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SCIENTIFIC REVIEW

Toxic Industrial Chemicals (TICs) – Chemical Warfare 
Without Chemical Weapons
Summary

Toxic Industrial Chemicals (TICs) – Chemical Warfare
Without Chemical Weapons

Over the second half of the 20th century, numerous chemical 
incidents have threatened civil populations and the environment 
in several parts of the world. Hazardous properties of industrial 
chemicals range from explosive or highly flammable to corrosive 
or poisonous. Their toxicity is much lower than that of chemical 
warfare agents. However, even simple common chemicals can be 
extremely hazardous when released into the environment in large 
amounts. Hazardous material incidents may be either the result 
of transportation-related accident or release, or generated from 
a fixed site by deliberate or accidental causes or natural disasters, 
including fire, flood, storm or earthquake. On the other hand, a 
number of military actions against chemical plants and 
installations clearly showed that “toxic warfare” or “chemical 
warfare without chemical weapons” is possible. The dual-use 
potential of chemicals certainly attracts the attention of terrorist 
organizations because they are more available, less securely 
protected, easy to access and handle or disperse, and less costly 
compared to classical warfare chemicals. Hence, industrial 
chemicals may provide terrorists with effective, readily accessible 
materials to develop improvised explosives, incendiaries and 
poisons. An attack of a chemical plant by terrorists or regular 
military forces has the potential to expose responding personnel 
as well as the surrounding civil population to many different 
kinds of chemicals at once, and the result may be highly destructive. 
Awareness and recognition of potential threats of industrial 
chemicals are the first requirements to mitigate and prevent their 
public health hazards. The need for preparedness via knowledge, 
equipment, emergency planning and exercise; implementation 
and reinforcement of legislations; and establishment of a leading 
and coordinating foundation must be emphasized, and their 
materialization must be supported by all parties, including 
academia, industry and government.
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INTRODUCTION

It is now increasingly evident that a new kind of 

warfare is emerging in the world.  Conventional 

warfare and battlefields are left behind, and despite 

the existence of various examples of unconventional 

warfare applications, particularly in the second half 

of the 20th century , the 21st century seems to becoming 

a more intense era of unconventional-asymmetric 

war. The extent of the new warfare is now much 

wider than generally recognized.

HISTORY and TOXIC WARFARE

It is a fact that the history of chemical and biological 

weapons (CBW) is as old as the history of mankind. 

They were used by various means over the centuries. 

The use of decaying animal carcasses to contaminate 

wells goes back over 2,000 years. Bodies of plague 

victims were catapulted into cities under siege to 

cause sickness and death in the Middle Ages. Blankets 

contaminated with smallpox were given to Native 

American tribes to decimate their ranks during the 

French and Indian War. The issue gained a more 

organized feature in the early 20th century and mod-

ern chemical warfare began on a significant scale in 

1915 during World War I. While hundreds of thou-

sands of soldiers died as victims of gases like chlorine, 

phosgene and mustard in battlefields in Europe, the 

history of modern biological warfare also began in 

the same period. During the invasion of China, the 

Japanese conducted biological weapon experiments 

on ethnic Chinese and captive soldiers of the Allied 

Forces. Later, applications of chemical weapons were 

mainly against unprotected peoples. CBW were not 

used in combat during World War II; however, in 

Nazi gas chambers possibly millions were killed by 

exposure to poisonous chemicals including cyanide 

compounds, and the war was ended by a nuclear 

bombing. In spite of ongoing efforts to reduce or 

prohibit unconventional warfare, the period after 

World War II witnessed a growing interest in weapons 

of mass destruction (WMD), and there are many 

examples of applications in conflicts in many areas 

of the world (1,2). The threat and fear of terrorism 

today have the same potential components.

Until recently, the definition of WMD has included 

nuclear, biological and chemical (NBC) weapons. 

