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PREVENTIVE HEALTH MEASURES
IN VOLCANIC ERUPTIONS

Peter J. Baxter, MD, Robert S. Bernstein, MD, PhD, and

Sonia Buist, MD

Introduction

Major volcanic eruptions are often preceded sufficiently far in
advance by premonitory events to enable geologists and emergency
workers to plan for a possible disaster. However, some of the severest
eruptions have occurred without apparent warning; such an explosive
eruption in populated areas will inevitably lead to a heavy loss of life
in the vicinity of the volcano. It is fortunate that these eruptions are
rare because it is impossible for all dormant as well as active vol-
canoes to be continually monitored by geologists. Hazard evaluation
and emergency planning for an eruption should therefore be done for
all volcanoes in populated areas irrespective of their apparent state
of activity.

The following general recommendations are based on experience
with Mount St. Helens and are intended for health workers who
become involved in either the planning for or management of vol-
canic disasters. They are intended to be applicable in both affluent
and developing countries. Specific advice on relief and rescue operat-
ions, including medical treatment, is not included. The emphasis is
on prevention: medical tregtment has only a limited place in alleviat-
ing the worst consequences of volcanic disaster. The reader is advised
to consult the general references 1-3 and other parts of this Sup-
plement, using this chapter as a check-list when preparing a plan.

Assessment of the Volcano (Table 1)

Volcanologists will predict the way a particular volcano will
behave from information on its previous behavior (if known) and its
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geological characteristics, The key geological infarmation required
by health workers is summarized in Table 1. In general, volcanoes
which are mainly effusive pose the least risk: lava flows tend to be
slow moving and little ash is produced, most of which is coarse-
grained (non-respirable) and contains little, if any, crystaline silica
with potential to cause silicosis. Volcanoes with explosive characte-
ristics are, on the other hand, the most dangerous. Furthermore,
after a catastrophic explosive eruption, further eruptions (usually of
decreasing violence) must be anticipated.

Emergency Measures in the Vicinity of the Volcano (Table 2}

Explosive eruptions usually cause most damage within a few
Kilometers of the volcano, the main agents being explosive blast,
mud flows, and glowing avalanches. Because gravity plays the
greatest part in the movement of mud flows and glowing avalanches,
low-lying areas and river valleys draining the mountains may be at
risk for distances of many kilimeters. Geologists should be able to
predict the relative importance of these and the other hazards listed
in Table 2.

The only effective protection against these devastating forces is
to demarcate restricted areas and evacuate communities and workers
at most immediate risk. Long-term evacuation may obviously result
in severe socioeconomic disruption and should never be recommend-
ed without sound reasons. Decisions on the boundaries of restricted
zones, including the need for evacuation, are essentially political
judgments to be taken by government officials on the basis of advice
received from volcanologists. The views of emergency services and
health officials among others also need to be considered. However,
despite the paucity of available data from previous eruptions, it is
evident that the expected -number of injured survivors who could
benefit from emergency medical treatment is likely to be quite small
compared with the number of people killed within minutes of a cata-
strophic eruption. A similar ratio of dead to injured also applies to
the flooding which may result from mud flows or melting snow and
ice. Neverthless, a few survivors suffering from severe burns and
trauma must be anticipated.

Urgent planning measures may include:

o Welfare of evacuees who may have to be relocated for many
months;
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o Precautions, including emergency warning and evacuation plans
for communities at risk of floods along rivers draining the volcano;

o Search and rescue plans for the dead and any marooned sur-
vivors;

o Sites of emergency field morgues and their staff;

o Rehearsal of local hospital emergency plans for sudden influx
of victims with body surface burns and lung damage from the inha-
lation of hot ash, and all kinds of trauma;

o Informing local communities of action to be taken when an
eruption becomes imminent and after it has occurred;

o Advice and equipment for people who are temporarily permit-
ted to work in restricted areas, including devising an alert system for
emergency evacuation if an eruption is imminent, and survival mea-
sures in the event of an eruption in which workers could become
marooned for days. This information should be encapsulated in a
hand-out (Figure 1).

in the rare event of a ground-level release of toxic gas (e.g., from
a vent in the volcano's flanks) equipment for emergency air monitor-
ing for SO, , H. S and CO, and other gases (Table 2) should also be
available.

