency and duration of
daily tidal inundation, any change in sea level will have profound
effects in the location of these communities. If they are unable
to migrate inland, they will be eliminated.

Trend There is no existing quantitative information on the alter-
ation of wetlands by present and recent sea level rise.

Productivity/Uniqueness Coastal wetlands are both unique and
highly productive.

Uncertalnty It is certain that wetlands will be affected by sea
level rise; there is a high degree of uncertainty as to exactly
how specific wetlands will be affected.

2.3.2 Fish and Shellfish

Surf Smelt (Hypomesus pretiosus) spawn through out Puget Sound,
particularly in the South Sound, southern Hood Canal, Liberty Bay,
and northern Saratoga Passage. Spawning occurs throughout the
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year in the upper intertidal below mean higher high water (MHHW).
Preferred spawning substrates range from coarse sand to pea gravel
(Penttila, 1978).

Pacific Herring (Clupea harengus pallasi) spawn throughout Puget
Sound, particularly in southern Hood Canal, Dabob Bay, Port Or-
chard Inlet and Liberty Bay, northern Saratoga Passage and Skagit
Bay, and the Straight of Georgia. Their range is from Alaska to
San Francisco Bay. The spawning period extends from January
through early June. Eggs are deposited on marine vegetation in
the intertidal and upper subtidal (Meyer & Adair, 1978).

Salmon (Oncorhynchus spp), particularly Pink (0. gorbuscha) and
Chum (O. keta) Jjuveniles use shoreline shallows as migratory and
rearing areas to feed and escape larger predator fish (FWTC,
1970).

With rising sea level, the loss of some intertidal and shallow
subtidal habitat can be expected. In some areas, upland property
owners will react to sea level rise by raising existing bulkheads
or building new bulkheads where none are now needed. In other ar-
eas, naturally occurring steep banks and bluffs will inhibit main-
tenance of shoreline intertidal and shallow intertidal habitats
(see Section 4.6.3).

Intensity The loss of upper intertidal spawning habitat will oc-
cur at select location throughout the greater Puget Sound system;
not all Surf Smelt and Pacific Herring spawning locations have
been identified. The intensity of the loss of shallow water
habitat and resultant effects on salmon will depend on the rate at
which shoreline bulkheading and other similar environmentally un-
desirable practices take place.

Reversibility For all practical purposes the process is irrevers-
ible.

Scale See Intensity above.

Sensitivity The species affected are highly sensitive the ef-
fects; they have evolved to use the specific habitats for spawning
‘or rearing.

Trend The effect of existing sea level rise is undocumented.
Productivity/Uniqueness No comment.

Uncertainty It is certain that intertidal and shallow water
habitats will be affected by sea level rise; there is a high de-

gree of uncertainty as to exactly how specific sites or locales
will be affected.
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2.4 Ozone Depletion

The ecological effects of ozone depletlon are less well studies
than are the human health effects. This section discusses inter-
relations of tropospheric ozone depletion with greenhouse climate
change, plus some observed effects of increased UV radiation on
Antarctic invertebrates.

Intensity The intensity of effects for Washington state is pres-
ently unknown.

Reversibility Ozone depletion is reversible on a scale of decades
to centuries. :

Scale Effects will occur state wide.

Sensitivity The sensitivity of Washington's ecosystems to UV ra-
diation increases due to ozone depletion is as yet unknown.

Trend There is no ex1st1ng data on which to base a trends
analysis.

Productivity/Uniqueness No comment .

Uncertainty No comment.

2.4.1 Climate

The existing ozone layer screens out more than 99% of the incoming
ultraviolet energy between 230 and 320 nanometers in wavelength
and reradiates energy in the infrared wavelengths. This radiation
of infrared light produces heating in the upper stratospheric lay-
ers and promotes vertical stability of the stratosphere. 1In the
troposphere, heating occurs in the bottommost layers and the hot
air constantly rises, forcing vertical instability and resulting
climate changes. As the ozone layer decreases, the stratosphere
cools, possibly changing the vertical temperature distribution and
circulation of the stratosphere. Question still exists as to what
this will mean for global warming and global climate disruptions.

