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Editorial 
 

  
 Dear readers, 

 
Thank you very much for the overwhelming echo and support to our last, the 

first, the no. 1 issue of European Union Foreign Affairs Journal. It seems that we 

have hit the nail on its head ï with an independent, interesting, and above all a 

paper not coming from official sources ï which often have a very similar view as 

we do on the difficult external performance of the European Union and of its role 

in the world. And this is now more than ever a great subject not only for the EU 

internally, but also for those who think outside of the Union of their and the EUôs 

role and of partnership with the EU. We also feel confirmed in the role of this 

paper as a forum, as a melting pot of all reasonable mainstreams, Member Statesô 

and third countriesô interests. And we are grateful that you, our readers could 

sometimes smile about several more or less improvised typographic attitudes, as we did smile on them 

too. But nobody is perfect.  

 

* * *  

 

Let me make, finally, a remark on the new EU Foreign Minister. Right after the earthquake in Haiti, 

she did not go there. She said (Irish Times, 20.1.2010) she would have ñnothing to contribute on 

the ground other than to take up valuable spaceò and her presence would be a distraction from 

the relief effort.  

 

However: if one is for a new, strengthened presence and face of the European Union in the 

world, one can only agree to Joseph Daul, chairman of the European Peopleôs Party Group in 

the European Parliament: Baroness Ashtonôs decision not to go to Haiti with US Secretary of 

State Hillary Clinton the weekend before was described as ñregrettableò. Still according to the 

IrishTimes from 20.1.2010, Irish Fine Gael MEP Gay Mitchell said Ms Ashton needed to be 

ñmore visible on issues of this kindò, and it was not clear from the relief effort that the EU 

was the biggest aid donor in the world. The Baroness had explained that, after consulting with 

UN Secretary General Ban Ki-moon, she had decided ñthat her role would be best suited to 

co-ordinating the international responseò. But it was the EU Commissioner for Development 

and Humanitarian Aid Karel De Gucht who went to Haiti ñto co-ordinate the response of EU 

aid agenciesñ, as reported by TheParliament.com from 20.1.2010.  

 

Ms Ashton had told also: The EU has responded quickly, not seeking headlines ï correct, but 

the EU would not have to seek headlines anyway ï and: ñWe resisted the urge to travel to Hai-

ti immediately. That would only have diverted attention and resources away from the relief 

effort.ò Sorry, this is not correct: Haiti is not in the possession of the US Army (which did and 
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does a great job), and the EU should play an adequate role, also in view of the common lan-

guage within the francophonie. TheParliament.com also reported that she said she hopes that a 

co-ordinated response from the EU would demonstrate how the new institutions set up under 

the Lisbon Treaty will work. I think: to demonstrate something, one has to show something 

(the Latin ñdemonstrareò means to show). Not to show anything, means not to demonstrate 

anything ï or to demonstrate other, unwanted impressions.  

 

So, dear Foreign Minister, indeed you have omitted a great chance ï also to show millions of 

Europeans that and how Europe could help. Together with Hillary Clinton, that North Ameri-

ca and Europe have a common responsibility in the Carribean, and that Europe jumps imme-

diately on the wagon, if there is a natural disaster like in Haiti. Which is evident not only be-

cause Haiti is an ACP Member State: In nowadays Europe, we need a EU Foreign Minister 

who has the courage to leave sometimes spontaneously; whenever it becomes necessary, all 

other things ï like setting up the EU Diplomatic Service ï should be left, and the Foreign Mi-

nister should become a demonstrator.  

 

In this context, it was regrettable, too, that the President of the Council, Herman de Rompuy, 

could not attend an important conference: the one of the heads of governments of the Balkan 

and Slovenia, on 20.3.2010 in Brdo/Slovenia. We should avoid any impression of no-shows 

by our most important representatives of the EU ï despite their agendas which are often ex-

tremely busy.  

 

 

With best regards, 

 
Hans-Jürgen Zahorka             29

th
 March, 2010 
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The Commentary: What Is in a Name?  

The Macedonian Issue at Hand 
 

 

By Zhidas Daskalovski
1
 

 

 

In October, 2009, the European Commission recommended opening 

negotiations for membership with Macedonia, the southernmost for-

mer Yugoslav republic. As at the 2008 NATO Summit in Bucharest 

NATO leaders refused Macedonia an invitation to join the alliance 

after Greece de facto vetoed the decision in a dispute over the repub-

licôs name, it is not clear when, or if, EU membership negotiations 

would start. The NATO blockade was made although Greece was 

obliged by the Interim Agreement signed with Macedonia under the 

auspices of the UN in 1995 not to block the admission of its northern neighbor to international 

organizations if it was to apply under the temporary reference used within the UN. The basic 

dispute between the Greeks and Macedonians concerns which nation may properly use the 

term ñMacedonia.ò In a dubious legal procedure Macedonia was admitted to UN membership 

in April 1993 by the General Assembly Resolution 47/225 (1993), under the provision that it 

be "provisionally referred to for all purposes within the United Nations as the former Yugos-

lav Republic of Macedonia, pending settlement of the difference that has arisen over the name 

of the State." Macedonian governments have since committed to adhere to a UN process to 

discuss a possible solution to the "name disputeò although the additional conditions related to 

the name of the state constitute violations of the Article 4(1) of the UN Charter as interpreted 

by the Advisory opinion of ICJ, of 28 May, 1948, accepted by the General Assembly Resolu-

tion 197/III of 1948).  

 

The U.N. negotiator, Matthew Nimetz, is trying to reach an agreement and has made various 

recommendations to the parties involved. Athens insists Macedonia add a óqualifierô to its 

constitutional name to differentiate the country from the northern province of Greece bearing 

the same name. To most Greeks the use of the term ñMacedoniaò - the name of an ancient 

kingdom ruled most famously by Alexander the Great and encompassing most of the Helle-

nistic world - violates the national narrative of Greece and seems to imply an entitlement to 

                                                 
1
 Dr. Zhidas Daskalovski is president of the Center for Research and Policy Making in Skopje/Macedonia (see 

also www.crpm.org.mk) and Assistant Professor of political science at the Department of Public Administration 

(FAMIS) at the University of Kliment Ohridski in Bitola/Macedonia. 

http://www.crpm.org.mk/
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the entire legacy (and even geography) of historic Macedonia. The Greeks feel their identity 

and historical and cultural legitimacy is questioned. Macedonians argue that the right to eth-

nicity, nationality and to identity is a fundamental principle of international law, a central te-

net of the international order. Macedonian citizens instinctively know what is at stake, a ma-

jority consistently opting against changes of the name even if NATO membership is at stake 

at various polls conducted since 2008. 

 

For Macedonia, the very future of the republic is dependent on successfully resolving this 

issue as the local Albanians might become restive watching the state of Albania, already a 

member of NATO, move forward with European integration. If the EU sides with the Greek 

position it will amount to declaring the Copenhagen Criteria are not important for the acces-

sion of Macedonia to EU, that the most important factor is an additional criterion that has 

nothing to do with democracy or rule of law. The public opinion will turn against EU. Natio-

nalism and ethnocentrism will be on the rise. As a result this or any subsequent Macedonian 

government will not have much incentive to continue the needed reforms. On the other hand, 

the leverage of EU on Macedonian politics will decrease. What is more important, the possi-

bilities for further soft mediation of Macedonian-Albanian political disputes will diminish. 

Macedonian nationalism will grow but so will the ethnic Albanian one. Radicals among the 

Albanians have anyways been encouraged by the recent declaration and recognition of Koso-

voôs independence. Supporting the Greek position signals to nationalists around the Balkans 

that Macedonia is not yet a ñnormalò country, a state that has a secure and prosperous future 

in the EU. With Kosovoôs independence, Bosnia-Herzegovinaôs problems and Serbiaôs objec-

tions already complicating Balkan realities the EU does not need another crisis. Macedonian 

stability, which brought this country a remarkable freedom of press, is crucial as any new con-

flict  there could cause a wider conflict including Bulgaria, Turkey, and Albania. 
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Nuclear Disasters in the Developing World and  

EU Intervention  
 

 

by James Higgins
2
, Rachel Kurinsky, and Rocco Casagrande 

 

 

SUMMARY  
 

Developing nations are investing in the construction of nuclear power plants to reduce re-

liance on imports of oil and natural gas. However, it is unclear if adequate attention has been 

given to the safe operation of nuclear plants in developing nations, or to the implications of a 

nuclear accident in such locales. It is also unclear if many developing countries have the re-

sources to address catastrophic accidents, which may require the evacuation of thousands of 

exposed persons, the loss of tracts of urban and agricultural land to contamination, and clean-

up efforts involving hundreds of workers, construction vehicles, and aircraft.  
 