Emergency Measures at a Distance from the Volcano

Ashfall can have health implications for populations as far as
hundreds of kilometers away from a massive eruption (Table 3}. The
period when exposure to respirable ash particles will be at its greatest
is during the ashfall and in the few days, or even weeks, after an
eruption, a period when many outdoor activities will, in any case, be
inevitably curtailed. Rainfall is a key factor in clearing the air of ash
and minimizing resuspension by winds and traffic. In addition, rain
will wash out soluble toxic elements from settied ash in a matter of
weeks. It is, therefore, in dry areas that ashfalls may pose the greatest
problems.

Ash Collection and Analysis

Laboratory tests for toxicity are essential to protect human and
animal life. Specimens of ash must be carefully collected from each
eruption at different distances from the volcano and in relation to
the likelihood of human exposure, preferably by a pre-arranged net-
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TABLE 1—Hesith snd Safety Hazards According to Characteristics of
Voicsno, Megma, Eruption

Characleristics Main Hazards
Voicano
Effusive (little or moderate Lava flow; gasas
danger}

Expiosve (very dangerous)  Blast, heat:
Destruction around voicano, perhaps for

many mues, aspeciaily jow lying areas

and valleys
Fine ash:
Respiratory inesses
Eye irritation
Toxicity
- Dastruction of habitat
Gases
Tidat waves (Tsunamt—rare
Eflusive nnd expiosive Al of the above
Magma
Total contant of silicon con-
taining minerats:
~55% (atlusive)} Little if any nsk of sihcoss
>55% (explosve) Risk of sihcosis if ash particlas of respira-

bla size {<10 wm) and contaming
crystalling silica

Eruotion

Eflusive:
Hawanan Gases, lava flow

Expiosiva:
Strombolian Explosions
Vulcantan Explosions, ash and gases
Prleean Glowing avalanches (bums, asphyxiation)
Phian Exptosions, ash )
Phreatic Explosions, ash

work of collaborators. A clean plastic sheet laid on a flatroof, e.g., a
hospital, is best, with the ash being transferred to a clean glass jar
for dispatch to the laboratory together with details of the location,
time, weather, and mode of collection (Table 4). A specialized labo-
ratory is required for analysis of the ash for particle size and shape
and crystalline silica content, but studies of leachable toxic elements
adherent to the surface of the ash can be done by general chemical
laboratories. It is essential to exclude the presence of high concen-
trations of leachable fluoride which may contaminate food and water
and poison livestock. There should be a local laboratory capable of
performing this test as transport of specimens to a central faboratory
may be impossible for several days after a heavy ashfall. Inexpensive
portable equipment for fluoride estimations in water is available
commercially.
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Respiratory and Eye Protection

£

Inexpensive, disposable, high efficiency masks (i.e., capable of
filtering particies sub-micrometre size} are now available which can
be stocked locally before an eruption for immediate distribution to
communities after an ashfall. Halfmask respirators or airstream hel-
mets (powered visor respirators) and goggles should be available for
emergency and other outdoor workers and clean-up crews. Residents
should be advised that weatherproofing their homes will reduce
infiltration of fine ash. North American housing generally provides
an effective barrier. Airborne ash will mostly affect persons with
asthma and other respiratory diseases, but everyone should be advis-
ed to stay indoors when the ash is falling or being resuspended by
strong winds. In developing countries where poor nutrition and infec-
tious diseases are important -causes of premature mortality, chil-
dren may also be at special risk; little is known about the respiratory
effects of ash in such communities. Silicosis is a potential problem
to outdoor workers if they are exposed for iong periods to high
concentrations of ash with an elevated crvstallire silica content. Sili-
cosis is not a major consideration for the general community or
emergency workers, but for others whose regular occupation is out-
doors (e.g., farmers, loggers) special recommendations may be neces-
sary. These should ideally be based on laboratory analyses of ash,
and field studies incorporating measurements of total and respirable
levels of ash in the breathing zone of workers.

fr our opinion, recommendations on occupational exposure
tevels for respirable volcanic ash should be based on regarding this
substance as any other siliceous dust, for which there are agreed
methods of calculating exposure limits in industrial settings, usually
over 8-hour periods. There is currently no scientific basis for guidan-
ce on ambient air levels or 24-hour exposures to iower concentra-
tions of fine ash in the general community which, of course, includes
the sick, the elderly and children; air qualitv standards in industrial-
ized countries for fossil fuel pollutants {i.e., total suspended parti-
culates and SO } are not applicabie.

