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O Abstract —Osaka, a modern urban metrop-
olis in Japan, experienced a tragic gas explosion
in 1970 when the dispatch room of the City Fire
Department was in the process of being moved
1o a new building. Many unforseen problems
arose during this disaster: eg, there was an over-
all {ack of leadership, confusion of communica-
tion, a need for triage, and lack of control of
mass medja.

The Osaka Medical Association organized a
commijltee to resolve these problems, Their con-
clusions and recommendations were that a con-
trol headquarters be established at the scene of
disaster, the number of ambulances and EMTs
be increased, disaster tags be utilized, a special
radio frequency be created, and a computer-
aided command and controt system for fire
fighting and ambulance services he introduced.
These recommendations have all been followed.

L Keywords —disaster manz gement; multiple

cusualty incident; gas explosion; emergency
medical services

Introduction
Osaka, a modern urban metropolis with an

arca of 209 sq km and a population of 2.7

million people crammed into its densely in-
habited 26 wards, is located in the southwest
of Japan. Osaka has been called one of the
greatest economic and advanced cities in
the world. It has also been recognized for
its advanced system of medical services,
Emergency medicine in Japan originated in
Osaka. Until 1970, when we experienced a
tragic gas explosion, we were very proud of
our emergency system. The explosion oc-
curred on the day the dispatch room of the
City Fire Department was being moved to’
a pew building. Consequently, many un-
forseen problems arose during this disas-
ter. Without the usual efficient regulation
from this dispatch room, the emergency
system was swamped and unable to func-
tion properly,

Case Report

On April 8th, 1970, at 17:27, leakage from
a gas line was found in a subway construc-
tion area. One minute later, two repair cars
from the gas company arrived on the spot.
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Table 1. Age Distributions of Mortalities

Table 2. Categories of Mortalities

Age Age Neighborhood

{Years) Male Female Tolal (Years) inhabitants Pedestrians Rescuers

<10 4 G 4 <12

11-20 12 5 17 (Elementary

21-30 27 2 29 school} 5 o 0

31-40 13 0 13 13-15

41-50 7 3 10 {Junior high

51-80 4 0 4 school) 7 2 0

61-70 1 0 1 16-20 1 5 1

>71 1 0 1 21-30 iR ! 17 1

Tolat 69 10 79 31-40 2 9 2
41-50 7 3 0
51-60 3 1 0
61-70 1 0 0

While employees were repairing the gas >71 1 0 0

leakage, the driver of one of the two repair  1°4@ 38 37 4

cars started the car’s engine. A small spark

from the engine set the repair car on fire at

17:28. At 17:41 there were several emergency  Table 3. Causes of Death

119 calls. The dis;')atcher sent four ambu- No. of Cases

lances 1o the scene immediately. At 17:47 the

repair car fire caused an enormous gas ex- grainhqamage he th ) :133

: . . . rush injury in the thoracic cavity

plosion, 209 m in length and 16 m in width, Crush injury in the abdominal cavity 6

The explosion was so strong that the tem- Burn 11

porary concrete blocks covering the subway  Suffocation 6

construction area were thrown into the air,  oPinal cord injury 3

- ' Hypovolemic shock 3
It was during the rush hour, so many peo-  CO Poisoning 1

ple who had stopped in the area to watch
the repair work were caught in the explo-
sion. Several houses and buildings in the
area were destroyed by the blast at 17:51.
At the same time, fires broke out in several
areas. Because the dispatch room was mov-
ing that day and not operating at capacity,
confusion resulied. Soon after the gas ex-
plosion many victims with slight injuries
walked or were driven to neighborhood
hospitals. Without enough information,
the neighborhood hospitals’ employees also
became confused. It was not until 20 to 30
minutes after the explosion that EMTs
were able to evacuate the seriously injured
victims from the arca. It took four hours
to close all the gas lincs and bring the fire
under control.

This disaster killed 79 people and in-
jured 128, Forty-six houses and buildings
were destroved. The age distribution of
maoctalities ranged from 6 to 74 years
iTable 1} Of the mortalities, 74.7% were
Hoto 40 vears old The dead were divided

into three categories: neighborhoad inhab-
itants, pedestrians, and rescuers (Table 2}.
The age distribution of neighborhood in-
habitants was wide, ranging from 6 to 74
years, but slightly limited among pedes-
trians, ranging from 14 to 51 years. The age
distribution of the rescuers was very small.

