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RESUMEN

Actuación sanitaria en atentados terroristas con
agentes químicos de guerra: más de diez años
después de los atentados con sarín en Japón (1ª parte)

T ras los atentados del 11 de septiembre de 2001 en EE.UU. y,
sobre todo, desde los envíos de sobres con esporas de carbun-
co, existe una alta percepción del riesgo sobre posibles atenta-

dos con armas de destrucción masiva por grupos asociados a la red
terrorista Al Qaeda. Esto ha llevado a que el personal sanitario extra-
hospitalario y hospitalario se interese sobre cómo debería ser su ac-
tuación en este tipo de incidentes. En el caso particular de los agentes
químicos de guerra la base de la actuación sanitaria son las lecciones
aprendidas por el personal sanitario que participó en los atentados te-
rroristas con sarín que tuvieron lugar en Japón en 1994 y 1995. El pre-
sente trabajo intenta profundizar en estas lecciones aprendidas hace
ya más de diez años, teniendo en cuenta que será cada servicio y or-
ganización sanitaria el que deberá adaptarlas a su situación y caracte-
rísticas particulares.

ABSTRACT

A fter the September 11 (2001) terrorist attacks in the USA and
the subsequent mailing of letters contaminated with B. anthracis
spores, a high perception of risk has become noticeable regar-

ding the possibility of attacks with weapons of mass desctruction, parti-
cularly by groups associated to the Al Qaeda terror network. For this
reason, the medical personnel –both extra- and intrahospitalary– has
become concerned about how to act and perform in this type of events.
In the case of chemical warfare agents, the guiding principles of medi-
cal support are based on the experiences and on the lessons learned
by the personnel that dealt with the sarin terrorist attacks in Japan in
1994 and 1995. The present paper aims at delving deeper into these
lessons and findings of over ten years ago, bearing in mind that any
and every medical service and organisation should adapt them to their
particular environment, situation and characteristics.
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INTRODUCTION

The first chemical warfare terrorist attack took place in
the Japanese city of Matsumoto on the 27th of June of 1994.
On that day a legal religious organization, Aum Shinrikyo,
sprayed sarin neurotoxic gas killing 7 people and intoxicating
another 6001. On the 20th of March of 1995 a second sarin gas
attack on the Tokyo underground system killed 12 people and
led to more than 5,000 to seek medical care in the city’s hos-
pitals. Furthermore, between the two attacks, Aum Shinrikyo

carried out four other attacks with another neurotoxic agent,
VX, directed towards private individuals deemed to be ene-
mies of the organization. Only one of these 4 attempts was
successful in killing the person under attack2. These attacks
meant that the worst fears of the nuclear, biological and che-
mical (NBC) defence community on the non-military use of
chemical weapons had come true. A few years back the at-
tacks by some terrorist organizations to obtain these types of
weapons had alerted experts in the field3,4 hitherto geared to-
wards the protection of troops from military use of such
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agents. Nevertheless, this concern had no significant repercus-
sion in the public and government arenas, perhaps because the
use of chemical weapons by a religious organization in Japan
seemed remote from the everyday reality of the rest of the
world. All this changed after the September 11th attacks in the
USA (9/11) and more so following the discovery of mailed
envelopes containing anthrax spores in that country. Despite
the low number of anthrax victims compared to the attack in
Japan, the assumed military origin of the anthrax used and its
possible connection with those responsible for the 9/11 at-
tacks spread panic and fear around the world of a possible at-
tack with weapons of mass destruction by groups linked with
the terrorist group Al Qaeda.