Air Monitoring

Measurement of levels of airborne ash in cities is nevertheless
useful for monitoring local conditions and relating these to morbi-
dity and mortality. Some cities in industriatized countries which
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TABLE 2—Princlpal MHeatth Effects of Eruptions in Vicinity of the Volcano and Main Preventive Measures

Eruptve Event

Consequance

Health hnpact

Praventive Measures

Explosions

Hot ash release

Malling ice, snow and rain
accompaning eruption
Lava

Gas emissions:
§0,,CO,CO,H,S,HF

Radon
Earthquakes

Lateral blast, rock fragments
Air shock waves

Glowing avalanches

Ash flows and falls
Lightning

Forasl litns

Mudtlows, floods

Lava flow
Foresl fires

Pooling in low lying areas and
inhalation

Radiation exposuie
Building damage

Trauma, skin burns

Laceratons from broken windows
Skin and lung burns

Asphyxiation

Electrocution

Burns

Enguiling, drowning

Enquiling and burns {rare)
Butns

Asphyxialion
Airways constriction

Lunq cancer
Trauma

Evacuation
Mimirmize exposure to flying glass
Evacuation

Evacuation, Diversion barriers

Evacuation, Divarsion bamers
Evacuation

Evacuation

Respiratory protective equipment for
geologists

Evacuation

Evacuation
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Scientists cannot predict when or if Mt. St.
Helens will have a major eruption Al-
though many federal, state, and local
officials ere monitoring the mountsin
activities, it 18 uncertain whether there will
be adequate time to warn people in the area
if & majer eruption should occur. The
following information s provided so that
you will be aware of emergency procedures
and mformation should they become neces-
sary

Remember, Mt. St Helens is now consid-
tred to be » major hazard You are assunung
a risk by entering the Mt St. Helens srea

WARNING

s

Instruinents have been placed on the
mountain that covd provide advenced
notice of a major eruption If these
instruments indicate an eruption is immi-
nent, emergency services personnel will
immediately notify local radio and televi-
sion stations serving the Mt St Helens
srea

While wn this hugh hazard ares you should:
STAY TUNED TO YOUR LOCAL
RADIO OR TELEVISION STATION

The following radio stations transmit to the
immediate Mt St Helens area.

KGW KwJdJ KGAR
62—AM 1080—AM  1550—AM
24 hours 24 hours 24 houry
226-5096 228-4398 256-9043
Portland Portland, 285-5575

' Vancouver

The following television stations are re-
ceived in the ML St Helens area.
Channel 2, in Cougar area).
Channe! 2, 6, & B {in the Pinecreek area)

During periods of high density ash erup-
tions, the ash particles become highly
charged with static electnicity Clouds of
highly charged ash may temporanly disrupt
telephone, tetevison, and tadio communica
tions 1f your television, radio, and tele-
phone doesn’t work during an eruption, you
may be notified of emergency procedures
by.

Ground vehicles with PA warping an

nouncements
or

Awrcraft with PA warming announce- -

ments

WHAT TO DO IF
NOTIFIED THAT AN
ERUPTION IS OCCURRING

DONT PANIC .

REMAIN CALM
{

If you hive ur work in the srea, you should
be prepared to leave your house or work
place and relocate immediately via evacus
tion routes as directed. When evacusting,
please bring the following with you
—Special medicines or foods required by
members of your family,
—Blankets and adequate clothing for
each family member
—A battery powered radio, a Nashlight
and extrs battertes.

Relocation centers will be provided by local
governments and volunteer agencies

You may experience heavy ash fall while in
this high hazard area. If you do, STAY
INDOQORS If you are outside, seek shelter

such as 1t o car or building 1f you cannot
find shelter, breathe through s cloth to
filter out the ash and keep your eves closed
as much as possible Heavy ash may cause
darkness during daylight hours and tempo-
ranly interfere with radio, television, and
telephone communications  STAND BY
The winterruption will probably be tempo-
rary Heavy ash fall may imperr visibihity
DO NOT TRY TO DRIVE unless n-
structed to do s0 by emergency personnel

Thawing temperatures combined with the
activity on Mt St Helens has increased the
potential for mud Qows, svalances, and
Nloods.

