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Introduction

Before the eruptions of Mount St. Helens in 1980, little infor-
mation was available in the clinical and environmental science
literature on the health effects of volcanic eruptions.'? Some studies
of volcanic hazards had been published in the fiterature of a variety
of other disciplines {e.g., geology, sociology, psychology, and eco-
Iogy)3‘6; others were never published. Furthermore, despite the
fact that Mount St. Helens was well known to earth scientists as the
most active and dangerous volcano in the Cascade Range, there had
been no explosive volcanic eruptions in the United States since
1914 (Mount Lassen), none at Mount St. Helens for more than 123
years, and no historical record of any fatalities due to explosive
eruptions in the sparsely populated volcanic regions of the west
coast of the United States and Canada.’

Thus, when Crandell, et a/, predicted in Science ir 1975 that
Mount St. Helens, last active for a 27-year period from 1831 to 1857
“will erupt again—perhaps within the next few decades,”” it was not
too surprising that their report did not galvanize the local public
health community.

After hazard prediction maps and disaster contingency recom-
mendations were published in even more detail in a US Geological
survey {(USGS) Bulletin in 1978,° several local and state agencies did
review and update their contingency plans for flood -warning and
gvacuation, triage of mass casualties, and search and rescue opera-
tions. However, there was no apparent recognition of the desirabille
of coordinated predisaster consultation and planning for disaster

response activities among government officials and technical expert
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in the psychosocial, geological, and biomedical sciences together with
law Enforcement officials and public health and safety officials.

As it turned out, the USGS volcanologists had been able to pre-
dict with considerable accuracy the types and geographic distribution
of the principal safety hazards which ultimately resulted from the
May 18 and subsequent eruptions of 1980. Unfortunately, they
were unable to predict the precise times of onset or duration of any
of the six major eruptions and they did not forecast the lateral
direction and magnitude of the May 18 explosive blast and ashfall,
or the earthquake and landslide which preceded in'®

As a result, the May 18, 1980 eruption of Mount St. Helens
caught volcanologists, government officials, and others largely un-
prepared for the nature and magnitude of its impact. Similarly, go-
vernment-and university-based scientists were unprepared for the un-
precedented and rapidly perishable opportunity to address various
research needs concerning the evaluation and control of adverse
health effects of explosive volcanism.

In this chapter, we provide a chronology of events leading to the
May 18 eruption and a description of the impact of the ashfall on
local communities which led to state and federal requests for epi-
demiologic assistance from the Centers for Disease Control (CDC).
Following that, we describe the formation and actions of a coordi-
nated state-and federal disaster response effort to develop accurate
information about volcanic hazards and to recommend methods for
prevention or control of adverse effects on safety and health. The
purpose of this chapter is to provide a case study of the descriptive
epidemiology of a major natural disaster. By studying the events pre-
ceding and resulting from the Mount St. Helens eruptions, high-risk
communities in North America and elsewhere may be better able to
address the issues concerning evaluation and control of adverse
healith effects of explosive volcanism and volcanic ash.

Chronology of Events and Response
Federal/State Responses

Premonitory activity began at Mount St. Helens on March 20,
1980 with an earthquake measured at 4.1 on the Richter scale.
Earthquakes continued with increasing frequency until the first of
a series of minor explosive eruptions occurred on March 27. Harmo-
nic tremors, seismographic evidence of the movement of molten
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rock beneath the mountain, began to occur on April 3 a few days
after it was noted that an area on the north side of the summit had
begun to bulge ominously by as much as 1.5 m m a day. By May 18,
this deformation caused upward and outward displacement of up to
98 m per day and measured 1.6 by 1 km.

At 8:32 am on Sunday, May 18, a major earthquake, 5.0 on the
Richter scale, caused the roof of the bulge to slide downhill, thereby
permitting an estimated 50 billion liters of superheated water to ex-
pand into steam and escape in the form of an explosive blast direct-
ed toward the north. Fortuitously, hundreds of loggers who would
have been authorized to be working within the area that was devast-
ed were spared because the eruption occurred on a Sunday.'?