In the event of a catastrophic accident at a nuclear facility in a developing nation, what should 

the response be from the developed nations? Because the majority of nuclear disasters to date 

have taken place in Europe, it stands to reason that European nations have the experience ne-

cessary to lead the response to such an accident. However, it is unclear if the European Un-

ionôs European Security Strategy, the European Defence Agency, or the North Atlantic Treaty 

Organization (NATO) or whoever as a European structure or institution might contribute have 

devoted sufficient attention to the political and logistical challenges that would ensue from 

responding to a nuclear disaster outside the boundaries of the EU. Given that a nuclear disas-

ter may impact EU states located at some distance from the disaster site, it may be prudent for 

relevant agencies to investigate strategies for intervention. 
 

 

The cooling towers of the defunct reactor loomed over the horizoné Higher the four towers rose into the air, 

and higher. They were huge and impossibly out of scale. It was almost beyond belief that mere human beings 

had built such things. The land was dead and barren from horizon to horizon. Gullies runneled the soil, leav-

ing behind rocks and baked mud. In the rare puddle or stagnant pond there grew swaths of nameless scum, 

too simple to be easily killed. An occasional clump of weeds poked out from the rubbled remains of a building, 

spread out, sickened, and died. 
 

A length of wall had collapsed on the containment building, swallowing up a slice of roof and whatever door-

way might have existed. Twisted, half-melted girders stuck out through the gap. Within, a superheated vapor 

coiled about crumbling machinery, delicately veiling it from her eyes. And far beyond, visible only as a fierce 

red light piercing the mist, lay the Reactorôs sister, the broken, simmering pool of the original Meltdown.  
 

The radioactive slurry within was hot, hotter than the surface of Venus. 
 

Michael Swanwick, In the Drift , Ace Books, 1985 

                                                 
2
 Corresponding author. Address: Gryphon Scientific, Suite 810, 6930 Carroll Ave., Takoma Park, Maryland 

USA 20912, phone +1-301-270-0669, fax +1-370-270-0673, email: james@gryphonscientific.com 

mailto:james@gryphonscientific.com
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Introduction  

 

In his science fiction novel In the Drift, author Michael Swanwick envisages an alternate-

history United States in 2079, nearly a century after a full meltdown took place at reactor unit 

2 at the Three Mile Island facility in Middletown, Pennsylvania. Most of the central portion of 

the state is a thinly populated wasteland contaminated with lethal concentrations of fallout 

spewed from the still-burning reactor. The US federal government has collapsed, and the east-

ern seaboard is a loose assembly of independent states and territorial polities. A large propor-

tion of the population in the eastern US is resigned to early death from cancer and other radia-

tion-induced maladies. All foodstuffs save those imported from the western portion of the 

nation, or locally grown in special fallout-proof greenhouses, are laced with radionuclides. 

Travel to the edges of the fallout zone (the óDriftô) requires monitoring equipment, protective 

filter masks, and disposable protective overclothes. 

 

While they seemed firmly in the realm of fiction when described in Swanwickôs 1985 novel, 

the environmental, political, and public health consequences of a major nuclear accident be-

came very real when, a year later, an explosion occurred at Reactor Number 4 at the Cher-

nobyl nuclear power facility near Pripyat, Ukraine. Suddenly what the nuclear power industry 

had confidently assured the public as an extremely unlikely event had become likely, and the 

world was forced to deal with an unprecedented scale and scope of a nuclear disaster. 

 

Today, more than 20 years since the Chernobyl accident, the construction of nuclear power 

plants in developed nations is a contentious issue, often involving debates about the availabili-

ty of affordable electricity, environmental quality, and public safety. However, in many de-

veloping nations, nuclear reactors are seen as a valid alternative to the use of increasingly ex-

pensive fossil fuels for electrical power generation. Within the next decade Iran, Pakistan, 

India, and China will complete the construction of a number of nuclear reactors, and nations 

such as Bangladesh, Vietnam, and Indonesia hope to start construction of their own nuclear 

facilities. 

 

What is being done to ensure the safe and reliable operation of existing and forthcoming nuc-

lear plants in developing countries? What would the public health consequences be for a 

Chernobyl-magnitude accident in a nation with little experience in handling nuclear disasters? 

What options would developed nations have for providing assistance to a country confronted 

with a reactor fire or explosion?  

 

From the perspective of the European Union (EU), we would argue that such questions are by 

no means hypothetical musings. In our estimation, it is likely that within the next 20 - 30 

years, a nuclear catastrophe overseas will require the intervention of the EU states in order to 

limit contamination of surrounding territories and implement humanitarian aid. Such an inter-
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vention possibly may be mediated by an organization such as NATO, or a coalition of forces 

under the command of the European Unionôs defence institutions (which may be available 

then), since military units have been trained to operate in an environment characterized by 

radioactive contaminants. It is also possible that the United States armed forces (or Russia) 

may intervene, either on their own, or in conjunction with NATO or the European Union. 

 

In the following article, we review the existing state of nuclear power plant operation and con-

struction worldwide. We also review the historical record of nuclear accidents, particularly 

those taking place in the former Soviet Union. We examine the status of nuclear power plant 

safety measures in developing nations, with an emphasis on India and the BARC facility in 

the suburb of Trombay, Bombay (Mumbai). We then turn to the short-term and long-term 

consequences of a major nuclear accident taking place in a developing nation. We outline 

what role the EU or NATO may take in responding to such a crisis, and conclude with re-

commendations for strategic planning for dealing with such circumstances. 

 

World expansion in nuclear plant facilities 

 

As of February 2009, there were 436 commercial nuclear reactors in operation in 30 nations 

around the world. When research reactors are added to this total, 56 nations have at least one 

reactor operating within their boundaries. While most of these are located in the industrialized 

countries of North America, Europe, and Japan, there is intense interest on the part of many 

developing nations in constructing reactors.
3
 

 

Table 1 (below) provides information on the scope of nuclear power plant planning and con-

struction for select countries outside North America and Western Europe. 

 

Country Reactors operating Reactors under 

construction 

 

Proposed reactors 

Argentina 2 1 2 

Armenia  1 0 1 

Bangladesh  0 0 2 

Brazil 2 0 5 

China 11 17 34-90 

                                                 
3 7ÏÒÌÄ .ÕÃÌÅÁÒ !ÓÓÏÃÉÁÔÉÏÎȟ Ȭ7ÏÒÌÄ .ÕÃÌÅÁÒ 0Ï×ÅÒ 2ÅÁÃÔÏÒÓ ςππχ-πω ÁÎÄ 5ÒÁÎÉÕÍ 2ÅÑÕÉÒÅÍÅÎÔÓȭȟ 
http://www.world -nuclear.org/info/reactors.htm  
 

http://www.world-nuclear.org/info/reactors.htm
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India  17 6 15 - 23 

Indonesia 0 0 2-4 

Mexico 2 0 2 

Pakistan 2 1 2-4 

Thailand  0 0 2-4 

Iran 0 1 1- 2 

United Arab Emirates 0 0 3 - 11 

Vietnam 0 0 2 - 8 

Turkey 0 0 1-2 

Egypt 0 0 1-2 

 
Table 1 - Power-generating nuclear reactors operating, or in development, in select nations as of October 2009. 

Data taken from the World Nuclear Association website: http://www.world-nuclear.org/info/reactors.htm 

 

While only eight nations possess nuclear weapon capabilities, thirty currently utilize nuclear 

power for the purpose of electricity production. As of mid-2009, the United States leads the 

world with the largest number of plants in operation (104), followed by France (59), Japan 

(53), and Russia (31). However, the direction of growth of the nuclear power industry is expe-

riencing a change of course. China and Russia lead the world in terms of reactors under con-

struction, with seven reactors underway in each country. India follows close behind with con-

struction on six reactors currently in progress. Wholly nineteen of the 31 reactors under con-

struction in 2007 were located in Asia. Not only are Asian nations constructing more plants 

than the West, but they are erecting them at a substantially faster rate. It took approximately 

18-24 years to bring each of four reactors into operation in Romania, Russia, and the Ukraine. 