Since then considerable interest in chemical warfare
agents has been shown among the medical sector, which has
led to an increase in the number of papers published in bio-
medical journals and health courses describing these agents,
their action mechanisms and how to treat intoxications (Table
1). These are mostly based on military manuals and publica-
tions from the US and the North Atlantic Treaty Organization
(NATO) adapted to civil scenarios. Likewise, most of them re-
fer to the lessons learned from the attacks in Japan. The re-
commendations could be said to bear some similarity with
those learned in several incidents that medical personnel has
had to deal with involving industrial chemicals. Each incident

yields new lessons which, unfortunately, highlight the need to
apply the lessons learned in previous incidents. In fact, despi-
te the high perceived risk regarding the possible use of wea-
pons of mass destruction in terrorist attacks, the pictures of
the attacks of the 7th of July 2005 in London showed the first
personnel arriving at the underground stations wearing no pro-
tection of any kind, when it had not yet been confirmed that
only conventional explosives had been used.

In direct contrast to an attack with conventional weapons,
in an attack with chemical warfare agents the nature of the
agent used may not be known at the start; in this case, the
handling of the victims will require special protection measu-
res to prevent the medical personnel from becoming victims
themselves and, in some cases, the treatment of the intoxica-
tion may involve the use of specific antidotes. After the 9/11
attacks, a study published in Spain in 2002 drew attention to
problems with the availability of antidotes in the event of a
chemical warfare attack5, whereas another study published in
2003 indicated a low perception of the level of preparedness
of Emergency medical personnel in Catalan hospitals in the
event of having to deal with an attack by chemical weapons
of mass destruction6.

This paper examines the lessons learned from the medical
intervention in Japan and other chemical agent incidents to
thereby reduce the consequences, in the event of an attack

TABLE 1. Main “classical” chemical warfare agents and other chemical substances of possible use in
terrorist attacks

Other agents: incapacitatorsd, riot control, bioregulators, toxins and industrial chemicals.

aPralidoxime, obidoxime and Hl-6 are the main commercially available oximes.
bGiven that the medium to long term action mechanism of neurotoxic agents included the GABAergic system, its administration is recommended
even in the absence of convulsions.
cThe action mechanism of phosgene oxime is unknown.
dDuring the Cold War era, various countries examined the possibility of using substances acting on the central and peripheral nervous systems as
weapons. The main example is BZ, a centrally acting  anticholinergic agent.
BAL: dimercaprol. DPMS: 2.3-dimercapto-1-propanosulfonic acid. DMSA meso 2.3-dimercaptosuccinic acid.

Group of agents

Neurotoxic agents

Vesicant agents

Pneumotoxic
agents

Cyanide agents

Main examples

Sarin, soman, tabun and VX

Nitrogen and sulfur mustards (eg. Ype-
rite), lewisites and phosgene oxime

Chlorine, chloropicrine, phosgene, dip-
hosgene and perfluoride isobutylene

Cyanhydric acid and halogen cyano-
gens

Action mechanism

Acetylcholinesterase inhibition

Alkylation of different moleculesc

Irritation of respiratory passage and/or
acylation of proteins regulating permea-
bility or alveolar membrane

Inhibition of mitochondrial  cytochrome
oxidase

Antidotal treatment

Atropine, oximea and benzodiazepineb

Against lewisites: BAL, DMPS or DMSA

Unavailable

Hydroxocobalamine or sodium nitrite and so-
dium thiosulfate
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with chemical warfare agents, by more effective action taken
by medical personnel.

OPERATIONAL COORDINATION

In any terrorist attack the management of the crisis must
entail the coordination of all intervening bodies to optimize
the available resources7-9, which includes an Operational Coor-
dination Centre (OCC) led by an Advanced Command Post
(ACP) with its own action groups. Effective coordination will
reduce the likelihood of over-triage, that is, casualties who do
not require immediate treatment being taken to hospital at the
risk of causing saturation and endangering those more se-
riously affected. The transport of victims to hospital should be
perfectly coordinated among the various hospitals in the area,
taking into account the proximity and capacity of the centres,
to attain a more balanced distribution10. In the sarin attack in
the Tokyo underground, the hospital that attended the highest
number of victims was the St. Luke International Hospital, lo-
cated at 500 metres from the metro station of Tsukiji, one of
the most affected11. On the 20th of March of 1995, the day of
the attack, this hospital attended 641 patients and an additio-
nal 349 over the next 7 days. Only 7% of the victims arrived
by ambulance, but rather did not originate from the Tsukiji
station but that of Kodenma-cho, located 3 km. from the hos-
pital, as a direct result of the lack of coordination in the trans-
port of victims12,13.