Following the cataclysmic lateral blast of May 18, 1980, there
were five additional major explosive eruptions (May 25, June 12,
july 22, August 7, and October 16- 18, 1980) and several non-ex-
plosive, “dome building” eruptions. Ashfalls of up to 70 mm or more
in depth from four of the explosive eruptions were deposited by
prevailing winds in sparsely populated areas to the north and cast,
while the ashfall of up to 10 mm from one blast and another of up to
5 mm were blown toward more populated centers to the west and
southwest, respectively (Figure 1). The remaining 2.5 km of the vol-
cano’s cone provided an important “stack” effect in dissipating vol-
canic gases!! {principally SO.} which decreased gradually from the
initial daily rates of more than 1,000 tons.! 2-13 Within hours of the
eruption, it was clear that mudflows were likely to cause floding and
blockage of waterborne transport downstream from the volcano.
10,14 10+ In communmties affected by heavy ashfails, the mineral
dust was inadvertently washed into water treatment plants where 1t
occasionally overburdened filters and damaged machinery. 14¢45.9.
10.12)

As one would cxpect, there were widespread and significantly
adverse socioeconomic effects due to the mudfiows and resuitant
floding in local communities. 15-21 However, the guestion most
often posed to physicians and public health officials was, '‘Is the vol-
canic ash harmful to health?” 2223

On May 19, 1980, State Health Department officials in Idaho
telephoned the Center for Environmental Health (CEH)} at CDC re-
questing information on the health effects of volcanic ash because of
widespread public concern over the recent ashfalis. As a result, on
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May 20, 1080, environmental health scientists from CEH and the
National Institute for Occupational Safety and Health (NIOSH),
CDC, met with officials from the Federal Emergency Management
Agency (FEMA), Environmental Protection Agency (EPA), USGS,
United States Forest Service (USFS), National Oceanographic and
Atmospheric Administration (NOAA), and the National Weather
Service, as well as other concerned federal agencies, to assess the
apparent disaster in the north west. It was subsequently learned that
from May 18 through May 21 the 24-hour average concentrations of
total suspended particulates (TSP), monitored by EPA’s roof-top air
menitoring stations in Yakima and Spokane, Washington, and Coeur

d’Alene, ldaho, persistently exceeded the “warning levels” (625
=g/m3} of EPA’s National Ambient Air Quality (NAAQ) Standards
for TSP derived from fossil fuel pollutants (see Table 1), 14(3.4,9).24,
25

On May 21, 1980, at the request of the State of Washington, the
President declared the State a disaster area. The State Health Officer
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had already requested epidemiologic assistance from CEH and
NIOSH, CDC. As a result, between May 21 and September 13,1980,
more 30 CDC professional—including medical epidemiologists, in-
dustrial hygienists, engineers, statisticians, nurses, technicans, and
interviewer—conducted field studies and provided technical consul-
tation to state and federal agencies in Washington and Oregon,
while others were engaged in laboratory studies and support activi-
ties at CDC facilities. 26-30

Community Response to Public Health Concerns

In Yakima, a town of more than 50.000 residents in an irrigated
desert valley approximately 135 km northeast of Mount St. Helens,
24-hour average concentrations of TSP during the week after the
May 18 eruption persistently exceeded the EPA “significant harm”
(1000 =g/m3) NAAQ Standards designed for monitoring and control
of fossil fue! air pollution (see Table 1). The air quality problem was
exacerbated by continual resuspension of sedimented volcanic ash
by wind or by automobile traffic.

Yakima residents and public health officials were caught unpre-
pared for the eruption, the ashfall, and the total darkness which
engulfed the town by late morming. They were alarmed by the irri-
tant effects of the ash on the eyes and respiratory tract and worried
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about the possible adverse effects on water quality, agricultural pro-
ducts, farm animals, and machines. 10,16,17 Furthermore, the ash,
which smelled of sulfur, severely limited visibility and led to motor
vehicie accidents. 14(5,15).

Every able-bodied person was mobilized to clean up the ash,
using wetting methods to reduce the resuspension of dusts and im-
provising makeshift masks of every sort—including wet or dry cloths,
surgical masks, disposable industrial masks, and elaborate filtered-
and supplied-air respirators—to reduce the concentration of inhaled
particles. 10

Throughout the week from May 18-26, voicanic ash fell in
Washington and ldaho on a total area containing more than a million
people, many of whom sought advice from physicians and public
health officials. The most commonly expressed concerns were about
the short and long-term hazards of inhalation of ash, ingestion of ash-
contaminated food and water, and appropriate and effective me-
thods of protection.

