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When the original proposal for the Calgary Olympics was made in the 1980's the Paskapoo slbpes ski hill looked good on 

paper, being in the City limits, a natural slope for a short ski jump event. What was also known but not advertised was 

the amount of potential winds and chinook winds across the hillside. 
I 

When the bid was won, to provide the reliable freezing potential of the ski jump facilities that were build, ammonia was 

chosen as the cooling compound. Even though it is a deadly chemical, it is one of the most effective and used materials 

for refrigeration. So in spite of the adjacent communities, and to mitigate the worst case sce'larios for warm weather, 

tons of ammonia hydrate was stored on this site and was used to cool the ski jump, bobsled and luge 

Industrial a_mmonia at 99.8% pure and according to the New York State Department of Health's "The facts about 
ammonia' paper- July 28th 2.004 : I 

How can people be exposed to ammonia? 

Most people are exposed to ammonia from inhi!lation ofthe gas or vapors. Since ammonia exists naturally and is also 

present in cleaning products, exposure may occur from these sources. The widespread use Of ammonia on farms and 
in industrial and commercial locations also means that exposure can occur from an accidental release or from a 

deliberate terrorist attack. 

Anhydrous ammonia gas is lighter than air and will rise, so that generally it dissipates and d9es not settle in low-lying 
areas. However, in ~he presence of moisture (such as high relative humidity), the liquefied anhydrous ammonia gas 

forms vapors that are heavier t.han c:tir. These vapors may spread along the ground or into lqw-lying areas with poor 

airflow where people may become exposed. 

What is ammonia's mechanism of action? 

Ammonia interacts immediately upon contact with available moisture in the skin, eyes, oral cavity, respiratory tract, 

and particularly mucous surfaces to form the very caustic ammonium hydroxide. Ammonium hydroxide causes the 

necrosis of tissues through disruption of cell membrane lipids (saponification) leading to cellular destruction. As cell 

proteins break down, water is extracted, resulting in an inflammatory response that causes further damage, 
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What are the immediate health effects of ammonia 
exposure? 

Inhalation: Ammonia is irritating and corrosive. Exposure to high concentrations of ammonia in air causes immediate 
burning of the nose, throat and respiratory tract. This can cause bronchiolar and alveolar edema, and airway 

destruction resulting in respiratory distress or failure. Inhalc;ltion of lower concentrations can cause coughing, and nose 
and throat irritation. Ammonia's odor provides adequate early warning of its presence, but ammonia also causes 
olfactory,fat:igu·e-or(adapt9tion, reducing awareness of one's prolonged exposure at low concentrations. 

:; :"t:·,"····,~ ·.·~ .. ~ . 
• . ...·r .~~:.. : ... , 

Children:·expO'sed ,fo1ttie·saine concentrations of ammonia vapor as adults may receive a larger ciose because they 
have greater lung sur,fac::e area-to-body weight ratios and increased minute volumes-to-weight ratios. In addition, they 

may be ex~6sed to higher concentrations than adults in the same location because of their shorter height and the 
higher t()ntentrations of ammonia vapor initially found near the ground. 

. ' 

Skh'U;r e~e contact:~Exposure to low concentratJons of ammonia in air or solution may produce rapid skin or eye 

irritation. Higher concentrations of ammonia may cause severe injury and burns. Contact with c;oncentrated ammonia 

solutions such as industrial <::leaners may cause corrosive injury including skin burns, permanent eye damage or 
blindness. The full extent of eye injury may not be apparent for up to a week after the exposure. Contact with 

liquefiec:l ammonia can also cause frostbite injury. 

Ingestion: Exposure to high concentrations of ammonia from swallowing ammonia solution .results in corrosive 
damage to the mouth, throat and stomach. Ingestion of ammonia does not normally result in systemic poisoning. 

How is ammonia exposure treated? 

There is no antidote for ammonia poisoning, but ammonia's e(fects can be treated, and most people recover. 

Immediate decontamination of skin and eyes with copious amounts of water is very important. Treatment consists Of 
supportive measures and can include administration of humidified oxygen, bronchodilators and airway management. 
Ingested ammonia is diluted with milk or water. 

Will laboratory tests assist in making treatment decisions if 
someone has been exposed to ammonia? 

Laboratory testing for 9mmonia exposure will not be useful in making emergency treatnient decisions. Medical tests 
that can detect ammonia in bloOd or urine are available. However, because ammonia is normally found in the body, 

these test results cannot serve as biomarkers of exposu_re. After exposure to low levels, ammonia is either rapidly 

cleared from the body or metabolized to compounds found endogenously at appreciable levels. Clinical indices of body 
ammonia or nitrogen levels after exposure to exogenous ammonia have shown no or minimal change from prior 

levels. Exposure to high concentrations is immediately and overtly toxic; generally providing an adequate basis for 

diagnosis. 

In other words exposure to a resulting cloud of concentrated ammonia from a leak would drift along the hillside as a 

cloud (winds tend to blow East towards the proposed development, or drift down into the valley into Bowness). 

Exposure to this cloud from any organic life results in a chemical reaction to the Water in that life such as lungs, causing a 

chemical reaction similar to a burn in which there is no cure. In high concentrations with a couple of breaths you drop in 

searing pain and quickly begin to die. If you happen to get rescued before you die you live with permanent burns 9S any 

fire burn victim (skin exposure even looks like a fire burn). 
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I have included a news release from the 11Time Colonist'' in which Karen Magnessen was exP,osed to an ammonia leak 

while in a skating rink in Vancouver and how a limited exposure ended her career and the c~nsequences to her health. 

I was living in Bowness when a small spill of liquid ammonia entered the drainage system a~d into the Bovmess lagoon, 

killing all the fish in the lagoon and flowing into the Bow River. The skating rink in Bowness Has also had a small 

ammonia leak. 1 

I have also included a copy of a report on terrorism in which the terrorists no longer have to:create their weapons, just 

exploit ones in which we hC!ve provided. 

There used to be a dynamite factory in SE Calgary when I was young. It existed in a valley W~E!re there was NO 

development at all for a mile in all dite<:tioris. It was a high security facility in which safety was paramount and only 

those choosing to risk their lives for a paycheck entered the grounds. As I remember there ~ere two accidents before 

they closed it in whi(;h people lost their lives. They knew the risks. 

What you have at .COP is the same deadly potential in which a group of enthusiasts seem to feel it is OK to expose 

existing neighbourhoods to risk for the sake of Olympic games and when that is over with the deadly substance on site 

arid in immense quantity, try and exploit the surrounding, relatively empty lands for further brofit. Not telling people 

they are living or shopping next to tons of deadly gas in which if there was a major leak they would most likely be 

severely injured or die. Trying to create high-rises and surrounding neighbourhoods in whichlpeopletake a risk even 

being anywhere near the facilities, never mind living next to them. 

At least with the dynamite factory common sense dictated NO SURROUNDING DEVELOPMENT. The plant can blow up 

and no one in their right mind wants to blow uP with it. 

With these people it seems to be the 11don't tell and everything will work out fine" attitude is! carrying them forward. 

I have also included a paper from an insurance perspective as far as what insurance can be obtained and the problems 

with insurance with industrial ammonia on site for skating rinks. If there was a major accident (I will include a paper on 

how many accidents have happened with this material) and the resulting lawsuits, when the qverseeing committee for 

the Paskapoo site declared bankruptcy, because the City of Calgary gave permission for such facilities to exist within City 

limits and further approved adjacent developments, would it not fall on the City to pay for any damages? Then When the 

City faltered under the weisht of such lawsuits would it not fall on the province to help with the damages? 

As a taxpayer I strongly object to any development that is close to this much tonnage of stored ammonia. 

Irrespective of traffic problems, visual pollution on the hillside, sound pollution (in Whith wheh COP has an event now it 

sounds like the loud speakers are in my backyard), potential shortcutting traffic through my c6mmunity, all of this pales 

against the safety issues. 

Now is the time to close the potential for any more density next to this facility, declare the surrounding lands for safety 

sake, uninhabitable, and buy the surrounding land as park. 

Ill thought out plans, hidden dangers, greedy landowners and an indecisive City council has brought us to this 

cir<:umstance. It is time to close the door to further development or remove the ammonia frorp this site. 

Yours sincerely 

Dan Laba 

8143 48th Ave NW 

Calgary Alberta 

T3B2A8 
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Ice Rink Insurance <<ALERT >>- Ammonia 
Incidents = New Case Law Removes Liability 
Insurance Coverage 

<<< 

• From: ''Aren~-Watch" <Arena-Watch at thenhl dot com> 
o. To: <binutils at sources dot redh~t dot com> 
o Date: Mon, 13 Jan 2003 06:48:02"-0500 
• Subject: Ice Rink Insurance << ALERT >>- Ammonia Incidents - New Case Law 

Removes Liability Insurance Coverage 
• Reply-to: "Arena-Watch;' <Arena-Watch at thenhl dot com> 

INSURANCE ALERT >>>> 
To be removed from this list, follow instructions at bottom. We honor all 
remove requests and are only sending this 
because your name was registered as an interested ·party. 

This is only a partial report. For a complete FREE REPORT by email in PDF 
format, respond with the wo~d "REPORT" 
in tl:le subject line. 