WHAT TO DO IF A MUD
FLOW OCCURS

Mud flows generally originate on steep
slopes when shallow soil layers are trans-
formed to & hiquid state The hiquelied soil
flows like streams of weter dpwn gulleys,
canyons, and valley botioms ' Large mud
flows may spill cut of stream channels and
spread out scross sdjacent low grounds

Mud flows can move f{aster than you can
walk or run, but you can drive 8 car down a
vailey faster than a mud flow will travel
Your car should be equipped with an
automobile emergency pteparedness kit
{see last section).

While driving slong & valley that heads on a
volcano, watch the river channel and parts
of the velley floor for oncoming mud flows.
Before crossing a highway bridge. look
upstream. DO NOT CROSS A BRIDGE
WHEN A MUDFLOW 1S MOVING BE-
NEATH IT.



270

REMEMHER. The danger of mud flows
INCrEAtes 13 “ou AppEoach 3 Nver nannel
and decrestses as you move to lugher
ground. If vou bhecome wsolated DO
NOT STAY MEAft THE RIVER
CHANNEL —MOVE UP SLOPE.

The nisk of mud flows decreases the {arther
you move sway from the voicano.

WHAT TO DO F CAUGHT
IN AN AVALANCHE

If you are caught in an avaienche, yob
should imnmediately trv to get out of the
slide path or grab a hold of trees. shrubs, or
other anchorages [ escape 13 imposmbie.
try to discard skis, pack or nther impeds
ments and make a switmming motion with
your arms and legs Your only hape at this
time 13 to try ta suay near the surface andi
wark toward the edges of Lthe siide. It may
he posmble 1o escape by reaching the sides
of the shde path, rathee than stitempting to
autrun 1L

WHAT TO DO IF
FLOODING OCCURS

Leave the aten. [Jo not atlempt to croms a
Rowing stream where Lhe water 14 ahave the
knees. Do not drive over & flooded road. yo

may get suanded or Uspped. [ uspped,
KEEP CALM. Go to the highest, safest
location and reman there NEVER TRY
TO SWIM 10 SAFETY IN FLOOD
WATERS. Try to provide a distreas nignal

BE PREPARED BEFORE YOU 0
INTO THE MT ST HELENS HIGH
HAZARD AREA should an emergency
pocur, you may have to be seif-sufficient
until help armives

For personal comfort, safety and Die
support, your automobile should contain an
emergency preparedness kit containing

~=hlankets (or each passenger

—extra clothing for esch passenger

—first aid et

—hamic tool kit

—water

—hre estinguisher

—emergency food rations

~fashiight {extra batteries)

—portable radio {(eatra batieries)

-~shovel, aze

—road map

—inatchee, candle

—emergency (lares

—waterproof Larp

~heavy rope or low rable

—aurvival manual

As in any wildernesa emergency situation,
when you enter thes high hazard ares, it will
be you against oature.

Tere ramrisa m ot il o rme wmgme—y—

WARNING

MT. ST HELENS
IS AN ACTIVE YOLCANO

You are enlering »
High Hazard Area

YOU DO SO AT YOUR QWN RISK

PLEASE READ THE FOLLOWING
INFORMATION BEFORE PROCEEDING

BE PREPARED FOR POSSIBLE:

ASH FALL
MUD FLOWS
FLOODS
LAVA FLOWS
AVALANCHE

Prepared n [he interset of pubBc satfely
’ vl DY SDerednens by:
WASHINGTONM STATE OEPARATMENT OF

EMERGEMCY SEAVCES

Diny Lew Ray Edward Chow ¥
Governos Dwecior

FIGURE 1—FExample of brochure fur workers entering restricted nreas
SOURCEL: Washington State Depanment of Emergency Services

AJPH March 1986, Vol. 76, Supplement
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monitor air pollution may already have facilities for measuring sus-
pended particulates. Static samplers should otherwise be provided in
key locations and, if possible, sited at a height corresponding to the
breathing zone rather than on rooftops.

