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Determination of uranium and polonium in Sparus aurataby alpha spectrometry
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The aim of this study was optimizing conditions for the specific activities determination of some uranium-series radionuclides present in
Sparus auratéby alpha spectrometry. Determinations of specific activities were conducted varying the type of digestion: acid attack on
hot plate, controlled microwave digestion and acid attack after calcination of the sample. The latter procedure was applied only to the case
of uranium isotopes determination. The variation in the isotope extraction method consisted of applying the techniques of liquid-liquid
extraction using Tributyl phosphate (TBP) or chromatographic UTEVA resin. Results depending on the type of treatment given to the
samples were compared based on obtained chemical yields. The results reveal a higher bioaccumulation of polonium in the liver sample,
with activities of 0.809, 2.495 and 2.439 Bqkgfresh wt compared with the fillet. The best chemical yields for polonium were close to

60% for samples that were digested by microwave. In the case of uranium the best chemical yields, close to 80% for fillet, were obtained
with a previous calcination of the sample and using the UTEVA resin.

Keywords:Uranium; polonium; alpha spectrometry; fish.

El objetivo de este estudio fue la optimizagide las condiciones para la determigadie las actividades espgcas de algunos radidlidos

de la serie del uranio presente $parus auratgoor espectromei@ alfa.Las determinaciones de las actividades éfpas se realizaron

variando el tipo de digegtn: ataqueacido en parrilla, en microondas y atacamdo despés de la calcinadn de la muestra. Estdtimo
procedimiento fue aplicado solamente en el caso de la detertimeleilos iStopos de uranio. La varigm en el nétodo de extracon

del isbtopo, consist en la aplicadin de las &cnicas de extradmn liquido-liquido utilizando el fosfato de tributilo (TBP) o sepakati
cromatogafica empleando la resina UTEVA. Los resultados obtenidos en los diferentes tipos de tratamientos que se les dio a las muestras,
fueron comparados con los rendimiento$ngigos obtenidos. Los resultados revelan una mayor bioacurboldei polonio en la muestra

de Hgado, con actividades de 0.809, 2.495 y 2.439 Bo'kge peso fresco en comparéwicon el filete.Los mejores rendimientosmicos

para el polonio fueron cercanos al 60% para las muestras que se sometieron ardgestiicroondas. En el caso del uranio los mejores
rendimientos gimicos, cercanos al 80% en filete, se obtuvieron con una cal6imacevia de la muestra y el uso de la resina UTEVA.

Descriptores:Uranio; polonio; especbmetro alfa; peces.

PACS: 91.62.+g; 89.60.-k.

1. Introduction The uptake of radionuclides by fish depends on variables
such as dietary habits, location, fish physiology and physical-

The importance of studying contamination levels by heavychemical variables such as pH, temperature and water (in-
metals and metalloids (HMM) in the aquatic environment iscluding the concentration of radionuclides) [6].
due to the fact that HMM are bioaccumulative, not biodegrad-  The Po-210 enters the human body via inhalation of
able, and may be easily incorporated into the food chainradon gas Rn-222 and ingestion of food and water, inges-
This contamination may have serious effects on humaion of food being the major route [7]. Marine biota have
health [1,2]. been found to contain high concentrations of Po-210, which

Organisms with metals in their tissues are often useds considered to be the major contributor to radiation dose re-
to indicate and quantify the levels of contaminants or theirceived by man (about 0.11 mSv yeay [8, 9]. Therefore,
bioavailability in the environment. A bioindicator is an or- many countries and several international organizations have
ganism that contains information about the quality of thedetermined the concentrations of this radionuclide in seafood
environment; a biomonitor contains information about the[7].
quantitative aspects of the quality of the environment [3,4].  The objective of this study was optimizing the procedure
In the marine environment different organisms such as oysfor the determination of specific activities of some uranium-
ters, shrimp and fish [5] have been used for contaminatiogeries radionuclides present$parus aurataby alpha spec-
monitoring. trometry.

Fish are ideal indicators of pollution because they occupy This species was selected for the present study because it
different trophic levels; furthermore, fish samples are of dif-is farmed in almost all Mediterranean countries and its size
ferent sizes and ages [1]. can vary from 20 to 57 cm. These are important factors for
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considering it as a possible biomonitor of contamination by2.2.2. Uranium determination

radionuclides.