A team of CDC, state, and university-based environmental
health scientists visited Yakima on May 25-26, guided to the town by
locar officials through a blinding dust storm. Discussions with emer-
gency room physicians and preliminary reviews of hospital records
confirmed news reports and passive surveillance data concerning ap-
parent increases in respiratory morbidity. These findings suggested
the need for detailed epidemiologic surveillance and epidemic field
nvestigations (as outlined in Table 2}, 31 On May 26, a steady rain-
fall in the Yakima area brought relief by purging the air of ash and
aiding cleanup operations; however, concerns about the effects of
volcanic ash on public health remained. Accordingly, refinement of
the epidemiologic surveillance system and organization of more de-
tailed studies were rapidly accomplished as described below.

State/Federal Disaster Response

t was immediately apparent after the May 18, 1980 eruption
that a coordinated effort among many different agencies was neces-
sary in order to protect the public’s health and safety. 32-38 State
public health officials were presented with important problems of
identifying, evaluating, and controlling a unique new set of acute
health and safety hazards. Simulateneously, there was the opportu-
nity to carry out applied and basic science research to identify and
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TABLE 2--Qutline for Epidemic Fleld Investigstions of Susoectea Out-

breaks

(2]

10.

1.

12.
13.

14

Confirm Epideric Occutrencs and/or Distnbution Casess

* Raview medical records and available epidemioloqic
surveillance data

& Discuss with feasral and state or iocar puptic heaith
investigators

Venty Diagnosas of Index Cases

& Examine patients and meaical and laberatory repons,
possible

# Discuss diagnosuc critena with raportng health
protessionais

Deveiop Standardized Case Dennitionis}

« Define critena {or dafinite, propabtis, and suspect £ases

& inciude cinical, laboratory, and ecigemologic cmena

« Charactenize potental ebologic exposures by quanutative

° measures

Seek and Investigata Additional Cases {Numerator Cat2;

* Ask index cases about other affacted indivnduals

& Establish a "hotiine * teiephone number, usiNg DuUZiLC Met.a

* Review racords of hasprals and COysiIClans in exgancing
circle

* Conduct surveys of affected communities or workslaces

Deveiop a Rough Case Caunt ana Line-Listing of Cescrptve
Data

Onient the Descnpuve Data on Cases by Person, A13C3. and
Time

* Prepare an eordemic curve and other graphic
rapresentations of data

Determine Who 15 at Risk of Baccming Aftected
{Denominatar Data)

Develop an Etologic Hypothests and Apprepnate Statstcal
Methoas for Testing s Vahdity

® Consider opportunities 1or preventon and/or contici

* Explain source ana mode ¢f transmission of putatve
agent(s})

Anaivze Descnptive Data: Compare (he Hvpothesis w.ir
Established Facts

& identity possible hgm-felatad and environmaeantal nsk {aciios

& identiy possible s0urces. reservoirs, vectors, and agenis

Impiement Intenm Control Measures and Refine
Epdemwatogic Surveilance

Analyze Survedllance Data and Concuct Additionai Siusies as
N

¢ Refine cgpa definttion(s) and case-linding procecuras

» Determine the need for case-conwrol or longitudiral stuc:es

® idently a sutable reference or COmpPanson pooulatan

Prepare and Disseminate Timely Reports of Findings and
Recommendations

Evaluate the Effectrveness of Contral andior Praventuon
Measures

Develop and Implemem Ralined Conirol and.or Praventon,
Measures
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TABLE 3—Concerns and Actlions of Public Heaith Agencies Foliowing the May 18, 1980 Eruption of Mount St,

Helens

Slate Heaith Dapartments’ Concerns
About Neeoed Actions

Federai and State Pubiic Heaith
Agancies’ Coorgnated Rasponses
to These Concams

1 Assassmaont of potontial hoalth
HnOACt and sacommondatong
abcut preventan and control

2. Resincieg areas—dasignaton
ana enigrcement near Mount St
Hetens, for the general oudlic
and lor logging aperatans.,

3. Publc wvarnng system—
prerranilary events, aruptions, or
adversae secomdarty svents such
as loods, mudllows, or asntalls
requinng ovacuauon or othar
nrumary preventive measures,

4 A montonng—nature and
conceriraticn of raspiraile and’or
total suspendeq carticulaies in
asntal areas. daterminaron of
sampling methods and locations.
ang mermpretaticn of data

5. Brotection of carking Water
sysiems located Cownstream
Irom sewaga treatment plants
coerating 11 a bypass moce due
0 asn sediment. "

Raomd astaplishment of
community-based actuve
urvartlance systemn lor
cause-spacific ncCraases in
sMmergency room visits and

_ hospital admissiohs...