Conversely, China, India, Japan, and South Korea collectively brought each of ten reactors 

into operational status in an average of only five years.
4
 

 

A corollary to the operation of any nuclear power plant is the disposition of radioactive waste 

generated by the reactor. According to the International Atomic Energy Association (IAEA), a 

nuclear power advocacy organization, each year ~ 10 500 tons of metal waste are generated 

by the nuclear power industry.
5
 In addition to solid waste, nuclear facilities also produce size-

able quantities of liquid waste. Both solid and liquid wastes are divided into two categories: 

ólow levelô and óhigh levelô radioactive waste. As its name implies, low level waste has li-

                                                 
4  ÉÂÉÄȠ 7ÏÒÌÄ .ÕÃÌÅÁÒ !ÓÓÏÃÉÁÔÉÏÎȟ Ȭ.ÕÃÌÅÁÒ 0Ï×ÅÒ ÉÎ ÔÈÅ 7ÏÒÌÄ 4ÏÄÁÙȭȟ http://www.world -
nuclear.org/info/inf01.ht ml 
5 International Atomic Energy Agency, Nuclear Energy Review 2008, (Vienna: IAEA press, 2008), p. 12, 
http://www.iaea.org/Publications/Reports/ntr2008.pdf  

http://www.world-nuclear.org/info/reactors.htm
http://www.world-nuclear.org/info/inf01.html
http://www.world-nuclear.org/info/inf01.html
http://www.iaea.org/Publications/Reports/ntr2008.pdf
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mited radioactivity and can be handled without shielding. High level waste contains transuran-

ic elements (such as plutonium) and can emit lethal quantities of ionizing radiation; it requires 

special handling and storage regimens. Because of the logistics associated with the handling 

and storage of high level radioactive wastes, they are usually emplaced in proximity to reactor 

sites.
6
  

 

For nuclear plants concerned with the generation of plutonium for fission weapons (i.e., 

óatomic bombsô), reprocessing high level waste in order to extract the plutonium is of high 

priority. Accordingly, large quantities (e.g., thousands of liters) of liquid waste may be stored 

for prolonged periods of time, to permit the more dangerous radioisotopes within it to decay, 

before the waste can be subjected to processes to selectively recover the plutonium residues.
7
 

 

Nuclear accidents: The historical record  

 

Why should the worldôs nations be concerned about the expansion of the nuclear power indus-

try in developing countries? Since the first commercial nuclear plant devoted to generating 

electricity became operational in 1961 (the óYankee Roweô pressurized water reactor in Rowe, 

Massachusetts), there have been a large number of óminorô accidents officially recorded for 

reactors and other installations handling nuclear material in North America, Japan, and Eu-

rope. 
8
 Of course, the number of óunreportedô accidents could inflate this number appreciably, 

particularly for accidents taking place in countries which normally do not report events to in-

ternational governing bodies, or disclose them in the open literature. 

 

There have been five ómajorô accidents involving nuclear facilities since 1950: the Sellafield 

(Windscale) reactor fire in the UK in 1957;  the explosion of nuclear waste stored at the 

Mayak facility near Kyshtym in the Soviet Union the same year; the windstorm-mediated dis-

persal of radioactive sediment from Lake Karachay in the Soviet Union in 1967; the reactor 

meltdown at Three Mile Island in Middletown, Pennsylvania in 1979; and the explosion and 

meltdown of reactor No. 4 at the Chernobyl nuclear power plant in Pripyat, Ukraine in 1986.
9
  

 

                                                 
6 Marc Fioravanti and Arjun Makhijani, ȬContaining the Cold War mess: Restructuring the environmental 
ÍÁÎÁÇÅÍÅÎÔ ÏÆ ÔÈÅ 53 ÎÕÃÌÅÁÒ ×ÅÁÐÏÎÓ ÃÏÍÐÌÅØȭ ɉ#ÁÓÅ 3ÔÕÄÉÅÓ ÒÅÐÏÒÔɊȟ ɉ,ÁÕÒÅÌȟ -ÁÒÙÌÁÎÄȡ )ÎÓÔÉÔÕÔÅ ÆÏÒ 
Energy and Environmental Research), October 1997, pp. 55 ɀ 58, 
http://www.ieer.org/reports/cleanup/ccwm.pdf  
7 7ÏÒÌÄ .ÕÃÌÅÁÒ !ÓÓÏÃÉÁÔÉÏÎȟ Ȭ0ÒÏÃÅÓÓÉÎÇ ÏÆ 5ÓÅÄ .ÕÃÌÅÁÒ &ÕÅÌȭȟ ÈÔÔÐȡȾȾ×××Ȣ×ÏÒÌÄ-
nuclear.org/info/inf69.html  
8 Samuel Upton Newtan, Nuclear War I and Other Major Nuclear Disasters of the 20th Century (New York: 
Author House, 2007), pp. 211 ɀ 250 
9 ibid, pp. 151 ɀ 188 

http://www.ieer.org/reports/cleanup/ccwm.pdf
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Of all these accidents, those at Mayak, Lake Karachay, and Chernobyl were the most destruc-

tive in terms of human casualties and the release of radioisotopes into the atmosphere (Table 

2).
10

   

 
Location Cause of 

accident 

Area of 

contamination 

Amount  of  

contamination 

Exposed po-

pulation 

Public health 

consequences 

Mayak (village 

of Kyshtym, 

Chelyabinsk 

Oblast) 1957 

explosion of 

stored nuclear 

waste 

23,000 km
2
 20 million Curies 

 

272,000 unclear, but may 

include increased 

incidence of leu-

kemias, lung 

cancer 

Lake Karachay 

(Chelyabinsk 

Oblast) 1967 

windstorms 

dispersed 

radioactive 

sediment 

2,200 km
2
 600,000 to 5 milli-

on Curies 

  

42,000 unclear, but may 

include increased 

incidence of leu-

kemias, lung 

cancer 

Chernobyl 

(village of Pri-

pyat, Ukraine) 

1986 

explosion and 

meltdown of 

RBMK reactor 

1.3 million km
2 

 

12 million Curies > 300,000 documented in-

crease in thyroid 

cancer in child-

ren; possible 

increase in other 

cancers, birth 

defects 

 
Table 2 - Environmental and public health consequences of major nuclear accidents in the former Soviet Union. 

Data adapted from Cochran et al. (1993), Goldman (1997), Newtan (2007), Jones (2008), and Nowakowski et al. 

(2008) 

 

What types of disasters could take place in association with nuclear power plant operations in 

a developing nation? We envisage four scenarios: 

 

Å a reactor core fire or explosion (akin to that taking place at Chernobyl, Windscale,   

and Three   Mile Island)  

Å an explosion involving stored high-level nuclear waste (akin to that of Mayak) 

Å an accident involving the transport of high-level nuclear waste from one locale to 

another 

                                                 
10 A note on terminology: a (bewildering) variety of units of measurement for radiation, and radiation 
exposure, are used in the literature. While the Becquerel (Bq) is the current SI unit for radioactivity, most 
of the literature dealing with historical nuclear accidents uses the Curie (Ci), and to avoid burdening the 
reader with extensive use of converted values in a general-audience article such as this, we retain the use 
of this unit. Note that 1 Ci = 3.7 × 1010 Bq. We have chosen to use the currently approved SI term for radia-
tion exposure, the Gray (Gy); 1 Gy = 100 rad. A dose of 1 -2 Gy can cause nausea and vomiting but no mor-
tality; 3 - 4 Gy can lead to acute radiation sickness in exposed persons with up to 50 % mortality in the 
absence of treatment, and a dose of 6 -7 Gy is usually fatal in the absence of treatment. 
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Å a natural disaster that damages a nuclear waste storage site (or reactor) and distributes 

its contents into the atmosphere 

 

How likely are these types of accidents? The nuclear power industry argues that while these 

events are indeed part of the historical record, the implementation of modern safety protocols 

and operator training makes the likelihood of further accidents remote. According to the 

World Nuclear Association, 

Advances in safety practice are unmistakable. At most plants worldwide, reportable safety-related 'events' are 

now near zero. National and international insurance laws assign responsibility to nuclear plant operators. In the 

U.S. for example, reactor operators share in a 'pooled' private insurance system that has never cost taxpayers a 

penny. 

Today, nuclear power plants have a superb safety record - both for plant workers and the public. In the transport 

of nuclear material, highly engineered containers - capable of withstanding enormous impact - are the industrial 

norm. More than 20,000 containers of spent fuel and high-level waste have been shipped safely over a total dis-

tance exceeding 30 million kilometres. During the transport of these and other radioactive substances - whether 

for research, medicine or nuclear - there had never been a harmful radioactive release.
11

 

According to the US Nuclear Regulatory Commission, reactors have a number of mechanisms 

in place to reduce the probability of an accident. These include automatic, or operator-

mediated, shutdowns of the fission reaction (referred to in the nuclear industry as a reactor 

óscramô); redundant systems to provide coolant to the reactor in the event the main coolant 

delivery channel fails; redundant electrical systems, in case of loss of main electrical power; 

and a system of multiple, nested containment vessels and structures to retain any radioactive 

gas or material that should be generated by the reactor in the course of an accident.
12

  

 

In the view of the industry, the presence of these cumulative safety features means that even if 

something should go wrong with the reactor or its supportive infrastructure, it would be ex-

tremely difficult for sufficient heat to build up in the reactor core to initiate a meltdown. Fur-

thermore, any radioactivity released in the course of an accident would be retained within the 

reactor building, and any quantities released into the atmosphere would be so minute as to 

constitute a negligible threat to public health. 