2.4. 2 Invertebrates

Fisheries are dependent upon the phytoplankton and micro organisms
present in local waters. Studies in Antarctica indicate increased
UV radiation may significantly alter the biologic diversity of
similar species in the Pacific Northwest.

Larry Weber, a postdoctoral fellow at Texas A & M University has
been studying crustacea and phytoplankton in Antarctica. Phyto-
plankton are the base of the marine food web. They convert inor-
ganic compounds such as phosphorous and silica into organic plant
matter, providing food for herbivorous zooplankton and krill

- which, in turn, are the major food source for larger free swimming
animal life. Weber found that phytoplankton were two to four
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times more productive when UV light was excluded from their water.
Increased UV radiation decreased the productivity of all types of

phytoplankton, bringing about decreased photosynthesis, changes in
protective pigment colorations, and significant shifts in species

populations within the algal community (El-Sayed, 1988).

Further up the food web, studies in Puget Sound have shown that
increased UV radiation decreases the activity, development rates,
and survival rates of shrimp, shrimp-like crustaceans and crab
larvae. Death rates in copepods are greatly increased while the
fecundity in survivors is severely limited. Benthic organisms are
often killed on exposure to excess UV radiation while egg develop-
ment is retarded. Complex interrelations between water depth, mix-
ing of water layers, seasonality of UV exposure, organism behav-
ioral response, and the ability of each organism to repair damage
should lead the scientific community to great caution in making
predictions for Puget Sound (El-Sayed, 1988).
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3. HUMAN HEALTH RISKS

This section discusses the potential human health effects of cli-
mate change, sea level rise, and ozone depletion. Quantitative
analysis was not deemed appropriate.

3.1 Analytic Approach

Human health risks were evaluated by reviewing the literature and
summarizing the anticipated scenarios for Washington state. The
state-of-the-art in climate change and ozone depletion impacts
analysis is not yet quantitative due to the uncertainties of the
exact natures of the secondary, tertiary, etc., impacts.

3.2 Climate Change

It is difficult to predict specific regional impacts of global
warming on human health. Current literature studies are limited
by the fact that, until recently, human health problems created by
regional climate change were considered less likely, and therefore
examined less, than those created by rapid variations in weather.
No reason existed to study changing climate in a specific region.
This section (3.2) is summarized from White & Hertz-Picciotto
(1985) .

Therefore, in order to understand how climate change might affect
Washington state, we can only describe some of the already known
influences of climate and interrelated problems on human health.
First, what changes in human health may be created by an increase
in overall temperature? Second, what health burdens may be
brought about by a variability in weather conditions.

An increase in overall temperature can change endemic disease cur-
rently evident within a region or state. Bacteria, viruses, al-
lergens and fungi are distributed throughout the atmosphere and
soils. They are affected by atmospheric conditions; temperature,
precipitation, humidity, sunlight and wind contribute to their
dispersal and survival. While some disease organisms are cur-
rently limited in their survival ranges, climate change could vary
the areas in which they are prevalent and responsible for disease.
Similarly, in vector-borne viral, ricketsial and bacterial dis-
eases, the hosts of an organism may find their range or habits
modified, causing the disease to become established out of his-
toric endemic regions. Global warming may therefore provide new
geographic areas suitable for the survival and increase of disease
organisms. Washington state could find it necessary to increase
costs associated with specific disease treatment or with increased
control of disease vectors.

Concurrently, climate change may either increase or decrease the

variability of weather patterns within the state. Climate vari-
ables (heat waves, excessively cold spells, heavy rains and warm
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or cold fronts) all affect human health, whether directly or
through effects on disease bearing or causing organisms. In-
creased humidity adds to the human susceptibility to disease in
cold weather and, in hot weather, aids survivability of many
pathogenic organisms. Extreme temperatures, while modified by
humidity, challenge the body's thermoregulatory system.
Chronically ill, elderly and infant populations have difficulty
acclimatizing to rapid, prolonged changes in temperature and ex-
hibit increased mortality and morbidity during heat and cold
waves. Individuals with otherwise healthy thermoregulatory sys-
tems may likewise suffer increased mortality or morbidity due to
overexposure to temperature extremes. The question for Washington
state revolves around whether the climate will become more consis-
tent or whether Washington will experience increased variability
in weather. ~

