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• Production and distribution of Reference Materials for radionuclides
Preparation for accreditation: ISO Guide 17034 and ISO 17025

• Organisation of proficiency tests and inter-laboratory comparisons 
Plan for accreditation:  ISO 17043

• Provision of quality assurance services to MSs and to international programs

• Providing experimental and scientific                                                                                
expertise and analytical capacities                                                                    
during aftermath of nuclear accidents 

• Technical cooperation

• ALMERA network

• Laboratory and field work

• Research, training and communication 

Key elements of RML work





235U 236U 237U 237Np
(n, γ) (β)(n, γ)

238U 237Pu 237Np(n, 2n) (β)

237Np 

- T1/2=2.144×106 years.
- alpha emitter.
- produced by double neutron capture of 235U in nuclear reactors. 

- by fast neutron irradiation of 238U in nuclear bomb testing and reactors.

- by alpha decay of its parent 241Am and grandparent 241Pu.
- oceanographic tracer due to its conservative nature in seawater.



Sea Water (100 - 500 liters)

acidification
+ tracers: 85Sr, 134Cs, 242Pu, 243Am
+ carriers: Sr (1000 mg), Cs (20 mg)
+ KMnO4
+ NaOH to pH = 9
+ MnCl2

supernatant solution
MnO2•xH2O (Pu, Am,U,Th)

precipitate

acidification to pH = 2
+ AMP

supernatant solution AMP (Cs) precipitate

+ oxalic acid
+ NaOH to pH = 5 - 6

supernatant solution Ca(Sr)C2O4 precipitate(discard)

Sequential extraction procedure

Allow the analysis of all anthropogenic elements in one sample.



« Classical » method for Plutonium and 
Americium analysis

Pu and Am separation

Sea water sample
Pu and Am 

coprecipitation on MnO2

Pu et Am
coprécipitation on Fe(OH)3

Separation Pu Am 
using AG1X8 resin

Fraction PuFraction Am



Neptunium tracer preparation

•No other Np isotope than 237Np available.
•Use of 239Np after radiochemical separation:

243Am-239Np
Solution

Fixation Np(IV)
on AG1X4

Am(III) not retained
on AG1X4

Elution of Np Purification Np on
2nd column AG1X4

7,38×103 years 243Am
α

β-
2,355 days 239Np

239Pu 2,41×104years.



Development of the new method for Plutonium, 
Americium and Neptunium determination

From the « classical » method, Analyze Neptunium as the same time as 
Plutonium and Americium.

Different tests have been done.
Used isotope: 239Np.

Coprecipitation tests

Different precipitates have been done with 239Np tracer to test efficiency to 
coprecipitate Neptunium.   

precipitates Recovery 239Np (%)
MnO2 98

Fe(OH)2 100
NdF3 79

Fe(OH)3 100
CaC2O4 5

Fe(OH)3 after MnO2 12
MnO2 after MnO2 90

Fe(OH)2 after MnO2 100



Adsorption tests of Np on anionic resin 
Dowex 1x4.

Fraction Activity(Bq) Recovery(%)

HNO3 8M 7±3 2±1

HCl 10M 45±3 13±1

Pu Fraction 77±6 22±2

Np Fraction 147±12 42±3

239Np + 242Pu

Pu* Pu(III)
Np* Np(IV)

Pu(III) Pu(IV)
Np(IV)          Np(IV)

Adsorption of Pu et Np
on Dowex 1X4 

Reduction

Oxydation

Pu elution Np elution

239Np activity in the different fractions of
Dowex 1X4



Fraction Activity(Bq) Recovery(%)

HNO3 8M 0 0

HCl 10M 1,0±0,2 1,0±0,5

Fraction Pu 0 0

Fraction Np 150±5 100±3

Adsorption tests of Np on anionic resin Biorad
AG1X8.

239Np + 242Pu

Pu* Pu(III)
Np* Np(IV)

Pu(III) Pu(IV)
Np(IV)          Np(IV)

Adsorption of Pu et Np
on AG1X8

Reduction

Oxydation

Pu elution Np elution

239Np activity in the different fractions of
AG1X8



Purification tests of Neptunium: removal of 
Plutonium traces.

Use of TEVA® resin : liquid extractant adsorbed on a polymeric support. 

Plutonium contribution in Neptunium fraction is of background level.

Np + Pu
Reduction:
Np* Np(IV)
Pu* Pu(III)

Passage sur
résine TEVA

Pu(III) not retained Adsorption Np(IV)

removal Th

Elution Np(IV)



Alpha Spectrum of Neptunium in IAEA-381.