Now, however, the coverage has been extended by 

inclusion of radiologicals, and the term CBRN was 

adapted. However, today’s concern is not limited to 

classical CBRN war and/or terrorism. In other words, 

the sources of CBRN are not only the misuse of mili-

tary means or the production of one’s own CBRN 

weapons, but also the deliberate or unintentional 

release of toxic industrial chemicals (TICs), which 

have great potential of hazard and even mass destruc-

tion capability. This type of threat is specific for the 

20th century and onwards, recognition is relatively 

new , and although it is generally underestimated, the 

terms “toxic warfare” or “chemical warfare without 

chemical weapons” are now frequently used to refer 

to the threat potential of TICs (3,4). 

TOXIC INDUSTRIAL CHEMICALS

Industrial chemicals have become an integral part of 

daily life in modern societies following the industrial 

revolution that started after World War II. They are 

developed and used for peaceful conditions and to 

improve quality of human life, and exist in numerous 

qualities and quantities. A TIC is defined as any 

substance that is produced and used by industry for 

various purposes and that, because of its chemical, 

physical or biological properties, poses a potential 

risk for life, health, the environment, or property 

when not properly contained (5). Median lethal tox-

icity of TICs is 10-100 times lower than the classical 

chemical warfare agents, but their availability in 

quality and quantity is much higher. While the most 

frequently used chemical warfare agents number 

about 70, approximately 70,000 TICs are produced, 

used and stored in large amounts and circulated 

around us by hundreds of thousands of vehicles, 

and/or they enter our environment as toxic wastes 

(6). Therefore, the likelihood of exposure to them in 

large amounts is relatively high.

TOXICITY vs HAZARD

A toxic substance is any agent capable of producing 

a deleterious response in a biological system, seriously
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injuring function or producing death. Toxicity is, thus, 

defined as the capacity of the substance to produce 

injury, and is related with the chemical structure and 

physico-chemical properties of the agent. However, 

toxicity is not a quality or quantity that can be defined 

as an “all or none” phenomenon. Every known chem-

ical has the potential to produce toxicity if present in 

a sufficient amount (7).

Hazard, on the other hand, is the likelihood that injury 

will occur in a given situation or setting. It includes 

considerations of both inherent toxicity and circum-

stances specific to exposure. In other words, it is the 

function of intrinsic toxicity of the substance and the 

degree of exposure, including dose, time and route. 

Therefore, depending on the conditions under which 

it is used, a relatively nontoxic chemical may be more 

hazardous than a very toxic one (7). Gasoline is a 

good example of how a single material can be safe, 

hazardous or dangerous depending on the circum-

stances. It is considered safe in the fuel tank of a car. 

However, if it is spilled when pumping gas, a flam-

mability hazard exists, and depending upon the con-

centration, a skin and breathing hazard could also 

exist. A  spill of gasoline in a basement is very danger-

ous and could result in serious injury from breathing 

of toxic fumes, displacement of oxygen, or explosion.

Today, over 11 million chemical substances are known 

to mankind, 60,000-70,000 of them are in regular use, 

and between 200 to 1000 chemicals are produced in 

quantities in excess of one ton annually. New chemi-

cals are entering the market at a rate of 600 per month, 

which means that some 7,000 new entities are entering 

our environment annually (6). The consumption of 

fertilizers, weed killers and insecticides is in very 

large quantities in agricultural areas, most of them 

are highly toxic, and according to the principles of 

nature’s self-control, increasing amounts of pesticides 

are needed to obtain the same performance. More 

than a billion tons of hazardous chemicals are moved 

each year around the world via motorways and rail 

and pipeline systems. In the USA alone, about 10 

million tons of material with toxic inhalation hazard 

are shipped by railway every year, while 3.1 billion 

tons of hazardous materials are shipped annually by 

all modes of transportation (8). Hence, uncontrolled 

releases of TICs/hazardous materials may occur at 

any time, anywhere and impact water, air, life, land 

or a combination of them.