A standard yield tracer U-232 was added in different quanti-
ties to fish samples which were digested by calcination or in
solution with a hot plate.

Fish samples were obtained from a local supermarket at the The isotope extraction methods applied were liquid-
city of Seville in Spain .The target species v@marus aurata  liquid extraction with tributyl phosphate (TBP) and chro-
(commonly known as "Golden”). Seven fish samples werematographic UTEVA resin. The isotope extraction methods
used for the radiochemical analysis. Fish sizes varied fron@re based on the method initially developed [12-14].

26 to 28 cm of length, for not introducing size or age as a  The mentioned extraction methods are presented in Fig-

2. Materials and methods

variable in our analysis. ures 2 and 3.
Figure 3 shows the flow diagram of uranium and thorium
2.1. Sample preparation chromatographic separation with UTEVA resin. The digested

_ ) ~sample is poured on the resin and then 5 mL HNBM is
Before dissection, the samples were washed thoroughly withyqeq. The extraction method for thorium and uranium is

distilled water and then they were measured and weighegyerformed sequentially by adding acids solution in concen-
Subsequently the fish were separated for analysis into thr&g tions shown by the arrows in step 3 and 4.

t)harts: I|\;er, edible f”ljet da;ndfb?rr:e; thle \le.'ghtS B?f Ithgse Uranium was electrodeposited from the solution on a pol-
ree parts were recorded for further caicufations. bio Oglca|shed stainless-steel disc, using Hallstadius methods [15].

samples were lyophilized for five days to exiract the Walelrhe cell used for this electrodeposition is made of teflon
Weights were recorded to get the moisture loss and finally,

. ) hich prevents the radionuclides from adsorbing on the wall
seven samples of each part of the fish were combined ar& the cell [10, 15-17]
homogenized before the analysis. ' '

Dissolve the
2.2. Radiochemical methods and measurement tech- sample with
) 10 mL of HNO; 8M
niques | |
Samples were subjected to radiochemical analysis of Po-210, YR —
U-234 and U-238. The procedures employed were previously i
described [10, 11]. The standards yield tracers used (from e
Isotope Products) were Po-209 (Activity=1725.2 mBq/qg) {Fitimes)
and U-232 (Activity=117.8-0.6 mBg/g). iy
Alpha spectrometry with surface barrier silicon PIPS de- 20 mL of Xylene
tectors (from CANBERRA) was the method applied to deter- =
. g Lo . . 15 mL of HCI1.5M
mine the specific activities in fish samples. and extraction
General procedure for the digestion of samples is pre- (3 timas)
sented in Figure 1. {}
15 mL of distilled
2.2.1. Polonium determination e ion
(3 times)

A standard yield tracer Po-209 was added in different quanti-
ties to fish samples which were digested by microwave or hof, . - Liquid

- liquid extraction technique.
plate.

Autodeposition of polonium was done by using ascorbic SAMPLE
acid in HCI solution, then solution was heated td@0and
Powas spontaneously plated onto a rotating copper disc. Po- 5 mLHNO,
210 activity was corrected for recovery by comparison with r 3M
the measured activity of the Po-209 yield tracer. 20!
Add Acid attack for Filtration
i 4 mLHCI9M
fAD:hz':gh :> radioactive $ digestion :) and 3° 20':1L HCCI95M 24 mL HCI Th
tracer (HNO; 8M +H,0,) evaporation UTEVA
10 mL HCI Fesin
m|
End of the_ Centrifugation <: Precipitation Add iron 0.01M HmElLGE v
[ ELE <: and drying of actinides <: carrier
process
FIGURE 3. Chromatographic separation technique using UTEVA
FIGURE 1. General procedure for sample digestion. resin.
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gestion produced chemical yields about 60%, because diges-

TABLE |. Po-210 activity concentrations given on fresh weight ba- tion of lipids present in the fish sample was almost complete.

sis, obtained for different types of sample treatment and different

sample tissues. F means fillet and L means liver.