During the Iran-Iraq war, the Iranian attack with neuroto-
xic agents on the city of Hosseiniyeh in 1987 caused around
300 seriously injuried victims to be taken to the closest Ira-
nian military medical unit in the first 5 minutes, followed by
another 1,700 less seriously affected victims, causing the co-
llapse of this unit; this was added to the absence of any distri-
bution plan of referral to other medical centres14. More re-
cently, in September 2001, an explosion at an ammonium
nitrate fertilizer plant in the French city of Toulouse caused
30 fatalities, more than 2,200 wounded by the mechanical and
thermal effect of the explosion, and more than 5,000 persons
treated for stress, with the ensuing collapse of the emergency
departments of some hospitals due to mild casualties arriving
spontaneously by their own means15,16. Similarly, during the te-
rrorist attacks in Madrid on the 11th of March, 2004 (11M)
over-triage occurred in the transport of victims to the Univer-
sity General Hospital Gregorio Marañón17,18.

Operational coordination should also help mobilize any
medical resources that may be required, as well as the coordi-
nation of all bodies involved at a tactical level. In fact, the
lack of coordination observed among the intervening bodies

in 9/11 and the incidents with anthrax letters in the USA have
highlighted this aspect as one of the most significant lessons
learned19.

As shall be explained shortly, the detection or identifica-
tion of the agent by the personnel first arriving on the scene
can be complicated and may require samples to be sent for la-
boratory analysis. Once identified, medical personnel should
be informed of the agent begin or continue with the appro-
priate antidotal treatment within 3 hours. St Luke’s Hospital
knew that the police had identified sarin gas as the agent, but
neither via the coordination centre nor the police, but via tele-
vision12. Operational coordination should prevent such situa-
tions from happening.

Finally, drills, simulations and serious mock attacks
should be put into practice in order to confirm the existence
of the required coordination to handle a chemical warfare at-
tack and to learn further lessons20,21.

PERSONAL PROTECTION EQUIPMENT (PPE)

One of the main lessons learned from the sarin gas at-
tacks in Japan is the need for all personnel entering the area
affected by the chemical agent, or in contact with the non-de-
contaminated victims, to wear appropriate personal protective
ensembles22. The EEC directive 89/656 of the 30th of Novem-
ber of the European Community Council (assimilated into
Spanish law by Royal Decree 773/1997 of the 30th of May)
sets forth the “minimum health and safety provisions in the
selection, use by employees at work and maintenance of the
PPE’s”, but excludes PPE’s from aid and rescue, military, po-
lice and peacekeeping services. On the other hand, EEC Di-
rective 89/686 of the 21st of December (assimilated into Spa-
nish law by Royal Decree 1407/1992 of the 20th of November
and subsequent amendments) sets forth the essential minimum
requirements to be fulfilled by PPE’s, thereby regulating the
conditions under which PPE’s are  marketed and traded within
the EEC. Moreover, it established the essential requirements
for health and safety to be fulfilled by all PPE’s. Its Appendix
I states that “PPE’s specifically designed and manufactured
for the Armed Forces, public order bodies and those for self-
defence against assault (eg. Aerosol devices and personal de-
terrent weapons)” are excluded from the scope of action go-
verned by the Directive. Nevertheless, these requirements
have given rise to a series of European Regulations (ERs) is-
sued by the European Committee for Standardization (ECS),
as well as the domestic equivalent (SCS), on breathing protec-
tion equipment and protective clothing, gloves and footwear
against chemical products which could be extended to the
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NBC protective equipment or, if applicable, to protective wear
against chemical warfare agents. Furthermore, despite the ab-
sence of a European classification of PPE’s against chemical
disasters or attacks, the EEC Directive 89/686 classifies them
as category 3 PPE’s, that is, those of “complex design, made
to protect the user from all mortal hazard or which may se-
riously and irreversibly damage health”.