Because of several re.cent landmark legal decisions, ice rinks with ammonia 
systems will likely be denied any liability 
coverage for any damage, injury, or d~ath resulting from an artiriloriia leak 
regardless of cause. Basically, these new 
court rulings :j_n f<'!.V6:t of insurance providers mean those who own, operate, 
sell, or have stamped drawings as 
professional architects and engineers now do not have insurance coverage 
for claims resulting from an ammonia 
incident with mo$t standard liability or errors and omissions insurance. 
More information and actual case-law summaries, 
scroll down. 

Who Is Affected By Tl:lis Ruling Against Ammonia Leaks As A Non-Covered 
Insurance Cla.im? 

Imagine an N}iL arena with 16,000 fans having an unusual ammonia leak 
resulting in evacuation, potential injury, or 
even death and not having any insurance company to ward off the legal 
bills and medical claims. Imagine a community 
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recreational rink with several hundred people public skating 
sim:i),a:r event. Even if not one person were severely 
injured other than tl1.e need for oxygen or examination, their 
physiological or psYchological claims would hit our 

wjjth a 

rJsidual 
I 

industry without any insurance coverage. Without coverage, such, a claim 
could severely impact the deepest pockets 1 

of an entity like the NHL. The thought of being so exposed from a 
liability viewpoint is unthinkable. However, because 
of some recent events in the legal system, those with ammonia b~sed 
refrigeration systems and. typical liability 
:i,psu_rance policies now face this very situation. 

Based upori the precedencE,:! tested at State Supreme court levels, few 
businesses operating in or for the ice-rink i 

industry with ammonia refrigeration systems are covered. If, after reading 
this information, you are still an unbeliever, 
contact your insurance provider and ask for written confi:pnation of 
coverage. We wish these acts were not true as 
they could have an affect on many operators. After the call, you wl.ll 
become a believer fast and see why this is such a 
critical alert for the ice-rink industry. 

On Janug,ry 20, 1999, in Ducote v. Koch Pipeline, No. 98-CC-0942, a 
majority of the Lou:i,s:iana Supreme Court ruled 
that when ail insurS,nce policy contains an "absolute pollution e~clusion '!, 
"The plain language of the insurance 
contract precludes coverage for bodily injury o:r property damage arising 
from a polluting discharge ... :tegardle~s ot · · 

1 

whether the release was intentional o:t accidental, a one time event or 
part of an on-going pattern of pollution." 

To ru.n any business without liability insurance would be considE7red 
economic suicide. For those who have installed or I 

own ammonia-based systems you are naked from an insurance standpoint 
unless you irfuilediately purchase a 
+Pollution And Remediation Legal Liability (PA,RLL) policy. The frightening 
detail is that insurance providers say the 
PARLL policy will be extremely expensive if one can even obtain such a 
policy. The writer contacted representatives 
from K&K Insurance, Rice 
Specialty Insurance, and Richardson Insurance who all confirmed these new 
rulings to be an issue for those at risk · 
with a hazardous mater'ial incident such as ~ ammonia leak. 

What Changed With Ammonia Specifically And Why? 

With environmental claims providing probably the greatest ongoing exposure 
for any one type of claim in the history of ' 
the industry, it+s clear why insureds and insurers have employed eve:ty 
conceivable argument in their coverage I 

int.erpr~tation battiE;!s. Billions (some say a trillion) are at sthke, with 
the cover~ge results sometimes turning on how 
many justices p:refer one dictionary definition over another. To stave off 
future litigation, in tl)e mid 'so+s, insurers 

I 

removed the qualified poLlution exclusion from CGL policies andl crafted a 
hew +absolute pollution exclus:Lon. + While the 



intended purpose of t_he new exclusion was to m~n~m~ze litigation of 
pollution-related claims, the absolute pollution 
exclusion is now the most 1itiga,ted coverage issue. With the above noted 
case going to the supreme court level, with 
the ruling resulting in ammonia leaks not being covered, along with 
several other states equally ruling, it appears the 
debate over +Aimnonia Emitted From A Refrigeration System+ is over. Those 
of us in the ice-rink industry who have an 
ammonia system n:1ust reside th~selves to the fact that any future claim 
will likely be denied meaning they have no 
insurance to p:rotect them from one of the most high risk systems in their 
complex. 

Quoting one insurance provider who specializes in the ice-rink industry: 

+This is a maj·or issue. The insurance industry has changed 
dramatically since the 9-11 event. In the past, insurance 
companies may have settled small claims that they are simply 
unwilling to settle voluntarily today. No serious ice-rink claim has 
yet tested the insurance industry since the 9-11 tragedy. Given the 
recent ca,se law that ~pecifically excludes coverage for.+Aimnonia 
Emitted From A Refrigeration System,+ we as brokers canr:tot 
represent coverage under current General Liability Policie$. We 
also are concerned if the special insurance can be ol::>taint=d at all, 
and if so, it could double insurance rates for ice rinks.+ 

So, Who Is At Risk? 

Literally anyone associated, past or present, with a,n operating ammonia 
refrigeration system! Some n:iay say an 
ammonia refrigeration system is safe if properly installed in accoraar:tce 
with all code requirements. This insurance alert 
is not meant to open the debate on ammonia safety or risk. We all believe 
automobiles are considered very safe today, 
but who would own and drive one without having adequate insurance? No one! 

Why Artirttonia? Arhfnonia is classified as a highly tox_::i-c and highly hazardous 
by both the EPA and OSHA. It is 
regulated under the Hazardous Chemical Reporting Law for an:y complex over 
100 lbs which all ice rinks fall under. 
See the EPA Anunonia Alert at the end of this document for all the rigid 
requirements of legal ammonia use. Anunonia 
and the extreme governmental classifications and legal statutes governing 
its use provided an ample arsenal for the 
insurance providers to argue pollution exclusion with. For the legal cases 
to be argued all the way to the state (the 
supreme court in some cases) regarding ammonia claims, the fact of any 
ammonia claim being excluded has been 
tested. To date, three major cases have been argued. With each win for the 
insurer, the likelihood of policyholders for 
future claims becomes increasingly dismal. Based up·on the recent events, 
it is the opinion of top insurance experts that 
most claims for injury or damage from ammonia will be denied. 
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This meei_r_l.S if a worker, skater, patron, or community member is !killed, 
hurt, or makes elaim::; of long lasting medical J 

illness, the chance of having the insurance company fight any cilaim 
legally, much less payout on a claim, will not occur 1 

based on standard general liability policies. Even if a claim is without 
any merit by a disgruntled employee who simply , 
~mells a;rnmonia typical of some ammonia mechanieal rooms, all ex.Pert fees 
and :J.egal costs. will come out of the 
pockets of th.e defendants. Even the simple legal defense of a claim 
without mer:j,t could cost in upwards of hundreds 
of thousands of d6lle~.rs depending upon the case's complexity. 1\Rd, this is 
if you win the casE! on you:r ammonia claim. 
For claims, which are covered, the insurance provider assumes t11e legal 
cost of defense. Now w:i,th no insurance, only 
you will pay. Boiler c:md eq~Jipment policies also do not no:tfually provide 
protec.tion under this ruling for an ammonia 
leak.. Only a special pollution policy would provide the protection, which 
all ammonia owners thought theY had in the 
past with general liability policies. Those at risk include but :may not be 
limited to the following: 

A) Any architect/engineer to a project, as the professi0nal of record, 
since they, too, bave no coverage for claims I 

under these new rulings. Errors & Omissions insurance policies typically 
mirror the same exclusions as general liability 1 

policies for conimerc'i,al businesses. Even if a professional is able to 
obtain a pollution policy now, wh.ich is 
questionable, they are still respo11.sible without coverage for al:l arci:ihonia 
systems installed prior to having such a policy : 
instated. Professional designers when told about this new case law offered 
extreme skepticism whether they would 
specify ammonia systems any longer. 

' B) Ice r~nk owners and operators with ammonia systems. Not only do they 
not have in~urapce coverage, their 
installing contractor, c;rchitect/engineer, or even service provi~er also 
likely will not have coverage they can rely upon. 

C) All contractors and service providers who either installed or suppo:rt 
I ammonia systems. 

·I 

D) Any financing institution, which provides funding fQr the ice arena, 
past or future. One accident and claim 
could result in collapse of the :business without 
insurance coverage. 

E) All persons living in a community where an art1IllOnia system is 
installed 
and considered in the risk area as 
defined by the EPCRA (Emergency Planning And Community Right-To-Know) z0ne 
according to law since they have 
no protection with claims wi.thout an insurance provider to assure payout 

I 

on claims. 

F) Local planning and zoning boards since they could be at risk for 
permitting ammonia systems should an 
:L_ncident occur where no insurance is provided to protect it citizens. In 



such a situation it would not. be reaching in 
today~s society for claims to be made against the planning board. for 
permitting such systems. 

G) Any insurance broker writing policies for ice rinks that does not 
clearly disclose the exclusion of arnn:to:rd.a-
based systems b~ing covered. 