 

                                                 
11 7ÏÒÌÄ .ÕÃÌÅÁÒ !ÓÓÏÃÉÁÔÉÏÎȟ Ȭ! 3ÕÐÅÒÂ 2ÅÃÏÒÄ ÏÆ .ÕÃÌÅÁÒ 3ÁÆÅÔÙȭȟ  
www.world -nuclear.org/why/nucsafety.html  
12 Nuclear Regulatory Commission (U.S.), Regulator of Nuclear Safety (NUREG/BR-0164, Rev. 4), (Wash-
ington, US NRC, February 2007), pp. 12 ɀ 15, http://www.nrc.gov/reading -rm/doc -
collections/nuregs/brochures/br0164/r4/br0164r4.pdf  

http://www.world-nuclear.org/why/nucsafety.html
http://www.nrc.gov/reading-rm/doc-collections/nuregs/brochures/br0164/r4/br0164r4.pdf
http://www.nrc.gov/reading-rm/doc-collections/nuregs/brochures/br0164/r4/br0164r4.pdf
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Opponents of the nuclear industry have a number of counter-arguments. One is that the safe 

operation of reactors is highly dependent on conscientious behavior on the part of the opera-

tors and owners, as demonstrated by regular inspections. However, there are many docu-

mented instances of missed or faulty inspections, a practice occasioned by corruption and mal-

feasance. For example, a serious fire took place in February 2001 at the San Onofre Nuclear 

Power Plant in San Diego County, California; a faulty circuit breaker was believed to have 

been the cause.
13

 Despite the worrisome implications of this accident, in January 2008, the 

U.S. Nuclear Regulatory Commission revealed that hourly fire inspections had been falsified 

by a plant employee from 2001 ï 2006.
14

  

 

Such examples of laxity are not limited to the US; in Japan, throughout the 1990s and 2000s 

there were a dismaying number of fatal accidents and blunders at nuclear plants, as well as 

revelations of falsification of inspection reports that led to a temporary shutdown in 2002 of 

all 17 reactors of the Tokyo Electric Power Company (there were cracks in the protective 

óshroudsô around 13 of the 17 reactors). 
15

 

 

Another safety concern is that the fidelity of a reactorôs nested safety systems is highly depen-

dent on the quality of their engineering and assembly. And, while reactor design and construc-

tion can incorporate mandated requirements for safe operation in response to any number of 

scenarios, the likelihood always exists that óreal lifeô scenarios may be more severe, and have 

unanticipated consequences, than cannot be ameliorated by design stipulations. For example, 

in Japan, a July 16, 2007 earthquake, measuring 6.8 on the Richter scale, damaged the worldôs 

largest nuclear power station, the Kashiwasaki-Kariwa facility near Niigata. A transformer 

caught fire, which required two hours to extinguish. There was leakage of radioactive water 

into the confines of the plant, and into the Sea of Japan (~ 90 000 Bq, or 2.4 µCi).
16

  

 

It is important to note that this water evidently overflowed from the six of the seven spent fuel 

pools at the facility; in other words, the large holding tanks on-site where disused fuel rods 

                                                 
13 53 .ÕÃÌÅÁÒ 2ÅÇÕÌÁÔÏÒÙ #ÏÍÍÉÓÓÉÏÎ ɉ5Ȣ3ȢɊȟ 3ÅÐÔÅÍÂÅÒ ςπȟ ςππςȟ ȬNRC Information Notice 2002-27: Re-
cent fÉÒÅÓ ÁÔ ÃÏÍÍÅÒÃÉÁÌ ÎÕÃÌÅÁÒ ÐÏ×ÅÒ ÐÌÁÎÔÓ ÉÎ ÔÈÅ 5ÎÉÔÅÄ 3ÔÁÔÅÓȭȟ ɉ7ÁÓÈÉÎÇÔÏÎȟ 53 .2#ȟ 3ÅÐÔÅÍÂÅÒ 
2002), pp. 1- 3, http://www.nrc.gov/reading -rm/doc -collections/gen-comm/info -
notices/2002/in200227.pdf  
14 $ÁÎ 7ÅÉËÅÌȟ Ȭ3ÁÎ /ÎÏÆÒÅ ÓÁÆÅÔÙ ÌÁÐÓÅÓ ÄÉÓÃÌÏÓÅÄȭȟ Los Angeles Times (local), January 15, 2008, 
http://articles.latimes.com/2008/jan/15/local/m e-onofre15 
15 Mycle Schneider and Antony Froggatt, The World Nuclear Industry: Status Report 2007 (Brussels, The 
Greens / European Free Alliance, Brussels, January 2008), p. 23, http://www.greens-
efa.org/cms/topics/dokbin/206/206749.pdf  
16 Hideyuki Ban and 0ÈÉÌÉÐ 7ÈÉÔÅȟ ȬKashiwazaki-Kariwa Earthquake: Japan's Nuclear Safety Shaken to the 
2ÏÏÔÓȭȟ  #ÉÔÉÚÅÎÓȭ .ÕÃÌÅÁÒ )ÎÆÏÒÍÁÔÉÏÎ #ÅÎÔÅÒ .Å×ÓÌÅÔÔÅÒ, July 23, 2007,  
http://cnic.jp/english/newsletter/nit119/nit119articles/kkearthquake.html  

http://www.nrc.gov/reading-rm/doc-collections/gen-comm/info-notices/2002/in200227.pdf
http://www.nrc.gov/reading-rm/doc-collections/gen-comm/info-notices/2002/in200227.pdf
http://articles.latimes.com/2008/jan/15/local/me-onofre15
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from the reactor are submerged underwater (for years) until their emissions reach acceptable 

levels, and permit the rods to be transported to a remote site for burial. Fortunately, there was 

evidently sufficient water left in the spent fuel pools even after this leakage to maintain the 

cooling and shielding function of the pools (if cooling is inadequate, the spent fuel rods will 

catch fire and melt). 

 

 In addition to the discharge of contaminated water into the sea, there were cumulative releas-

es of 4 x 10
8
 Bq (0.01 Ci) of radioactive materials (

51
Cr, 

60
Co, 

133
I, and 

135
I) into the atmos-

phere from the plantôs exhaust towers.
17

 

 

The Kashiwasaki-Kariwa reactors were taken off-line and, according to a report by The 

Greens / European Free Alliance,   

 

Since the seismic acceleration of the quake detected at one of the reactors was at least 2.5 times as high as the 

design basis of the nuclear facilities it is unclear whether the units can ever restart.
18

 

 

However, as of the end of June, 2009, the Japanese Nuclear and Industrial Safety Agency had 

given the plant approval to renew operations.
19

 

 

As more countries undertake the construction of nuclear power plants, particularly developing 

countries, it is prudent to ask if adequate oversight of plant operations can be assured. We 

posit that in many developing countries corruption is even more pervasive and entrenched 

than in developed countries; this does not bode well for a conscientious operation of nuclear 

facilities.  It is unclear if regulatory agencies from the UN / IAEA will have the necessary 

freedom to visit such plants and provide an external review of safety practices, particularly if 

the facility is simultaneously being used for óstrategicô (i.e, weapons development) purposes.   

 

Another factor to be entered into risk calculations and disaster scenarios is the shortage of 

personnel with experience in the operation of a nuclear power facility. This shortage can po-

tentially hamper expansion of the nuclear industry in first-world countries. But in developing 

countries, the placement of poorly-trained personnel in critical occupations may have conse-

quences far more serious than the disruption of electrical power generation.
20

 

                                                 
17 ibid  
18 Schneider and Froggatt, The World Nuclear Industry: Status Report  2007, p. 23 
19 !ÎÏÎÙÍÏÕÓȟ ȬNuclear agency OKs commercial operation at Kashiwazaki-+ÁÒÉ×Á ÐÌÁÎÔȭȟ Japan Today, 
June 29,2009,  
http:// www.japantoday.com/category/national/view/nuclear -agency-oks-commercial-operation-at-
kashiwazaki-kariwa-plant 
20 Schneider and Froggatt, The World Nuclear Industry: Status Report 2007, p. 12  

http://www.japantoday.com/category/national/view/nuclear-agency-oks-commercial-operation-at-kashiwazaki-kariwa-plant
http://www.japantoday.com/category/national/view/nuclear-agency-oks-commercial-operation-at-kashiwazaki-kariwa-plant
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Problems in the safe operation of nuclear facilities: India  

 

A sizeable obstacle to efforts to characterize the risk of a nuclear disaster in a developing 

country is the paucity of information in the open literature about nuclear power operations in 

developing countries. 

