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Abstract

Radioactivity in food is a source of exposure that could significantly contribute to an increased internal dose of the population in cases of radiological emergencies, like nuclear accidents or radioactive discharges. This demands continuous surveillance to ensure that public safety targets and international commitments are met and ensure that the consumer and the environment are effectively protected. 

In the present work selected food and foodstuff samples commercially available in Slovenia were analyzed for 90Sr content. Special attention was paid to determination of 90Sr in foodstuffs for infants. The results show that the samples contain activities of the artificial radionuclide 90Sr which are low  compared to the maximum permitted levels of radioactive contamination laid down in EU regulations.  

1. INTRODUCTION

89Sr and 90Sr are artificial radioactive isotopes generated by spontaneous fission of 238U in nuclear plants and during the explosion of nuclear devices and weapons tests. Strontium is considered to be one of the most biologically hazardous contaminants in the environment, which becomes incorporated into the calcium pool and is transported from soil to plants and finally to man. 89Sr as well as 90Sr emit beta particles, the later being a relatively long lived isotope with half-life of 28.8 years and a maximum energy of 0.54 MeV, in comparison  with 89Sr with half-life of 50.5 days and a maximum energy of 2.27 MeV. 89Sr is one of the main component of fallout activity in the first few months after an accident, while 90Sr constitutes a long term biological hazard due to its long residence time in the human body (49.3 years) (1,2(. The radionuclide is distributed throughout the volume of the mineral bone, acting as a source of internal irradiation that damages bone marrow and blood forming organs and induces cancer (3(. It is therefore essential that the activity of 90Sr in food and foodstuffs is controlled. 

Following the accident at the Chernobyl nuclear power station on 26 April 1986, considerable quantities of radioactive materials were released into the atmosphere, contaminating foodstuffs and feedingstuffs in several European Countries to levels significant from the health point of view. The immediate action taken after the Chernobyl accident was to define maximum permitted levels of radioactive contamination of imported agricultural products originating in third countries. Other EU legislation was introduced to provide for any future nuclear emergency situation. This covers in particular maximum permitted levels of contamination for placing foodstuffs and feedingstuffs on the market following a radiological emergency, together with informing the public affected or likely to be affected by the radiological emergencies. Basic safety standards laying down maximum permitted levels of 90Sr  in foodstuffs and feedingstuffs are summarized as follows:  

· Council regulation (Euratom) No.3954/87 of 22 December 1987 lays down maximum permitted levels of radioactive contamination of foodstuffs and of feedingstuffs following a nuclear accident or any other case of radiological emergency, amended by Council regulation (Euratom) No. 2218/89 of 18 July 1989 (Table I). 

TABLE I. MAXIMUM PERMITTED LEVELS FOR FOODSTUFFS AND FEEDINGSTUFFS (Bq/kg or Bq/L)

	Isotopes
	Baby foods *1
	Dairy produce
	Other foodstuffs *2
	Liquid foodstuffs *3

	90Sr
	75
	125
	750
	125


*1 foodstuffs intended for the feeding of infants during the first six months of life, clearly identified  and labelled »food preparation for infants«

*2  except minor foodstuffs fixed in the Commission regulation (Euratom) No. 944/89 

*3  values are calculated taking into an account consumption of tap-water

· Commission regulation (Euratom) No. 944/89 of 12 April 1989 lays down maximum permitted levels of radioactive contamination in minor foodstuffs following a nuclear accident or any other case of radiological emergency.  For the minor foodstuffs (such as garlic, truffles, capers, peel of citrus fruit or melons, fresh, frozen, dried or provisionaly preserved, etc.) the maximum permitted levels to be applied are 10 times those applicable to “other foodstuffs except minor foodstuffs” fixed in the Annex of Regulation (Euratom) No.3954/87.

· Commision regulation (EURATOM) No. 770/90 of 29 March 1990 lays down maximum permitted levels of radioactive contamination of feedingstuffs following a nuclear accident or any other case of radiological emergency, and leads to the conclusion that maximum permitted levels are needed only for the caesium radioisotopes. 

· Council regulation (EURATOM) No.2219/89 of 18 July 1989 on the special conditions for exporting foodstuffs and feedingstuffs following a nuclear accident or any other case of radiological emergency. This regulation lays down that foodstuffs and feedingstuffs in which the level of radioactive contamination exceeds the relevant maximum permitted levels laid down in Regulation (Euratom) No. 3954/87, may not be exported.  