3.3 Sea Level Rise

Storm surges, the flooding induced by wind stresses and the baro-
metric pressure reduction associated with major storms, will be
aggravated by sea level rise in areas of low gradient offshore
slopes (National Research Council, 1987) such as southwest
Washington's ocean coast. 1In general, higher sea levels will pro-
vide a higher platform for coastal flood waters to inundate low
lying areas. The magnitude of the problem has yet to be
evaluated. The most susceptible areas are those mapped by FEMA
(Federal Emergency Management Agency) as Velocity Zones, although
other lowlying coastal areas are also at risk.

Death and injury often results from coastal flooding. Comprehen-
sive information, however, is not compiled. Limited information
on deaths and injuries due to coastal flooding is compiled by the
Federal Emergency Management Agency and the Emergency Services Di-
vision, Washington Department of Community Development. This in-
formation is not in a form which readily enables analysis, there-
fore it is not possible to report on existing death and injury
rgtes due to flooding, let alone future rates under sea level
rise.

3.4 Ozone Depletion

3.4.1 8kin

Stratospheric ozone effectively absorbs ultraviolet radiation be-
tween the wavelengths of 200 to 320 nanometers. With a 1% de-
crease in upper atmospheric ozone, we can expect a 2% increase in
UVB (wavelengths from 280~320 nm) exposure. UVB light is a major
factor in human skin cancers, particularly basal and squamous cell
carcinomas and malignant melanomas (Scheibner, et al, 1986). In-
creased exposure to all UV light is related to an increased risk
of developing such skin cancers (Armstrong, et al, 1988).

Basal and squamous cell carcinomas are the most common cancer
found in the United States with 400,000 to 500,000 cases reported
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each year (Koh, 1989). They typically occur on sun exposed body
sites of fair skinned Caucasians. Their incidence increases with
increased age and cumulative lifetime exposure to sunlight
(Scotto, et al, 1988). While rarely fatal, a 3-6% increase in
these common skin cancers can be reliably predicted for each 1%
decrease in ozone (Hoffman, 1987).

Malignant melanomas are the ninth most common form of cancer, with
their incidence rising at a faster rate (93% increase during last
8 years) than any cancer except male lung cancer (Kripke, 1988a).
Mortality from these cancers is also increasing with 6000 deaths
out of an estimated 27,300 cases reported in 1988 (Koh, 1989).
They result from UV induced cellular damage which, under labora-
tory conditions, contributes to both their induction and subse-
quent growth. They occur throughout the body and appear related
not only to lifetime total sun exposure but also to acute episodes
of sun exposure or sunburn (Kripke, 1988a). Research now indi-
cates some relationship between malignant melanomas and UV induced
damage to the immune system. A 1% decrease in ozone can be pre-
dicted to cause a 1-1.5% increase in malignant melanomas (Hoffman,
1987).

3.4.2 Eyes
UV radiation is suspected of contributing to three types of ocular
changes. Biochemical descriptions of such changes have yet to be
thoroughly explained and further research is in progress.

High cumulative exposure levels of UVB radiation significantly in-
crease the risk of cortical, or lower inner quadrant of the lens,
cataract formation (Taylor, et al, 1988). This type of cataract
is common in the tropics. A recent study of Chesapeake Bay fish-
ermen provides information indicating that a doubling of the cumu-
lative UVB exposure increased the risk of cortical cataract by a
factor of 1.60 with a 95% confidence interval (Taylor, et al,
1988). Age related macular degeneration involves progressive de-
terioration of the outer layers in the center of the retina. The
process is irreversible and untreatable. High energy visible and
UV photons have been shown to produce this type of molecular dam-
age by a photochemical mechanism (Young, 1988). While still sta-
tistically inconclusive, evidence is accumulating that solar ra-
diation is responsible for some of deteriorative changes leading
to macular degeneration.