CLASSIFICATION and REGULATION of DAN-

GEROUS SUBTANCES  

Regulation of dangerous substances in the European 

Union is based on the Directive 67/548/EEC on 

Dangerous Substances (9). The European Inventory 

of Existing Commercial Chemical Substances (EI-

NECS), which lists and defines those chemicals that 

are deemed to be in the European Community (EC) 

market between 1971-1981 and for which the pre-

marketing notification provision of the EC Directive 

does not apply, contains 100,204 chemicals. According 

to the European List of Notified Chemical Substances 

(ELINCS), which currently contains 4,381 substances, 

the number of notifications is 300-400 per annum, 

referring to the entrance of about 250-300 new sub-

stances per annum to the EC market (10). Currently 

there are 15 classes of danger in the Directive, includ-

ing “explosive”, ”flammable”, “oxidizing”, 

“corrosive”, “very toxic”, “carcinogenic” or 

“dangerous for the environment”. Furthermore, the 

term “hazardous substance” implies substances hav-

ing one or more hazardous properties. Annex I to the 

Directive, which is the published list of substances 

with a harmonized classification and labelling, cur-

rently contains approximately 2,700 existing and 1,100 

new substance entries covering approximately 8,000 

substances (9,10).

In the USA, there is a law called “Emergency Planning 

and Community Right-to-Know Act” (EPCRA) that 

was passed in 1986 in response to concerns regarding 

the environmental and safety hazards posed by the 

storage and handling of toxic chemicals (11). Those 

concerns were triggered by the disaster in Bhopal, 

India in which more than 2,000 people died or suffered 

serious injury from the accidental release of methyl 

isocyanide (MIC) (6). To reduce the likelihood of such 

a disaster, the US Congress imposed requirements 

for federal, state and local governments, Indian tribes 

and industry regarding emergency planning and
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“Community Right-to-Know” reporting on hazardous 

and toxic chemicals. The chemical industry was re-

quired to evaluate their facilities with respect to risk 

of and vulnerability to a terrorist attack, increase plant 

security accordingly, and change production methods 

in an attempt to monitor use of toxic chemicals. 

EPCRA has four major provisions: 

 i.	 Emergency planning                       

 ii.	Emergency release notification

 iii.	Hazardous chemical storage reporting require-

ments

 iv.	Toxic chemical release inventory 

Information gathered by these four requirements 

helps to increase the public’s knowledge and access 

to information at individual facilities regarding their 

uses and releases into the environment, and thus, to 

develop a broad perspective of chemical hazards. 

There are four groups of chemicals subject to reporting 

under this act and EPCRA’s “Consolidated List of 

Lists” includes the threshold planning quantities 

(TPQ) (minimum limits) for each substance (12): 

1. Extremely Hazardous Substances (EHS):  Includes 

356 substances with high acute toxicity, and it is 

considered that “the release of any substance which 

causes death or serious injury because of its acute 

toxic effect or as a result of an explosion or fire or 

which causes substantial property damage by blast, 

fire, corrosion or other reaction would create a pre-

sumption that such substance is extremely hazardous". 

TPQ: 0.5-5 tons on site at any one time.

2. Hazardous Substances: Includes >1,000 substances. 

Reportable quantity 0.50-2.5 tons, released in a 24–hour 

period.

3. Hazardous Products: Inventories of these chemicals 

and material safety data sheets for each must be 

submitted if they are present at any chemical facility 

in certain amounts (0.2 tons of EHS and 5,000 tons 

for other chemicals on site at any one time).

4. Toxic Chemicals: Includes 650 toxic chemicals and 

categories that appear on the list because of their 

chronic or long-term toxicity (12,000 tons per      year 

manufactured or processed; 5,000 tons a year used),

 EPCRA allows civil and administrative penalties 

ranging up to $10,000- $75,000 per violation or per 

day violation when facilities fail to comply with the 

reporting requirements. Criminal penalties up to 

$50,000 or 5 years in prison apply to any person who 

knowingly or willfully fails to provide emergency 

notification. Penalties of not more than $20.00 and/or 

up to one year in prison apply to any person who 

knowingly or willfully discloses any information 

entitled to protection as trade search (12).

