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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




16

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.



45

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 muircat<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>