 

Most of the scientific literature on the topic of reactor accidents is narrowly focused on the 

mechanical and technical features of safeguarding and troubleshooting reactor operation and 

nuclear waste storage, rather than addressing broad-ranging extrapolations of the public health 

and environmental consequences of reactor failure.  

 

In terms of problems with reactor operation in developing countries, much of what can be 

found in the open literature is scant, and consists of reports in news media, particularly maga-

zines featuring investigative reporting, and websites maintained by private organizations de-

voted to environmental advocacy, rather than formal scientific and technical literature. While 

these sources of information obviously have limitations, we of necessity have used them to 

inform our analysis of the consequences of reactor disasters in developing countries.   

 

As an example of the coverage afforded nuclear plants in developing countries, we have cho-

sen the Dhruva reactor at the Bhabha Atomic Research Centre (BARC) in Trombay, a suburb 

of Bombay (Mumbai). The Dhruva is the largest reactor in India: a 100 MW ópool-typeô fast 

breeder reactor; i.e., the reactor core is suspended in a pool of óheavy waterô (deuterium-

enriched water, or 
2
H2O) that serves as a coolant and a moderator. The Dhruva reactor became 

operational in August 1985. A 2007 article in an Indian newspaper mentioned that the Dhruva 

makes óeven the Americans quake in aweô.
21

 Unkind observers may attribute this óquakingô to 

the fact that soon after becoming operational, the reactor had a serious accident involving ex-

cessive vibration due to water flow through the fuel assemblies; 4 metric tons of heavy water 

overflowed from the reactor core. Operation was suspended until January 1987, and the reac-

tor did not generate its full power until January 1988. 

According to the Nuclear Threat Initiative,  

Safety standards at BARC have come under question after the revelation in 1991 that Dhruva was operated for 

nearly a month with a malfunctioning emergency coolant system. Also in October 1989, a reactor technician was 

accidentally locked inside a shielded room at Dhruva. The technician saved his life only by repeatedly shutting 

                                                 
21 T. S. 3ÕÂÒÁÍÁÎÉÁÎȟ Ȭ4ÈÅ $ÁÍÓÅÌ ÏÆ 4ÒÏÍÂÁÙȭȟ Frontline (India), Apr. 21 ɀ May 4, 2007,  
http://www.hinduonnet.com/fline/fl2408/stories/20070504002210400.htm  

http://www.hinduonnet.com/fline/fl2408/stories/20070504002210400.htm
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off the coolant pump to the reactor, causing the reactor to repeatedly shut down. The technician was found by 

chance an hour after the incident.
22

 

An article by A. Gopalakrishnan (1999) in Indiaôs óFrontlineô magazine states: 

There was also an incident of operating the Dhruva reactor for almost one month with an emergency coolant 

system valve closed tight. The bursting of underground pipelines carrying radioactive fluids within the BARC 

campus, which has contaminated hundreds of tonnes of subsoil, and leaky tanks holding lakhs [i.e., thousands] of 

litres of highly radioactive fluids not being replaced or repaired are some of the other instances.
23

 

It is unclear from a survey of the open literature if BARC suffers from more, or fewer, opera-

tional problems than the other reactors currently operating in India. According to a article by 

Ashwin Kumar (2007) of the Centre for Interdisciplinary Studies in Environment and Devel-

opment, Bangalore,  

An examination of the safety record in India's nuclear facilities reveals poor practices and routine accidents, 

ranging from leaks of oil to complete loss of power in a reactor causing all safety systems to be disabled. Al-

though as yet in India, there has not been a severe accident leading to core meltdown or large radiation expo-

sures to the public, on measures of occupational exposure to workers, India's nuclear facilities perform poorly.  

For example in the 1980s, for which data is available, radiation exposures to power plant workers were ten 

times the world average for each unit of electricity and twice the world average for each monitored worker. As 

recently as 2003, there have been accidents involving high radiation exposures to workers.
24

  

It should be noted that the international nuclear power community has a number of bureau-

cratic organizations devoted to accident response, such as the IAEAô s óInter-Agency Commit-

tee on Response to Nuclear Accidentsô (AICRNA), and periodic exercises are conducted to 

evaluate cooperative responses to a nuclear accident.  

 

These measures were undertaken as a response to the reticence of the former Soviet govern-

ment about the Chernobyl disaster; like so many international administrative entities, it is dif-

ficult to ascertain what the impact of its role would be in the event of a nuclear disaster, par-

ticularly one involving a facility with strategic implications. 

 

 

                                                 
22 Nuclear Threat InitiaÔÉÖÅȟ Ȭ#ÏÕÎÔÒÙ /ÖÅÒÖÉÅ×Óȡ )ÎÄÉÁȟ .ÕÃÌÅÁÒ &ÁÃÉÌÉÔÉÅÓȟ $ÈÒÕÖÁ 2ÅÓÅÁÒÃÈ 2ÅÁÃÔÏÒȭ 
(2003), http://www.nti.org/e_research/profiles/India/Nuclear/2103_2601.html  
23 !Ȣ 'ÏÐÁÌÁËÒÉÓÈÎÁÎȟ Ȭ)ÓÓÕÅÓ ÏÆ .ÕÃÌÅÁÒ 3ÁÆÅÔÙȭȟ Frontline (India), Mar. 13 - 26, 1999, 
http://www.flo nnet.com/fl1606/16060820.htm  
24 !ÓÈ×ÉÎ +ÕÍÁÒȟ  Ȭ.ÕÃÌÅÁÒ ÓÁÆÅÔÙȡ ! ÐÏÏÒ ÒÅÃÏÒÄȭ  India Together,  March 30, 2007, 
http://www.indiatogether.org/2007/mar/env -nukesafe.htm 
 

http://www.indiatogether.org/2007/mar/env-nukesafe.htm
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Public health implications of a nuclear disaster in a developing country 

 

What should we expect if a nuclear disaster took place in a developing country ? What would 

the effects be on the populace located in proximity to the disaster site?  

 

One of the more ófortunateô aspects of the Mayak and Chernobyl accidents was that they took 

place in comparatively underpopulated areas. The Mayak facility, as a weapons development 

plant, was deliberately located in a remote area of the Chelyabinsk Oblast by the Soviet au-

thorities in order to preserve secrecy. The Chernobyl site was located in an agricultural district 

with few population centers (the nearest major city is Kiev, nearly 70 miles to the southeast).  

The city of Pripyat (45 000 ï 50 000 inhabitants prior to the accident) was primarily con-

structed to house the plant workers, rather than a metropolitan area existing prior to the intro-

duction of the nuclear facilities.   

 

However, it is unclear if existing, and planned, nuclear power plants in developing countries 

will be able to be sited at a distance from highly populated areas. For smaller nations such as 

Bangladesh, Azerbaijan, or Jordan, it is difficult to see how any site could be found at a ósafeô 

distance from major population centers (i.e., where fallout from a reactor or waste tank explo-

sion would primarily descend on sparsely inhabited territory). Thus, it is likely that a nuclear 

accident at a facility in a developing country will involve a correspondingly higher number of 

individuals than the historical accidents taking place in the former Soviet Union. 

 

Casualties from a reactor explosion per se would be small (i.e., presumably < 100 people) and 

restricted to personnel located in close proximity to the blast. Depending on the location of 

workers relative to the reactor, their injuries would result from the heat and physical force of 

the explosion. Only a small proportion of these casualties would receive immediately lethal 

doses of radiation. For example, at the Mayak disaster, personnel close to the explosion were 

estimated to have been exposed to 100 rad (~ 1 Gy) and few, if any, succumbed to acute radia-

tion sickness (ARS).
25

 At Chernobyl 134 individuals were diagnosed with ARS, but only 28 

of these died in the óshort termô (i.e., 2 months after exposure) after receiving total body doses 

of gamma radiation estimated to be Ó 6 Gy.
26

 It should be emphasized that the relatively high 

survival rate among Chernobyl ARS victims was due to rapid and intensive medical care by 

personnel trained in radiation medicine; whether survivors of a reactor explosion in a develop-

ing nation will receive equivalent care is uncertain. 