NATO International Task Force-25 (ITF-25) identified 

the potential use of TICs as weapons in a report 

entitled “Hazar d for Industrial Chemicals: Reconnais-

sance of Industrial Hazards” (13). ITF-25 considered 

that for a given chemical to present a hazard in a 

military situation, the chemical must be present in 

sufficient quantity in the area of concern, must exhibit 

sufficient toxicity by inhalation, and must normally 

exist in a state that could give rise to an inhalation 

hazard. Thus, NATO ITF-25 ranked chemicals not 

only based on the toxicity, but according to a “hazard 

index” reflecting such factors as volume of the chem-

ical’s production and storage, toxicity, and vapor 

pressure. The number of the listed chemicals is ap-

proximately 100, and most of them are those chemicals 

that are readily found in households and industrial 

facilities, such as paper mills, waste management 

facilities, research labs, and plastic manufacturers, 

etc. The list includes those TICs that are produced in 

quantities higher than 30 tons in a single facility, the 

toxicity (LCt50 inhalation) of which are lower than 

100 g/min/m3, and that have appreciable vapor 

pressure at 20ºC. Those chemicals categorized as 

“High Hazard TICs” are widely produced, transported 

and stored, and have high level of toxicity and vola-

tility (Table 1). “Medium Hazard TICs” covers those 

substances that are produced in large amounts, have 

high toxicity, but do not readily vaporize. Chemicals 

that are not considered as a threat under normal 

circumstances and are not likely to be used as terrorist 

weapons are ranked as “Low Hazard TICs” (Table 

2).
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RELEASE and HAZARD OF TICs

TICs can be released into the environment by any of 

the following means:

1. Unintentional operational releases 

2. Industrial accidents/ transportation accidents

3. Deliberate acts of enemy forces or terrorists (toxic 

    war/terrorism)

4. Natural disasters (fire, flood, storm, earthquake)

If TICs enter into the environment in large amounts, 

they will pose a substantial threat to both civil popu-

lations and military forces and may cause large scale 

human losses and economic damage. Natural disasters 

in the form of fire, flood, storm or earthquake may 

result in catastrophes with the release of TICs in huge 

amounts, particularly in territories where prepared-

ness, planning and emergency response are lacking 

(6,14). An attack on a chemical plant by terrorists or 

regular military forces has the potential to expose 

responding personnel as well as the surrounding civil 

population to many different kinds of chemicals at 

once. Those hazards and risks are in many ways 

different from those resulting from use of chemical 

warfare agents. Battlefield use of military chemicals 

is directed at the military force, whereas military 

attacks against an industrial facility could be intended 

to destroy that capacity, to reduce fighting capability 

of a nation during war and to cause economic damage 

(15). However, the secondary effects, not necessarily 

designed, could be civilian casualties and environ-

mental damage. Such an attack is not a new phenom-

enon and there are clear evidences that during the 

World War II, a number of raids were conducted by 

the Allied Forces against chemical plants in Germany, 

as well as in Japan (2,16). Recent examples have also 

been witnessed during the dissolution of former 

Yugoslavia in 1991-1995 (17). On the other hand, 

today, it is a fact that both local and global terrorism 

are threatening all states and nations, and although 

terrorist groups’ attention has become focused on 

acquisition or production of their own CBRN weap-

ons, sabotaging industrial facilities or targeting dis-

tribution systems cannot be overlooked since those 

actions are less expensive and much easier to accom-

plish. 

Industrial accident is defined as unexpected and 

unwanted events caused by spilling out of hazardous 

substances in the course of production, storage or 

transportation. They occur unexpectedly, unpredict-

ably (regarding location, time, type of danger, atmo-

spheric conditions, scale, and consequences) and fast, 

and any combination of these makes the event more 

complex and demanding. A typical example showing 

the threat potential of the accidental release of TICs 

and dimensions of a chemical plant accident and its 

outcomes is the Bhopal, India event (6,18). During 

the night of December 2-3, 1984, the world’s worst 

industrial accident took place in the city of Bhopal, 

at a pesticide-manufacturing factory, owned by the 

US-based multinational Union Carbade. Approxi-

mately 40 tons of toxic gas, namely MIC, leaked from 

the plant into the surrounding densely populated 

area. The gaseous cloud caused immediate lung and 

eye problems. Estimates of the mortality and morbid-

ity in the aftermath vary. Greenpeace reported that 

16,000 died and half a million were injured (18). In

Table 1.	 High hazard toxic industrial chemicals 			
(TICs) *

TISSUE IRRITANTS

Ammonia

Boron trichloride

Fluoride

Formaldehyde

Phosphorus trichloride

Phosgene

Hydrogen bromide

Hydrogen chloride

Chlorine

Nitric acid

Sulfur dioxide

Sulfuric acid

 *from NATO ITF-25 (13)