Other Topics & Information In The Report Include: 

1) 
2) 
3) 
4) 
5) 
Affect 
6) 
7) 
8) 

Now That You Know You May Not Have Insurance, How At Risk Are You? 
What Can Cause An Incident With Ammonia Systems? 
A New Leak Risk - Ammonia Theft May Cause Releases And Injuries 
What About Contractors Installing And Promoting Ammonia Systems? 
How Does This Case Law Precedence With Ammonia Refrigeration Systems 

Financial Relationships? 
Is Disclosure Of Insurance Gap A Requirement? 
What Is a "Pollutant" As Defined By Your I:p.surance Policy? 
Pollutap.ts As Available & Defined Through The J:nternational Risk 

Management Institute 
9) What About An Ice Rink Ammonia Leak From Corrosion? 
10) Impact With Protection From Ice Rink Indoor Air Quality Claims 
11) Sample Claim scenario With PARLL 
12) Ammonia Gas Release Coverage Provided Only Because Of PARLL (Pollution 
and Remediation Legal 
Liability) 
13) If Special Insurance Can By Bought And How Much Will It Cost? 
14) What About Other Refrigerant Leaks Other Than Ammonia? 
15) LINKS WITH MORE INFORMATION ABOUT AMMONIA INCIDENTS AND HOW THE 
INSURANCE 
INDUSTRY TREND IS GOI~G 
16) Pollution Exclu_sion Enforced bY Louisiana Supreme Court 
17) N~erous Case Law SUmmaries 
18) Hazardous Material Alert From The EPA (Environmental Protection 
Agency) and OHSA. 

The referenced report was assembled by Jo@ Burley. It contents are the 
result of an investigation of legal casE;!S along 
with the consultation of experts within the insurance field. This report 
is not to be interpreted or substituted for 
appropriate legal or insurance advice. You should consult with trained 
professionals who are engaged in your specific 
legal or insurance matters for conclusions or actions relevant to your 
businesses best interests. If you have any 
qU.estion or want clarification of the facts contained within this 
docl..lment, we urge you to contact your lawyer and 
insi.lrance provider. Get confirmation in writing now to avoid risk later 
from yout insurance provider. John Burley is 
p;resiQE!P.t ()f Burley's Rink Supply and has been engaged in the ice-rink 
industry for over 20 years and is a leading 
authority regarding ice-rink design, construction, and operations. John 

Burley can be reached at 1-800-428-7539 FREE. A 
complete copy of the FREE report can be requested in PDF format by 



replying with the word ~REPORT~ in the subject 
lin,e. 

If you are rece1v1ng this notice because you had indicated an interest in 
the subject matter promoted by Arena-Watch. 1 

If you would like to be removed from this list you will be missing out on 
tremendous specials and beneficial industry 

1 

news not available anywhere else. Nevertheless, if you want yot)tr name 
removed from this list, reply with the word 
"UNSUBSC.RIBE" or "Remove" in the subject line. Arena-Watch has no 
affiliat:lon with the NHL Hockey League. I 

Arena-Watch is produced by John Burley as an informational resource to the 
ice arena industry. 
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involve great or very great risks of danger to health in a possible acci­
dent are presented in table 3. 

Table 3. Risk grouping 

Maiiily dangerous 
tohealth · 

Main dangers 
fire and explosions 

Very high risks 
Chlorine 
Sulphur dioxide 
Ammonia 
Phosgene 

High risks 
Phenol 
Hydrofluoric acid 
Hydrochloric acid 
Nitric acid 
Sulphuric acid 
Tetraalkyllead 
Radioactive substances 

Moderate risks 
Trichlorethylene 
Perchlorethylene 

Propane 
Butane 
Acetylene 

Acetone 
Methyl ethyl ketone 
Carbon disulphide 
Thinner 

Toluene 
Xylene 
Petroleum distillates 
Kerosene 

Both health and 
fire/explosion danger 

Acetonitrile 
Hydrogen cyanide 
Hydrogen sulphide 

Methanol 
Styrene 
Butyl acetates 

Source.: Effektiv raddningstjllnst (Efficient Rescue Service), SOU 1983:77 
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Examples of accidents and 
disaster simulations 

Ammonia 
During 1997 there were two train derailments in Sweden (Kavlinge and 

I 

Kalarne) in which trucks containing chemicals overturned. On these oc-
casions there was no leakage of chemicals that involved any injury to 
persons but during the rescue work the inhabitants of large parts of tWo 
residential areas were evacuated for several days because of the risk! of 

I 

leakage of, among other things, ammonia during the actual salvage 
work. 

In Match 1989 there was a breakdown of an ammonia system in .an 
artificial fertiliser plant in Lithuania. Fire broke out and spread to a: 
building some 50 metres from the ammonia cistern in which nitrophos­
phate was produced. Seven persons lost their lives and at least 55 were 
more or less seriously injured. 

A disaster simulation was run in which a:n overfilled (brimful) ammo­
nia tank cracked (it was filled with 58 tons instead of 50 tons) when the 
lorry was in central Uppsala. According to calculations 80 persdns 
would have died immediately, 400 would have received serious lung in­
juries requiring hospital cate a:rtd between 4,000 and 5,000 would have 
sought care at hospitals and medical care centres. According to the c~l­
culations, concentrations of I 0,000 ppm were measured at a downwird 
distance of about 300 metres from the leakage and 2,500 ppm at a dis­
tance of approximately 750 metres (SOU 1995:24. Preliminary report 
from the Commission for preparedness against severe peacetime distur­
bances). 

in a number of plant failure models run by the Swedish Defence Re­
search Establishment FOA)(Dreborg et al 1978, Lundmark T 1984 ), the 
following emerged. If 3,000 kg of ammonia is released over folirtern 
minutes at a wind speed of 5 mls, a concentration of 3,200 ppm (50~o-
100% suffer fatal injuries) at a distance ofup to 500 metres is obtained. 
After 1.5 minutes there is a concentration of 1,400 ppm (at least 50% 
suffer severe injuries, possibly death) soo~ 1,000 metres from the site Of 
release; after three minutes a concentration of 1,000 ppm at 1,000-1,500 
metres and after 4.5 minutes, 550 ppm (some serious injures; mdst 
slight) at 1,500-2,000 metres from the failure site. 
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In another model of an accident(Dreborg etal1978) in which ammo­
nia leaked at a rate of2,500 kg per minute for seventy minutes (until the 
tank was empty) the following concentrations would have occurred for 
seventy minutes: 2,800 ppm (50%-100% fatal injuries) at a distance of 
500 metres, 1,500 ppm (at least 50% serious injuries, possibly deaths) at 
500-1,000 metres, 550-700 ppm (possibly a number of serious injuries, 
most slight) 1,000-2,000 metres from the site ofthe accident. 

Failure of a compressor at an ice rink in which ammonia leaks out 
could possibly have the following consequences (FOA 1997). The cool­
iilg system.contains 1,350 kg of ammonia and the imagined damage 
causes leakage of some 2 kg/s which leads to the leakage continuing for 
j~st over eleven minutes. The outsi<ie tem:perat_ure is 15°C and the wind 
two m/s. After approximately two minutes the ammonia is smelled 
(without causing irritation) some 400 m from the leak, after four minutes 
at 500 m and after eight minutes at 750 m from the leak. During the 
whole period of leakage the concentration is some 130 ppm (irritating) 
200-Z50 m from the leakage, 650 ppm (a m,nnber of severe injuries, 
most slight) some 125m away and 1,300 (at least 50% serious injuries, 
possible deaths) just under 100m from the leak. 

Fires 
Fires ili.vcHving toxicity 
In November 1997 there was fire in the underground railway station at 
King's Cross in LoocJon. The fire started in ~m escalator a.ncJ was proba­
bly caused by a match that was discarded and fell between the steps of 
the escalator and a side wall. Inflammable gases were generated and 
these collected in the space below the escalator and spread further to the 
spaces above and to the ticket hall. Suddenly tbere was rapid combus­
tion. The toxic gases were formed during the burning of material in the 
ceiling and walls. Thirty-one persons died and over 60 were injured. All 
those who died did so as a consequence of exposure to hydrogen cyanide 
formed when plastic material in the roof and walls caught fire. 

In spring 1990 there was a fire on the passenger ferry Scandinavian 
Star in traffic between Oslo and Copenhagen. A total of 15 8 persons died 
and most, more than 90%, died as a consequence of exposure to toxic 
gases formed during the burning of material on the ship. The toxic gases 
were carbon monoxide and hydrogen cyanide. 

Fires involving the release of chemicals 
The Schweizethalle accident at the Sandoz factory in Basle in Novem-
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Ex·Olympian KfiTen Magnussen says accident ruined her life- See more at: 
http;//www.tim~scolonist.com/news/b-c/ex-olympian-karen-magnussen-says-accident-ruined-

her-life-1.802541 #sthash.5kjn9Fin.dpuf I 

When the Winter Olympics were in Vancouver four years ago, Ka,ren l\1agnuss~n was one of the 
fans sitting in the Pacific Coliseum taking in the figure skating. ' 

With the Sochi Games approaching, she'll again be an avid and passionate fan, watching world 
champion Patrick Chan and the rest of Team Canada take on the world on TV. 

But in the intervening four years, almost nothing else has Stayed the same for Magnussen, the 
1973 world champion women's singles figure skater. 

Her world turned upside down on Nov. 28, 2011. It started as a typica,l Monday 1moming for 
Magnussen as she prepared to teach some young skaters at the North Shore Winter Club. Then, 
at about 5:45a.m., she was hit by a blast of ammonia from the dub'S refrigeration unit. 