Water and Food Contamination

Fluoride, and possibly other toxic elements, might contaminate
drinking water from ash falling in rivers and reservoirs. Alternative
sources of potable drinking water should be pianned and homes
should stockpile water in advance. Qutdoor crops may be safe to
consume after ash is washed off, but laboratory tests to exclude con-
tamination of food and milk, including the bioavailability of toxic
elements, should be done. The health of outdoor foraging animals
should be monitored for evidence of toxic effects and emergency
food supplies stockpiled at farms. The pH of the ash is an important
factor as heavy ashfalls may result jn surface water quality becoming
impaired.

General Measures

Pre-planning should also allow for the following effects of wide-
spread disruption of communities and public utilities:
Transport and Communication

Road and railways can be destroyed by mud flows, lava flows
and floods; driving is almost impossible through suspended ash. Dark-

TABLE 4~Ash Collection Information Form

1. (a) Time Collecuon began: ___________AM PM

{p) Time Collection enged: . —AM PM
2, Date of Coilection:
3. Physical location of pont of collaction {ground, rooftop, etc.):

Aoddress pont of collection {building, city and county; zip code if known).

-

5. Weather conditions dunng collections:

dry any ran occumng_
wel

approximate speed and direction of wind

6. Wmgnt of ash {0 the nearest gramj:
Area of tha sampie colleclion suriace (in m<)

7. Other commanis (e g.. polent:al sources ol contamimation}:

8. Name of person collecting”
Address (include nip cods):

Telephane number:
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What s volcanic ash?

Volcarc ashis nol ash at all It s puivenzed
rack A onanch tayer of dry ash weghs fen
pounds per square foc! as i lands 1t ohen con
tains small meces of hight expanded (ava called
pumiCce Of Cindes

Frash volcanic ash may be harsh acid grity
glassy smaelly and thoroughly unpleassni Al
(hough gases are usualiy 100 diluted to conshitule
danger (0 a normal parson tha combmnation ol
acidhc gas and ash which may be present within a
1ew miles of Ihe sruplion could cause ung damage
10 small intanis very old and nhren of those b
ready suffenng from severe respiraiory linesses

o A hsavy ashiall blots oul Nght, Sudden

haavy dsmiand lor aleciric gni may cause
power supphes ta ‘brownout or tal
* ARl Cloge waler COUTBet, resarvairs,
sawert, sewage planh and machinery of
ol kindes

o Auh drifts onlo rosdways, reilways,
and runways like snow, but resembles
sofl wet sand

» Fine ssh may be slippery

« The weight of ash may cavse rools io

collapss.

What to do i Voicanic Ash is Falling

e Doni panc. siay calm

* Stay indoors

¢ i pulside seek sheller (s g car bulding,
use mask — or & handkerthial/cloih
tdampaned cloih most eflactive)
H M work, go home f poasible Delure ash
begins 1o fall It ash s aiready 1ating stay
Mdoors al work i possible, untl the heavy ash
13 sattled
* Gao directly home do nof run errands
Uniess an emergency. do not use ihe
telephone
* Use your radio for information on ihe ashisll
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HOW TO PREPARE FOR
AND WHAT TO DO DURING A

VOLCANIC
ASHFALL

+ What Volcanic Ash is
* What to da when Ash
Is Failing
* How To Be Prepared
for an Ashiall
* Tips for Protectior
of your Children,
your Home lyour
Pets and Animals,
your Automobila,

)
FIGURE 2—Fxample of brochure distributed to residents in volcanic areas in anticipation of ashiall

SOURCE" Federal Emergency Management Agency

AJPH March 1986, Vol 76, Supplement



275

ness is a feature of ashfalls and can last for several days in a gigantic
eruption. Aircraft and helicopters may be unable to fly for days
after heavy ashfall due to poor visibility and the risk of engine da-
mage from the ash. Elaborate precautions may be needed to protect
automobile engines. Ashfalls can also interfere with radio and TV
communications, and damage telephone switchgear. Local tele-
phones should not be relied upon for emergency communications—
the system becomes rapidly overloaded with callers. Electrical out-
ages may also occur.

Water Supplies, Sewage and Infectious Diseases

Water intakes at rivers and reservoirs can be destroyed. Power
outages may close down pumping stations. Water supplies can be
severely depleted by cleaning-up activities, e.g., washing ash off
sidewalks, streets, and rooftops. Sewage and water treatment plants
can break down in heavy ashfalls and contamination of water sup-
plies with sewage and animal carcasses may occur. Adequate chlori-
nation of water supplies should therefore be ensured. Still water
areas created by the devastation and flooding may promote endemic
diseases such as malaria and leptospirosis. As in other natural disas-
ters, vaccination programs should never be undertaken except on
firm epidemiological indications, e.g., the findings of a disease sur-
veillance system (see below).