PPE’s used in NBC situations are usually classified accor-
ding to the 4 protection levels set forth by the Environmental
Protection Agency, EPA23,24. (Table 2) (Figure 1). This classifi-
cation is also used by the Spanish National Toxicological Ins-
titute25. The EPA classification must not be mistaken with the
classification of protective ensembles for chemical/biological
terrorism incidents issued by the US National Fire Prevention
Association (NFPA), often used but lacking respiratory pro-
tection26 (Table 2). Level A in the EPA classification is the
highest protection for the respiratory system, skin, eyes and
mucosae. It consists of a totally encapsulated and airtight suit,
resistant to chemical substances and fitted with an autono-
mous full mask breathing device. The self-contained breathing
equipment has a connection with a source of compressed air
and may be open circuit – when exhaled air is issued out to
the open air- or closed circuit – when exhaled air is recycled
by a filter regeneration system which fixes carbon dioxide and
is equipped with an independent oxygen supply. In chemical
incident interventions the most commonly used and most ap-
propriate systems are the open circuit systems with positive
pressure, that is, those into which the air enters the mask crea-
ting a positive pressure (higher than the outside), giving addi-
tional protection in the event of a leak. Likewise, open circuit
equipments with possible pressure on demand, also known as
“pressure on demand”, in which the airflow to the mask incre-
ases with inhalation are also recommended. The disadvanta-
ges of self-contained breathing equipments are their weight,
impaired mobility in small spaces and that the time spent in
the affected area is restricted to the supply of compressed air.
Level B is similar to level A, except that the suit is not encap-
sulated or airtight. The intervening personnel entering a che-
mically  affected zone for the first time should  wear the hig-
hest protection possible, preferably level A, but in no case a
level of protection lower than level B23,24.

In Level C dermal protection is similar to that of Level B
but the protection of the respiratory system is lower, as it uses
a full mask with a gas filter which prevents the entry of cer-
tain chemicals by chemical reaction, adsorption or absorption.
There are different classes and types of commercially availa-
ble filters and the ER’s have established a colour-coding sys-
tem to indicate the chemical substance or substances against
which they are to be used27,28 (Table 3).

The filters are specifically designed for certain chemical
substances and for certain concentrations, usually a level un-
der the concentration Immediately Dangerous to Life or He-
alth (IDLH), that is, concentrations which, in the event of ex-
posure, should not produce effects or symptoms which would
prevent the person from escaping, as well as no risk of imme-
diate death, long term or irreversible effects. This level of pro-
tection should not be used if the identity or concentration of
the chemical substance is unknown, and no data indicates
whether the oxygen level is below 17-19.5%24-29. There are as-
sisted filtering systems  (or of assisted ventilation) in which
an engine-powered ventilator pushes the air through a filter
and sends it towards the facial mask, thus assisting breathing
via low inhalation resistance and increasing the mask’s level
of protection30,31. It is important to note that the batteries for
such systems can shorten the time they can function at low
temperatures. The ERs establish that a fully charged battery
should last for at least 4 hours29. The useful life of an anti-gas
filter will depend on its filtration capacity, the concentration
of the agent, air temperature and moisture and the user’s bre-
athing rhythm. Devices based on colorimetric reactions as in-
dicators of filter saturation levels are currently being explored.