To ensure that the content of 90Sr in agricultural products, food and foodstuffs available in Slovenia does not present a health hazard to the population, several representatives of food samples were analysed for 90Sr content. 4 samples of sea food (golden grey mullet, gilthead seabream, European anchovy, mussels) and 1 sample of freshwater fish (trout), 2 representatives of vegetables (potato and cabbage), 4 foodstuffs for infants (milk powder, fruit milk mash, infant milk, wheat flakes), 1 egg sample (yolk and egg-white, analysed separately) and 4 different samples of meat (beef) were analysed in the present study. Milk is a particularly important diet component and often a prime contributor to 90Sr, while the other food samples are constituents of typical diet. Levels obtained were compared with the maximum permitted levels of radioactive contamination laid down in EU legislation. Numerous analytical methods are used for determination of radiostrontium in different environmental samples, using liquid scintillation counting (4(, Cherenkov counting (5,6(,  nitrate precipitation and beta counting (7(, with some limitations in sensitivity or sample load. Although the separation procedure described in our present work requires the use of fuming nitric acid that is unpopular in laboratories, the method still offers an advantage in sensitivity in comparison to other techniques. The method can be applied to the analysis of low-level environmental samples, since the sample quantity is sufficient to ensure that the amount of 90Sr can be detected.

2. EXPERIMENTAL

2.1. Reagents and instruments
- strontium carrier solution (20 mg Sr2+/mL) was prepared from Sr(NO3)2 (Merck), dissolved in 0.1M HNO3,

- iron carrier solution (5 mg Fe2+/mL) was prepared from FeCl3.6H2O (Merck), dissolved in 0.1M HNO3,

- ammonium hydroxide solution (1:1) saturated with barium (barium carrier solution) was prepared from BaCl2.2H2O (Merck), 

· 25% ammonium acetate solution prepared from C2H7NO2 (Kemika, Zagreb),

· saturated ammonium chromate solution prepared from (NH4)2CrO4 (Merck).

Other reagents used: HCl 37%, HNO3 65%, HNO3 100% (fuming), NH4OH 25%, NaOH pellets (Merck), CH3COOH 100%, oxalic acid (Alkaloid, Skopje), (NH4)2CO3 (Riedel de Haën). All chemical reagents were of analytical grade. 

Beta activity was measured on a multilogger LB 5310 low-level gas proportional counter (Berthold Inc., Bad Wildbad, Germany), calibrated with 90Sr/90Y standard prepared from Sr90-ELSC10 standard solution (LEA, Cerca) with an initial activity of 48.2 Bq/g. 22 mm diameter counting planchettes were used, obtaining a 17% counting efficiency for 90Sr and a 43% counting efficiency for 90Y. 

2.2. Sample pretreatment 

Fresh mussels and fish samples were cleaned, cut and homogenised, eggs were separated to egg-white and yolk, and the samples were freeze-dried for 72 hours.  No pretreatement was needed for foodstuffs for infants. Samples of cabbage and potatoes were air-dried and ground in an agate mortar. Then, samples were carefully ashed to 600(C, so that the ash was free of organic carbon, which can be recognized by a dark brown or black coloured ash. 5 mL of Sr-carrier (20 mg Sr2+/mL) was added after ashing. Strontium was leached with hydrochloric acid and filtered through a black band filter paper before separation.

2.3. Separation of strontium from matrix components 

Alkaline earth elements are preconcentrated as oxalates, a process in which the silicates and potassium is removed. Oxalates are then dissolved in nitric acid and strontium is separated from calcium in repeated precipitation of nitrates with fuming nitric acid. After dissolution of nitrates in water, barium and iron-carriers are added and iron hydroxides precipitated with ammonium hydroxide to remove traces of iron and aluminium. Strontium is purified from radium, barium and lead with barium chromate as a scavenger. To the filtrate ammonium carbonate is added and strontium precipitated as SrCO3. The detailed procedure is presented in Figure I. 
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FIGURE I. RADIOCHEMICAL PROCEDURE FOR STRONTIUM SEPARATION FROM MATRIX COMPONENTS 
2.4. Measurement of SrCO3 precipitate 

SrCO3 precipitate was centrifuged on a 22 diameter aluminium planchette immediately after separation, dried and weighed to determine the chemical yield. Immediately afterwards beta counting was performed to measure the beta activity of 89/90Sr, and after about 14 days when secular equilibrium of 90Sr with 90Y was established, the sample was measured again. There was no detectable 89Sr present in the samples, and the results for 90Sr were calculated from measurements of 90Sr/90Y at equilibrium. 

2.5. Calculations of the results 

90Sr activity and standard deviation can be calculated according to the formulas:
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 where,

A - 90Sr activity  in the sample (Bq/kg)

R - count rate of the sample, background substracted (cpm)

Rs+b -count rate of the sample and background (cpm)

Rb – background count rate (cpm)

ts – measuring time, sample

tb – measuring time, background

YSr – chemical yield of the separation 

(Sr-90 - counting efficiency for 90Sr

(Y-90 – counting efficiency for 90Y

m - sample weight (kg)

h – decay constant for 90Y (1.8022E-4 min-1)

t – ingrowth time from separation of 90Sr to counting (min) 

3.  RESULTS AND CONCLUSIONS

Radiochemical analysis of 90Sr was performed on 17 food and foodstuff samples with the procedure described. The results of the 90Sr activity concentrations are presented in Table II. 