Emergency Shelter and Food Relief

In remote and devastated areas, particularly in developing coun-
tries, deaths from extreme environmental exposure may occur. The
risk is highest in the first few days after the disaster has struck, parti-
cularly if the transportation system breaks down. It is doubtful
whether such deaths can be readily prevented. Evacuation centers
should have roofs strong enough to withstand large collections of
ash. In developing countries the death of livestock and disruption of
habitats may cause food shortages and relief food distribution may
be required, at least for a short period; historically, even famines
have occurred after volcanic eruptions.

Psychological Reactions

There is some evidence for psychological problems arising from
the Mount St. Helens eruptions (chapter 9). How severe psychologi-
cal reactions associated with the threat or the aftermath of severe
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eruptions can be best prevented by intervention measures by health
professionals is currently not clear on available evidence and we are
reluctant to speculate here, especially as the guidance available from

other types of disaster is conflicting (see, for example, Ref 3, Chap-
ter 5).

Advice to Residents

Personal protection measures to be adopted during a volcanic
emergency should be given to all people in at-risk areas well in ad-
vance. A brochure containing information was mailed to all homes
before the Mount St. Helens disaster (Figure 2).

Preventive Measures Once A Disaster Has Occurred

Many local and governmental agencies will be involved in the
emergency so it is essential that a coordinating center be established
by the national government without delay. Here, representatives
from numerous key agencies can be co-located with the geological
team responsible for predicting future activity of the volcano. An
important function of the center is to issue authoritative information
on health and survival matters. Initially, assessments of the size of
the disaster (area and population affected) and the needs for rescue
and evacuation in-anticipation of a further eruption must be under-
taken.

The preventive health team has four main functions in a volcanic
disaster:

1. Collaborate with other agencies in the coordinating center
to provide:

0 Advice on health matters, e.g., to government officials com-
munity and occupational groups (including volcanologists) and
media;

o Advice on appropriate health resources for disaster relief;

o Information for relief planning and immediate relief action;

o Information on the surveillance and control of disease after
the disaster (e.g., in affected communities and evacuation camps).

2. Provide a field survey team to collect data on the dead and
survivors in the vicinity of the volcano in collaboration with res-
cuers and the staff of emergency centers and field morgues.

3. Provide a field survey team to travel as soon as conditions
permit into areas of heaviest ashfall to make rapid assessments of the
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TABLE 5—Emergency Room and Fleid Morgue Volcano Questionnalre
MEDICAL—CONFIDENTIAL

No.
Qate: _____  Timer ________ AM/PM
A. IDENTIFICATION:
Name of ID Number: Sex:M F Age:
Last First M. Intal
Address or Location when Found
City State Zp
Phona: _ . __ Hsuai Occuoation:
B. EXPCSURE 7O VOLCANIC HAZARDS (Check all tnat apply).
TUVieern ___ orSumvivor ______ of:
Blast ____, Pyrodasnc {low ____, Mudtfow/Flooding ____, Ashigil__
Cther
2. (a} Lived n ashfall area: Yeos No
{t)} Worked cutdoors in ashtall area: Yes No
(c} Average ime exposed to ash per day (e.g., in clean-up actvities):
—Hours
{d) Requiar use of incustnal mask Yes No
C. PAST MEDICAL HISTORY, HOSPITAL ADMISSIONS. AND MAJOR
CHEST ILLNESSES:
t. Past Medical History:
Asthma No Yas Duration: Years
Chromic Bronchitts No Yes Duration: Years
Heart Disease No Yes Duraton: Years
Other No Yes Ouration: Yoars
2 Past Hospital Admissions Yaar Hiness Surgery
3. lliness i Previous Four Weeks:
4 Cigarstte Smokar: Nevar Ex ____ When stopped
Current ________ Pksday
D. PRESENT DIAGNQOSIS:
1. Onset: {a) Time- _____ amypm: Data:
{b) Actanty:
2. Relationship with asrvbiast. Yes No
It yes, specify:

3. Qutcome: AdmittecrDischarged ‘Relarrad to
CLINICAL, AUTOPSY AND OTHER NOTES-—USE SACK SIDE
Signature

n

health needs of affected communities, including food and shelter,
and the condition of medical services. Rapidly executed household
surveys may be required to provide immediate assessment of- the
health impact of the ash.