237Np

210Po

[237Np]: 8,9 mBq/l certified value
[239+240Pu]:13,5 mBq/l certified value
[238Pu]: 3,2 mBq/l certified value

239+240Pu 238Pu 236Pu



236Pu238Pu

239+240Pu

237Np
210Po

Alpha Spectrum of Plutonium in IAEA-381.



Separation method of Pu and Np for AMS 
analysis

Sea water sample

Pu and Np coprecipitation
on MnO2

Pu et Np
coprécipitation on Fe(OH)2

Separation Pu Np 
using AG1X8 resin

Fraction Pu Fraction Np



Fraction Pu

Removal of U, Th
Purification of Pu 

on AG1X8 resin

Alpha measurement 

Cathode preparation
for AMS measurement

Fraction Np

Removal of U
2 Coprécipitations of Np

with NdF3

Removal of Pu and Th
TEVA® column

Cathode preparation
for AMS measurement

Purification of Pu and Np fractions for 
AMS analysis.



Cathodes preparation for AMS measurement

• 1mg Fe3+, 2pg U-233
• Fe(OH)3 Precipitation
• ashing at 650°C
• Mix with 3mg Nb
• Pressed in 1 aluminum cathode

Np Fraction: Pu Fraction:

• 1mg Fe3+, 
• Fe(OH)3 Precipitation
• ashing at 650°C
• Mix with 3mg Nb
• Pressed in 1 aluminum cathode

1.3 mm

XO2+Fe2O3+Nb



Accelerator Mass Spectrometry (AMS)

XO-

Gas ionisation detector
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		27		0		0%		27		0		0%