It is important to bear in mind that the filters of military
NBC masks are designed only to prevent contact with ‘classi-
cal’ chemical warfare agents (neurotoxic, vesicant, pneumoto-
xic and cyanide) (Figure 2). In fact, the activated carbon in
such filters would not be capable to adsorb the cyanide agents
without special treatment with copper or chromium salts,
which form copper or chromium cyanide, thus preventing in-
halation by the user. These military NBC filters are of the
combined type, incorporating HEPA (High Efficiency Particu-
late Air) filters as well as the carbon activated filter, with an
efficacy of at least 99.997% against 0.3-0.4 µm spray parti-
cles, with a dramatic increase in efficacy against larger parti-
cles. The filtering efficacy of these HEPA filters32-36 is therefo-
re higher than that required by the ERs from high efficacy
particle filters in full masks (P3), which is 99.95% with so-
dium chloride sprays with an average mass aerodynamic dia-
meter of 0.6 µm and liquid paraffin of average Stokes diame-
ter of 0.4 µm37-39. HEPA filters are usually arranged in folds,
seeking to increase the filtration surface and reduce resistance
against inhalation.

Protective clothing against chemical agents according to
the ERs is classified into 6 types40-45 (Table 2). In order to help
select the clothing, it is important that the manufacturer provi-
des information on the mechanical resistance and resistance to
the permeation and penetration of different chemical substan-
ces according to the ERs46,47, although some manufacturers al-
so provide this information in accordance with the regulations



R. Pita, et al. MEDICAL INTERVENTION IN TERRORIST ATTACKS WITH CHEMICAL WARFARE AGENTS (PART 1)

327

TABLE 2. Classification of personal protection equipment (PPE) against chemical agents

Protection
level

A

B

C

D

Classc

1

2

3

Recommended breathing protection

Autonomous insulating equipment with
full mask and pressure-demand
supplied aira

Autonomous insulating equipment with
full mask and positive pressure on
demanda

Equipment with full mask filter device

None

Protective ensembled

Against agents in gas/vapour form
(airtight wear) and liquid form

Against agents in liquid form and lesser
protection against agents in gas/vapour
form than in Class 1

Against agents in liquid form

Recommended dermal protection

Encapsulated wear, airtight to
gas/vapour chemical agents and
resistant to liquid chemical agents.
Internal and external gloves, as well as
footwear, must also be resistant to
chemical agents.

Equipment resistant to chemical agents
in liquid form. Internal and external
gloves, as well as footwear, must also
be resistant to chemical agents.

Equipment resistant to chemical
agents in liquid form. Internal and
external gloves, as well as footwear,
must also be resistant to chemical
agents.  

Normal work wear

Must be used when risk analysis indicates that:

- Identity or agent or concentration of gas/vapour or liquid is unknown.
- Contact with agent in liquid form is expected in  hot zone. Lack of protection would mean a
high possibility of immediate death, immediate serious incapacitation or incapacity to
escape.

- The victims in the hot zone show symptoms and are not ambulant
- Possibility of direct contact with agent in liquid form

- The victims in the hot zone show symptoms and are ambulant
- Possibility of contact with agent in liquid form

To be used when

- Maximum protection is required against chemical
agents in gas/vapour or liquid form

- Identity and/or concentration of chemical agent is
unknown. In the event of suspected high risk of
exposure to high concentrations of vapour or gas
with noxious results for the skin, level A protection
should be used.
- The physical-chemical characteristics of the agent
prevent the use of protective breathing apparatus
with filter device (level C)
- The concentration of the agent is higher than or
equal to the IDLH concentration and protective
breathing apparatus with filter device (level C) cannot
be used
- The air contains less than 19.5%b oxygen and
protective breathing apparatus with filter device (level
C) cannot be used

- The identity and concentration or the agent are
known and do not exceed the IDLH and air contains
at least 19.5% oxygen 

- Must not be used in chemical incidents

Classification of the levels of personal protection against hazardous chemical substances issued by the Environmental Protection
Agency EPA23,24

Standard of protective ensembles for chemical/ biological terrorism incidents from the National Fire Protection Association,
NFPA26
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of the American Society for Testing and Materials (ASTM).
However, it must be taken into account that real life working
conditions will yield values that are different to those obtai-
ned from laboratory tests when assessing risk48. Such values
can help to compare materials, always bearing in mind that
they have been obtained under controlled testing conditions

set forth by the ERs or the ASTM regulations. In reality the
suits, gloves and footwear lose efficacy through use. The con-
tact with the ground, the flexure and stretching of the gloves
and footwear reduce the thickness in the affected areas, thus
reducing protective capabilities48-51. Temperature may also af-
fect the PPEs properties. For instance, standardized testing

Figure 1. Levels of personal protection against hazardous chemical substances according to the US
Environmental Protection Agency23,24.