SYSTEMIC POISONS

Arsine

Boron trifluoride

Diborane

Ethylene oxide

Hydrogen fluoride

Hydrogen sulfide

Carbon disulfide

Cyanide

Tungsten hexafluoride

Table 2.	 Medium and low hazard toxic industrial 		
chemicals (TICs) *

Medium Hazard TICs

Acrolein

Nitrogen dioxide

Ethylene dibromide

Phosphine

Hydrazines

Carbon monoxide

Methyl bromide

Methyl isocyanate

Stibine

*from NATO ITF-25 (13)

Low Hazard TICs

Arsenic trichloride

Bromine

Nitric oxide

Parathion

Tetraethyl lead

Toluene 2,4 diisocyanate
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other sources, the number of the deaths varies from 

2,800 to 3,800, with between 50,000 to 150,000 people 

injured and debilitated and 1,400 immediately hospi-

talized, and the incident caused widespread panic in 

the 5 million local residents (6). The predominating 

ocular syndrome is now known as “Bhopal eye 

syndrome” (18). It is believed that there is a growing 

list of chemical contamination episodes today, but 

none of which can be compared to the Bhopal accident. 

The reason for this accident’s far-reaching dimension 

is that the first aid was not sufficient, medical support 

and research were delayed, and knowledge about 

MIC was poor. Today, critics argue that there has been 

no systemic effort to document the medical and social 

impacts of the disaster. Last, but not least, the long-

term effects of the gas leak on the environment seem 

to be forgotten. One good thing, however, is that after 

the Bhopal incident, the chemical industry recognized 

a need for better protection of hazardous substances. 

TOXIC WARFARE / TOXIC TERRORISM

 TICs are used in war or terrorism for various goals, 

such as incapacitation of or damage to the opponents, 

destruction and/or contamination of military or ci-

vilian infrastructures, generation of fear and panic, 

and for acquisition of tactical and psychological ad-

vantages. While contamination of public food or water 

supply with hazardous substances has been a readily 

and frequently used method of toxic war or terrorism 

over the centuries, threatening military and public 

food and water resources, directly or indirectly, is still 

possible at any time, and therefore demands contin-

uous and vigorous attention and protection. Various 

properties of TICs (Table 3) are favorable and various 

reasons make them the terrorist’s weapons of choice:

1. Toxicity of TICs is much lower than those of classical 

warfare agents, but the risk/hazard they produce is 

much higher due to the release of higher amounts.

For example, based on the “Immediately Dangerous 

to Life and Health” value (IDLH), the nerve agent 

Sarin (GB) is about 100 times as toxic as MIC, the 

causative agent in the Bhopal incident. However, if 

we compare the lethality potential of MIC released 

from a storage tank of ~200,000 kg, with the potential 

quantity involved in a 2-battalion volley of 155 mm 

GB (18 guns, 36 rounds, ~ 3 kg agent per round, which 

is equal to ~106 kg GB), we can realize that the MIC 

has a potential lethality almost 19 times 	g r e a t e r  

than that of the GB attack (200,000 kg MIC/ (106 kg 

GB x 100) = 18.8) (16).

2. Several factors limit the use of chemical weapons 

by many terrorists, including controlled access to 

precursor chemicals, difficulty and danger in produc-

ing the agent and developing the proper delivery 

systems, and security surrounding chemical agent 

stockpiles. Nevertheless, TICs are much easier for 

terrorists to obtain, manufacture, handle and deliver 

because they are produced in large amounts, widely 

available, less costly and stored and/or transported 

under relatively less secure conditions.