		28		0		0%		28		0		0%

		29		0		0%		29		0		0%

		30		0		0%		30		0		0%

		31		0		0%		31		0		0%

		32		0		0%		32		0		0%

		33		0		0%		33		0		0%

		34		0		0%		34		0		0%

		35		0		0%		35		0		0%

		36		0		0%		36		0		0%

		37		0		0%		37		0		0%

		38		0		0%		38		0		0%

		39		0		0%		39		0		0%

		40		0		0%		40		0		0%

		41		0		0%		41		0		0%

		42		0		0%		42		0		0%

		43		0		0%		43		0		0%

		44		0		0%		44		0		0%

		45		0		0%		45		0		0%

		46		0		0%		46		0		0%

		47		0		0%		47		0		0%

		48		0		0%		48		0		0%

		49		0		0%		49		0		0%

		50		0		0%		50		0		0%

		51		0		0%		51		0		0%

		52		0		0%		52		0		0%

		53		0		0%		53		0		0%

		54		0		0%		54		0		0%

		55		0		0%		55		0		0%

		56		0		0%		56		0		0%

		57		0		0%		57		0		0%

		58		0		0%		58		0		0%

		59		0		0%		59		0		0%

		60		0		0%		60		0		0%

		61		0		0%		61		0		0%

		62		0		0%		62		0		0%

		63		0		0%		63		0		0%

		64		0		0%		64		0		0%

		65		0		0%		65		0		0%

		66		0		0%		66		0		0%

		67		0		0%		67		0		0%

		68		0		0%		68		0		0%

		69		0		0%		69		0		0%

		70		0		0%		70		0		0%

		71		0		0%		71		0		0%

		72		0		0%		72		0		0%

		73		0		0%		73		0		0%

		74		0		0%		74		0		0%

		75		0		0%		75		0		0%

		76		0		0%		76		0		0%

		77		0		0%		77		0		0%

		78		0		0%		78		0		0%

		79		0		0%		79		0		0%

		80		0		0%		80		0		0%

		81		0		0%		81		0		0%

		82		0		0%		82		0		0%

		83		0		0%		83		0		0%

		84		0		0%		84		0		0%

		85		0		0%		85		0		0%

		86		0		0%		86		0		0%

		87		0		0%		87		0		0%

		88		0		0%		88		0		0%

		89		0		0%		89		0		0%

		90		0		0%		90		0		0%

		91		0		0%		91		0		0%

		92		0		0%		92		0		0%

		93		0		0%		93		0		0%

		94		0		0%		94		0		0%

		95		0		0%		95		0		0%

		96		0		0%		96		0		0%

		97		0		0%		97		0		0%

		98		0		0%		98		0		0%

		99		0		0%		99		0		0%

		100		0		0%		100		0		0%

		101		0		0%		101		0		0%

		102		0		0%		102		0		0%

		103		0		0%		103		0		0%

		104		0		0%		104		0		0%

		105		0		0%		105		0		0%

		106		0		0%		106		0		0%

		107		0		0%		107		0		0%

		108		0		0%		108		0		0%

		109		0		0%		109		0		0%

		110		0		0%		110		0		0%

		111		0		0%		111		0		0%

		112		0		0%		112		0		0%

		113		0		0%		113		0		0%

		114		0		0%		114		0		0%

		115		0		0%		115		0		0%

		116		0		0%		116		0		0%

		117		0		0%		117		0		0%

		118		0		0%		118		0		0%

		119		0		0%		119		0		0%

		120		0		0%		120		0		0%

		121		0		0%		121		0		0%

		122		0		0%		122		0		0%

		123		0		0%		123		0		0%

		124		0		0%		124		0		0%

		125		0		0%		125		0		0%

		126		0		0%		126		0		0%

		127		0		0%		127		0		0%

		128		0		0%		128		0		0%

		129		0		0%		129		0		0%

		130		0		0%		130		0		0%

		131		0		0%		131		0		0%

		132		0		0%		132		0		0%

		133		0		0%		133		0		0%

		134		0		0%		134		0		0%

		135		0		0%		135		0		0%

		136		0		0%		136		0		0%

		137		0		0%		137		0		0%

		138		0		0%		138		0		0%

		139		0		0%		139		0		0%

		140		0		0%		140		0		0%

		141		0		0%		141		0		0%

		142		0		0%		142		0		0%

		143		0		0%		143		0		0%

		144		0		0%		144		0		0%

		145		0		0%		145		0		0%

		146		0		0%		146		0		0%

		147		0		0%		147		0		0%

		148		0		0%		148		0		0%

		149		0		0%		149		0		0%

		150		3		0%		150		0		0%

		151		3		0%		151		0		0%

		152		0		0%		152		0		0%

		153		1		0%		153		0		0%

		154		2		0%		154		0		0%

		155		0		0%		155		0		0%

		156		0		0%		156		0		0%

		157		0		0%		157		0		0%

		158		0		0%		158		0		0%

		159		1		0%		159		0		0%

		160		0		0%		160		0		0%

		161		0		0%		161		0		0%

		162		0		0%		162		0		0%

		163		0		0%		163		0		0%

		164		2		0%		164		0		0%

		165		0		0%		165		0		0%

		166		0		0%		166		0		0%

		167		0		0%		167		0		0%

		168		0		0%		168		0		0%

		169		1		0%		169		0		0%

		170		0		0%		170		0		0%