TABLE II. RESULTS OF 90Sr DETERMINATION IN SELECTED FOOD AND FOODSTUFF SAMPLES, Bq/kg FRESH WEIGHT

	Samples
	Sample weight (g)
	Chem.yield (%)
	90Sr (Bq/kg)



	sea food


	golden grey mullet

(Liza aurata)
	173
	81.4
	0.05 ( 0.01

	
	gilthead seabream

(Sparus auratus)
	314
	43.8
	0.03 ( 0.01

	
	European anchovy

(Engraulis ancrasicolus)
	318
	22.0
	0.25 ( 0.02

	
	mussels

(Mytilus galloprovincialis)
	277
	63.9
	0.03 ( 0.01

	freshwater fish
	trout
	169
	76.9
	< 0.01

	meat

(beef)
	(15/3/02)*
	302
	69.7
	0.01 ( 0.005

	
	(17/4/02)*
	372
	63.0
	< 0.01

	
	(7/6/02)*
	299
	69.3
	< 0.01

	
	(15/10/02)*
	332
	57.9
	< 0.01

	vegetables
	potato
	622
	70.7
	< 0.01

	
	cabbage
	766
	22.6
	0.4 ( 0.02

	foodstuffs  for infants
	milk powder
	52
	54.6
	0.90 ( 0.10

	
	fruit milk mash
	71
	46.9
	0.15 ( 0.02

	
	infant milk 
	100
	96.7
	0.07 ( 0.01

	
	wheat flakes
	51
	35.7
	0.90 ( 0.10

	eggs
	egg-white
	385
	86.2
	0.02 ( 0.01

	
	egg-yolk
	170
	77.0
	0.05 ( 0.01


* date of sampling 

A comparison with the maximum permitted levels of radioactive contamination applied in EU regulations showed that all the activity concentrations obtained for 90Sr in selected food and foodstuff samples from Slovenia are well below the values laid down in the regulations. Selected foodstuffs for infants all contain below 1 Bq/kg of 90Sr in comparison with EU regulation restriction of 75 Bq/kg, and all other selected food samples contain well below 750 Bq/kg. Analysis of the 90Sr within the continuous monitoring programme of water biota in the vicinity of the Krško nuclear powerplant, Slovenia, for the year 2002, was performed in 3 different freshwater fish samples (muscle and bones, separately) by the procedure described and the results are presented in Table III. 

TABLE III. RESULTS FOR 90Sr IN FRESHWATER FISH SAMPLES, INCLUDED IN THE KRŠKO NPP MONITORING PROGRAMME

	Sample Code
	Samples of freshwater fish 


	90Sr (Bq/kg)



	K02-BRM2-31
	fish - muscle
	Wels catfish (Silurus glanis)

Common carp (Cyprinus caprio)
	0.14 ( 0.02

	K02-BRK2-31
	fish - bones
	Wels catfish (Silurus glanis)

Common carp (Cyprinus caprio)
	1.4 ( 0.1

	K02-BRM4-31
	fish - muscle
	Common carp (Cyprinus caprio)
	0.4 ( 0.1

	K02-BRK4-31
	fish - bones
	Common carp (Cyprinus caprio)
	1.2 ( 0.1

	K02-BRM2-61
	fish - muscle
	Sneep (Chondrostoma nasus)
	0.06 ( 0.02

	K02-BRK2-61
	fish - bones
	Sneep (Chondrostoma nasus)
	0.4 ( 0.1


The values obtained are low, and no significant increase in activity concentration of 90Sr could be observed and attributed to the operation of the Krško nuclear powerplant when comparing the values obtained with the results for other selected seafish and freshwater fish samples. Increased activity concentrations, as expected, were observed only in samples of fish bones, and significantly lower results were obtained for fish muscle samples. As expected, the results confirm that selected food and foodstuff samples contain low activities of 90Sr and do not present a health hazard to the population.

*

The financial support of the Ministry of Education, Science and Sport of Slovenia (Project Group P-0106-0532) and the Ministry of Agriculture, Forestry and Nutrition (Project CRP V4-0385), is gratefully acknowledged. 

REFERENCES


(1( 
PIMPL, M., J.Radioanal.Nucl.Chem., Vol. 193, No.2 (1995), 311-318.

(2( 

GOUTELARD, F., et al., Appl.Rad.Istopes 53(2000) 145-151.

(3( 

HAMPEL, C.A., The Encyclopedia of the Chemical Elements, Reinhold Book Corporation, New York, 1968.

(4(

MORENO, J., et al., J.Radioanal.Nucl.Chem., Vol. 226, No.1-2 (1997) 279-284.

(5( 

RAO, D.D., et al., J.Env.Radio.48 (2000) 49-57.

(6( 

GRAHEK, Ž., et al., Anal.Chim.Acta 399 (1999) 237-247.

(7( 

Measurement of Radionuclides in Food and Environment – A Guidebook, Technical Reports Series No.295, International Atomic Energy Agency, Vienna (1989).


































PAGE  
6

_1116057235.unknown

_1116223950.unknown