The ammoni~ filled her lungs, searing them, along with her vocal cords. 

"It's ruined my life," she said recently, sitting in the living room of her family hbme in North 
Vancouver's Upper Lonsdale neighbourhood. 

Since that day, when she was taken to hospital after she made sure her students got out, she has 
not been able to work bec~use of the damage to her lungs: WorkSafe B.C. has sihce classified 
het as permanently disabled. 

"I'd never left skating from the time I was seven years old," said Magnussen, now 61. 

WASN'T SOMETHING I WAS GOING TO LEAVE' 

"And I wasn't going to. It wasn't something I was going to leave at 65." 

She points to the legendary Ellen Burka, who coached world champions Elvis Stojko, Toller 
Cranston and daughter Petra Burka. Ellen Burka is 92 and still coaching at Torol!lto's Granite 
Club. ' 

"I could have still been coaching into my 80s and 90s," Magnussen said. 

Magnussen; s skating career began when she was seven, her mom driving her across town to 
Kerrisdale Arena, where the lessons took place on sheets of pebbly curling ice. 

''The ice was anything but perfect, but I think that made you tough," she said. "Yjou weren't like 
a hot-house plant. It gave you character." · 

The first pair of quality skates she ever wore are bronzed and on display in her house. 



Magnussen won a bronze medal at the world championships in 1971. She went on to win silver 
ll1ed_als at both the worlds and the Olympics in 1972 and then gold at the world championships in 
1973. 

SKATED AT COLISEUM BEFORE CANUCKS ARRIVED 

The City of V @Couver used to allow her free early morning ice time at the Coliseum, before 
Canucks players would arrive for practice. 

''The coach [Hal Laycoe] would tell his players, 'Look how perky this girl is!'" she recalled. 

Magnussen retired after her world gold and skated professionally with ice shows for a few years 
before settling into het coaching career, first in Boston, wbere her husband of 36 yea,rs, Tony 
Cella, was based, then back on the North Shore. 

Magnussen coached with the same steely sense of purpose that drove.her to the top of the world 
in her sport 

Want to know what drives het crazy? 

"When I hear an anrtOuncer say, 'They performed a personal best!' 

"I hate that phrase. It just drives me nuts. I want to throw S01Ilething at the TV when I hear that. 
That's not your aim, to do your personal best. No, your aim is to be in the top three. Every one of 
those athletes is there to win a gold, silver or bronze medal." 

NOW VIRTUALLY HOUSEBOUND 

The elite athlete turned coach, who always had such determination to succeed, is now 
housebound except for trips to the hospital or, occasionally, to the mall with her husba:nd. 

She can't even walk her dogs, a Chihuahua named Frankie and a Pomeranian nained Pacino, 
around theblock due to the side effects of the drugs she's on. 

According to B.C. Safety Authority, the ammonia leak that injured Magnussen was caused when 
a condenser pump control unit began to faiL Lack ofproper train_ing for employees who dealt 
with the refrigeration unit was also cited. 

Magnussen started coughing violently after the accident, and the coughing continlJ.ed day ::u;td 
night for eight months before she was put on prednisone, a powerful steroid that comes with a 
long list of side effects. 

"It was 24/7 ," she said of ber bone-rattling cough. 

''I never slept that whole tiine while the doctors tried various things." 



She has been taking prednisone for a year and a half. The potent drug's nasty side effects include 
I 

weight gain and swelling of the face. I 
Magnussen, who has gained 60 pounds since she started on prednisone, declined to have her 
photo taken for this story mainly for those reasons. ' 

PEOPLE 'WERE VERY CRUEL, VERY HURTFUL' 

After she appeared in a TV news story in December, some people "were very cr:uel, very hurtfur' 
about her physical appearance, said her husband, Cella. : 

''Ammonia is a strong irritant," said Dr. Christopher Carlsten, a respiratory expert at the UBC 
school of medicine and one of the doctors treating Magnussen. 

"The reason it was so powerful for Karen is she had a large exposure that penetrated very deeply 
into the mucous membrane of her lungs. 

"Unfortunately, she's needed steroids. The pills are associated with side effects,
1

especially when 
taken for months ::tJ a time like she has needed." 

Prednisone, which can cause mental confusion, fatigue and weakness, is associ::~1ed with the 
rheumatoid arthritis she now suffers from as her immune system attacks her joints. She has also 
developed tempond arteritis, a dangerous swelling of the blood vessels that supply the head and 
brain. 

! 

The ammonia exposure also triggered a condition known as central sensitivity syndrome, wbich 
affects how the brain and vocal cords interact, Carlsten said. 

ANY VAPOUR CAN TRIGGER BAD REACTION 

In Magnussen's case, he added, that means inhaling an.y vapour - such as diesel exhaust or 
perfume - could trigger a reaction similar to the one she had to the ammonia. ; 

"This can go on for years," said Carlsten. "That's the worst part. It's hard to get tid of. It's a sad 
story. She's too young to be disabled for a lifetime. I try to get her to keep her chin up." 

Magnussen, who was twice naii1ed Canada's female athlete of the year and is an 1 0fficer in the 
Order of Canada, thinks she knows now what all her hard work, all those early mornings tr(lining 
on the ice, was really for. 

At the time, she thought all that discipline was about giving her a chance at a world 
championship or an Olympic medal. 

"But as I look back, it really was all to prepare me to get through this," she said. '"My whole 
life's work, everything I've worked for, when I think about it- and I've had a lot of t_in1e to sit .. 
and think - was to prepare me to be able to get through this and not curl up in a: ball from it all. 



"For me, in sports, yol!'ve got this incredible fight inside of you, this fire that no matter what you 
have to tackle later on in life, you're able to get through. 

'A LOT OF KIDS DEPENDED ON ME' 

"It has ruined my life, that's one shame," she said. ''The other shame is a lot of kids depended on 
me as a coach." 

In addition to the figure skaters she coached, Magnussen taught hockey players about edges, 
power, balance and stops and starts on the ice. 

Seventy-five pla:yers who have been drafted by the NHL have learned from her, she said, 
including former Canucks Cliff Roniiliig and Dave Babych, and their sons Ty Ronning 
(VancOl!ver Giants) and Cal Babych (Calgary Hitmen). 

There were about 150 yoUI_lgsters ska~ing under Magnussen's tutelage when the tragedy struck, 
she said. 

"I just loved it, as cold as it was and as crappy as the rinks were sometimes, the kids made it all 
worth it." 

She and her family wish the North Shore Wi.J:J.ter Club had reached out after the accident and bad 
been more vigilant about maintenance prior to it. 

Magnussen says she would take legal action against the North Shore Winter Club if the incident 
weren't a WorkSafe B.C. case. 

"The [Workers' Compensation] Board was founded and based on a compromise in 1917," a 
WorkSafe spokeswoman said. "Workers gave up their right to sue and employers agreed to fund 
a no-fault insurance system. 

WOULD SUE WINTER CLUB IF SiiE COULD 

''The benefit to workers is they receive timely health ca,re and wage-loss support for work-related 
injuries or illnesses paid for by the Accident Fund. Previously, a worker's only option when 
injured was to sue their employer at their own expense." 

Magnussen, who is considered an employee by WorkSaJe even though she was an independent 
contractor working at the rink, wishes she had that option. 

''Absolutely, I would have pursued that after what they put me through, after they took away my 
life," she said. 

Winter Club general manager David Long said the club bas no comment. 



These days, Magnussen is battling WorkSafe to get the money she says she's o~ed. 
! 

She's buoyed by the emails, letters and phone calls of support she has received. i 

"Hopefully," said her husband, "things will work out in the future, that's all we ~an hope for. 

"That she gets off the medicine and be able to walk around the block." 

- See more at: http://www.timescolonist.com/newslb-c/ex-olympian-karen-magnussen-says­
accident-ruined~her-life~ 1.802521 #~th_ash.5kjn9Fin.dpuf 



Is Anhydrous Ammonia a Risk to Your Community? 

by Sofia Plagakis, sn /2013 
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Anhydrous ammonia and ammonium nitrate are the two substances that have been investigated 
as possible causes of the April17 explosion of the West Fertilizer Company plant in Texas. 
Though experts now believe the explosion was due. to the ammonium nitrate, the facility did 
have two 12,000-gallon tanks of anhydrous ammonia, which could have exacerbated the tragedy 
ill Texas had they leaked or exploded. 

In the past 15 years, almost 10,000 facilities nationwide have stored large amounts of anhydrous 
ammonia. Communities in every state are living near large quantities of a dangerous toxin, and 
residents may not even know it. We hope their emergency personnel do. To allow citizens to see 
if there are facilities with anhydrous ammonia in their communities, the Center for Effective 
Government created a new interactive map tool. 

What Is Anhydrous Ammonia? 

Anhydrous ammonia is a ptmgent gas, most often used as a source of nitrogen fertilizer for com, 
milo, and wheat. It is ~Jlso commonly used as an industria] refrigerant for cold storage facilities 
and meat.,.packing plants. lfheated; it can explode. 