		171		2		0%		171		0		0%

		172		1		0%		172		0		0%

		173		0		0%		173		0		0%

		174		1		0%		174		0		0%

		175		1		0%		175		0		0%

		176		1		0%		176		0		0%

		177		0		0%		177		0		0%

		178		1		0%		178		0		0%

		179		0		0%		179		0		0%

		180		1		0%		180		0		0%

		181		1		0%		181		0		0%

		182		0		0%		182		0		0%

		183		0		0%		183		0		0%

		184		2		0%		184		0		0%

		185		2		0%		185		0		0%

		186		3		0%		186		0		0%

		187		1		0%		187		0		0%

		188		2		0%		188		0		0%

		189		1		0%		189		0		0%

		190		1		0%		190		0		0%

		191		0		0%		191		0		0%

		192		1		0%		192		0		0%

		193		3		0%		193		0		0%

		194		1		0%		194		0		0%

		195		0		0%		195		0		0%

		196		2		0%		196		0		0%

		197		2		0%		197		0		0%

		198		5		0%		198		0		0%

		199		3		0%		199		0		0%

		200		2		0%		200		0		0%

		201		0		0%		201		0		0%

		202		2		0%		202		0		0%

		203		3		0%		203		0		0%

		204		4		0%		204		0		0%

		205		2		0%		205		0		0%

		206		5		0%		206		0		0%

		207		6		0%		207		0		0%

		208		3		0%		208		0		0%

		209		2		0%		209		0		0%

		210		1		0%		210		0		0%

		211		3		0%		211		0		0%

		212		2		0%		212		0		0%

		213		1		0%		213		0		0%

		214		1		0%		214		0		0%

		215		5		0%		215		0		0%

		216		5		0%		216		0		0%

		217		7		0%		217		0		0%

		218		4		0%		218		0		0%

		219		3		0%		219		0		0%

		220		5		0%		220		0		0%

		221		5		0%		221		0		0%

		222		2		0%		222		0		0%

		223		12		0%		223		0		0%

		224		4		0%		224		0		0%

		225		4		0%		225		0		0%

		226		3		0%		226		0		0%

		227		5		0%		227		0		0%

		228		5		0%		228		0		0%

		229		8		0%		229		0		0%

		230		7		0%		230		0		0%

		231		9		0%		231		0		0%

		232		12		0%		232		0		0%

		233		7		0%		233		0		0%

		234		7		0%		234		0		0%

		235		11		0%		235		0		0%

		236		12		0%		236		0		0%

		237		7		0%		237		0		0%

		238		14		0%		238		0		0%

		239		17		0%		239		0		0%

		240		21		0%		240		0		0%

		241		8		0%		241		0		0%

		242		17		0%		242		0		0%

		243		15		0%		243		0		0%

		244		21		0%		244		0		0%

		245		21		0%		245		0		0%

		246		23		0%		246		0		0%

		247		28		1%		247		0		0%

		248		25		1%		248		0		0%

		249		35		1%		249		0		0%

		250		33		1%		250		0		0%

		251		22		0%		251		0		0%

		252		17		0%		252		0		0%

		253		45		1%		253		0		0%

		254		40		1%		254		0		0%

		255		40		1%		255		0		0%

		256		27		1%		256		0		0%

		257		52		1%		257		0		0%

		258		38		1%		258		1		0%

		259		65		1%		259		0		0%

		260		53		1%		260		0		0%

		261		57		1%		261		0		0%

		262		78		2%		262		0		0%

		263		75		2%		263		0		0%

		264		88		2%		264		0		0%

		265		71		1%		265		0		0%

		266		69		1%		266		0		0%

		267		95		2%		267		0		0%

		268		95		2%		268		0		0%

		269		108		2%		269		0		0%

		270		105		2%		270		1		0%

		271		95		2%		271		0		0%

		272		116		2%		272		0		0%

		273		119		2%		273		0		0%

		274		114		2%		274		0		0%

		275		123		3%		275		0		0%

		276		104		2%		276		0		0%

		277		108		2%		277		0		0%

		278		123		3%		278		0		0%

		279		110		2%		279		0		0%

		280		117		2%		280		0		0%

		281		122		3%		281		0		0%

		282		123		3%		282		0		0%

		283		121		3%		283		1		0%

		284		91		2%		284		0		0%

		285		118		2%		285		2		0%

		286		94		2%		286		0		0%

		287		107		2%		287		0		0%

		288		100		2%		288		0		0%

		289		69		1%		289		0		0%

		290		80		2%		290		0		0%

		291		73		2%		291		0		0%

		292		77		2%		292		0		0%

		293		75		2%		293		0		0%

		294		69		1%		294		0		0%

		295		56		1%		295		1		0%

		296		50		1%		296		2		0%

		297		55		1%		297		0		0%

		298		50		1%		298		1		0%

		299		56		1%		299		0		0%

		300		36		1%		300		1		0%

		301		28		1%		301		0		0%

		302		24		1%		302		0		0%

		303		26		1%		303		0		0%

		304		19		0%		304		0		0%

