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ABSTRACT

The radionuclide concentration in different envirenmtal matrixes is reported in literature; howeséudies of
the distribution 0% and ?*Th decay products in plant species are sparsehi$nstudy concentration of
naturally occurring radionuclidés®u, 2%, 22Th, 2°Th, ?Ra, ?*Ra and**®Pb was determined in sample of
Peperomia pellucidand in the surrounding soPeperomia pellucidédas a rich history of medicinal uses. The
content of U and Th isotopes in the leaves, apaals, roots and soil was determined by alpha spmetry
after with radiochemical separation by ionic exdmmesins and measurement with a silicon surfaceeba
detector. The radionuclides measurement?®a, >Ra and**°Pb were carried out by gross alpha and beta
counting after radiochemical separation. The raalitide activity concentrations mean in samples yaeal
ranged from 4.3 to 38 Bq Kgfor 22U, from 42 to 129 Bq Kg for U, from 2.1 to 38 Bq Kdfor *°Th, from
1.7 to 124 Bq kg for ?*2Th, from 8.5 to 37 Bq kior **Ra, from 3.2 to 46 Bq kljor “**Ra, from 39 to 93 Bq
kg™ for ?*%b. It was also determined the percentage of radlimtes?*®Ra, ?*Ra and*°Pb in the extraction and
infusion of the drug analyzed. The arithmetical megalue recovery was from 23% to 60% in maceratind
24% to 75% in infusion.

1. INTRODUCTION

The therapeutic use of medicinal plants in human health is asepcaetice [1]. In recent
times, the study of medicinal plants has become the focus ofalesmar more extensive in
all over the world, due to the diversity and potential that plants &ss®urce of medicinal
products.

Generally, the studies related with therapeutic plants aim tacteaze the active compound
of the plant for scientific evidence of its therapeutic propefigsTherefore, studies of the
distribution of**®U and®**Th natural radionuclides series in plant of the species are sparse.

An emerging problem in many development countries is industrialtfoilthat threatens the
health of the local environment and can lead to contamination of vegetatiorheavy



metals, pesticides, or radioactivity [3]. There are severalcesucontributing to plants
contamination which can result from direct deposition of radioactivéclesr from the
atmosphere onto the above-ground parts, indirect sorption of radionucbdeshie soil by
the root system, also resuspension and deposition of radionuclides in the soil.

The presence of radionuclides in plants constitutes the pathwakeiormigration to the
human. A medicinal plant containing high concentrations of these radigsidan cause
health problems, since medicinal plants are commonly used for loiogipef oral treatment
and via uptake of remedies made with medicinal herbs.

In this study, concentration of naturally occurring radionuclitféy, 22U, #**Th, 2°°Th,
**Ra, ?*Ra and**®Pb was determined in sample Peperomia pellucidaand in the
surrounding soilPeperomia pelluciddlL.) KUNT, whose popular name in Brazil is “erva-de-
jabuti”, is a plant known by its medicinal properties like healirgpprty, analgesic activity,
antibacterial activity and antifungal activity against food fungi [4,5,6].

The content of U and Th isotopes in the aerial parts, roots andaoilletermined by alpha
spectrometry after radiochemical separation by ionic exgghaesins and measurement with
a silicon surface-barrier detector. The radionuclides measnteshé*®Ra, ?*Ra and*%Pb
were carried out by gross alpha and beta counting after radia@ieseparation. The
percentage of?°Ra, ®Ra and**°Pb extraction from medicinal plant into maceration and
infusion is also evaluated in this study.

2. EXPERIMENTAL
2.1. Samples
Peperomia pellucidaspecimens and the surrounding soil were collected at the Batanic

Garden in Rio de Janeiro, Brazil, in December 2010 and identified by Dr. ESigrRaraes.
A voucher specimen was deposited at the Ibirapuera Park Herbarium.

2.1.1. Preparation of the samples

Samples ofP. pellucidawere washed with ultrapure water to remove impurities and soil
particles present in all plant structures, air-dried andratggh into leaves, aerial parts
(including stems and leaves) and roots. After this processes, nifesaof Peperomia
pellucidaand soil were dried at 60°C and ground into powder.

2.1.2. Preparation of the maceration (ethanolic extract) for radiochemical
Dried Peperomia pellucidaerial parts were softening in 70% ethylic alcohol during seven
days at room temperature. The extract was filtered throughmafatfilter paper and the

residue was discarded. The filtrate was evaporated near dameseparated for analysis of
radionuclides.
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2.1.3. Preparation of the infusion (aqueous extract) for radiochemical

The powder material oP. pellucida aerial parts was stored in centrifuge tubes with
subsequent addition of 50 ml of MilliQwater boiling on the tube. This mixture was
homogenized and left to stand for 5 minutes. After this period, tlicgolwas filtered and
the residue was discarded. The final solution was transferrecbealer, placed on plate
heated at 150°C, evaporated to near dryness and separated for analysis.

2.2. Analytical methods

Two different analytical techniques were used to determin@adhgal radionuclides: alpha
spectrometry for®®U, 2%, 2°2Th, ?°°Th and gross alpha and beta counting after
radiochemical separation f6PRa,***Ra and®'%Pb.

