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Introduction:  

A decade after the cessation of atomic weapons testing by the French in the South Pacific, controversy still exists about the environmental impact and long-term consequences of this program.   Current concerns range from the delayed effects the testing program had on the health of the Polynesians who worked on the testing program to the continued presence of radiation at the test sites and other atolls and islands in French Polynesia.  To further clarify the possible remaining contamination of neighboring, non-test site atolls, the Medical Foundation collected samples from atolls north/northwest of the test sites to survey for residual radioactive contamination.

Background: 

In 1966, the French Government moved its atomic testing to Moruroa and Fangataufa, two uninhabited atolls, in the Tuamotu Archipelago, after Algeria’s independence from France in 1962 made further testing in the Sahara desert untenable. (1,2) This decision to use these atolls was made despite the objections of the local parliament. (3) These two atolls are approximately 41 kilometers apart and are located in the southeastern part of the 
Tuamotu chain.

Over the subsequent 30 years, between 1966 and 1996, 193 nuclear devices were detonated on these atolls. (4) The early explosions from 1966 to 1974 were atmospheric. (5)  Australian Radiation Laboratory and the New Zealand National Radiation Laboratory monitoring stations to the west of French Polynesia measured radioactive fallout from these explosions.  These sites included the Cook Islands, Niue, Samoa, Tonga, Fiji and Tuvalu.  Two known “hot spots” where significant radioactive contamination occurred are Papeete, Tahiti and Samoa. (6) To the east, low-level contamination was recorded as far as Peru and Baja California. (7) Widespread concern and political pressure from South Pacific nations, including New Zealand and Australia, finally lead, in 1974, to the abandonment of atmospheric testing in favor of underground detonations.

The decision to use these atolls for underground testing was probably ill advised for geomorphological reasons.  The atolls were created through both the erosion and subsidence back into the sea floor of large volcanic islands.  Coral reefs formed on top of the rim of the volcano’s crater as the island sank back into the sea.  Over the millennia hundreds of meters of reef carbonates, mainly limestone, were built up on top of the volcanic basalt by the coral as the island progressively sank.  The uppermost air exposed layer is chiefly porous coral debris with scattered thin soil supporting some vegetation.   Live coral is present in the shallow waters on the ocean side of the reef wall and scattered on the inside of the lagoon.

Moruroa was chosen for the large majority of the underground testing.  It is located at latitude 21.83S and longitude 138.88W and is a large atoll measuring 26 kilometers east to west and 10 kilometers north to south.  The coral reef border, which at its highest is only several meters above sea level, partially encloses a central lagoon which is the crater of the extinct volcano and is about 40 meters deep.  The walls of these atolls are steep to and the depths drop off very rapidly on the outside of the reef leaving the thickness of the walls relatively thin under the coral reef.

The nuclear devices were detonated in shafts drilled 500 to 1100 meters into the basalt rim under the coral. (8) Eventually, by 1980, the available real estate along the rim had been used up. The basalt wall separating the blast sites from the open ocean was also weakening increasing the likelihood of a rift allowing radioactive material to leak into the sea.  The drilling was, therefore, shifted to barges that bored holes into the lagoon itself.

In total, on both Moruroa and Fangufauta, the 41 atmospheric tests are estimated to have had a total yield of 12 megatons of TNT, with the 137 underground tests adding in excess of 2.5 megatons. (9)

The French government, as would be expected in a nuclear weapons testing program, veiled the activities in a mantle of secrecy.   This, in conjunction with errors of omission and commission bred an atmosphere of doubt and mistrust between the Polynesians and the French.  Contracts with the Polynesians workers on the program forbade any communication by workers part about their jobs and eliminated their rights to redress over workplace injuries. (10)  Training and monitoring of workers in potentially dangerous positions was inadequate.  No long term epidemiological tracking of health care problems was undertaken.  Even the proscription against human consumption of radioactive contaminated fish from the lagoons of Moruroa and Fangafauta was not enforced. (11) Additionally, atmospheric tests were carried out, either for convenience or from inattention, despite shifts in the wind that lead to the contamination of neighboring populated atolls.