		305		20		0%		305		0		0%

		306		14		0%		306		1		0%

		307		7		0%		307		2		0%

		308		7		0%		308		2		0%

		309		4		0%		309		0		0%

		310		7		0%		310		0		0%

		311		2		0%		311		0		0%

		312		2		0%		312		1		0%

		313		3		0%		313		0		0%

		314		3		0%		314		1		0%

		315		3		0%		315		1		0%

		316		1		0%		316		0		0%

		317		2		0%		317		0		0%

		318		1		0%		318		1		0%

		319		1		0%		319		3		0%

		320		0		0%		320		0		0%

		321		1		0%		321		0		0%

		322		1		0%		322		2		0%

		323		0		0%		323		0		0%

		324		0		0%		324		2		0%

		325		2		0%		325		1		0%

		326		0		0%		326		2		0%

		327		0		0%		327		1		0%

		328		0		0%		328		3		0%

		329		0		0%		329		2		0%

		330		0		0%		330		2		0%

		331		0		0%		331		1		0%

		332		0		0%		332		1		0%

		333		1		0%		333		2		0%

		334		0		0%		334		0		0%

		335		0		0%		335		3		0%

		336		1		0%		336		1		0%

		337		0		0%		337		2		0%

		338		0		0%		338		0		0%

		339		0		0%		339		3		0%

		340		0		0%		340		2		0%

		341		0		0%		341		4		0%

		342		0		0%		342		4		0%

		343		0		0%		343		2		0%

		344		0		0%		344		4		0%

		345		0		0%		345		6		0%

		346		0		0%		346		2		0%

		347		0		0%		347		3		0%

		348		0		0%		348		3		0%

		349		0		0%		349		4		0%

		350		0		0%		350		3		0%

		351		0		0%		351		1		0%

		352		0		0%		352		2		0%

		353		0		0%		353		4		0%

		354		0		0%		354		7		0%

		355		0		0%		355		5		0%

		356		0		0%		356		6		0%

		357		0		0%		357		2		0%

		358		1		0%		358		4		0%

		359		0		0%		359		10		0%

		360		0		0%		360		2		0%

		361		1		0%		361		6		0%

		362		0		0%		362		7		0%

		363		1		0%		363		8		0%

		364		0		0%		364		7		0%

		365		0		0%		365		5		0%

		366		0		0%		366		8		0%

		367		0		0%		367		5		0%

		368		2		0%		368		8		0%

		369		0		0%		369		9		0%

		370		0		0%		370		7		0%

		371		0		0%		371		10		0%

		372		0		0%		372		8		0%

		373		1		0%		373		8		0%

		374		0		0%		374		9		0%

		375		0		0%		375		10		0%

		376		0		0%		376		16		0%

		377		0		0%		377		12		0%

		378		1		0%		378		14		0%

		379		1		0%		379		14		0%

		380		0		0%		380		20		0%

		381		0		0%		381		14		0%

		382		0		0%		382		16		0%

		383		0		0%		383		19		0%

		384		0		0%		384		19		0%

		385		0		0%		385		27		1%

		386		0		0%		386		18		0%

		387		1		0%		387		19		0%

		388		0		0%		388		22		1%

		389		0		0%		389		16		0%

		390		0		0%		390		29		1%

		391		2		0%		391		25		1%

		392		1		0%		392		29		1%

		393		1		0%		393		22		1%

		394		0		0%		394		35		1%

		395		0		0%		395		24		1%

		396		0		0%		396		31		1%

		397		0		0%		397		38		1%

		398		1		0%		398		30		1%

		399		0		0%		399		41		1%

		400		1		0%		400		31		1%

		401		0		0%		401		45		1%

		402		3		0%		402		40		1%

		403		1		0%		403		52		1%

		404		1		0%		404		42		1%

		405		0		0%		405		53		1%

		406		0		0%		406		51		1%

		407		1		0%		407		53		1%

		408		0		0%		408		51		1%

		409		0		0%		409		62		1%

		410		0		0%		410		60		1%

		411		0		0%		411		64		1%

		412		2		0%		412		66		2%

		413		0		0%		413		75		2%

		414		5		0%		414		69		2%

		415		0		0%		415		69		2%

		416		3		0%		416		77		2%

		417		0		0%		417		75		2%

		418		1		0%		418		70		2%

		419		2		0%		419		65		1%

		420		3		0%		420		84		2%

		421		0		0%		421		80		2%

		422		3		0%		422		91		2%

		423		0		0%		423		77		2%

		424		0		0%		424		95		2%

		425		0		0%		425		96		2%

		426		0		0%		426		78		2%

		427		2		0%		427		94		2%

		428		2		0%		428		104		2%

		429		3		0%		429		82		2%

		430		2		0%		430		80		2%

		431		0		0%		431		89		2%

		432		1		0%		432		92		2%

		433		2		0%		433		70		2%

		434		2		0%		434		67		2%

		435		4		0%		435		70		2%

		436		2		0%		436		64		1%

		437		1		0%		437		71		2%

		438		2		0%		438		75		2%

		439		0		0%		439		61		1%