Exposure to even small amounts of anhydrous ammonia can cause serious burning of the eyes, 
nose; and throat. Exposure to higher levels causes coughing or chokillg to occur and can cause 

---------------·----- --



death from a sw<;>llen throat or from chemical burns to the lungs. When the eyes are exposed to 
concentrated gas or liquid anhydrous ammonia, serious corneal burns·or blindness c~ occur. In 
general, the severity of symptoms depends on the degree of exposure. I 

Anhydrous Ammonia Facilities Nationwide 

The Clean Air Act requires facilities handling large quantities of toxic, flamma~le, or otherwise 
reactive chemicals to submit risk management plans. For anhydrous ammonia, the reporting 
threshold is 10,000 pounds. In the last 15 years, almost 10,000 facilities ha:ve fil¢d tisk 
management plans because they are storing or producing over 10,000 pounds of anhydrous 
artunonia. Since anhydrous ammonia is often used as a fertilizer, it isn't surprising that the ~tates 
with the highest number of facilities are located across the Com Belt, including ~owa, Illinois, 
and KMsas. Iowa is the only state that has had more than 1 ,000 facilities storing, la:tge quantities 
of the chemical. (See Table 1.) 

Table 1. Facilities Using Anhydrous Ammonia (1996-2011) 



click to enlarge as aPDF 

Currently, a1most 8,000 facilities report storing large quantities of anhydrous ainrtlofiia. About 
2,000 facilities have "deregistered" and no longer submit risk management plans to the U.S. 



Enviton:inental I7otection Agency (EPA). Deregistration does not necessarily m~an that a facility 
no longer stores the chemical. It may just be that the quantity produced or store~ has fallen below 
10,000 pounds. r;>eregistration could also mean that the facility switched to a safer alternative, or 
the facility may have closed down entirely. ~ 

I 
I 
' Questionable Safety Record 

Over the past 15 years, almost 1,000 accidents have occurred at 678 of the facilities storing latge 
qu311tities of anhydrous ammonia, and 133 of those facilities had multiple accid~nts. In other 
words, 6.8 percent of the facilities storing anhydrous ammonia had an accident in the past 15 
yeats, and over a fifth Qf these had multiple accidents. These accidents resulted in 19 deaths, 
1,651 injuries, and almost $350 million in property damage. Moreover, 63,676 p1eople in the 
facilities and surrounding communities had to be evacuated when accidents occurred. Although 
not all t:he accidents at these facilities were the result of anhydrous ammonia rel9ases, many 
were. 

Though accidents at facilities using anhydrous ammonia as a refrigerant do not usually involve 
fires or explosions, they can result in dangerous releases of toxins. Last month, Tyson Foods, 
Inc. agreed to pay $4 million in civiL penalties to settle charges from eight releases of anhydrous 
amtnonia in Iowa, Ka11.sas, Missouri, and Nebraska that resulted in multiple inju~es and one 
death. I 

Iowa has the largest number of facilities storing anhydrous ammonia ( 1 ,052) and a good safety 
record. Only 61 ofthese facilities experienced any accidents in the past 15 years~ leaving its 
accident rate (5.8 percent) below the national average. Nonetheless, the Iowa accidents resulted 
in two deaths, 95 injuries, and almost 1,500 people evacuated over the past 15 years. 

. i 

Among the eleven states with more than 300 anhydrous ammonia facilities, Texas had the largest 
number of accidents (84) and the highest accident rate (8.9 percent). Two people died, 136 were 
injured, and 1,153 were evacuated. Moreover, the most financially costly reported accident 
involving anhydrous ammonia irt Texas over this period occurred at Bayer Matet!ial Science in 
Baytown, TX. 

In September 2006, 39 workers at the facility were injured at the site when a process vessel 
containing toluene diisocyanate, a toxic chemical used to make household products and foam 
furniture cushions, exploded, releasing carcinogenic chemicals and anhydrous ammonia. The 
workers were treated for bums and eye, nose, and throat irritations, and the plant I was closed 
down for three months. 

The following ~ear, workers injur~d in the explosion filed a class action lawsuit ~g~inst the 
company, allegmg that the explosiOn occurred as a result of unsafe workplace practices. Workers 
claimed that plant officials were having problems with the toluene diisocyanate unit before the 
explosion but failed to warn contractors. The claims were settled in 2008, but the amount of the 
settlement has not been made public. 



The accident rate at California facilities was slightly higher than the national rate at 8.2 percent. 
The 75 accidents that occurred at 56 of California's 685 facilities over the past 15 years did not 
result in any deaths, but they did lead to over 30,000 people being evl}cuated ao,d 91 injuries. The 
high evacuation rate in California appears to be related to population density around the facilities 
that use or produce anhydrous ammonia. For example, an August 2009 incident at ColUmbus 
Manufacturing, a meat processing facility located in South San Francisco, released 
approximately 200 pounds of anhydrous ammonia into the air from a leak in a rooftop cooling 
system. The release resulted in the evacuat_ion of aU facility employees and several neighboring 
businesses. Nearly 30 people from a Iieatby corporate campus sought medical attention, and 17 
individuals were hospitalized. In addition, several local streets and highway off-ramps were shut 
down. 

The damage from the release would have been much worse had it not occurred around 5.30 a.m. 
- before more people arrived for work and dropped their children off at three nearby daycare 
facilities, said jared Blumenfeld, EPA's regional administrator in San Francisco. The leak was 
also the second one in :2009 for the meat-packing facility (there was a prior leak in February of 
that year). The meat processing company agreed to pay neatly a $700,000 penalty to the EPA 
and spend about $6 million on a new refrigeration unit. The company will also improve its alarm 
and ammonia release notification procedures. 

Although not among the states with the highest number of anhydrous ammonia facilities, 
Louisiana and Arkansas have the highest accident rates, 30 and 21 percent, respectively. 
Louisiana has only 83 facilities that have stored anhydrous ain.Ihonia, but 25 of those facilities 
(30.1 percent) have had accidents and 11 facilities (13.3 percent) have had multiple accidents. 
These accidents h~ve not resulted in any deaths but have-caused 27 injuries, 6,971 evacuated, 
and just shy of $11 million in property d~age, 

The single most expensive accident at an anhydrous ammonia facility in Louisiana occurred at 
Mosaic Fertilizer's Faustina Plant in St. James. On Oct. 11, 2006, a process vessel failed, 
resulting in an explosion and fire that caused an estimated $3.5 million in damages. The vessel 
contained 16,450 pounds of process gas, including 2,405 pounds of ammonia. 

Out of 100 Arkansas facilities that have used anhydrous a:m:monia, 21 had accidents and nine had 
more than one. No deaths occurred from these accidents, but 45 injuries did. These facilities, 
including Tyson Foods, Simmons Foods, and Zero Mountain Inc., mainly use anhydrous 
ammonia as a refriger®t for cold storage and meat packing. Followi¥g the West, TX expiosion, 
the Arkansas Department ofEmergency Management stated that anhydrous ammonia is not 
prim~ly used in Arkansas as a fertilizer but is mostly used as a refrigerant in the state. The 
Arkansas Dep~ment of Agriculture said that only one plant (out of 180 facilities that store 
fertilizer) has both anhydrous ammonia and ammonium nitra.te (simil~ to the West Fertilizer 
Company plant) on site. The facility, ElDorado Chemical Co. in ElDorado, AR uses anhydrous 
ammonia to produce ammonium nitrate. 

Property Damage 



I 
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In the last 15 yeL, Mississippi had the highest amolUlt of property damage ($1\Jo million) 
associated with ~ccidents at anhydrous ammonia facilities, but it was almost entirely the result of 
a single acciden~. In August 2007, a fire broke out in Chevron's largest U.S. oil tefinery, located 
in Pascagoula, MS. Although extinguished two hours later, the fire burned near the main part of 
the refinery, :wdl200-foot flames were visible for miles. Chevron reportedly offered free car 
washes to dislodge the black soot that fell on nearby cars as a result of the flre. The refinery's 
risk management plan report noted that although the fire did not initially involve any chemicals 
required to be reported under its risk management plan, as the flre progressed, niote toxic 
chemicals beccmJe involved. 

It is important to note that the property damage estimates recorded in th.e accidentreports sent to 
the EPA only include damage to the facility's property. These estimates do not iliclude additional 
costs to the COIPffiunity th.at resulted from tbe incident·"'""' such as medical costs for treating the 
injured or costs for emergency first responders, police, and any loss to other property or 
businesses. All of the damages reported in Table 1 are estimates of private dam~ges to the 
companies, not the costs to the public. 

Transportation Accidents 

Anhydrous ammonia-related emergencies also occur during transportation accidents, such as 
train derailments or highway incidents involvip.g tanker tJ:ucl<:s. These accidents ~an release large 
quantities of anhydrous a_mmonia, sometimes forcing the evacuation of entire sections of a city 
or town. According to data from the Emergency Response Notification System, a database of 
reported spills, releases, and incidents involving chemicals and oil, there were .870 reported 
incidents involving anhydrous ammonia in 2012. the majority of the ipcidents.(662) were at 
fixed sites, but there were also 37 vehicle, 10 boat, nine pipeline, and seven railroad inCidents. 

One of the most well-known transportation accidents involving anhydrous ~onia occurred in 
January 2002, when a freight train derailed and 31 of its 112 cars careened off the tracks just 
outside of Minot, ND. Five tanker cars carrying anhydrous ammonia ruptured, aqd a pllime 
covered the site and surrounding area. As a result of the accident, one resident d*d, 11 people 
sustained serious injuries, and 322 people, including the train's conductor and engineer, suffered 
minor injuries. 