Epcdemic fleld investgations of
suspacted eruption-reiated
outhreaks,

Assessment of factors asaociated
with death or survrval withi 'ang
wrthout injures for cersons within
20 km of Mount St, Helens' crater,
May 18, 1980.

initiaten of cross-secuonal,
case-control. and langrudinal
stucres ¢f adverse respiratory
aflects among high-nsk
{hyparsusceptible or haavily
axposed) grougs.

Laborawry studies of the toxiciiv ot
volcamc ash oy 1 vitro and in vivo
methods.

Continuous reassassment of

" rastncted area bouncanas, nature
of restnchons, ang nsk factors for
adverse affects.

Revigw of tterature conceming
volcanic hazrards ettec!s on pubhtic
heaith and safety

Dissermination at accurate public
haaith Intarmavon, cuding
investigatcn and centre! of
fUMors, 10 coorainaton with
officals from locai, state and
'egaral agencias, and onvate
‘Asttuttons,

Systemauc collechon and analysts of
sedimentea and arborme valcan:ic
ash ang estmation of human
axposures in anvironmental and
occucaucnal setings.

Systarmanc coilecton and analysis of
walerpome concentragons af ash
isachates and evaluanon of the
chermical and biological cuality of
gnnking water supphas.
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control the potential adverse chronic health effects associated with
the eruption. Furthermore, it was likely that the explosive activity
would continue intermittently, perhaps for year,7-9 and valid and
reliable data were needed to provide timely advice to clinicians and
the public on the nature and prevention of hazardous exposures. In
view of the limitations on human and technical resources available
at the local and state levels, requests for federal epidemiological
assistance were met with appropriate responses (Table 3).

The US Public Health Services is one of the leading Federal agen-
cies to respond to emergency preventive health needs resufting from
natural and man-made disasters. In this capacity, CDC provides epi-
demiological and technical health-related assistance to other federal
agencies and to state health departments upon request. By providing
assistance of this type, the CDC works to meet the goals of the Sur-
geon General for promoting health and preventing disease. 39

Hospital-Based Surveillance Network

Tha main hospitals in affected areas of eastern, central, and wes-
tern Washington State were coordinated in a systematic assessment
of emergency room (ER) visits and hospital admission for respi-
ratory and other health and safety problems. This was done initially
by active telephone surveillance of daily totals for selected cause-
specific ER visits and admissions. Later, hospitals permitted CDC and
state health department professionals to have access to hospital re-
cords for epidemic field investigations and detailed reviews of those
patients attending the surveillance hospitals after April 1, 1980 (to
provide some baseline, pre-eruption data on ER visits and admis-
sions). 14.26

As an exampie, a list of diagnostic labels and the number of
patient visits to one of the ash-affected ERs is shown in Table 4.
These surveillance data were the first to indicate potential eruption-
related problems requiring epidemic field investigations by a team of
state and federal public health professionals. Since these are nume-
rator data and the numbers are generally small, it is important not
to overinterpret any apparent increases or decreases in specific diag-
nostic categories (e.g., visits for ear problems and foregin bodies in
the eyes) without first confirming the surveillance findings in other
communities with comparable exposures or carrying out more

detailed field studies. In Table 2, we have provided an outline of the
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TABLE 4—Reasons for Emergency Room Visits in Mosas Lake, Washington, by Week, May 4-31, 1980

Reason for Visit §/4-10 §M11-17 5/18-24 525-01 % Change
Accidents njuries, total 61 683 43 45 -29
Mortor vahicle accidents 2 4 11 5 +117
ralls 1 3 6 3 +~125
Othor injunes 58 56 26 37 —-45
Raso ratory, total g 9 27 21 +182
UR! 1 1 6 9 +650
Pnagmontaninfluenza 0 1 i 1 +100
Asthria 2 1 8 S +333
Braonchitis 2 2 3 4 +75
COPDremphysema 2 2 3 2 +25
Othar puimonary 1 2 G 0 +71
tar (ouus) 1 0 t 1 +8600
Eva (loreign bodwes) 9 g g 6 -12
Csychiatnc 3 1 3 1] -25
All othors 125 120 212 152 +39
Overall Total 207 221 a30¢ 225 +23

*Par Cant Increase or cecragsa in ER wisns tor May 18-31, 1980, compared with vists tor May 417, 1580. The lirst voicanc erugtion
wiin ashiad in Moses Laka (30- ta 70-mm depth) oocured on May 18, :1980.'4%

procedures to be followed in such epidemic field investigations; these
procedures are described in more detail elsewhere. 31.40

The surveillance network proved valuable in several ways. It
made possible the confirmation of physicians’ impressions that there
was no convincing evidence of excessive ash-related mortality in af-
fected communities due to cardiopulmonary problems, traffic acci-
dents, flooding, or other causes. However, transient increases in
morbidity due to motor vehicle accidents and falls were seen in some
communities affected by heavy ashfalls.