2.2.1. Alpha spectrometry

To determine”®U, 2U, *Th, *°Th by alpha spectrometry [7], it is necessary to separate
these radionuclides from the solution obtained after the completeutiseabf P. pellucida
(leaves, aerial parts and roots) and the soil samples. Tevacthis aim, after addition of a
known activity of?*2U and®?°Th as the yield internal standard, the samples were dissolved in
hot plate with HNQgonc, and 30% HO, Then the solutions were evaporated three times to
dryness. After, the precipitates were dissolved with HCl 9 bl evaporated almost to
dryness and re-dissolved in HCI 9 mét.IThe obtained solution was passed through a pre-
conditioned anionic exchange resin column in HCl 9 mdl rhedia. The eluate was
evaporated to dryness and re-dissolved with KMQmol L*, and passed through a pre-
conditioned anionic exchange resin column in HNfbl L media. Both, U and Th were
eluted with HCI 0,1 mol L. After the elution, the samples were evaporated and electroplated
in a steel disk during one hour using Ml as electrolyte [8]. The detection of alpha particles
was done with a silicon barrier detector and counted for 60.000 seddm@dmean counting
efficiency was 33.6 + 0,1 and the background was approximately’d9in the energy
region of interest. The chemical yield resulted from 31% to 61%Jfand 30% to 80% to

Th. The minimum detectable activity mean was 1.8 Bg kg for 22U, 1.7 10° Bq kg*

for 2, 1.8 10° Bq kg* for *Th and 1.9 18 Bq kg* for 2°Th.

2.2.2. Groszﬁoglpha and beta counting after radiochemical separation f6f®Ra, **Ra
and b

For the radiochemical separation, the samplePegferomia pelluciddleaves, aerial parts
and roots), the ethanolic extract, infusion and soil were dissolved platetwith HNQconc.

and 30% HO. till total elimination of organic matter. Carries of Band PB" were added
before the dissolution. The solutions were treated with citric &midiron and lead
complexation. Sulfuric acid was added for sulfate precipitationadf, Ro-precipitation as
Ba(Ra)SQ and PbSQ@ The precipitate was dissolved with NTA and 6M NaOH was added to
achieve a basic medium. The addition of (88O, (25 mg mL') and glacial acetic
precipitates Ba(Ra)SQeaving PB" in solution. The precipitate is separated in two steps of
centrifugation and washing, dissolved with EDTA and precipitatedaéR&SQ and filtered
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in Millipore filter and stored for counting. Counting was performeteraRl days of
precipitation. The solution containing Plwas treated with 1M NaSo precipitate PbS. The
precipitate is centrifuged, dissolved in nitric acid and filtered dulfur separation. The
addiction of 30% NzCrO, precipitate PbCrthat is filtered in Millipore filter and stored for
counting. Counting was performed after 10 days of precipitation. Cowmesmade in a gas
flow proportional detector of low background, Berthold, model Lb 770, during 200 minutes.
The procedure was taken from Moreira [9] and Oliveira [10].

3. RESULTS AND DISCUSSION

3.1. Radionuclide concentration

Radionuclides concentrations were determined in referenceiatat&EA-300 and IAEA-
326. Results obtained were in good agreement with the certified values.
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Figure 1. Concentration values measured for reference material$AEA-300 and
IAEA-326 normalized by the respective concentration certified values.

Table 1 shows the activity concentration (BG'k@f the natural radionuclides®U, 2%,
232Th and®*°Th, #Ra, **Ra and*'%b determined in the medicinal plant selected in this
study and the surrounding soil (SPEP). The medicinal plant was subdivitedeaves
(FPEP), aerial parts (PPEP) and roots (RPEP).
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Table 1. Activity concentration (Bq kg*) of the radionuclides®®U, %, #%Th, #°Th
determined in aerial parts (PPEP), roots (RPEP) and soil (SPEP).

Samples =y eV 20Th 232Th
PPEP 4.1+0.7 38 +3 1.9 0.5 1.5+04
4.6 £0.6 45 +3 1.8 +04 1.9 +0.5
4.2 +0.8 44 +3 2.7 0.6 1.8 +0.5
Mean £ RSD 4.3+0.3 42 4 2.1 0.5 1.7 £0.2
RPEP 7.5%1.6 126 £11 7.4 £1.3 7.8 1.4
7.7 £1.2 133 £13 6.9 £1.4 6.5 1.3
7.3 £1.4 129 +10 71114 6.7 £1.3
Mean + RSD 7.5+0.2 129 +4 7.1 £0.3 7.0 £0.7
SPEP 43+3 62 +4 40 6 125 +12

34 +4 65 +6 40 +4 125 +8

38 £3 64 +7 34 +4 122 +9

Mean £ RSD 3815 64 £2 38 3 124 2

The data shows that activity concentration mean ranged from 4.3/Btp 188 Bq kg' for
3%. The highest activity concentration was found in the roots comp#rmglant parts.
234 activity concentration ranged from 42 Bq'kp 129 Bq kg. The generally trend of the
radionuclides concentration is the following: soil > roots > aeuats.?*°Th ranged from
2.1 Bqg kg' to 38 Bq k@' The concentration trend of these radionuclides is the following: >
soil > roots > aerial parts. The activity concentratiorf°6fh ranged from 1.7 Bq Kygto
124 Bq kg'. Average concentration f&r“Th in plants is about 0.2 Bq Kgone order of
magnitude lower than those found is the studied plant [11]. The weeldge of**U and
232Th radionuclides content in soil is 35 B kand 30 Bq kg respectively [12]. The level of
232Th analyzed in this study present much higher concentration thapréssnted in soil
content.