		440		3		0%		440		71		2%

		441		2		0%		441		70		2%

		442		3		0%		442		54		1%

		443		1		0%		443		49		1%

		444		1		0%		444		51		1%

		445		0		0%		445		40		1%

		446		1		0%		446		45		1%

		447		1		0%		447		56		1%

		448		1		0%		448		37		1%

		449		1		0%		449		36		1%

		450		0		0%		450		29		1%

		451		0		0%		451		29		1%

		452		0		0%		452		34		1%

		453		3		0%		453		19		0%

		454		1		0%		454		27		1%

		455		0		0%		455		22		1%

		456		1		0%		456		19		0%

		457		2		0%		457		13		0%

		458		0		0%		458		15		0%

		459		0		0%		459		13		0%

		460		0		0%		460		7		0%

		461		1		0%		461		13		0%

		462		0		0%		462		18		0%

		463		0		0%		463		8		0%

		464		0		0%		464		9		0%

		465		0		0%		465		4		0%

		466		0		0%		466		7		0%

		467		0		0%		467		2		0%

		468		0		0%		468		6		0%

		469		0		0%		469		2		0%

		470		0		0%		470		0		0%

		471		0		0%		471		0		0%

		472		0		0%		472		1		0%

		473		0		0%		473		0		0%

		474		0		0%		474		1		0%

		475		0		0%		475		0		0%

		476		0		0%		476		0		0%

		477		0		0%		477		0		0%

		478		0		0%		478		0		0%

		479		0		0%		479		0		0%

		480		0		0%		480		0		0%

		481		0		0%		481		0		0%

		482		0		0%		482		0		0%

		483		0		0%		483		0		0%

		484		0		0%		484		0		0%

		485		0		0%		485		0		0%

		486		0		0%		486		0		0%

		487		0		0%		487		0		0%

		488		0		0%		488		0		0%

		489		0		0%		489		0		0%

		490		0		0%		490		0		0%

		491		0		0%		491		0		0%

		492		0		0%		492		0		0%

		493		0		0%		493		0		0%

		494		0		0%		494		0		0%

		495		0		0%		495		0		0%

		496		0		0%		496		0		0%

		497		0		0%		497		0		0%

		498		0		0%		498		0		0%

		499		0		0%		499		0		0%

		500		0		0%		500		0		0%

		501		0		0%		501		0		0%

		502		0		0%		502		0		0%

		503		0		0%		503		0		0%

		504		0		0%		504		0		0%

		505		0		0%		505		0		0%

		506		0		0%		506		0		0%

		507		0		0%		507		0		0%

		508		0		0%		508		0		0%

		509		0		0%		509		0		0%

		510		0		0%		510		0		0%

		511		0		0%		511		0		0%

		512		0		0%		512		0		0%

		513		0		0%		513		0		0%

		514		0		0%		514		0		0%

		515		0		0%		515		0		0%

		516		0		0%		516		0		0%

		517		0		0%		517		0		0%

		518		0		0%		518		0		0%

		519		0		0%		519		0		0%

		520		0		0%		520		0		0%

		521		0		0%		521		0		0%

		522		0		0%		522		0		0%

		523		0		0%		523		0		0%

		524		0		0%		524		0		0%

		525		0		0%		525		0		0%

		526		0		0%		526		0		0%

		527		0		0%		527		0		0%

		528		0		0%		528		0		0%

		529		0		0%		529		0		0%

		530		0		0%		530		0		0%

		531		0		0%		531		0		0%

		532		0		0%		532		0		0%

		533		0		0%		533		0		0%

		534		0		0%		534		0		0%

		535		0		0%		535		0		0%

		536		0		0%		536		0		0%

		537		0		0%		537		0		0%

		538		0		0%		538		0		0%

		539		0		0%		539		0		0%

		540		0		0%		540		0		0%

		541		0		0%		541		0		0%







DYFAMED: Dynamique des Flux Atmosphériques en Méditerranée

Application of the new method to DYFAMED 
samples



Results

- -1976 – Fukai et al. 1979
- -1989 – Fowler et al. 2000
- -2001 – Lee et al. 2003
- -2013 – This study

- -2001 – Lee et al. 2003
- -2013 – This study



IAEA 381 239+240Pu 238Pu Rec(%) 237Np Rdt(%)
mBq.l-1 mBq.l-1 mBq.l-1

J-18 16,1 ± 0,9 3,59 ± 0,26 65 7,2 ± 0,7 56
J-19 14,8 ± 0,4 3,43 ± 0,15 83 7,7 ± 0,6 104
J-20 14,6 ± 0,4 3,29 ± 0,15 76 8,7 ± 1,0 88
J-21 15,2 ± 0,4 3,37 ± 0,15 83 8,8 ± 1,1 94
J-22 14,7 ± 0,7 3,68 ± 0,41 95 8,3 ± 1,9 75
J-23 14,3 ± 0,7 3,89 ± 0,45 82 7,9 ± 1,8 75

Reference material

[237Np]: 8,9 mBq/l certified value
[239+240Pu]:13,5 mBq/l certified value
[238Pu]: 3,2 mBq/l certified value



Blanks

Pu FractionNp Fraction

Traces of 239Pu and 237Np in the blanks:
• 239Pu daughter of 239Np
• 237Np daughter of 241Am coming from 243Am solution.