These issues are numerous and undoubtedly compounded by the significant social, cultural and economic disruptions that the large influx of French nationals that the testing program required.  These included scientists, troops and logistical support personnel.  The French imperialistic colonial attitude towards the Polynesians, largely ignoring their perceived rights and desire for independence, added fuel to the fire.  

All of the reassurances given to the Polynesians, up until the testing program was winding down in 1995, were on little more then on a “trust me” basis on the part of the French government.  No independent agency had been given unfettered access to the region for survey purposes. (12) Finally, in1995, the French requested the International Atomic Energy Agency to perform an evaluation of the present and expected future  

radiological condition ath the test sites.  (13)

The IAEA’s 2000 page report was released in Vienna in July 1998. (14) The findings were: 

1) 5 kilograms of plutonium remained in the lagoon sediments of each test atoll 

2) Tritium concentration in the lagoon waters were 10 times higher then in the open ocean

3) Particles of plutonium and americium persist on the land of the atolls

4) High levels of cesium 137 were found at certain sites

5) An estimated 500 kilograms of plutonium, along with other fission products, are sealed in cavities under the atolls created by explosions

6) No remedial action is justified on radiological grounds

7) No need existed for monitoring at the atolls for the purposes of radiological 

      protection.

Skepticism over these findings was virtually immediate.   Points of contention included: (15,16)

1) The IAEA study did not carefully study the complex geology of the atolls including the fragile basalt base.  Breaches in the outer wall of the atolls would allow contamination of the marine environment by the radioactive nuclides known to exist in the cavities.

2) The study did not address the issue of worker exposure at the test sites.

3) Although the exposure to radioactive fallout of inhabitants of neighboring atolls was noted in the report, no recommendations as to further assessment were made.

4) The IAEA was perceived as an advocate of nuclear power and was, therefore, not a neutral investigatory body.

5) No detailed survey of cancer rates throughout French Polynesia was made.  It was noted that both British and US experience was that cancer incidence increased over the long term in military personnel and civilians exposed to radiation at their atomic test sites.

Due to these perceived “shortcomings” of the IAEA’s study, therefore, failed to assuage the Polynesians belief that the French cover up was continuing.   Even apparently unrelated issues like the apparent increase in fish poisoning, ciguatera, was blamed on the atomic testing. (17)

This was the political and social environment into which the Medical Foundation’s research ship, Searcher, sailed when it visited French Polynesia in 2005.   Approaching Mururoa and Fangufauta was interdicted by the French exclusion zone that extends 12 miles from these atolls.   However, numerous atolls to the north, northwest were visited for sampling.  

Samples of dead coral, sediment from the exposed surface of the atolls, and vegetation were collected and analyzed for the presence of cesium-137.  Cs-137 is a fission product with a 30 year physical half life that is produced by atomic explosions.  It emits a gamma ray with an energy of 0.622-MeV and a beta particle of 0.230-MeV.  Cs-137 is ubiquitous throughout the animal kingdom and is virtually all derived from fallout of atomic testing.  Body burdens are highly variable in various human populations and depend on multiple factors including diet, atmospheric circulation, rainfall, age, weight and sex.   Some of the highest total body burdens are found in Laplanders and Eskimos probably because of their diet which is heavy on reindeer and caribou meat.  These animals feed mainly on Arctic lichens that have an unusual longevity and high retention of radioactive fallout. (18)

Unlike the long physical half-life of Cs-137, the biologic half-life, or the amount of time it stays in the body, is relatively short, ranging from 50 to 150 days.  The biologic significance including the mutagenic and leukemogenic hazards of Cs-137 have not been evaluated.   However, since the average fallout of Cs-137 is not large and the biologic half-life short, the radiological hazard of Cs-137 is felt to be relatively innocuous.  

Therefore, Cs-137 was chosen as the index radionuclide because of its long physical half-life and the relative ease of measurement in a well counter, and not due to any known medical significance.