Undue anxiety did not appear to occur in excess nor did severe
eye injuries, although ashfall-refated visits for mild anxiety and eye
inuries did occur. 1441 The ability to detect subtie mental health
effects was limited because data on such effects were collected in
hospital ERs and not in community mental health facilities or by
private mental health practitioners. Chapter 9 presents the resuits of
a detailed community-based study of mental health effects.

No increases in communicable diseases were- detectable, al-
though delayed effects of the eruptions on the local ecology were
subsequently associated with an outbreak of giardiasis. 42 It is not
clear whether this represented a true outbreak or a pseudoepidemic
due to the increased intensity and quality of surveilance activities.
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Transient increases in ER visits for acute effects on the respira-
tory tract {primarily asthma and acute bronchitis) were consistently
observed following ashfall. These increases were significantly in-
creased in affected communities of all sizes, not only in the smaller
communities where doctors’ offices were temporarily closed; ERs
were the predominant resources for provision of medical services
(Figures 2 and 3}. 14.23.26

The apparent absence of any excess of respiratory mortality due
to the five-day period of extremely high levels of TSP may have been
due to several factors: 1) the precautions taken by susceptible mem-
bers of the community as a result of advisories from physicians and
the Washington Lung Association to avoid exposure to the ash; 2)
the relatively less severe adverse effects which may be experienced
from exposure to high levels of TSP alone versus the combined ef-
fects of exposure to TSP, complex organic chemicals, and metal
fumes in fossil fuel emissions; and 3) the limited sensitivity to de-
tect such an excess by hospital-based surveillance data alone. 43.50)

Of course, a surveillance system is never completely accurate.
There were several limitations to the surveillance system established
in the week following the May 18, 1980 eruption of Mount St.
Helens. For example, no pre-eruption plan had been prepared for
standardizing data collection, for defining ash-related adverse respi-
ratory effects,s1 or for routine recording of such information as
occupation, smoking, and intensity, frequency, and duration of ex-
posure to ash. In an ongoing surveillance system, 1t may be possible
to make refinements which wili provide more information about
specific health and safety problems in relation to well characterized
exposures to volcanic hazards.

However, it is the distribution and trends in reporting of diseases
or injuries that, upon routine analysis of surveillance data, are most
important. 35,52 Even if the surveillance system captures only a small
proportion of the incident cases, as long as the system and the po-
pulation at risk do not change substantially, it should provide reliable
data about trends in the incidence of specific safety and health pro-
blems.

Public health officials can monitor these trends to determine the
need for epidemic field investigations and more detailed epidemio-
fogic studies to evaluate the effectiveness of various control measures
In the wake of the eruptions of Mount St. Helens, several types of
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epidemiologic studies were carried out to develop accurate infor-
mation about risk factors for adverse effects on safety and health in
voicanic eruptions. These are described below.

Assessment of Death or Survival Factors

Relatively low mortality—35 known deaths, and 23 missing per-
sons presumed dead—has been associated to date with the initial
and five subsequent explosive eruptions. Investigators from CDC
reviewed the autopsy findings, investigated the circumstance sur-
rounding the deaths, and interviewed 100 survivors to determine fac-
tors related to death or survival. Results are summarized in Table 5%*

All known deaths were directly attributable to the blast, pyroc-
lastic flow, mudflows, and ashfall of the May 18 eruption. All but
two of the 58 dead and missing had been in the areas of blast, mud-
flow, tree blowdown, and tree damage which occurred within a
wedge-shaped sector extending 10-19 km from the crater in a nor-
therly direction {Figure 4 and Table 5j.
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Only 17 known survivors had been within the damaged areas, and
all of them had been at the edge of the blowdown area or even far-
ther away from the crater in the area of damaged timber. Thus, in
the 19 x 40 km wedgeshaped area of blast, mudflows, and tree
blowdown and damage, the overall mortality rate was 48/65 or about
74 per cent (approximate 95 per cent confidence limits = 62 per cent
to 83 per cent). Twelve (71 per cent) of the survivors in the damaged
areas suffered from serious injuries—six with second degree burns,
and six with adverse respiratory effects due to ash inhalation.