239Pu (at) Uncer.
Blk-ng-1-Pu 8.11E+07 2.50%
Blk-ng-2-Pu 7.55E+07 2.50%
Blk-ng-3-Pu 7.66E+07 2.10%
Blk-ng-4-Pu 7.41E+07 1.90%
Blk-ng-5-Pu 7.82E+07 1.80%
Blk-ng-6-Np 7.08E+07 2.80%

237Np (at) Unc.
Blk-ng-1-Np 1.58E+08 1.70%
Blk-ng-2-Np 1.15E+08 6.00%
Blk-ng-3-Np 1.38E+08 3.00%
Blk-ng-4-Np 6.28E+07 2.50%
Blk-ng-5-Np 1.10E+08 1.90%
Blk-ng-6-Np 1.88E+08 2.10%



• Simplification of the method: Some steps can be avoided for AMS
measurements because purification of the different fractions is not so critical
than with other techniques.

• 242Pu tracer for Pu isotopes and 237Np determination.
• include 236U determination in the process.

Alpha spectrometry/ICP-MS 
Measurements

 ~100 L

AMS measurements

 ~10 L

• Volumes:

Optimization of the method for AMS



236U

• T1/2 =2.34×107 years.
• alpha emitter.
• produced by neutron capture of 235U in nuclear reactors.

• by alpha decay of its parent 240Pu, 236Pa and 236Np.
• oceanographic tracer due to its conservative nature in seawater.

235U 236U
(n, γ)



Determination of the radiochemical yield

Element Neptunium Uranium Plutonium

Tracers 239Np 232U 242Pu

Technique Gamma spectrometry Alpha spectrometry Alpha spectrometry

Gamma spectrometry Alpha spectrometry

Two methods were tested: Method-1 and Method-2



Seawater sample (10L)

MnO2 precipitation

Fe(OH)2 precipitation

AG
 1

 X
8

U fraction Np-Pu fraction

TE
VA

U
TE

VA

U Np+Pu

Method-1

• Test 1 performed using method previously presented.



• Main uranium losses due to double coprecipitation step

• Main Np-Pu losses due to oxidation state adjustment 

Results



Test 2: influence of pH on coprecipitation.

Sample pH Coprecipitation yield (%)
(10 L seawater) U Np (1st ppt) Np (2nd ppt) Np (final)

A 8 - 8.5 77 ± 11 69.2 ± 2.1 16.2 ± 0.6 85.5 ±2.2
B 8 - 8.5 25.2 ± 3.8 68.9 ± 2.7 11.0 ± 0.7 79.9 ±2.8
C 8 - 8.5 72 ± 11 67.0 ± 2.0 12.5 ± 0.6 79.5 ±2.1

Avg. 58 68.4 13.2 81.6
SD 29 1.2 2.7 3.3

D 9 - 9.5 82.5 ± 8.7 96.2 ± 2.2
E 9 - 9.5 112 ± 12 88.2 ±2.1
F 9 - 9.5 96 ± 10 93.9 ± 4.0

Avg. 96.8 92.8
SD 15 4.1



Seawater 
sample (10L)

Fe(OH)2
precipitation

TE
VA

U
TE

VA U

Np+Pu

Method-2

2 tests based on CNA’s method for U-Pu.

Test a: Fe(OH)2 dissolved in10mL of 1M HNO3. 
Addition of 0.5 mL Hydrazine (drop test*). 
Addition of 10mL of conc. HNO3.
(final concentration ~ 8M HNO3).

Test b: Fe(OH)2 dissolved in15mL of 1M HNO3 (drop test*).
Addition of 200mg of Mohr’s salt. 
Addition of 2.5mL of conc. HNO3.
(final concentration ~ 3M HNO3).

* Droptest: 
- Fe(III) in presence of NH4SCN 5M shows a red blood color whereas Fe(II) is colorless
- Fe(II) in presence of 2,2’bipyridine shows a bright pink color and Fe(III) light yellow



Test a: Too much concentrated HNO3 added: some Np was oxidised to Np(V)
Test b:Not enough concentrated HNO3 added: some Pu was kept as Pu(III).



AMS method

Seawater 
sample (10L)

Fe(OH)2
precipitation

TE
VA

U
TE

VA U

Np+Pu

Oxydation state adjustement

Separation of TEVA UTEVA

U
TE

VA

U elution

U

Cathode 
preparation

Pr
ef

ilt
er

Th removal

TE
VA

Np+Pu

Np+Pu elution Cathode 
preparation

1 2



DYFAMED results

Analysis of 2.5 liters of DYFAMED samples collected in 2001 using the AMS method.  