METHODS

The following atolls were visited between 15 September 2005 and 30 October 2005: 

 
Atoll                      latitude               longitude

    
Apataki                   15’34.68 S          146’24.11 W


Fakarava                 16’29.61 S          145’26.66 W     


Katiu                       16’22.95 S          144’19.30 W


Kuehi                      15’56.31 S          145’10.97 W


Makemo                 16’26.00 S           143’56.00 W          


Rangiroa                 14’15.17 S          147’38.38 W


Raraka                    16’02.70 S          144’48.20 W


Tahanea                  16’15.00 S          144’41.00 W    


Toau                       15’32.64 S           146’24.55 W


Tuanake                 16’37.56 S           144’14.02 W

On each atoll at least one site was chosen for sampling.  The corals chosen were from two sources.  The first was coral found lying on the atoll rim or in the shallows.  These were all bleached dead specimens demonstrating significant wear.  The size chosen was with a stem of at least 5 cm circumference indicating that they were relatively old and were 

probably living during the time period of the testing.  Accurate coral aging is difficult 

since the growth rate is dependent on multiple factors including the temperature, currents, 

weather and type and amount of nutrients in the water.  The second source of corals was obtained in deeper water and secured by scuba diving.  These included specimens that had apparently recently broken off the underlying substrate.  The same size criteria were used.  These were unbleached and were, or had recently been, alive.  On each atoll multiple coral samples were obtained.

Sediment samples were obtained from the atoll rim.  Where soil was present, this was used.  In the absence of soil the samples were taken from the coral sand.  A sample at the same site was obtained at 3, 6 and 9 inches from the surface.

Samples of vegetation were obtained in the same general vicinity as the soil samples.  On atolls where coconut trees were present, coconuts were obtained.  On the other atolls any local vegetation were used.  

All of the coral specimens were pulverized into powder form.  An analytic scale was used to prepare the coral and soil into testing samples of 6 grams.   The vegetation was prepared as 1 gram aliquots for analysis.

The measurement of radioactivity was performed in a well counter.  A cesium-137 source was used to calibrate the counter.   Each sample was counted for two minutes.   

RESULTS:   The findings are noted in Table 1 below.  None of the samples demonstrated a count rate statistically elevated over the controls.

                                                                   Table 1

	sample site
	sample type
	background +/- 2 s.d.
	sample +/- 2 s.d.
	sample- bkgd difference

	Apataki
	
	
	
	

	
	coral 1
	56+/-15
	52+/-14
	not significant

	
	coral 2     
	
	54+/-14
	not significant

	
	coral 3
	
	46+/-13
	not significant

	
	vegetation
	
	57+/-15
	not significant

	
	soil 2 inches
	
	43+/-13
	not significant

	
	soil 6 inches
	
	42+/-13
	not significant

	
	soil 12 inches
	
	35+/-12
	not significant

	Fakarava
	
	
	
	

	
	coral 1
	56+/-15
	54+/-14
	not significant

	
	coral 2
	
	47+/-14
	not significant

	
	coral 3
	
	51+/-14
	not significant

	
	coral 4
	
	51+/-14
	not significant

	
	vegetation
	
	55+/-15
	not significant

	
	soil 2 inches
	
	55+/-15
	not significant

	
	soil 6 inches
	
	39+/-12
	not significant

	
	soil 12 inches
	
	51+/-14
	not significant

	Katiu
	
	
	
	

	
	coral 1
	56+/-15
	48+/-14
	not significant

	
	coral 2
	
	37+/-12
	not significant

	
	
	
	
	

	
	vegetation
	
	53+/-15
	not significant

	
	soil 2 inches
	
	47+/-14
	not significant

	
	soil 6 inches
	
	41+/-13
	not significant

	
	soil 12 inches
	
	62+/-16
	not significant

	Kuehi
	
	
	
	

	
	coral 1
	56+/-15
	49+/-14
	not significant

	
	coral 2
	
	46+/-14
	not significant

	
	coral 3
	
	50+/-14
	not significant

	
	vegetation
	
	36+/-12
	not significant

	
	soil 2 inches
	
	46+/-14
	not significant

	
	soil 6 inches
	
	46+/-14
	not significant

	
	soil 12 inches
	
	44+/-13
	not significant

	Makemo
	
	
	