Nearly half of the mortalities were pe-
destrians, owing to the fact that the explo-
sion occurred during the rush hour. Autop-
sies were performed on all fatalities. Brain
damage was the leading cause of death
(approximately 50%), followed by crush
injuries of the thoracic and abdominal ca:-
ities, burns, suffocation, spinal cord in-
juries, and so on (Table 3). The 39 cases of
brain damage were caused by severe brain
contusion in 34 of the cases, hematoma i
three cases, basilar skull fracture in one
case, and aspiration pneumonins duc to
obtunded consciousness. Table 4 shows at
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Table 4. Time Elapsed between Explosion and

Table 6. Locations of Fractures in Mortality

Deaths Cases
No. of Fracture No. of Cases

Postexplasion Deaths

Skull 14
immediately 68 Carvical verlebrae 1
<3 Hr 2 Ribs and thoracic vertebrae 3
<6 Hr 1 Upper extremiry 1
<12 Hr 0 Lower extremity B
<24 Hr 2 Upper and lower extremity 1
1-2 Days 1 Skull and lower extremity 16
3 Days 0 Skull, upper and lower extremity 4
4 Days 1 Skull, nbs, and lower extremity 2
5 Days 1 Cervical vertebrae and
6 Days 1 lower extremity 1
7 Days 0 Cervical vertebrae, ribs, and
10 Days 0 lower extremity 1
t4 Days 2 Ribs and upper extremity 1

Ribs, thoracic vertebrae, and

lower extremity 6

Pelnis 2

Table 5. Location of Burns in Mortality Cases ~ FPelvis and fower extremity 1

Burn Area No. of Cases

Whole body

Face

Upper extremity

Lower extremity

Face and upper extremity

Face and lower extremity

Face, upper and lower extremity
Upper and lower extremity

-

-
—_ N =N =W =

what time following the explosion the vic-
tims were pronounced dead. Of the dead
population, 68 victims (86.1%) died im-
mediately after the explosion. Three cases
died within six hours after the explosion
and are listed as hospital deaths.

Associated injuries of the dead were
burns and fractures. Forty-two cases re-
vealed burns that had a wide range of se-
verity. Most of the burn victims were
burned in more than one area of the body
(Table 5). Nearly all of the burn victims. 38
cascs out of 42, had facial burns. This
means that many lives might have been
saved had we been able to offer the appro-
priate upper airway management at the
scene, transport the victims 1o the most
Suntable medical facility, and adminisier
definnive surgery therealter.

Fractures were noted i 64 cases out of

the 70 deaths. Most of the fraviure cises

Table 7. Details of Burn and Fraciure Victims
Who Survived*

No of Cases
Burns 85
Alone 36
With multiple injuries 49
Fractures 74
Single 42
Multiple 32

*Of the 428 who were injured, burns and fractures had the
highest intidence of mjury.

were multiple (Table 6). Among them, a
combination of skull and lower extremities
fractures was striking and was found in
more than one-third of all the death cases.
Of the 428 who we e injured, one-third of
the victims suffered injuries of the neck
and head. The highest incidence of injury
was burns, 85 cases or 19.9%, and the sec-
ond was (racture, 74 cases or 17.3% (Tablc
7). Thirty-six victims suffered from burns
only; however, the other 49 had muluple
injuries, including fractures. Among 74 vic-
tims who suffered fracture, 32 had mulii-
ple fractures. Beside the 428 who were
directly injured by the eaplosion, 26 cases
of related medical problems were treated
(Table B). EFighteen cases of angimal pain,
e cases of hvpertension, spontancous
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Table 8. Explosion-Related Medical Problems

Complaint No. of Cases

Anginal pain 1
Hypernension

Spontaneous abortion

Asthma attack

Aggravation of a gastric ulcer

-tk =h Y D

abortion, asthma attack, and aggravation
of a gastric ulcer were treated. Emotional
shock played a very important part in ag-
gravation of these injuries, and should be
taken into account at the scene of such a
disaster.

Discussion

Under the leadership of the Osaka Medical
Association and related agencies, including
the police and the fire departments, a com-
mittee was organized to investigate the
p.oblems that arose during the disaster.
First, questionnaires were sent to the 71
hospitals where victims were received. The
questionnaires consisted of two questions.
No. I: What part of the emergency system
should be improved, as shown by this dis-
aster? No. 2: Who informed you of the dis-
aster? Collection rate of questionnaires was
100%. Results are shown in Table 9. In
consensus, there were three problems: (1)
an overall lack of leadership and confusion
of communication, {2) the need for a triage;
and (3) a lack of control of mass media.

1. Due to the lack of leadership there
was no central source of information, The
police department, fire department, and
ambulances were all operating independ-
ently, without any intercommunication. In
one case, physicians of a well-equipped
hospital had 12 dead patients brought to
them, but no injured; while other less-
cquipped hospitals were swamped with the
chincally injured,

2. Needs for the use of a triuge system.
In Japan, EMTs are not allowed 10 diag-
nose andeath; consequently, the emergency

Table 9a. Results of Questionnaire No. 1: Prob-
lems that Arose During the Disaster

Respondents

Answer (9%)
Overall lack of leadership and

contusion of communication 36.7
Need of a triage 20.0
Lack of control of mass media 16.7
Nead of a drill 16.7
Cthers 959

*The queslionnaire was sent to the 71 hospials that re-
ceived viclims of the gas explosion.

Table 9b, Results of Questionnaire No. 2: Who
Informed You of the Disaster?*

Respondents

Answaer {%)
Radio or TV 27.6
Local fire station 17.2
Arrival of victims 17.2
Explosion sounds 13.8
Ambulatory patient not related

to disaster 10.3
Police 6.9
Citizen 34
Prefecture 34

*The questionnaire was sent 1o the 71 hospitals that re
ceived vichms of the gas explosion.

physicians wasted time diagnosing Inortali-
ties when they could have been caring for
the critically injured victims.