TABLE 2. Classification of personal protection equipment (PPE) against chemical agents (cont.)

Type

1

2

3

4

5

6

Characteristics of protection

Airtight wear with breathing air supplye

Non-airtight wear with breathing air supply

Wear with watertight seams

Wear with spray-tight seams

Wear with protection against solid particles

Wear offering limited protection against liquid chemicals 

Types of protection ensembles against chemical products according to European Regulations (ER)40-44

aThe EPA recommends, as an alternative, the use of insulating breathing protection with self-contained compressed air supply on demand. This
makes it cumbersome and impractical for intervention in chemical terrorism incidents.
bThe EPA establishes an oxygen concentration of 19.5% as the threshold for deciding on the use or not of breathing apparatus fitted with a filter
device, whereas the European regulations set this limit as 17%.
cFor each category a series of permeation and penetration tests of chemical warfare agents have been carried out, with agents such as sarin gas,
VX, distilled yperite and lewisite, as well as various industrial chemicals.  
dNo breathing protection equipment requirements have been established for any of the 3 classes
eThey can simultaneously wear breathing protection equipment within the suit (type 1a), outside the suit (type 1b) or a connection with a breathable
air tube (type 1c). There are type 1a and 1b emergency protection suits, 1a-ET and 1b-ET, respectively, with special requirements45.
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TABLE 3. Types of filters for gases according to the European Regulations (ERs)27,28

aA,BE and K filter types are classified according to capacity into class 1 (low capacity), class 2 (medium capacity)  and class 3 (high capacity). The
capacity test according to the ER uses different saturation concentrations according to the class of filter.
bMultiple filters are those with combinations of two or more types (excluding SX type).
cCombined filters are those which also incorporate a particle filter (eg. ABEK 1-P3).  The air always passes first through the particle filter.  The co-
lour code should include white pertaining to the particle filter (P).

Typea,b,c

A

B

E

K

AX

SX

Special filters:
NO-P3
Hg-P3

Use

Against certain organic gases and
vapours with boiling point >65oC

Against certain inorganic gases and
vapours

Against sulphur dioxide and other acid
gases and vapours 

Against ammonium and organic
ammonium derivatives

Against certain organic gases and
vapours with boiling point �65oC

Against specific gases and vapours

Against nitrogen oxide
Against mercury

Colour code (marked)

Brown

Grey

Yellow

Green

Brown

Violet

Blue-white
Red-white

Special features

Non-reusable or single-use filters 

Information should indicate chemical product names
and maximum concentrations for which filter is
efficacious 

Includes high efficacy particle filter (P3)
Non-reusable or single use filters
Maximum length of use of 50 hours

Figure 2. The intervening
personnel to first enter the area
where the chemical incident has
taken place must wear the
maximum possible protection,
including self-contained
breathing equipment.  Once the
identity and concentration of the
agent is known, as well as the
oxygen concentration level, the
level of personal protection may
be reduced. The picture shows
an NBC defence unit carrying out
a reconnaissance mission in
Iraq. They were fortunately
wearing level A protection with
self-contained breathing devices
when the nitric acid (used as a
propellent in some Iraqi missiles)
was leaked.  If personnel had
been wearing military NBC
masks they would have possibly
already been intoxicated, as
nitric acid is not adsorbed by the
activated carbon in the NBC
mask filters.
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temperature for determination of resistance to permeation
(breakthrough time) by chemicals of protective gloves is
23ºC52 and it has been observed that the temperature on the
inside of the glove increases with body temperature53. It has
been concluded that changes in the outer and inner temperatu-
re of a glove lead to significant changes in penetration and
permeation times of gloves made of different materials and
exposed to different chemical substances53. A well-known
example in the field of toxicology regarding the importance of
expert interpretation of the properties of protective materials
has been the death of Dr. Karen E. Wetterhahn in 1997 when
“a few drops” of dimethylmercury fell on one of her gloves54