I 

Six months earlier, in June 2001, a tanker spill at the Harvest Land Co-op near West Milton, OH 
created a "two-mile plume of anhydrous ammonia" in Ludlow Creek, which feeds the Stillwater 
River. The state's Environment~! Protection Agency closed the West Milton Wat9t plant to 
protect the water in the village's emergency towers. The chemical discharge killed more than 
103,300 flsh; according to the Ohio Division of Wildlife. 

Better Regulation of Dangerous Chemicals Critical 

Anhydrous ammonia is just one of many dangerous but common chemicals that are used in 
various industrial processes and c:w pose a risk to communities and emergency personnel. 
Community groups, local officials, and public interest organizations have been pq.shing 
companies to replace dangerous substances with safer chemicals for decades. Thi EPA does not 



have sufficient authority under tbe outdated Toxic Substances Control Act (TSCA) of 1976 to 
effectively regulate these chemicals. 

On AprillO, Sen. Frank Lautenberg (D-NJ), who has been wot.:king on TSCA reform since 2005, 
reintioduced_the Safe Chemicals Act, which wo11ld increase chemical safety, improve consumer 
access to information on chemical hazards in products, and protect vulnerable populations, such, 
as low-income co:tnm:unities, children, and pregnant women. 

Some COmml!llities have heeded the can for safer alternatives. In 2009, the Clorox Company 
announced its replacement of bulk quantities of chlorine gas with safer chemicals. Reportedly, 
220 facilities, including water treatment facilities, power plants, and fertilizer companies, have 
switched to safer and more secure chemicals and processes since ZOOl, b11t this represents a 
miniscule number of the plants that report high, volllllleS of risky chemicals on site. 

Environmental activists believe the EPA could do mote to push safer alternatives. Tb,e National 
Environmental Justice Advisory Council argues that EPA could use its authority under Section 
112(r) of the Clean Air Act to require plants to shift to less toxic chemical alternatives. 

State govetinnents can also do more. Mter the Oklahoma City bombing in 1995, several states 
essentially regulated out of existence the use of ammonium nitrate as a fertilizer. In Michigan, 
ammonium nitrate (which was once coillffionly used in fanning in the state) is "virtually 
nonexistent'; thanks to a movement to encourage farmers to use safer alternative chemicals. 

If they choose to do so, both state and federal agencies can reduce the risks that a disaster like 
West, TX will occur in the future. Let's hope they do so- before more lives are lost. 
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SCIENTIFIC REVIEW 

Toxic Industrial Otemicals (TICs)- Chemical Warfare 
Without Chemical Weapons 

Filiz HINCAL*o, Pmar ERKEKOOLU* 

To~ic Industrial Chemica.ls (TICs).,..., Chemical Warfare 
Withc,ut Chemical Weapons 
Summary 
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 
(7tremely hazq_rdous rphen re~ased into the en-qironment in large 
amounts. Hazardous material incidents may be either the result 
of transportation-related accident at 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 shoiiJed that "toxic warfare" at "chemical 
warfare without chemical weapons" is possible. The dual-use 
potential of chemicals certainly attracts the attention of terrorist 
orgqnizations bec:a~tse they are more al}ailqble, less securely 
protected, easy to access and handle or disperse, and less costly 
compared to classical warfare chemicals. Hence, industrial 
chemicals may provir!e terrorists with effective, readily accessible 
materials to develop improvised explosives, incendiaries and 
poisons. An attack of a chemical plant by tertotists at regular 
military Nrces has the potential to expose responding personnel 
as well qs the surrounding civil populatiolJ to m,any different 
kinds of chemicals at onee~ 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. Th_e need for preparedness via knowledge, 
equipment, emergency planning and exerCise; implementation 
and reinforcement of legislations; and establishment of a leading 
and coordinating founr!ation m_ust be emphasized, and their 
materialization must be supported by all parties, including 
academia, industry and government. 
Key Weirds: Toxic industrial chemicals (TICs), chemical warfare 
without chemical weapons, terrorism 
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Toks_ik E_ndiistriyel Kitny~allar- Kimyasa] Silalmz Kimyasal 
~{llltlf ' 
Ozet 
20. )Jilzylltn ikinci yansmda, fOk saytda kimffasal olay dunyanm 
fe~itli yerlerinde sivil toplumlan ve ¢vreyi tehdit etmi~tir. 
Endilstriyel kimyasallann tehlikeli azellikleri patlayra veya ileri 
derecede parlaytq ol~anrz9an, ~rul_mCl veya zehirli olm.alanna 
kiidat fe~tli ~ekillerde olabilir. ToksiSiteleri bilinen kimyasql sav~ 
ajanlanndan fak daha dii~r. Ancak yaygrn, killlanlliin Tdm'yasal 
7Tladdeler l;~le, fevreye buy#k miktarlarda ~almdtklarmda son 
derece tehlikeli olabilirler. Tehlikeli materyall~le ilgili olaylar, ya 
t~tiitliyla ilgili kiizalat veya saltmlar sonucu meydana gelir, ya 
da bulunduklan sabit bir yetde olu~an kasttlt veyii kazai 
nedenlerr!en ya 1/q yangrn, sel, ftrtma veya deprem gibi dogal 
afetlerden kaynaklanabilir. Diger taraftan, kimyasal ilreten 
fo.lirikiilata ve tesiSlere lci.UF yaptlan askeri eylemler "to~sav~" 
ya da "kimyasal silah kullanrnakstzin kimyasa! stiuartn inilmkiin 
oldugunu llflkfa giistermektedir. Kimyasal maddelerin iki yiinlU 
kulla1Jtm pottm§iyelleri teriirist 1curul~lan~ ilgisini de tabii ki 
fekinektedir. Klasik kimyasal sav~ ajanlan~a ktyas_la faA= da1ul 
jazla miktarlarda ve daha az giivenliko~ulldrda bulunilbt1meleri, 
koli!y ul~lgbiJmeleri, kolay kullammlan ve dt:iha ucuz maliyetleri 
nedeniyle, teriiris,t]e,r endilstriyeJ ki_my11§.ql ma4de ve materyallere 
kiJlayca elde edeliilirler ve patlaylCI, kundaklaytCl ve z_ehirli ajan 
geli~tirme olanagz bulabilirler. Endilstriyel kiinyasal maddelerin 
toplum sagl_tgt i!,z_eri_nliekj tehlikelerinin iin~~esive azalhlmasz 
ifin on ko~ul, potansiyel tehlikelerinin farkt_nda olmqk ve 
algtlamakhr. Bilgi, donamm, acil durum planlamast ve tatbikat 
yonunr!en haztrldcl_t olmanm; yasa ve yaphnmlann geli§tirilip 
giiflendirilmesinin, liderlik ve koord~nasyon gii_revini yiirntec;ek 
bir kurulu~un olu~turulmasmm gerekliligi akfulemik kurul~lar, 
endustri ve hukumetler dahil ilgili tartiflatca. vurgillanmalt ve 
hayafll ge~ri11TI#Si deste/4enmelidir. 
Anahtar Kelimeler : Toxic endilstriyel kimyqsallar, ki7T1Yasal 
silahsiz kimyasal sav~, teriirizni 

• Hacettep_e University, Faculty of Pharmacy, Department of Toxicology, Ankara, Turkey 
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INTRODUCTION 

It is now increasingly evident that a new kind of 
warfare is emerging in the world. Conventional 
warfare and battlefield~ are left behind, and despi.te 
the existence of various examples of unconventional 
warfare applications, particularly in the second half 
of the 20th centwy, the 21st centt.uy seems to becoming 
a more i_ntense 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 ofmankind. 
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 ran~s 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 duriQg World War I. Willie 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 biologicai weapon experiments 
on ethnic Chinese and captive soldiers of the Allied 
Forces. Later, applications of chemical weapons were 
mainly against q.nprotected peoples. CBW were not 
used in combat during World War II; however, in 
Nazi gas chambers possibly iflillions 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 witn~ed a groWing interest in weapons 
of mass d_estruction (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. 
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Un.til 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 owl) CBRN 
weapons, but also the deliberate or unintentional 
release of toxic industrial chemicals (TICs), which 
have great potenj:i._al 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 ofTICs (3,4). 

TOXIC INDUSTRIAL CHEMICALS 

Industrial chemicals have become an integral part of 
daily life in modem societies following the industrial 
revolution that started after World War II. They ate 
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 
wh~n not properly contained (5).: Median lethal tox­
icity of TICs is 10-100 times lower than the classical 
cheiJlical 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 likelil).oQd of exposure t() 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, 
define<l as the capacity of the substance to produce 
injury, and is related with the chemical structure and 
physico-chemical properties of th~ 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 ifpresent in 
a sufficient amount (7). 

Hazard, on the other hand, is the likelihood that injury 
will occur iQ a given siti.,J.ation 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 conditiollS unc;ler 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 materitJ} caiJ. 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 hli2:~ e~sts, 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 JiJ.illion chemical substances are known 
to mankind, 60,000-70,000 of them are in regular use, 
and between 200 to 1000 chemicals iJ.r~ 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 tjew 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 aq:ording 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 lllOtorways 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 

! 
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all modes oftransportation (8). Herlce, uncontrolled 
I 

releases of TICs/hazardous materials may ocnir at 
any time, anywhere and impact wa~er, air, .life, land 
or a combination of them. 