Despite the establiishment of “red’ {no public access) and “blue”
(daylight entry with special permit) danger zones on the basis of the
best available information prior to the May 18 eruption, all of the
victims were recovered from outside (or were authorized to be with-
in) the danger zones (Figure 4). 14(10.19),5354 4 Beyond the tree
destruction zone to the north, two deaths had occurred due to ash
inhalation, and 37 survivors were identified, giving an overall morta-
lity rate of 2/37 or about 5.4 per cent (approximate 95 per cent
confidence limits = 1.5 per cent to 18 per cent). All of these survi-
vors—as well as 48 additional survivors located south of the volcano
out of the path of the lateral blast, pyroclastic and mud flows, or
heavy ashfall—escaped without serious injury.

Among the 25 victims who were autopsied, suffocation by air-
way obstruction with ash was the cause of death in 17 and contri-
butory in two others with thermal injuries {76 per cent); thermal in-
juries alone accounted for three victims (12 per cent) died of trauma,
primartly head injuries. 53,54

Although other interpretations are possible, the investigators
reached the following conclusions: 14(11,19).53,54,55(3)

o Mortality and severe injuries were highest in the zones of
greatest physical damage, including areas to which commercial and
public access were permitted under specific circumstances.

o Within each damage zone, mortality and injuries were increas-
ed with increasing proximity to the mountain.

o Enclosed vehicles provided some degree of protection against
exposures to the blast, heat, projectiles, and ash.

o Within comparable damage areas, survivors with least injuries
appreared to be those who: were familiar with the area and had plan-
ned escape routes; were close to their vehicles and departed promptly;
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and/or imiprovised protective measures against burns and ash inha-
lation.

o Medical personnel caring for evacuees and survivors should be
prepared to adequately treat infected burn wounds and respiratory
tract.injuries.
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FIGURE 3—Weeily total numbers ( April to Jane {930) of main girwayvs-celated
loghoak diagnoses for emergency room visits st two hospitals in Yakima ( May 1§
eruptinn, Y-mm ashfall) (top left), two hospitzls i Chehrtis and Cont-uiia i.‘-!:?
5 eruption. ¥-mm ashfsll) (top nghe), and three hospitals in Portland (May 15,
trace of ash. and June 12, J-mm asifall) (bottom).
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TABLE 5—Deaths, Miasing Persons, Survivors, and Mortality by Damage
Zones, May 18, 1980, Eruption of Mount 5t. Helens

Missing

{Presumed
Camage Zones  Deaths Dead) Survivors Total % Mortaiity
Biast, Mudslides i 10 2 13 85
Downed Timber 30 5 7 42 83
Camaged
Timber 1 1 8 10 20
intact Timber 2 0 35* K 5(2*)
Unknown - 1 7 - 8 —
Tctal 35 23 . 52° 110° 83 (377}

"Exciuding 43 survivors located on the south skde of the mountain.
+ In parentheses is the % mortaiity including in the denominator the 48 survivors on the
soutn side of the mountain {nc eruption-related daaths occurad scuth of the mourtain).
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Collection, Analysis of Volcanic Ash

While public safety officials were engaged in finding and reco-
vering survivors and victims in the devastated “‘blowdown” area
north of Mount St. Helens, environmental health scientists were
investigating the nature and potential toxicity of the volcanic ash.
22,23 Flooding and other safety hazards of an eruption of Mount
St. Helens had been anticipated and perceived in advance as real
risks by local residents and health officials, but extensive ashfalls had
not been widely anticipated or perceived as major risks.  15.18-20,
56,57 As a result of preeruption planning and coordination between
the National Weather Service and the state and local safety officials,
residents of communities threatened by mudflows and flooding were
evacuated within hours of the May 18 eruption. 57 However, the
lack of anticipation of heavy ashfalls left safety and health officials
with no pre-disaster plans for respiratory protection, hospital-based
surveillance of cardiopulmonary problems, coping behavior by indi-
viduals with preexisting chronic respiratory disease, or ash clean-up
and disposal. 15,18,20

Dry sedimented samples of the May 18 volcanic ashfalls were
collected from Spokane and Yakima by state laboratory personnel
and NIOSH industrial hygienists, taking care not to include soil or
road dusts, Preliminary NIOSH analyses of four samples were report-
ed on May 30 and june 3, 1980 14,55 as follows (chapters 5 and 6
present more detailed information):
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