3. Need to control mass media. The
press was able to get into hospitals freely
where they monopolized the phones, thu
hindering the hospital's communication
with other agencies.

After much deliberation, the committee
submitted a report. Osaka city government
reacted favorably to this report and formed
a disaster medical services system that or-
ganized central headquarters at the scene.
increased the number of ambulances and
EMTs, utilized disaster tags, originated a
special radio frequency, and introduced a
computer-aided command and control sys -
tem flor fire fighting and ambulance serv-
ices. Last year Osaka prelecture provide -
an insurance coverage for physicians’ in
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juries occurring at the scene of a disaster,
From the disaster of 1970, we discovered
many flaws in our system. They have been
dealt with and solved so that today we feel
capable of effectively handling any disaster
situation.

Today, the City Fire Department has
about 3,500 personnel and 350 vehicles,
twice as many as compared with 1970,
With one exception, each ward has a fire
station, which has three or four substa-
tions in its jurisdiction. On the average, dis-
patchers send fire engines 5.2 times and
ambulances 245 times a day. Consequently,
the dispatch room of the City Fire Depart-
ment receives emergency calls more than
900 times a day or every 1.6 minutes, When
a disaster occurs in the city of Osaka, it is
reported to the dispatch room in the head-
quarters of the City Fire Department, by
citizens using the emergency telephone line,
which is universally numbered 119 through-
out Japan. On the basis of the information
received, the dispatcn room sends out vehi-
cles, personnel, and equipment necessary to
handle the disaster. They are dispatched, as
needed, from the 89 fire stations and fire
substations positioned throughout the city.
When a disaster begins, the dispatch room
collects all pertinent information from the
site of disaster by radio, assigns units to be
added for reinforcement, directs firefight-
ing schemes, and handles public relations.
This nerve center has the capability of tak-
INg Proper countermeasures to prevent or
tessen the effects of a disaster. In the past,
the duties of the dispatch room were entire-
ly manual, but as disaster increased in com-
plexity, the computer was introduced in
1978,

A computer-aided command and con-
trol system was specially designed for the
dispatch room and consists of one main
computer (FACOM 230-48) and two mini-
computers (PANAFACOM U-400S), the
Later also being capable of serving as a

sckup system (Figure 1), Ninety terminats
sere installed, one in each station and sub-
station in the city, The system assists the

disparchers in dealine with cmeroencev ealla

which minimizes time, reduces the proba-
bility of error, and cuts down on man-
power. In this system a dispatcher receiving
an incoming call enters the details of the in-
cident into the system. The system then
computes and displays the name of the
streets in the neighborhoods of the incident
area on a video screen. In case of disaster,
in the course of daily ambulance requests,
a dispatcher on duty presses the ambulance
call panel key. With this simple procedure,
a list of the available ambulances in order
of their distance from the disaster area ap-
pears on a display, along with how many
times each of the ambulances was dis-
patched since midnight, and whether the
ambulance has been used during the last 30
minutes. The computer c¢an also tell what
kinds of medical specialties and how many
beds are available and the distance of the
hospital from the disaster area. Informa-
tion regarding the plans of firefighting
tactics for certain buildings can also be
retrieved. All directions are printed out
through terminals located at each fire sta-
tion. With this system, all the necessary
processes are usually completed by the time
the dispatcher ends the telephone commun-
ication. In the conventional manual opera-
tion, the commands were carried out after
the telephone communication. The time
elapsed was usually more than 30 seconds,
which has now been cut through the use of
this system.

In addition, information necessary for
emergency services is stored in the com-
puter and can be easily retrieved by the dis-
patchers (Tabtle 10). This results in quicker

Table 10. Maln Functions of the Computer-aided
Command and Control System for
Fire-fighting and Ambulance Services

. Emergency telephone call reception

. Location input

. Decision of the type of the incident

- Assignment of dispaich unit

. Processing for fire hydrants

. Dispatch

. Tracing and recording of the action 1aken con-
cerning the disaster

. Management of use of the varnous types ol fire.
highting information
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and more accurate dispatching activities.
This system, which cost 1,850 million yen
(7.8 million US dollars) to create, is oper-
ating smoothly.

One yet unsolved problem is control of
the mass media in emergency situations.
Our hope for the future is a gentleman’s
agreement between physicians and the
press. We feel strongly that this agreement
will come about, because everyone realizes
that saving lives is the most important mat-
ter in a disaster situation.

Conclusion

After a tragic gas explosion in 1970 the
Osaka Medical Association organized a

committee to investigate the problems that
arose during this disaster. From the results
of questionnaires sent to the 71 hospitals
where the disaster victims were received,
the committee arrived at the conclusion
that what was needed was a central head-
quarters, more ambulances and EMTs, the
utilization of disaster tags, a special radio
frequency, and a computer-aided com-
mand and control system. These needs
have now all been accomplished.
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