CLASSIFICATION and REGULATION of DAN­
GEROUS SUBTANC::ES 

Regulation of dangerous substances:in the European 
Union is based on the Oirective 67 /548/EEC on 
Dangerous Substances (9). The European Inv~ntory 
of Existing Commercial Chemical/Substances (EI­
NECS), which lists and defines tho~e chemicals that 
are deemed to be in the European Community (EC) 
market between 1971-1981 and for which the pre­
mwketing notification provision of the EC Directive 
does not apply, contains 100,204 che~icals. According 
to the European List of Notified Chemical Substances 
(ELINCS), which currently contai_ns 4,381 subst:iJ.pces, 
the number of notifications is 300-400 per annum, 
referring to the entrance of about 250-300 new sub­
stances per anQuifi to the EC m~rket (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". F

1

urthermore, the 
term "hazardous substance" impliestsubstances hav­
ing one or more hazardous propertieS. Annex I to the 
Directive, which is the published list of substances 
with a harmonized classification anp labelling, cur­
rently contains approXimately 2,700 existing and 1JOO 
new substance entries covering approximately 8,000 
substances (9,10). 

In the USA. there is a law called "Emergency Planning 
I . . . . 

and Community Right-to-Know Act" (EPCRA) that 
was passed in 1986 in response to concerns regarding 
the environmental and safety hazargs posed by the 
storage and handling of toxic chemicals (11). Those 
concerns were triggered by the dis<:~ster in Bhopal, 

India in which more than 2,000 people: die<l or sWfered 
serious injury from the accidental r~lease of niet.hyl 
isocyanide (MIC) (6). To reduce the likelihood of such 

a disaster, the US Congress imposed requirements 
for federal, state and local governments, Inc;lian tribes 

and industry regarding emergenc_y 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 f~cilities w:ith 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 rele<!-Se n_otification 
iii.Ha:tardous 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 ~ broad perspective of chemical hazards. 
There are fou:r groups of chemicals subject to reporting 
under this act and EPCRA's "Consolidated List of 
Lists" includes the threshold planQing quantities 
(fPQ) (iiiiniri_luin limits) for each substance (12): 

1. Extremely Hazardous S11hstances (Elf.S): Includes 
356 substances with high acute toxicity, and it is 
considered that "the release of any substance which 
causes death or serious i11jury 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 tirne). 

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

EPCRA ailows civil and admiQistrative 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 mote 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 ofindustrial Hazards" (13). ITF-25 considered 
that for a given chemical to present a hazard in a 
military situation, the chemical must be present in 
s:ufficient 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 tha_n 
100 g/min/m3, and that have appreCiable vapor 
pressure at 20"C. 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 likel:y to be used as terrorist 
weapons are ranked as "Low Hazard TICs" (Table 
2). 
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RELEASE and HAZARD OF TICs 

I 
TICs can be released into the environment by any of 

the following means: 

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

TISSUE IRRITANTS 

Ammonia 
Boron trichloride 

Fluoricle 
Formaldehyde 

Phosphorus trichloride 

Phosgene 

Hydrogen bromide 

Hydrogen c~oride 

Chlorine 

Nitric acid 

Sulfur dioxide 
SQ!f'Uricacld 

*from NATO ITF.-25 (13) 

SYSTEMIC POISONS 
Arsine 

Boron trifluoride 

biborane 

Ethylene oxide 

Hydrogen fluoride 

Hydrogen sulfide 

Carbon disulfide 

Cyanide 

Tungsten hexafluoride 

Table 2. Medium and low hazard toxic industrial [] 
chemic:als (TICs) * 

Medium Hazard TICs 

Acrolein 

Nitrogen dioxide 

Ethylene dibromide 

Phosphine 

Hydrazines 

Carbon monoxide 

M~thyl!Jromide 

Methyl isocyanate 

Stibine 

*from NATO ITF-25 (13) 

Low Hazard TICs 
Arsenic trichloride 

Bromine 

Nitric oxide 

Parathion 

Tetraethyllead 

Toluene 2,4 dlisocyanate 

1. Unintentional operational releases 

2. Industrial accidents/ transportation accidents 

3. belibera~e acts of enemy forces or terrorists (toxic 

war I 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 

resultin 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, vyhereas military 

attacks agairtst an industrial facility oould be inten9ed 

to destroy that capacity, to reduce fighting capability 

of a nation during war and to cause ~onomic damage 
(15). However, the secondary effects, not necessarily 

designed, could be civilian casualties and environ­

mental dari_lage. Such an attack is not a new phenom­

enon and there are clear evidences that during the 
I 

World War II, a number of raids were conducted by 
the Allied Forces against chemical plantsin Germany, 
as well as in japan (2,16). Recent exClll1ples have also 

been witnessed during the dissolution of former 
. I 

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

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

are threatening all states and natioris, and although 

terrorist groups' attention has become focused on 

acquisition or production oftheir o»'n Cl3RN weap­

ons, sabotaging industrial facilities ~r targeting disc 

tribution systems cannot be overlooked since those 

actions are less expensive and muchleasier 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 col}ditions, sca}e, 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 accidenta~ release of TICs 
and dimensions of a chemical plant ~ceiderit 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 den~ely populated 

area. The gaseous Cloud caused iiilrn¢diate 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 
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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 a:nd debilitated and 1,400 immediately hospi­
talized, and the incident caused widespread panic in 
the 5 mjllion loc.al 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 
tl)e 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 Qaiilage to the opponents, 
destruction and/ or contamination of military or ci~ 
vilian infrastructures, generation of fear and panic, 
and for acquisition of tacticcil anq psychological ad~ 
vantages. While contamination of public food or wa.ter 
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) <!fe favor~bleand variOIJS 
reasons make them the terrorist's weapons of choice: 

Table 3. Comparison of toxic industrial chemicals [!] 
(TICs) with conventional chemical warfare 0 
(CW)agents 

TICs 

Not designed for warfare 
Have low toxicity. inexpensive 
Available legally and in high vollimes 
Accessible 
Difficulty in detection 
Can be effective without lethality 
Have acute and/ or clironic effects 
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CWAGENTS 
Purposely designed for warfare 
Have high toxicity. expensive 
Produced and stored ·tiJJder high seeurity 
Lack of accessJbility 
Have established detection methods 
Designed to create casualty 
Priiilaril¥ acute e~ects .. 

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 oil the "hnmediately 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 tanl< 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 roUild, which 
is equal to '-106 kg GB), we can realize that the MIC 
has a potential lethality almost 19 times greater 
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 weapolls 
by many terrorists, including controlled access to 
precursor chemicals, difficulty a,nd 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 

beca11se they are produced in large amounts, widely 
available, less costly and stored and/ or transported 
underrelatively less secure conditions. 

For example, chlorine is the first c.hemical warfare 
agent used during World War I and it caused mass 
casualties (l).lt is a powerful irritant to the eyes and 
both the U:pper and lower respiratory tract. However, 
it is widely used by a large number of industrial­
process facilities in the manufact1Jre 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 sbort 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 Iil.inutes and prodt~ce 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 
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similar to the C,apitol Hill area in Washington, DC. 
people could die at a rate of over.lOO 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 
i_s ~lso ~~ti_mated that even under less-crowded con­
ditions, a:n attack in an urban area in the US would 
result in 17,500 deaths, 10,000 severe injuries and 
100,000 hospit~lizations (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 atoxic gas that can be lethal, 
and tum~ highly combustible when mixed with oil. 
Common ailments associated with exposure to am­
monia include nose and throat irritation, convulsive 
cougl)ing. 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. lf a wind is blowing towards the town with a 
velocity of 2 m per seoond, 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 teal"time 
emergency response (21). 

Chlorine and ammonia top the list of chemicals that 
most frequently create accident risk, followed by the 
chemi.cals propane and butane (6). The threat that 
could be produced by jet fuel tanks in airports. fuel 
oil ref10eries 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 t() im_rnediately kill/incapaCitate civilians, as in 
the case of classi.cal chemical warfare agent use, but 
to instill fear and cause mass suffering over a period 
oftime. 
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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 warf~re agents while 
many hazardous materials are not v'ery well filtered, 

DISCUSSION and CONCLUSION" 

Awareness and recognition of pot~ntial threats of 
TICs are the first requirements to mitigate and prevent 
public health hazards resulting from exposi.lte to them 
by <my of the above-mentioned means. This task 
should be carried out by a centra~ 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. J\.1easures1 and principles 
would be specific to each territory, ~-ach region and 
each social or administrative unit; therefore, proper 
guidance and coordination should be undertaken by 
a speeific governing body. General land local tasks 
should include identifying and prioritizing potential 
threats and local sources of chemicals, establishment 
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of inventories, recording and reporting systems, prep-
aration of toxicity profiles a:nd databases, research 
and information gathering, emergenc:} response plans 
for accidental or deliberate exposilres or natural 
disaster events. and training exercises. 