Pterygium is a degeneration of the epithelial conjunctiva, or scar
tissue on the inner surface of the eye extending from the conjunc-
tiva to the cornea. Such scars commonly grow across the cornea
and pupil and must be surgically removed. They are the most com-
mon result of ocular overexposure to UV radiation and prove costly
due to the large numbers of patients requiring surgery
(Prendergast, 1989).
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3.4.3 Immune System

Limited information exists on the actual connection between excess
UV exposure and disease. Only recently have changes in immuno-
functions after UV exposure been studied in detail. The sig-
nificance of such immune changes on the incidence of skin cancers
and human infectious diseases is, as yet, undetermined (Kripke,
1988b). Laboratory research so far indicates three perturbations
in immune response, occurring both locally in irradiated skin and
systemically at sites distant from the area of irradiation
(Kripke, 1988a).

First, a population of immune cells called Langerhans cells re-
sides in the skin and initiates immune responses to foreign sub-
stances so they can be recognized and destroyed by white blood
cells. UV radiation alters the Langerhans cells morphologically
and decreases their numbers, destroying the skin's capability to
respond to foreign substances or infective organisms (Kripke,
1988a).

Second, the white blood cells, named T-lymphocytes, can themselves
be affected by UV radiation. Their role is to help regulate the
function of other disease fighting lymphocytes. Two types of
T-lymphocytes, helper and suppressor cells, have currently defined
roles in the immune system. T-helper cells augment the response
of disease fighting lymphocytes while T-suppressor cells limit the
response of disease fighting lymphocytes. Increased exposure to
UV light greatly increases the systemic proportion of T-suppressor
cells in relation to T- helper cells with a resulting decrease in
the immune system's ability to fight disease. This change in
T-cell ratios is expected to bear a role in the appearance of ma-
lignant melanoma on sites distant from sun exposed body surfaces.
The suppressed immune response may also affect other infectious
diseases such as herpes and parasitic infections (Kripke, 1988b).

Cellular DNA can also be directly damaged by exposure to UV ra-
diation. Increased spontaneous cellular mutations and a decreased
ability to repair damage created by either UV exposure or disease
processes may have an as yet undetermined effect on human health
(Kripke, 1988a).
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4. ECONOMIC RISKS

A relatively large body of scientific and technical literature ex-—
ists on the effects of climate change and sea level rise on eco-
nomic sectors, and less so for ozone depletion. For the most
part, however, this literature is national or global in scope.
The US Environmental Protection Agency's Draft Report to Congress
on The Potential Effects of Global Climate Change on the United
States (Smith & Tirpak, 1988) makes an initial attempt to address
regional studies on the effects of climate change and sea level
rise for California, the Great Lakes region, the Southeast, and
the Great Plains. Global Warming and Ozone Depletion authors and
analysts had varying success in finding studies specific to the
Pacific Northwest or Washington state.

This section addresses the effects of climate change on agricul-
ture, energy, fisheries, and forestry in separate subsections.
The agriculture and fisheries discussions also address ozone
depletion. The sea level rise subsection addresses flooding,
coastal geophysical effects, wetlands, sea water intrusion and
coastal water tables, and coastal drainage systems. Economic
analyses are contained in a separate chapter.

4.1 Analytic Approach

Economic risks were evaluated by reviewing the literature and sum-
marizing the anticipated scenarios for Washington state. The
state-of-the-art in climate change and ozone depletion impacts
analysis is not yet quantitative on a regional basis due to the
uncertainties of the exact natures of the secondary, tertiary,
etc., impacts. The information specific to Washington state or
the Pacific Northwest is still generalized. The implications of
this for Environment 2010 is that is not possible to conduct quan-
titative analyses for Washington state, although semiquantitative
discussions are often possible. Quantitative capabilities are
probably two to five years in the future.