Reference material

Sample
Radiochemical 

yield (%) 237Np (mBq kg-1)

Np Pu
Measured 

value Expected value
IAEA-443-a 67.7 ± 2.5 65 ± 10 9.6 ± 1.2
IAEA-443-b 68.8 ± 2.6 74 ± 10 9.5 ± 1.1
IAEA-443-c 71.3 ± 2.2 75 ± 11 9.1 ± 1.2

Avg. 69.3 71.4 9.39 8.7 ± 0.5
SD 1.8 5.8 0.22

1) IAEA-443: Irish sea water.



Sample Concentration 
(106 at kg-1)

236U/238U (10-9) 240Pu/239Pu 237Np/236U

236U 237Np 239Pu 240Pu

IAEA-418-1 25.9 ± 2.5 16.0 ± 3.2 10.33 ± 0.86 2.05 ± 0.22 3.24 ± 0.31 0.200 ±
0.027

0.62 ±
0.14

IAEA-418-2 27.4 ± 2.0 - 10.6 ± 1.2 1.71 ± 0.21 3.46 ± 0.24 0.162 ±
0.026 -

IAEA-418-3 27.3 ± 3.0 21.0 ± 3.3 10.7 ± 1.0 1.70 ± 0.18 3.43 ± 0.37 0.160 ±
0.022

0.77 ±
0.15

Avg. 26.86 18.5 10.54 1.82 3.38 0.174 0.69
SD 0.85 3.6 0.19 0.2 0.12 0.022 0.11

Reference material

2) IAEA-418: Mediterranean sea



Blanks

Total concentrations in blank samples
236U (105 atoms) 237Np (105 atoms) 239Pu (105 atoms)

Blk-IAEA-1 16.3 ± 2.8 3.95 ± 0.79 0.81 ± 0.23
Blk-IAEA-2 7.9 ± 2.3 1.60 ± 0.56 0.40 ± 0.20
Blk-IAEA-3 13.5 ± 3.5 3.7 ± 1.1 ND
Blk-IAEA-4 17.1 ± 4.0 1.70 ± 0.78 ND
Blk-IAEA-5 7.0 ± 1.9 4.1 ± 1.1 ND
Blk-IAEA-6 7.4 ± 1.7 0.34 ± 0.38 ND

• Decrease of 237Np contamination by a factor of 1000.
• Decrease of 239Pu contamination by a factor of 100.
• Contamination of 236U too high      analysis of reagents:K2S2O5, FeSO4 and Mohr’s salt.



Sample Reagents FeSO4 (g) K2S2O5 (g) Mohr's Salt (g) 236U(at) un. 236U 
(at/g FeSO4)

FeSO4-CNA-1-U CNA 0.8584 0 0 1.13E+06 3.70% 1.32E+06
FeSO4-CNA-2-U CNA 0.8685 0 0 1.06E+06 3.50% 1.22E+06
FeSO4-IAEA-1-U IAEA 1.3011 0 0 1.57E+04 9.30% 1.21E+04
FeSO4-IAEA-2-U IAEA 1.2856 0 0 7.59E+03 10.60% 5.91E+03
K2S2O5-CNA-1-U CNA 0.8488 2.561 0 9.87E+05 3.70% 1.16E+06
K2S2O5-CNA-2-U CNA 0.8862 2.5082 0 1.06E+06 3.40% 1.20E+06
K2S2O5-IAEA-1-U IAEA 1.2854 2.6178 0 6.70E+04 8.20% 5.21E+04
K2S2O5-IAEA-2-U IAEA 1.3439 2.539 0 1.01E+05 7.40% 7.50E+04

Mohr-CNA-1-U CNA 0 0 0.2254 - - -
Mohr-CNA-2-U CNA 0 0 0.2232 - - -
Mohr-IAEA-1-U IAEA 0 0 0.2132 1.93E+04 12.40% -
Mohr-IAEA-2-U IAEA 0 0 0.2088 - - -

Blk-NB-a-U CNA 0.85 2.5 0.2 1.04E+06 4.30% 1.22E+06
Blk-NB-b-U CNA 0.85 2.5 0.2 1.00E+06 3.60% 1.18E+06
Blk-ST-U CNA - - - 1.21E+05 8.40% -

Check of reagents for 236U contamination



Palace of Monaco

Oceanographic  museum

Cathedral     
St Nicholas

Grand Casino

Principauté
de Monaco 

https://upload.wikimedia.org/wikipedia/commons/e/ed/Panorama_schloss_monaco.jpg
http://www.touristmaker.com/images/monaco/Monaco-panoramic-view-evening.jpg
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