A poor assessment of risk and insufficient data or the protec-
tion offered by the glove manufacturers against this substance
led to this fatality. Butyl gloves and boot covers provide better
protection than those made of nitryl against ‘classical chemi-
cal warfare agents55, but in an attempt to obtain a better range
of protection against an unknown hazardous substance, the
US Army Center for Health Promotion and Preventive Medi-
cine (USACHPPM) recommends the use of butyl external
gloves of 14 milli-inches and internal nitryl ones measuring 4-
5 milli-inches56.

The use of PPE poses significant problems for the user.
The use of respiratory protective devices  may have pulmo-
nary repercussions (increase in the anatomical dead space, in-
crease in respiratory resistance- inhalation and exhalation, and
alteration of respiratory parameters), cardiovascular effects
(increase in heart rate, higher blood pressure and reduction in
capacity to resist physical exertion), psychological, dermal (in
contact areas and pressure points), postural (due to the weight
of the autonomous systems), ophthalmologic (reduction of vi-
sual field) and reduced auditory perception, impairing com-
munication31,57-72. The materials of the PPE hinder the good
functioning of the mechanisms of heat loss through the con-
duction, convection, radiation and, especially, the evaporation
of swee73-75. In a study carried out on the NBC PPE of the US
Army, it was observed that its use is matched with a 5.5ºC in-
crease in the WBGT (Wet Bulb Globe Temperature) index76,
used in the assessment of thermal stress77. The risk of thermal
strain is therefore increased with alternations in the central
nervous system due to the failure of the thermo-regulating
system, running the risk of death due to multiple organ
failure78. Lighter PPEs are available on the market, enabling
transpiration and which are resistant to certain ranges of che-
mical substances. PPE have also been developed with cooling
systems which, compared to conventional equipment with no
cooling, successfully reduce peripheral body temperature and
the speed of increase of central body temperature73,74. Military
NBC masks are fitted with a liquid ingestion system which

enables rehydration of the soldier79. Regarding the gloves, the
increase in thickness increases degree of protection but redu-
ces the person’s dexterity and agility: in the case of medical
personnel, for instance, when feeling a pulse, finding a vein
or intubing a person80-83. In these cases USACHPPM recom-
mends using 7 milli-inch butyl gloves on nitryl gloves, or
only 14 milli-inch butyl gloves.

Given the problems mentioned regarding the use of PPEs,
it is understood that only  personnel in good health who have
received appropriate training should intervene in incidents re-
quiring their use58,84-86, particularly when the use of autono-
mous respiratory  devices is requried31. In the USA, the Occu-
pational Safety and Health Administration (OS-HA) requires
minimum levels of training on PPEs for the personnel interve-
ning in hazardous substance incidents23. Moreover, it has been
shown that PPE training programmes increase efficacy of
use87. The correct use of a PPE also depends on good user fit-
ting and correct maintenance48. Manufacturers may, in some
cases, offer different sizes but special fitting is vital, as a
small maladjusted space may be enough to allow the entry of
contaminated air. Several tests exist to ensure the correct fit-
ting and airtightness of the masks31,88,89. Facial hair may reduce
the level of protection by increasing the risk of leaks if it
should get trapped in the airtight edges, that is, between the
face and the facial device84. Prescription eyeglasses should be
compatible with the respiratory protective devices but no tests
are necessary as this does not present a risk of leakage, that
is, a lack of airtightness31,86.