For example, chlorine is the first chemical warfare 

agent used during World War I and it caused mass 

casualties (1). It is a powerful irritant to the eyes and 

both the upper and lower respiratory tract. However, 

it is widely used by a large number of industrial-

process facilities in the manufacture of chemicals, 

plastics, and paper, and is commonly used in water 

treatment plants, swimming pools and laboratories 

(6,7). Accidental or intentional release of chlorine into 

the environment can cause lethality of a large number 

of people in a very short time (<30 minutes). In fact, 

numerous industrial exposures have been reported 

to produce a large number of injuries. Estimations 

have shown that a chlorine cloud emanating from a 

ruptured railcar either by an attack or accident can 

move 3 km in 10 minutes and produce a cloud of 

deadly gas stretching over 20 km (19,20). A  simulation 

study showed that if an attack occurred during a 

celebration or political event in the USA in a setting

Table 3.	 Comparison of toxic industrial chemicals 		
(TICs) with conventional chemical warfare 	
(CW) agents

TICs 

Not designed for warfare

Have low toxicity, inexpensive

Available legally and in high volumes

Accessible

Difficulty in detection

Can be effective without lethality

Have acute and/or chronic effects

CW AGENTS

Purposely designed for warfare

Have high toxicity, expensive

Produced and stored under high security

Lack of accessibility

Have established detection methods

Designed to create casualty

Primarily acute effects
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similar to the Capitol Hill area in Washington, DC, 

people could die at a rate of over 100 per second and 

up to 100,000 people would die within the first 30 

minutes. The likely economic impact would be over 

$5 million. Hence, the total outcome was calculated 

to be far exceeding that of the September 11 event. It 

is also estimated that even under less-crowded con-

ditions, an attack in an urban area in the US would 

result in 17,500 deaths, 10,000 severe injuries and 

100,000 hospitalizations (19). 

Ammonia, a common refrigerant for skating rinks, 

produced and stocked in large amounts in cooling 

facilities and tanks, has the same range of hazard 

potential as chlorine. It is a toxic gas that can be lethal, 

and turns highly combustible when mixed with oil. 

Common ailments associated with exposure to am-

monia include nose and throat irritation, convulsive 

coughing, severe eye irritation, and respiratory 

spasms. If a town is located 1 km away from an 

ammonia manufacturing facility, where 63 tons of 

ammonia have been spilt from the main transfer 

pipeline, 80% (or 50 tons of chemical) will immediately 

form a cloud made of aerosols, ammonia vapor or 

drops. If a wind is blowing towards the town with a 

velocity of 2 m per second, the cloud with a hazardous 

concentration will reach the town in less than 10 

minutes. The first couple of minutes represents the 

line between life and death, and demands a real-time 

emergency response (21).

Chlorine and ammonia top the list of chemicals that 

most frequently create accident risk, followed by the 

chemicals propane and butane (6). The threat that 

could be produced by jet fuel tanks in airports, fuel 

oil refineries and pipelines, gas stations and storages, 

and transportation vehicles, on the other hand, can 

be greater than one could ever imagine.

3. Terrorists¢ use of some TICs can cause panic and 

chaos without lethal effects; in fact, their goal may be 

not to immediately kill/incapacitate civilians, as in 

the case of classical chemical warfare agent use, but 

to instill fear and cause mass suffering over a period 

of time.

4. The potential variety of materials makes TIC detec-

tion very difficult; however, relatively simple detection 

and identification equipment and methods have been 

developed for the known chemical warfare agents. 

On the other hand, military protective filters are 

optimized against chemical warfare agents while 

many hazardous materials are not very well filtered.