Table 2 shows the activity concentration (Bq'kgf the natural radionuclidé€’Ra, ***Ra
and?*®Pb determined in leaves (FPEP), aerial parts (PPEP), roots (RPEP) anBEB).(S

Table 2. Activity concentration (Bq kg') of the radionuclides®®Ra, %*Ra and *'%b
determined in leaves (FPEP), aerial parts (PPEP), roots (RPEP) andis(SPEP).

Samples *Ra *Ra “pp
FPEP nd nd 39+5
PPEP 8.510.2 3.2 £0.3 52 +3
RPEP 23.2+0.2 10 £1 58 +6
SPEP 371 46 +4 93 3
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Activity concentrations of?®Ra are higher thaff°®Ra in the samples, except for soil (SPEP).
As the former belong t8%U and the last t6*Th decay series, these results are in accordance
with those obtained f6P®U and®**Th in table 1. Radium in nature exists in soil, rock, surface
water, plants and animals at low concentration generally lower than 37 Btjkg

The #%Pb concentration ranged from 39 Bq'kp 93 Bq kg'. The concentration trend of
these radionuclides in the samplesPeperomia pellucidas the following: RPEP > PPEP >
FPEP. Leads occur naturally in plants as a result of uptake, eirtarporation of**Pb by
above-ground plant-part occurs mainly via atmospheric deposition, andhehmansfer via
the root system is rather small [13].

For comparison purpose, reference values for diary intake of &imdeof foods are
presented in Table 3 [12].

Table 3. Reference activity concentrations of natural radionuclides inobd.

Activity Concentration (mBq k9

ZSEU R 234U 23(Th 232—I—h ZZERa ZZERa 21CPb
Milk 1 0.5 0.3 5 5 15
Meat 2 2 1 15 10 80
Grain 20 10 3 80 60 50
Leafy vegetables 20 20 15 50 40 80
Root vegetables and fruits 3 0.5 0.5 30 20 30
Drinking water 1 0.1 0.05 0.5 0.5 10

The Figure 2 shows a comparison of the activity concentratidfifaf 224U, 2Th, 2°°Th,
?Ra,**Ra and*%Pb in medicinal plant parts.
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Figure 2. Activity concentration of 22U, 24U, 232Th, 2°Th, #*Ra, #**Ra and
21%p in medicinal plant parts.
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Although there are many uncertainties about the specificity tdlsnabsorption mechanisms
by the plants, usually the content and the accumulation of the elemguitst tissue and
roots depending on their availability in the soil solution [14]. It iseol=d that there is a
greater accumulation of radionuclides in the roots and with higher mivatien for 3U.
This accumulation could be related to immobilization of these elenm@rganic complexes
present in the radicular tissue [18]. pellucidahas higher concentrations 3fPb in all the
analyzed plant part. This can be explained because this radionuchdeéersay product of
22Rn, a noble gas which emanate continuously from the soil to the atmesphd can be
deposited on vegetation and incorporated by foliar or root absorption [9].

The results show that t&U and?**Th radionuclides series are not in secular equilibrium.
Figure 3 shows the results of percentagé’®a, “*Ra and**°Pb extraction in maceration
(EPEP) and infusion (IPEP) carried out on samplePeperomia pellucidaand the
comparison between maceration and infusion extraction. The pegean¢éad is following:
IPEP > EPEP.

This difference is related to the interaction of metal$ witbstances in plant structures, such
as macromolecules and small molecules and the solubility of metals in diehesrts [15].
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Figure 3. Percentage of?Ra, **Ra and ?*Pb extraction in
maceration and infusion.

4. CONCLUSIONS

In this paper, a study of the natural radioactivity in sampld’gberomia pellucidas
presented?*®U, *"U, **Th and**°Th were determined by alpha spectrometry &Ra,
*Ra and®%b were determined by gross alpha and beta counting after rewficeih
separation. The percentage®61Ra, **Ra and?*®Pb extraction in maceration and infusion
was also determined.

INAC 2011, Belo Horizonte, MG, Brazil.



As no reference values for radionuclides in medicinal herbsawadable, the reference
values for the analyzed elements in some foods presents in alndighawere also

presented. The level of radionuclides analyzed in this study presech higher

concentrations than that presented in the day-to-day diet.

Considering the method used for extracting of active compound fromimeddtants for the

production of phytotherapics and the way the herbs are consumed by thatipapihe

study of radionuclides concentration in medicinal plants has great significance
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