Ideally, the best PPE should be chosen according to the
identity and concentration of the chemical agent so as to ob-
tain good protection whilst allowing the user the highest pos-
sible degree of agility and mobility.  However, in the event of
a terrorist attack this may not be possible and, for logistical
and practical purposes, the storage of different PPEs for one
same user to use for each specific occasion would not be fea-
sible90.

CHEMICAL AGENT DETECTION AND
IDENTIFICATION EQUIPMENT

The main commercially available systems for detection
and identification of hazardous substances are based on enzy-
matic and colormetric reactions, ionic mobility spectrometry
(IMS), photoionization (PI), flame photometry (FP), gas chro-
matography-mass spectrometry (GC/MS), infrared spectros-
copy (IR) and surface acoustic waves (SAW)91. All these sys-
tems, regardless of the technology used, yield a number of
false positives and/or false negatives due to their sensitivity
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and selectivity92.  It is important that  the personnel using the
detection and identification devices understand how these
work and the possibility of yielding false responses. The phy-
sical and chemical properties and meteorology may affect the
response, so that only a good knowledge of the equipment
and chemical agents will enable interpretation of the results.
Alarms for false positives happen when the equipment indica-
tes the presence of the chemical agent, when it is in fact ab-
sent. A false positive can occur for a number of reasons, de-
pending on the basis for the technique used.  For instance,
any compounds containing phosphorous and sulphur, such as
some insecticides, could yield false positives in warfare hazar-
dous substance detectors based on FP, as FP detectors respond
to any compounds contained in phosphorous and sulphur (Fi-
gure 3a). False negatives happen when the equipment does
not respond in the presence of the chemical agent (Figure 2b).
Like false positives, a false negative can be the result of diffe-
rent factors depending on the technique used: low sensitivity,
changes in meteorological conditions, humidity, interference
of chemical substances, a limited number of chemicals in the
recognition library or algorithmic deviations. All equipment is
usually designed to achieve a balance between false positives
and false negatives, in an attempt to reduce errors to the mini-
mum, although this may have some limitations in practice. In
a terrorist attack false positives lead to the unnecessary use of

PPE which reduce the operative capacity of the intervening
personnel. However, false negatives are even more dangerous,
as they may lead to exposure of the personnel to the chemical
agent. This is why false positives are less problematic than
false negatives in the detectors used by the first personnel on
the scene92,93.

The lessons learned from the Aum Shinrikyo attacks in
Japan include the importance of false positives in a real life
scenario.  The Tokyo firefighters initially reported a conven-
tional explosion in the underground, only to report an hour la-
ter on an incident involving acetonitryl, which was eventually
found to be a false positive in their detector equipment11,12.  It
was not until 3 hours after the attack that the police was able
to detect sarin gas via GC/MS. Fortunately medical personnel
had already begun administering the appropriate antidotal tre-
atment based on the clinical signs of the intoxication such as
miosis, rhinorrhea and low levels of blood cholinesterase.

In 1986 some 48 Iranians intoxicated with yperite (mus-
tard gas) were transferred to London for treatment. On arrival
they were monitored at the airport with IMS equipment and 5,
who had been exposed to yperite 6-8 days before, yielded a
positive result for yperite. The reason was an equipment  false
positive94, as yperite, due to its rapid absorption and reactivity,
is not detected 30 minutes after dermal contact95.

Detection also plays an important role in decontamination
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Figure 3a. Example of a false positive, Dimethyl sulphoxide (DMSO) is a commonly used  organic sol-
vent.  Its structure, like that of yperite, includes a sulphur atom. The detection equipment in the pic-
ture is based on flame photometry and responds to any substance containing sulphur or phosphorous
in its structure, yielding a false positive of warfare vesicant agent in the presence of DMSO. Figure
3b. Example of a false negative. At low temperature, the steam pressure of the yperite is reduced
and the detector in the picture, based on ionic mobility spectrometry, is unable to detect it, yielding
a false negative.