 

                                                 
25 T. B. Cochran, R. S. Norris, and K. L. Suokko, Ȭ2ÁÄÉÏÁÃÔÉÖÅ ÃÏÎÔÁÍÉÎÁÔÉÏÎ ÁÔ #ÈÅÌÙÁÂÉÎÓË-φυȟ 2ÕÓÓÉÁȭȟ )Î 
The Annual Review of Energy and the Environment, vol. 18, 1993, p. 521 
26 &ÒÅÄ !Ȣ -ÅÔÔÌÅÒȟ !ÎÇÅÌÉÎÁ +Ȣ 'ÕÓȭËÏÖÁȟ ÁÎÄ )ÇÏÒ 'ÕÓÅÖȟ Ȭ(ÅÁÌÔÈ %ÆÆÅÃÔÓ ÉÎ 4ÈÏÓÅ 7ÉÔÈ !ÃÕÔÅ 2ÁÄÉation 
3ÉÃËÎÅÓÓ ÆÒÏÍ ÔÈÅ #ÈÅÒÎÏÂÙÌ !ÃÃÉÄÅÎÔȭȟ Health Physics, vol. 93, no. 5, November 2007, pp. 462 ɀ 469 
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The greater proportion of injuries resulting from a nuclear accident will result from sub-acute 

radiation exposure, as fallout from the explosion or fire descends from the atmosphere onto 

surrounding territories. The larger of these óhotô particles, i.e., those 10 µm in size (or about 

1/100th the length of a millimeter), will tended to settle in the immediate area of the accident, 

while smaller particles (< 2 µm) will be dispersed for greater distances (hundreds or thou-

sands of km). The majority of these particles will be contain gamma- and beta- emitting ra-

dionuclides such as 
90

Sr, 
134

Cs and 
137

Cs, and isotopes of iodine such as 
131

I. If the accident 

involves a reactor explosion, then components of the core such as 
144

Ce, 
95

Nb, and 
95

Zr may 

be represented.
27

 Settling of these radioactive particles on exposed persons can lead to super-

ficial skin burns due to beta radiation, and cataracts as a result of irradiation of the eye. Of 

greater concern are the health effects ensuing from the ingestion and inhalation of radioactive 

particles. It is well- documented that radioisotopes can bioconcentrate in certain tissues and 

organs (for example, 
133

I in the thyroid gland and 
90

Sr in bone). Increased rates of thyroid 

cancer among Chernobyl accident victims are considered to have been caused by the uptake 

of 
133

I into the thyroid.
28

 With regard to short-term symptoms and medical needs, most of the 

individuals exposed to fallout in the aftermath of a nuclear accident would suffer ailments 

related to low-dose (i.e., Ò 1 ï 2 Gy) radiation. These individuals would have episodes of vo-

miting, headache, and fever. Individuals receiving medium- dose exposure (i.e., 2 ï 4 Gy) 

may also display transient diarrhea.
29

  

 

 Cooling towers of the Metsamor Nuclear Power 

Plant, Armenia 

The  main public health consequences will relate to 

long term (i.e., years and decades post-exposure) ma-

nifestations of sub-acute radiation exposure and are 

not only hard to predict, but the subject of controversy 

among nuclear power advocates and detractors. The 

particulars of their debate are beyond the scope of this 

article, but we present some potential health complications (that have been validated by epi-

demiologists
30

) in Table 3: 

                                                 
27 "Ȣ 3ÁÌÂÕȟ 4Ȣ +ÒÅËÌÉÎÇȟ $Ȣ (Ȣ /ÕÇÈÔÏÎ 'Ȣ πÓÔÂÙȟ 6Ȣ !Ȣ +ÁÓÈÐÁÒÏÖȟ 4Ȣ ,Ȣ "ÒÁÎÄȟ ÁÎÄ *Ȣ 0Ȣ $ÁÙȟ ȬHot Particles in 
Accidental Releases From Chernobyl and 7ÉÎÄÓÃÁÌÅ .ÕÃÌÅÁÒ )ÎÓÔÁÌÌÁÔÉÏÎÓȭȟ Analyst, vol. 119,  January 1994, 
pp 125 - 130 
28 -Ȣ 'ÏÌÄÍÁÎȟ Ȭ4ÈÅ 2ÕÓÓÉÁÎ ÒÁÄÉÁÔÉÏÎ ÌÅÇÁÃÙȡ )ÔÓ ÉÎÔÅÇÒÁÔÅÄ ÉÍÐÁÃÔ ÁÎÄ ÌÅÓÓÏÎÓȭȟ Environmental Health 
Perspectives, vol. 105, suppl. 6, December 1997, pp. S1385 ɀ S1391 
29 MetÔÌÅÒȟ 'ÕÓȭËÏÖÁȟ ÁÎÄ 'ÕÓÅÖȟ Ȭ(ÅÁÌÔÈ %ÆÆÅÃÔÓ ÉÎ 4ÈÏÓÅ 7ÉÔÈ !ÃÕÔÅ 2ÁÄÉÁÔÉÏÎ 3ÉÃËÎÅÓÓ ÆÒÏÍ ÔÈÅ #ÈÅr-
ÎÏÂÙÌ !ÃÃÉÄÅÎÔȭȟ ÐÐȢ τφς -469 
30 %Ȣ 3Ȣ 'ÉÌÂÅÒÔȟ #Ȣ %Ȣ ,ÁÎÄȟ ÁÎÄ 3Ȣ ,Ȣ 3ÉÍÏÎȟ Ȭ(ÅÁÌÔÈ ÅÆÆÅÃÔÓ ÆÒÏÍ ÆÁÌÌÏÕÔȭȟ Health Physics, vol. 82,  2002, pp. 
726 ɀ 735; Goldman, ȭ 4ÈÅ 2ÕÓÓÉÁÎ ÒÁÄÉÁÔÉÏÎ ÌÅÇÁÃÙȡ )ÔÓ ÉÎÔÅÇÒÁÔÅÄ ÉÍÐÁÃÔ ÁÎÄ ÌÅÓÓÏÎÓȭȟ ÐÐȢ 3ρσψυ ɀ S1391; 
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Injury Category  Remarks 

acute radiation sickness casualties will be highest among 

first responders and nearby residents 

sub-acute radiation sickness manifesting some years (i.e., dec-

ades) after exposure; thyroid cancers 

predominating 

radiation-associated, non-malignant 

injuries 

includes genetic instabilities, altered 

sex ratios in infants, mental retarda-

tion, and other developmental dis-

orders 

non-radiation associated illnesses primarily infectious diseases and 

malnutrition encountered during 

evacuation and resettlement cam-

paigns; high child mortality rates 

 

Table 3 - Categories of short- and long-term potential health problems afflicting populations involved in a nuc-

lear power plant or nuclear waste storage facility accident. Adapted from Gilbert et al. (2002), Koenig et al. 

(2005), and Weisdorf et al. (2006), and Scherb and Voigt (2007)
31

 

We note a factor present in developing countries that may enhance morbidity and mortality in 

a population exposed to fallout: the impoverishment, and malnourished status (particularly in  

 

children) of many residents of large urban centers, such as Bombay.
32

 For example, according 

to a study of body mass parameters of Bombay inhabitants, the average resident was 12 cm 

(4.7 in.) shorter, 24 kg (53 lb) lighter, and had a body mass index (BMI) 4 kg/m
2 
  lower than 

that of the UK or USA population.
33

  

 