Determination of polonium concentration in sea fish
muscle in Syria shows concentrations about 8021 and
0.13+0.042 Bq kg ! wet weights for the specieparus au-

SAMPLES Po-210 YIELDS TREATMENTS rata [7]. Results obtained in the present work for the same
(Bakg™) (%) species (see Table | are of the same order of magnitude as
S1-F 021,003 27 Hot plate those repqrted in [7], particularly for jthose obtained by mi-
So-F 0.16:0.03 ’8 Hot ol crowave digestion procedure. The differences between val-
i : : otplate ues reported in the present work and those reported in [7]
S3-F 0.44:0.08 11 Hot plate may be justified according to feeding patterns and concentra-
S4-F 0.15-0.02 61 Microwave tions of polonium present in the aquatic environment where
S5-F 0.12:0.02 62 Microwave fish live.
S6-F 0.14-0.02 56 Microwave N Polonium in liver samples_ s_howed the highest spe<_:ific ac-
S1-L 2 50L0.13 66 Microwave t|V|§y value_s (see Table I). Thisis expgcted because this organ
_ typically bioaccumulates more polonium [18].
S2-L 2.44+-0.13 60 Microwave
S3-L 0.84:0.11 61 Microwave 10°
3. Results and discussion Po-209
@10’ )
The data obtained from the radiochemical analysis of I
P0-210, U-234 and U-238 in all fish samples are presented o
on the basis of fresh weight. :::D,u ' Po-210
QO lDl | | | i
1 | |
3.1. Polonium concentration in fish edible fillet and liver ioi [ .
e .
Figure 4 presents an alpha spectrum of polonium isotopes ex: g | f i
tracted for a fish sample, showing both Po-210 and tracer Po- (10 ' -|“’ ]
209 lines. The data obtained from the radiochemical analysis .'.Fj | l |
of P0-210 in fish samples are presented in Table I. It shows o W,'| | il
that the chemical yields attained for samples digested inhot o] || hHL L IR A

plate are very low, varying between 11.25% and 28.04%. It
was observed a yellowish suspension, suggesting that this

4500

5000

5500

6000

procedure does not fully digest the lipids present in the sam-

Energy (keV)

ples, and then it hinder the precipitation process of actinidericure 4. Alpha spectrum of polonium isotopes, in logarithmic
necessary after digestion. By contrast, microwave sample dicale, extracted from a fish liver sample.

TABLE Il. U-238 and U-234 activities concentrations, given on fresh weight basis, obtained for different types of sample treatment.

Note: LD denotes below detection limit = 0.004 Bg/kg.

SAMPLES U-234 U-238 YIELDS U-234/U238 TREATMENTS
(Bakg™") (Bakg™") (%)

S1-F LD LD 38.15 - Hot plate UTEVA resin
S2-F LD LD 25.41 - Hot plate TPB
S3-F LD LD 10.05 - Hot plate TPB
S4-F 0.008-0.002 0.005-0.001 83.96 1.67 Calcination UTEVA resin
S5-F 0.0070.001 0.005:0.001 68.62 1.33 Calcination TPB
S6-F 0.012-0.001 0.008:0.0005 59.73 1.37 Calcination TPB
S7-F LD LD 79.50 - Calcination UTEVA resin
S1-B 0.28:0.05 0.74:0.17 10.89 0.38 Calcination UTEVA resin
S2-B 0.270.03 0.57-0.18 3.73 0.47 Calcination TPB

Rev. Mex. Fis58 (2012) 224-227



DETERMINATION OF URANIUM AND POLONIUM IN SPARUS AURATBY ALPHA SPECTROMETRY 227

3.2. Uranium concentration in fish edible filet and 4. Conclusions

bone.
The best alternative for determining uranium in fillet and liver

biopsies is the calcination of the samples before acid attack
The data obtained from the radiochemical analysis of U-234or digestion, followed by UTEVA resin extraction. This is
and U-238 in fish samples are presented in Table II. It showg faster procedure, higher chemical yields are obtained and it
that the chemical yields achieved for samples digested b¥nsures uranium measurement in the sample. The best proce-
acid attack on the hot plate are very low, varying betweeryyre for polonium determination was obtained by microwave
10% and 38%. By contrast, the calcination of the samples begigestion. Developing procedures to avoid interference by

fore acid attack for digestion prOduced chemical erIdS abOUéak_;ium for uranium determination in bone is Suggested_
60%, because it ensures the digestion of material that could

interfere with uranium determination (see Table II).
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