4. Establish a health surveillance system.

Key medical facilities, (hospitals, emergency rooms) in areas
affected by the devastation and ashfalls should be coordinated into
intormatior networks supplying information to the preventive
health team on the daily number of patients attending with disorders
of interest, and including deaths. By comparing the results with data
for the period before the eruption, or the previous year, or from an
unaffected area, any unusual trend would be highlighted and appro-
priate Investigations instituted, e.g., to determine if a true increase
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in disease incidence is occurring. Preventive measures can then be
rapidly put in hand. As an example, a list of diagnostic labels and
number of patient visits to a hospital emergency room in Moses
Lake, WA is shown in chapter 3. Baseline population and health
statistics should be collected before an eruption if possible. '

An all-purpose recording form to facilitate data coltection from
patients while they are actually attending emergency departments
is suggested in Table 5; it could also be used for data coilection on
survivers and victims recovered from devastated areas. The advan-
tages of such instantaneous data collection are obvious, but it does
need to be planned before an eruption if it is going to be workable.

Additional Studies

The rapidly executed surveys mentioned above can be conducted
using questionnaires and medical records and with the minimum of
apparatus. More detailed studies involving lung function tests and
computer analysis of results may suggest themselves, e.g., studies of
lung function and morbidity among groups of workers or patients
with chronic lung disorders exposed to volcanic ash. However, such
studies need to involve experts in their planning and execution and
more rightly belong to the recovery phase after the disaster.

information gathering will add to knowledge for the mitigation
of disasters in the future as there is a remarkable dearth of studies on
the health impact of volcanic eruptions. Deficiencies in current
knowledge include:

T. Special problems of eruptions in developing countreis, e.g.,
morbidity and mortality after heavy ashfalls, especially in areas with
inadequate housing and shelter, and a high prevalence of infectious
diseases; effects of extreme environmental exposures and food short-
ages; and health of evacuees,

2. Characterization of ash from different volcanoes: particle size
and shape, crystalline silica content and leachable toxic elements.

3. Cos-=ffectiveness ‘of disposable industrial face masks for the
prevention of respiratory disorders in ashexposed communities.

4. Profiles of volcanic gases, including radon, and their concen-
tration in air at the crater and ground level, including personal moni-
toring and medical surveillance of geologists in active craters.

5. Special problems of volcanism in technologicalfly advanced
societies, e.g., power outages and computer circuit damage following
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volcanic ashfall.

6. Causes of death and injury in relation to eruptive phenomena
in the vicinity of volcanoes.

7. Psychosocial effects arising from:

o the loss of life and property following an eruption; and
o disruptions caused by the long-term threat of volcanic
activity.

8. Epidemiologic evaluation of the overall management of vol-
canic hazards, e.g., the study of a series of threatened and actual
eruptions to assess the effectiveness of public heaith measures (in-
cluding the advice given in this chapter) in countries with different
health and economic infrastructures.

Conclusion

Compared to other natural disasters, volcanic eruptions offer
good prospects for prevention. Volcanoes are, by human standards,
permanent and often majestic features of the landscape which
challenge investigators and those who dwell by them to learn of their
behavior and plan accordingly. Future advances in technology, e.g.,
volcano surveillance using satellites, will undoubtedly improve the
predictive power of volcanologists in determining when, how, and for
how long a particular volcano will erupt; these gains need to be
matched by scientific studies of the impact of eruptions on popu-
lations so that innovative and rational approaches to disaster mana-
gement can be devised. Until then, careful planning and coordination
of all the involved agencies and officials well in advance of an erupt-
ton is the essential key to prevention.

Summary

Medical treatment has only a small role in severe volcanic erupt-
ions and so preventive measures are paramount if injuries and loss of
life are to be reduced. The health team must be incorporated in
emergency planning and response at the earliest stage. Guidance on
the interpretation of geological information about a volcano and the
appropriate health measures that should be adopted before and after
an eruption are summarized for the benefit of health workers.
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