                                                                                                                                                         
2ÉÃÈÁÒÄ 3Ȣ .Ï×ÁËÏ×ÓËÉ ÁÎÄ .ÁÎÃÙ ,Ȣ  (ÁÙÅÓȟ Ȭ2ÁÄÉÁÔÉÏÎȟ ÒÅÔÁÒÄÁÔÉÏÎȟ ÁÎÄ ÔÈÅ ÄÅÖÅÌÏÐÉÎÇ ÂÒÁÉÎȡ ÔÉÍÅ ÉÓ ÔÈÅ 
ÃÒÕÃÉÁÌ ÖÁÒÉÁÂÌÅȭȟ Acta Pediatrica, vol. 97, 2008, pp. 527 ɀ 531 
31 %Ȣ 3Ȣ 'ÉÌÂÅÒÔȟ #Ȣ %Ȣ ,ÁÎÄȟ ÁÎÄ 3Ȣ ,Ȣ 3ÉÍÏÎȟ Ȭ(ÅÁÌÔÈ ÅÆÆÅÃÔÓ ÆÒÏÍ ÆÁÌÌÏÕÔȭȟ ÐÐȢ χςφ ɀ 735; Kristi L. Koenig, Ro-
nald E. Goans, Richard J. Hatchett, Fred A. Mettler, Thomas A. Schumacher, Eric K. Noji, and David G. Jar-
ÒÅÔÔȟ ȬMedical Treatment of RadioloÇÉÃÁÌ #ÁÓÕÁÌÔÉÅÓȡ #ÕÒÒÅÎÔ #ÏÎÃÅÐÔÓȭȟ Annals of  Emergency Medicine,  vol. 
45, 2005, pp. 643 ɀ 652; Daniel Wesidorf, Nelson Chao, Jamie K. Waselenko, Nicholas Dainiak, James O. 
!ÒÍÉÔÁÇÅȟ )ÁÎ -Ã.ÉÅÃÅȟ ÁÎÄ $ÅÎÎÉÓ #ÏÎÆÅÒȟ ȬAcute radiation injury: Contingency planning for triage, sup-
ÐÏÒÔÉÖÅ ÃÁÒÅȟ ÁÎÄ ÔÒÁÎÓÐÌÁÎÔÁÔÉÏÎȭȟ Biology of Blood and Marrow Transplantation, vol. 12, 2006, pp. 672-
φψςȠ (Ȣ 3ÃÈÅÒÂ ÁÎÄ +Ȣ 6ÏÉÇÔȟ ȬTrends in the human sex odds at birth in Europe and the Chernobyl Nuclear 
0Ï×ÅÒ 0ÌÁÎÔ ÁÃÃÉÄÅÎÔȭȟ Reproductive Toxicology, vol. 23, 2007, pp. 593 - 599 
32 .ÅÅÒÁÊ (ÁÔÅËÁÒ ÁÎÄ 3ÁÎÊÁÙ 2ÏÄÅȟ Ȭ4ÒÕÔÈ ÁÂÏÕÔ (ÕÎÇÅÒ ÁÎÄ $ÉÓÅÁÓÅ ÉÎ -ÕÍÂÁÉȡ -ÁÌÎÏÕÒÉÓÈÍÅÎÔ ÁÍÏÎÇ  
3ÌÕÍ #ÈÉÌÄÒÅÎȭȟ  Economic and Political Weekly, vol. 38, no. 43 (Oct. 25-31, 2003), pp. 4604-4610 
33 H. C. 3ÈÕËÌÁȟ 0Ȣ #Ȣ 'ÕÐÔÁȟ (Ȣ #Ȣ -ÅÈÔÁȟ ÁÎÄ *Ȣ 2Ȣ (ÅÂÅÒÔȟ Ȭ$ÅÓÃÒÉÐÔÉÖÅ ÅÐÉÄÅÍÉÏÌÏÇÙ ÏÆ ÂÏÄÙ ÍÁÓÓ ÉÎÄÅØ ÏÆ ÁÎ 
ÕÒÂÁÎ ÁÄÕÌÔ ÐÏÐÕÌÁÔÉÏÎ ÉÎ ×ÅÓÔÅÒÎ )ÎÄÉÁȭȟ Journal of Epidemiology and Community Health, vol.  56, 2002, 
pp. 876 ɀ 880 
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Because radiation sickness can involve vomiting, diarrhea, mouth sores, and other ailments 

that affect caloric intake, individuals with limited body fat reserves may require more pro-

longed periods of healing, and are more vulnerable to those complications associated with 

radiation exposure, that would be absent in well-nourished populations. 

 

With regard to developing countries, limited financial resources would prevent many residents 

from receiving timely cancer screening and treatment; their malnourished condition would 

result in compromised immune status, enhancing susceptibility to infectious diseases.   

 

We also consider it unlikely that mass distribution of potassium iodide (or other prophylactic 

measures) to such a large number of exposed people will be feasible, thus, cancers of the thy-

roid may be prevalent in the exposed population. In light of these observations, we feel that 

cancer morbidity and mortality may be high despite the relatively low dose of ionizing radia-

tion (i.e, 1 ï 2 Gy). 

 

Social and environmental implications of a nuclear disaster in a developing country 

 

Environmental contamination with radionuclides will be a phenomenon intrinsic to any acci-

dent at a nuclear power plant or nuclear waste storage facility. As we mentioned above in the 

context of public health implications, many developing nations interested in pursuing nuclear 

power do not have the óluxuryô, so to speak, of stationing such facilities in underpopulated 

territories primarily devoted to agricultural development. Indeed, for nations such as Jordan, 

Bangladesh, and Armenia, it is highly likely that significant amounts of fallout from a nuclear 

disaster would descend on neighboring countries. 

 

If the events of Mayak, Chernobyl, and Windscale are any portent, depending on the scale of 

the explosion and / or fire, radioisotopes may be discharged over hundreds, or even thousands, 

of km
2
. At Mayak, for example, the explosion generated by the underground waste storage 

tank is estimated to have been equivalent to the detonation of 75 tons of TNT, and discharged 

20 million curies (Ci) (approximately 740 gigabecquerels) into the atmosphere.
34

 

 

The resultant plume of radioisotopes traveled some 300 km downwind of the site and conta-

minated an area of 15 000 ï 23 000 km
2
 with an estimated 270 000 inhabitants. The major 

radionuclides deposited in the soil were 
90

Sr / 
90

Y, 
95

Zr / 
95

Nb, and 
144

Cs / 
144

Pr (note that 

                                                 
34 T. B. Cochran, R. S. Norris, and +Ȣ ,Ȣ 3ÕÏËËÏȟ Ȭ2ÁÄÉÏÁÃÔÉÖÅ ÃÏÎÔÁÍÉÎÁÔÉÏÎ ÁÔ #ÈÅÌÙÁÂÉÎÓË-φυȟ 2ÕÓÓÉÁȭȟ ÐÐȢ 
520 - 522 
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some of these, such as 
95

Nb and 
144

Cs, have short half-lives and dissipated in the days follow-

ing the accident).
35

 

 

In the immediate aftermath of the accident 1 154 people were evacuated. Over the course of 

the next 6 - 12 months, as the severity of the fallout became clearer, another 9 576 residents 

were also evacuated from what would ultimately be a ócontamination zoneô measuring 105 km 

long  x  8 ï 9 km wide. Approximately 20 km
2
 of pine trees and 5 km

2
 of birch trees, within 

the contaminated territory died as a result of receiving lethal amounts of radioactivity. The 

incorporation of strontium (
90

Sr) into the soil, and then into crops raised in the soil, meant that 

much of the affected regionôs agricultural land (~ 100 000 hectares) could not be tilled. Har-

vesting of fish and other aquatic fauna from the 30 lakes in the fallout zone also was prohi-

bited.
36

 

 

Today, the Chelyabinsk district remains one of the most environmentally hazardous regions 

on the planet, but the extent of its contamination does not (arguably) constitute a major threat 

to the population of Russia, or neighboring nations. However, if a disaster of equivalent mag-

nitude should take place in Bangladesh (for example), it obviously would have a much greater 

impact on social and environmental parameters.  

 

Given that the population of Bangladesh was estimated to approach 150 million in mid-2007, 

with a population density of 2 600 per sq mile, then the deposition of fallout would lead to the 

exposure of a large number of people and the contamination of a sizeable proportion of na-

tional territory.
37

 Even if the concentration and extent of fallout was one-half, or one-third, 

that experienced at Mayak, the consequences still would be severe. We outline these effects in 

Table 4 (below): 

 
Fallout Effect Consequences Remedial Efforts 

                                                 
35 'ÏÌÄÍÁÎȟȭ 4ÈÅ 2ÕÓÓÉÁÎ ÒÁÄÉÁÔÉÏÎ ÌÅÇÁÃÙȡ )ÔÓ ÉÎÔÅÇÒÁÔÅÄ ÉÍÐÁÃÔ ÁÎÄ ÌÅÓÓÏÎÓȭȟ ÐÐȢ 3ρσψυ ɀ S1391; Steve 
*ÏÎÅÓȟ Ȭ7ÉÎÄÓÃÁÌÅ ÁÎÄ +ÙÓÈÔÙÍȡ Á ÄÏÕÂÌÅ ÁÎÎÉÖÅÒÓÁÒÙȭȟ Journal of Environmental Radioactivity,  vol. 99, 
2008, pp. 1 ɀ 6 
36 4Ȣ "Ȣ #ÏÃÈÒÁÎȟ 2Ȣ 3Ȣ .ÏÒÒÉÓȟ ÁÎÄ +Ȣ ,Ȣ 3ÕÏËËÏȟ Ȭ2ÁÄÉÏÁÃÔÉÖÅ ÃÏÎÔÁÍÉÎÁÔÉÏÎ ÁÔ #ÈÅÌÙÁÂÉÎÓË-φυȟ 2ÕÓÓÉÁȭȟ ÐÐȢ 
520 ɀ υςςȠ )Ȣ)Ȣ +ÒÙÓÈÅÖȟ 'Ȣ .Ȣ 2ÏÍÁÎÏÖȟ ,Ȣ . )ÓÁÅÖÁȟ ÁÎÄ 9ÕȢ "Ȣ +ÈÏÌÉÎÁȟ Ȭ2ÁÄÉÏÅÃÏÌÏÇÉÃÁÌ ÓÔÁÔÅ Ïf lakes in the 
ÓÏÕÔÈÅÒÎ 5ÒÁÌ ÉÍÐÁÃÔÅÄ ÂÙ ÒÁÄÉÏÁÃÔÉÖÉÔÙ ÒÅÌÅÁÓÅ ÏÆ ÔÈÅ ρωυχ ÒÁÄÉÁÔÉÏÎ ÁÃÃÉÄÅÎÔȭȟ Journal of Environmental 