	

	
	coral 1
	56+/-15
	44+/-13
	not significant

	
	coral 2
	
	54+/-15
	not significant

	
	coral 3
	
	52+/-14
	not significant

	
	coral 4
	
	54+/-15
	not significant

	
	vegetation
	
	38+/-12
	not significant

	
	soil 2 inches
	
	52+/-14
	not significant

	
	soil 6 inches
	
	30+/-10
	not significant

	
	soil 12 inches
	
	46+/-14
	not significant

	Rangiroa
	
	
	
	

	
	coral 1
	56+/-15
	55+/-15
	not significant

	
	coral 2
	
	60+/-15
	not significant

	
	coral 3
	
	61+/-16
	not significant

	
	vegetation
	
	44+/-13
	not significant

	
	soil 2 inches
	
	52+/-14
	not significant

	
	soil 6 inches
	
	47+/-14
	not significant

	
	soil 12 inches
	
	42+/-13
	not significant

	Raraka
	
	
	
	

	
	coral 1
	56+/-15
	48+/-14
	not significant

	
	coral 2
	
	48+/-14
	not significant

	
	coral 3
	
	44+/-13
	not significant

	
	vegetation
	
	41+/-13
	not significant

	
	soil 2 inches
	
	47+/-14
	not significant

	
	soil 6 inches
	
	49+/-14
	not significant

	
	soil 12 inches
	
	42+/-13
	not significant

	Tahanea
	
	
	
	

	
	coral 1
	56+/-15
	47+/-14
	not significant

	
	coral 2
	
	42+/-13
	not significant

	
	coral 3
	
	49+/-14
	not significant

	
	coral 4
	
	41+/-13
	not significant

	
	coral 5
	
	50+/-14
	not significant

	
	vegetation
	
	53+/-15
	not significant

	
	soil 2 inches
	
	43+/-13
	not significant

	
	soil 6 inches
	
	54+/-15
	not significant

	
	soil 12 inches
	
	61+/-16
	not significant

	Toau
	
	
	
	

	
	coral 1
	56+/-15
	53+/-15
	not significant

	
	coral 2
	
	50+/-14
	not significant

	
	coral 3
	
	55+/-15
	not significant

	
	coral 4 
	
	44+/-13
	not significant

	
	vegetation
	
	56+/-15
	not significant

	
	soil 2 inches
	
	54+/-15
	not significant

	
	soil 6 inches
	
	38+/-12
	not significant

	
	soil 12 inches
	
	48+/-14
	not significant

	Tuanake
	
	
	
	

	
	coral 1
	56+/-15
	42+/-13
	not significant

	
	coral 2
	
	43+/-13
	not significant

	
	coral 3
	
	49+/-14
	not significant

	
	coral 4
	
	44+/-13
	not significant

	
	soil 2 inches
	
	51+/-14
	not significant

	
	soil 6 inches
	
	60+/-15
	not significant

	
	soil 12 inches
	
	44+/-13
	not significant


DISCUSSION:   This study was designed as a survey for possible persistent radioactive contamination of the French Polynesian atolls in the Tuamotu Archipelago remote from the atomic test sites of Mururoa and Fangufauta.  Cs-137 was chosen as the index radionuclide, although, in and of itself is probably of little significance for biologic health.  The samples obtained showed no evidence of increased Cs-137 on any of the atolls surveyed.   

The implicit assumption is that the many radioactive fission products of atmospheric atomic explosions travel in tandem.  Therefore, it is unlikely that other radionuclides would be present in the absence of Cs-137.  Obviously, contaminants “fall out” at different rates depending on weight, particulate size, altitude of the detonation, precipitation and other factors.  Additionally, much like the difference between physical and biologic half-lives, it cannot be categorically stated that cesium doesn’t “wash” out of an atoll environment faster the other fissile contaminants such as particulate plutonium.  Another unknown is whether direct marine contamination from leakage through cracks in the atoll wall could be contributing to a remote atoll’s contamination and not be reflected by Cs-137 levels.

The myriad other issues of concern to the Polynesians are not addressed by this study.
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