4.2 Climate Change, Ozone Depletion and Agriculture

The effects of climate change on agriculture are complex, and not
all factors have as yet been taken into account in the available
studies upon which this report is based. Increased temperatures
will tend to shift crops zones north, requiring crop substitutions
by farmers. Increased temperatures will increase plant evapo-
transpiration and water stress, but the accompanying higher carbon
dioxide levels will cause plants to use water more efficiently.
The net effect will depend on the availability of soil moisture
and/or irrigation water, both of which are matters of uncertainty
for Washington state.

Additionally, plants respond to increased carbon dioxide with in-
creased growth rates in two fundamentally different ways; they are
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characterized, for this purpose, as C3 or C4 plants. C4 plants
(e.g. soybean, wheat, cotton) show little response to carbon diox-
ide increases above 340 ppm, while C3 plants (e.g. corn) show con-
siderable increase in growth. Thus C4 crops afflicted by C4 weeds
would be at a disadvantage. Again, this is a poorly explored area
of concern.

In summary then, the following discussion should be considered
preliminary.

4.2.1 Agriculture, the Greenhouse Effect, and Ozone Depletion

As the greenhouse effect increases the average temperature,
changes the magnitude and frequency of precipitation, and ulti-
mately alters the hydrology in Washington, the nature of agricul-
tural production could change. Similarly, depletion of the ozone
layer could have a significant impact on agriculture. Agricul-
tural researchers have only recently begun to explore the poten-~
tial impacts from global warming and ozone depletion (Adams &
McCarl, 1985; Decker, Jones & Achutuni, 1986; Kopp, et al, 1985;
Adams, 1989). These efforts have been focused at the national
level, with only passing effort to disaggregate results to a par-
ticular region. Thus, the following discussion relies heavily on
the national work.

4.2.2 Impacts from Climate Change

In a study for the Environmental Protection Agency, Adams, Glyer,
and McCarl (1988) measured the economic effects of changes in
crop yields and water availability arising from projected
long-term changes in climate associated with a doubling of CO,.
According to the base case of Adams, Glyer, and McCarl, the ag-
gregate net loss in economic welfare to the US could range from $6
billion to $33 billion annually. To test the sensitivity of the
results, the authors used a range of climate scenarios from both
the GISS and GFDL climate models, assumptions about the structure
of US agriculture over the next 70 years, and scenarios on crop
yield and water availability.

In addition, Adams, Glyer, and McCarl combined estimates of
long-term changes in technology, food demand, and the potential
yield-enhancing effects of CO, with the assumptions of the base
case. These factors serve to“moderate the economic consequences
of a doubling of CO,, such that the aggregate change in economic
welfare to the US rgnges from a slight increase in economic wel-
fare to a net loss of about $10 billion.

Regionally, Adams, Glyer, and McCarl find that, with a doubling of
CO,, crop production will decrease in southern areas and increase
in“northern and western areas. The authors predict that the
changes in' temperature and precipitation would work to increase
irrigated acreage because of a corresponding increase in the com-
parative advantage of irrigated versus dryland yields and a pro-
jected rise in commodity prices that would make irrigated
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production more economically feasible.

For the Pacific states (California, Oregon, Washington), under the
assumption that CO, enhances crop yields, Adams, Glyer, and

McCarl predict an increase in land used for agriculture from eight
to 13 percent. Irrigated acreage could either increase or de-
crease by about six percent, depending on whether the GISS or the
GFDL model is used. Gross revenues from agriculture in the Pa-
cific region could increase by as much as 30 percent.

As Adams, Glyer, and McCarl indicate, it appears that climate
change will not bring a food security issue for the US, since the
production capacity of US agriculture is adequate to meet domestic
needs even under extreme climate changes. The authors note that
their study does not address the effects of climate change on glo-
bal agricultural production, which could modify patterns of agri-

cultural trade.

Rather, this study suggests that climate change will portend major
adjustments in resource and environmental quality. In the agri-
cultural sector, a climate change could induce shifts in crop pest
and disease infestations. Expansion of irrigation and shifts in
regional agricultural production patterns could imply more compe-
tition for water resources, a larger potential for ground and
surface water pollution, loss of wildlife habitat, increased soil
erosion, and changes in the structure of local economies.

4.2.3 Impacts from Ozone Depletion
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