Radioactivity, vol. 34, no. 3, 1996, pp. 223-ςσυȠ )Ȣ)Ȣ +ÒÙÓÈÅÖȟ ÅÔ ÁÌȢȟ Ȭ%ÎÖÉÒÏÎÍÅÎÔÁÌ ÃÏÎÔÁÍÉÎÁÔÉÏÎ and as-
sessment of doses from radiaÔÉÏÎ ÒÅÌÅÁÓÅÓ ÉÎ ÔÈÅ 3ÏÕÔÈÅÒÎ 5ÒÁÌÓȭȟ  Health Physics, vol. 74, no. 6, June 1998, 
pp. 687- 697 
37 0ÅÔÅÒ +ÉÍ 3ÔÒÅÁÔÆÉÅÌÄ ÁÎÄ :ÕÎÁÉÄ !ÈÓÁÎ +ÁÒÁÒȟ ȬPopulation Challenges for Bangladesh in the Coming 
$ÅÃÁÄÅÓȭȟ  Journal of Health, Population and Nutrition, Vol. 26, No. 3, September 2008, pp. 261-272 
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soil contamination prohibitions on crop cultivation  in 

affected soil; long-term reduced 

food / fiber crop production 

plowing or burial of topsoil layers; 

administration of ammonium-ferric 

hexacyano-ferrate fertilizers; ban 

on agricultural use of affected land 

urban contamination coating of vehicles, homes, indus-

trial facilities, parks, and highways 

with fallout may render them in-

operable or uninhabitable 

washing fallout off contaminated 

objects; disposal of contaminated 

material in specialized burial pits 

water contamination potable water sources made non-

potable; restrictions or bans on 

harvesting fish from affected waters 

extended ban on utilization of con-

taminated water for drinking or 

fishing 

vegetation die-off radiation-mediated death of existing 

crops, ground- and tree- cover; 

enhanced soil erosion 

replanting of affected areas 

economic losses long-term reduced food / fiber crop 

production; reduced forage for 

livestock grazing; loss of livelihood 

for farmers 

increased government financial aid 

to affected farmers; increased im-

portation of foodstuffs 

social disruption mass migration of ócontaminatedô 

refugees; social and economic 

shunning of such individuals; polit-

ical instability 

mass resettlement campaigns; long-

term financial assistance and health 

monitoring of affected populations 

Table 4 - Social and environmental consequences of fallout resulting from a nuclear accident. Data adapted from 

Alexakhin (1996), Cox (2005), and Large (2006)
38

  

 

We feel it is unlikely that a country like Bangladesh would have the financial resources to 

address many of the possible remediation strategies provided in Table 4. Indeed, we anticipate 

that in the aftermath of a nuclear disaster, many affected individuals will simply decide to 

remain in their homes, regardless of the health implications of exposure to fallout. These 

people, their livestock, and wild animals will ingest crops and water contaminated with vari-

ous radionuclides. They may attempt to market crops, meat, fish, and fiber products that have 

bioconcentrated radionuclides.  

 

Alternately, a significant proportion of exposed people may choose to flee the contaminated 

areas. Obviously, the sudden, panic-inspired movement of thousands, if not millions, of 

people under these circumstances will present unusual challenges to governments. Housing 

the refugees, feeding them, providing potable water, medical care, and replacement clothing 

                                                 
38 R. M. !ÌÅØÁËÈÉÎȟ 3Ȣ 6Ȣ &ÅÓÅÎËÏȟ ÁÎÄ .Ȣ )Ȣ 3ÁÎÚÈÁÒÏÖȟ ȬSerious radiation accidents and the radiological im-
ÐÁÃÔ ÏÎ ÁÇÒÉÃÕÌÔÕÒÅȭȟ Radiation Protection Dosimetry , vol. 64, 1996, pp. 37-τςȠ 'Ȣ #ÏØȟ ÅÔ ÁÌȢȟ Ȭ)ÄÅÎÔÉÆÙÉÎÇ 
optimal agricultural countermeasure strategies for a hypothetical contamination scenario using the strat-
ÅÇÙ ÍÏÄÅÌȭȟ Journal of Environmental Radioactivity, vol. 83, 2005, pp. 303 ɀ 397; John H. Large, Chernobyl- a 
nuclear catastrophe 20 years on: A review of the present situation in the Ukraine (London: Large and Asso-
ciates, 2006), pp. 5 ɀ 26, http://www.nirs.org/c20/chernobyllargereportfinal.pdf  

http://www.nirs.org/c20/chernobyllargereportfinal.pdf
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and personal goods would severely tax even a comparatively affluent, developed nation; 

whether Bangladesh, Armenia, or Jordan would have the capacity to do so is uncertain. 

 

Transnational responses to a nuclear accident in a developing nation: What role for the 

European Union? 

 

The Soviet government needed 13 days and a massive effort by 300 000 ï 600 000 military 

and civilian personnel to extinguish the fire at Chernobyl (at one point the government used 

oil-drilling equipment to inject liquid nitrogen into the ground below the reactor in order to 

prevent the melting core from reaching the water table).
39

  Hundreds of vehicles (including 

armored personnel carriers designed for operation in NBC environments),  and a number of 

helicopters, were used to combat the reactor fire by burying the core under a variety of inert 

materials. Following the extinguishing of the reactor fire, these vehicles also were used in the 

months-long decontamination effort; mobile cranes, bulldozers, dump trucks, and other types 

of construction vehicles were employed to build the containment vessel / sarcophagous around 

the damaged reactor, as well as to gather contaminated construction materials and topsoil and 

bury them underground. Practically all of these vehicles, civilian and military, were later dis-

carded because they had become heavily contaminated with radionuclides.
40

 

 

Complicating logistical efforts to deal with the reactor fire and decontamination, more than 

116 000 people resident within the contaminated areas were evacuated by September 1986.
41

 

 

Today 7 500 workers tend to approximately 800 dump sites (estimated to comprise a total 

volume of anywhere from 1.5 - 21 x 10
6 
cubic meters), within and without the óExclusion 

Zoneô, that hold contaminated materials retrieved from the accident site. Comprehensive in-

formation on the location and contents of many sites is lacking, since many of them are little 

more than unlined trenches and pits. In addition to these dump sites the Ukraine government 

must confront the remediation of the 22 km
2
 ócooling lagoonô, sited on the flood plain of the 

Pripyat River. Originally built to provide water for the reactors, it was heavily contaminated 

with fallout, as well as serving as the recipient of the radioactive water pumped from the 

basement of reactor No. 4.
42

 

 

                                                 
39 Zhores Medvedev, The Legacy of Chernobyl (New York: W.W. Norton, 1992), p. 59  
40 Large, pp. 5 ɀ 26 
41 Goldman pp. 1- 6 
42 Large, pp. 5 ɀ 26 
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Chernobyl: Rusting boats near Pripyat; they are considered too radioactive to be worth salvaging. Photograph 

courtesy of George Kourounis 

 

The magnitude and scope of the responses necessary to deal with the Chernobyl accident , 

which occupied a significant portion of the military, medical, and civilian resources of the 

Soviet Union, have worrisome implications for plans to combat  an accident of equal (or even 

lesser) severity in a developing country.  For example, we offer a scenario of a nuclear disas-

ter ï a fire and / or meltdown of a reactor core, or alternately the explosion of a container of 

high-level radioactive wastes ï taking place in a small nation such as Jordan. 

 

An immediate concern would of course be the movement of fallout onto neighboring nations; 

obviously, dispersal would be dependent on prevailing winds, but it is unlikely that either na-

tion would escape at least some degree of contamination. In the case of a nuclear accident 

taking place in Jordan, we surmise that Israel, Syria India, and Saudi Arabia  would not take 

kindly to the discovery that portions of their adjoining territory have been rendered uninhabit-

able by the deposition of fallout for decades (if not centuries).
43

  

                                                 
43 Jordan is negotiating with a Canadian firm to build a Candu-6 reactor  for power and desalination pur-
poses on the Red Sea coast near Aqaba; construction may start in 2013, with the plant operational in 
2020. World Nuclear Association, http://www.world -