Turkey imports approximately 7-8 milli()n tons of 
chemicals per year. Meanwhile, she exports 1.5-2 
million tons of chemiCals annually (?2). 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, Thrkey 
ha:s 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 importantissues 
in managing the safety and risk of indJstrial chemicals 

I 

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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counmes. 
2. Implementation of re~lations on chemicals is not 
well coordinated among the concerned ministries 
and experts in the field to create science-based pro­
cesses 3.t1d to make proper risk assessments, though 
academic capacity is sufficient to enlighten the prob" 
lems. 
3. On~site monitoriQg systems for t_he 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 ma,in 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. Sql.jd Waste Control and Hazard9t1S 
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, tl).ere is no e.J(act 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 pharmaceu,tica}s, cosif1etic;;. food additives, 
and household pesticides; the Ministry of Agriculture, 
Forestry, and Rural Affairs is responsible for control­
liQg 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, <lt1e to the inter­
disciplinary, inter-ministerial, inter"sectoral and inter­
departmental nature ofthe issue of potential threats 
of TIC, a high level of coordination is needed. As a 
first step, we suggest that~ foundation like the Agency 
for Toxic Substances and Disease Registry (ATSDR) 
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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 wor}5 in ass9ciation with related ministries, 
institutiofls 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 educa.tion 
and training. 

In conch.ision, chemical terrorism iS typically described 
as a "high probability" event, TICs represent one cla:ss 
of agents usable in a terrorist attack, and the threat 
potential of TICs cannot be under~stimated. 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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Hazards of Ammonia Releases at 
Ammonia Refrigeration Facilities (Update) 

The Environmental Protection Agency (EPA) is issuing tiJisA[ert as part of its ongoing effort to protect 
-human health and the environment by preventing chemical accidents. We are striving to learn the causes and 
contributing factors associated with chemical accidents and to prevent their recurrence. Major chemical 
accidents cannot be prevented solely through regulatory requirements. Rather, understanding the 
fundamental root causes, wiqely disseminating the lessons learned, and integrating these lessons learned into 
saf~ op~ratirins are also required. EPA publishes Alerts to increase awareness of possible hazards. It is 
important that facilities, State Emergency Response Commissions (SERCs), Local Emergency Planning 
Committees (LEPCs ), emergency responders, and others review t_his information and take appropriate steps 
to minimize risk. This document does not substitute for EPA's regulations, Iior is it a regulation itself. It 
cannot and does not impose legally binding requirements on EPA, states, or the regulated con:ununity, and 
the measures it describes may not apply to a particular situation based upon the circumstances. This 
guidance does not represen1 fi11al age11cy action and may change in the future,. as appropriate. 

Problem 
Anhydrous ammonia is used as a 
refrigerant in mechanical compressio:Q. 
systems at a large number of industrial 
facilities. Ammonia is a toxic gas under 
ambient conditions. Many parts of a 
refrigeration system contain ammonia 
liquefi,ed under press-ure. Releases of 
ammonia have the potential for harmful 
effects on workers and the public. If the 
ammonia is under pr~~sl,ire, risk of 
exposure ihc:tea.ses since larger quantities 
of the refrigerant have the potential for 
rapid release into the air. Also, some 
explosions have been attributed to releases 
of ammonia contaminated with lubricating 
oil. This Alert further discusses these 
potential h;:tzards and tl}e steps tl:lat can be 
taken to minimize risks. This Alert should 
be rc;,viewed by personnel who operate and 
maintain refrigeration systems, managers 
of facilities, and emergency responders 
(e.g., haz mat teams). 

Accidents 

A number of accidental releases of 
ammonia.have occurred from refrigeration 
facilities in the past Releases result from a 
number of situations that include plant 
upsets leading to over pressure conditions 

and lifting of pressure relief valves; seal 
leaks from rotating shafts and valve stems; 
refrigerant piping f~ihrres due to loss of 
mechanical integrity from corrosion; 
physical damage of system components 
from equipment collisions; hydraulic 
shock; and hose failures that occur during 
ammonia deliveries. Some of these 
incidents have led to injury and fatalities 
on-site as well as causing adverse off-site 
consequences. In addition to risks of 
personal injury, ammonia releases have the 

-potential of causing significant collateral 
damage including: product loss due to 
aillmonia conta,mination, interruption of 
refrigeration capacity, product loss due to 
refrigeration interruption, and potential for 
equipment and property damage resulting 
from the incident. In many ca5es, ammonia 
releases have resulted in multi-million 
dollar financial losses. the Factory Mutual 
Loss Prevention Data Bulletin 12-61 
describes several incidents with property 
damage ranging from $100,000 to 
$1,000,000 per incident The following 
describes several recent incidents in more 
detail. 

One type of accident that is ea.sily 
preventable is equipment failure due to 
physical impact. In a 1992 incident at a 
m~a.t pacl9n.g plant, a forklift struck and 
ruptured a pipe carrying ammonia for 
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refrigeration. W orkerF were evacuated when the 
leak was detected. A short time later, an explosion 
occurred that caused extensive damage, including 
large holes in two sides of the building. The forklift 
was believed to be the source of ignition. In this 
incident, physical barriers would have provided 
mechanical protection to the refrigeration system 
and prevented a release. 

Another incident highlights the need for an adequate 
preventive maintenance program and scheduling. In 
a 1996 incident involving a cold storage warehouse 
facility, compressor oil pressure progressively 
dropped during along weeke11d. The low oil 
pressure cutout switch failed to shutdown the 
compressor leading to a catastrophic failure as the 
compressor tore itsfMapart. A significant release of 
ammonia ensued. Periodically testing all 
refrigeration-related safety cutout switches is 
absolutely necessary to minimize the likelihood of 
such incider1ts. 

Two other incidents illustrate the potential for 
serious effects fro~~) accidental releases from 
ammonia refrigeration systems, although the causes 
of these releases were not reported. In a 1986 
incident in a packing plant slaughterhouse, a 
refrigeration line ruptured, releasing ammonia. Eight , 
workers were critically injured, suffering respiratory 
burns from ammonia inhalation, and 17 others were 
less severely hurt. A 1989 atnn;~onia release in a 
frozen pizza plant led to the evacuation of nearly all 
of the 6,500 residents of the town where the plant 
was located. The release started when an end cap of 
a 16-inch suction line of the ammonia refrigeration 
system was knocked off. Up to 45,000 pounds of 
ammonia was released, forming a cloud 24 city 
blocks long. About 50 area residents were taken to 
hospitals, where they were treated with oxygen and 
released, while dozens of others were treated with 
oxygen at evacuation centers. 

Hazard Awareness 
Ammonia is used widely and in large quantities for 
a variety of purposes. More than 80% of ammonia 
produced is used for agricultural purposes; less than 
two percent is used for refrigeration. Ammonia can 
safely be used as a refrigerant provided the system is 
properly designed, Cbi1strU.cted, operated, and 
maintained. It is important to recognize, however, 
that ammonia is toxic and can be a hazard to human 
health. It may be harmful if inhaled at high 

l --
concentrations. The Occupational Safety and Health 

. j 

Administration (OSHA) Pertnissible pxposure Level 
(PEL) is 50 parts per million (ppm), 8-hour time­
weighted average. Effects of inhalation of a:mmonia 
range from irritation to severe respiratory injuries, 
with possible fatality at higher concentrations. The 
National Institute of Occupational Sa_fety and Health 
(NIOSH) has established an Immedi~tely Dangerous 
to Life and Health (IDLH) level of 300 ppm for the 
purposes of respirator selection. Ammonia is 
corrosive and exposure will result in a cheniical-type 
burn. Since ammonia is extremely hygroscopic, it 
readily migrates to moist areas of the body such as 
eyes, nose, throat, and moist skin areas. Exposure to 
liquid ammonja will also result in fro.stbite since its 
temperature at atmospheric pressure is -28°F. 

I 

The American Industrial Hygiene Askociation 
(AIHA) has developed Emergency Response Planning 
Guidelines (ERPGs) for a number of1substances to 
assist in planning for catastrophic releases to the 
community. The ERPG-2 represents: the 
concentration below which it is believed nearly all 
individuals could be exposed for up to one hou:,r 
without irreversible or serious hea1th.effects. The 
ERPG-2 for ammonia is 200 ppm. EPA has adopted 
the ERPG-2 as the toxic endpoint fot iuniilonia for the 
offsite consequence analysis require1 by the Risk 
Management Program (RMP) Rule upder section 
112(r) of the Clean Air Act. 

In refrigeration systems, ammonia is ~liquefied under 
pressure. Any liquid a.Inmonia released to the 
atmosphere will aerosolize producing a mixture of 
liquid and vapor at a temperature of -:-28°F. The 
released ammonia rapidly absorbs moisture in the air 
and forms a dense, visible white cloud of ammonium 
hydroxide. The dense mixture tends :to travel along 
the ground rather than rapidly rising., This behavior 
may increase the potential for exposUr-e of workers 
and the public. i 

Although pure ammonia vapors are not flammable at 
concentrations of less than 16%, they may be a fire 
and explosion hazard at concentrations between 16 
and 25%. Mixtures involving ammonia contart;tinated 
with lubricating oil from the system, !however, may 
have a much broader explosive range. A study 
conducted to determine the influence of oil on the 
flammability limits of ammonia found that oil reduced 
the lower flammability limit as low ~s 8%, depending 
on the type and concentration of oil Cfenton, et al., 
1995). ' 