DISCUSSION and CONCLUSION

Awareness and recognition of potential threats of 

TICs are the first requirements to mitigate and prevent 

public health hazards resulting from exposure to them 

by any of the above-mentioned means. This task 

should be carried out by a central authority that 

determines the fundamental measures and procedures 

and coordinates the country-wide applications con-

cerning risk analysis and assessment, planning, pre-

paredness and response in case of an emergency 

involving TIC exposure. Measures and principles 

would be specific to each territory, each region and 

each social or administrative unit; therefore, proper 

guidance and coordination should be undertaken by 

a specific governing body. General and local tasks 

should include identifying and prioritizing potential 

threats and local sources of chemicals, establishment 

of inventories, recording and reporting systems, prep-

aration of toxicity profiles and databases, research 

and information gathering, emergency response plans 

for accidental or deliberate exposures or natural 

disaster events, and training exercises.

Turkey imports approximately 7-8 million tons of 

chemicals per year. Meanwhile, she exports 1.5-2 

million tons of chemicals annually (22). This shows 

that the chemical industry in Turkey depends on the 

chemical products produced in foreign countries. 

However, contrary to the relatively low economic 

significance of the chemical industry at present, Turkey 

has been one of the fast-growing countries in which 

chemical industry plays a critical role. As pointed out 

by an earlier UNIDO report, the most important issues 

in managing the safety and risk of industrial chemicals 

in the country are (22):

1. The registration process for TICs in Turkey still 

does not require detailed data as required in developed
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countries.

2.  Implementation of regulations on chemicals is not 

well coordinated among the concerned ministries 

and experts in the field to create science-based pro-

cesses and to make proper risk assessments, though 

academic capacity is sufficient to enlighten the prob-

lems.

3. On-site monitoring systems for the early warning 

of chemical accidents and incidents should be put in 

operation (22).

The earliest legislation in Turkey on human and 

environmental health is the Law of Public Health 

(Code 1593) that sets the main principles for the 

protection of humans and environment. A specific 

Environment Law (Code 2872) came into force in 

1983, and for its implementation several regulations 

have been put into action including Pollution Preven-

tion, Control of Air Quality, Noise Control, Water 

Pollution Control, Solid Waste Control and Hazardous 

Chemical Substances and Products. The latter regu-

lation provides the framework for the determination 

of programs, policies and principles regarding the 

control of dangerous chemicals in terms of production, 

packaging, storage, labeling and handling. Recently, 

a draft of a regulation on the control of major industrial 

accidents has been prepared (23). Individual classes 

of chemicals are regulated by different ministries; 

however, there is no exact data on the amount, names, 

toxicological significance, and sites of chemical pro-

duction, distribution, use and transport in Turkey. 

While the Ministry of Health is responsible for con-

trolling the production, marketing, registration, and 

control of pharmaceuticals, cosmetics, food additives, 

and household pesticides; the Ministry of Agriculture, 

Forestry, and Rural Affairs is responsible for control-

ling the same criteria for agrochemicals; the Ministry 

of Environment is responsible for general industrial 

chemicals; and the Ministry of Labor is responsible 

for the protection of workers from the hazardous 

working environment. However, due to the inter-

disciplinary, inter-ministerial, inter-sectoral and inter-

departmental nature of the issue of potential threats 

of TIC, a high level of coordination is needed. As a 

first step, we suggest that a foundation like the Agency 

for Toxic Substances and Disease Registry (ATSDR) 

in the United States (24) should be established with 

specific responsibilities for evaluating the risks of 

environmental hazardous substances and for devel-

oping and disseminating information. This foundation 

should work in association with related ministries, 

institutions and universities to play a leadership role 

in hazardous substance registration, chemical acci-

dent/chemical attack management, gathering and 

improvement of information, conduct of research, 

creation of databases for accidental, intentional inci-

dents or natural disasters, preparation of toxicity 

profiles, emergency response planning, and education 

and training. 

In conclusion, chemical terrorism is typically described 

as a “high probability” event, TICs represent one class 

of agents usable in a terrorist attack, and the threat 

potential of TICs cannot be underestimated. The 

necessity of preparedness via knowledge, equipment, 

emergency planning and exercise; implementation 

and reinforcement of legislation; and establishment 

of a leading and coordinating foundation must be 

emphasized and their materialization must be sup-

ported by all parties, including academia, industry 

and government.
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