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ABSTRACT

Concentrations of naturally occurring radionuclidé®Ra, 2*Th and“*°K were estimated in spices for the adult
population of Egyptian using gamma spectrometrg dverage activity concentration values8Ra,?**Th and*K
were respectively 40.8, 18.7 and 578.8Bd.Kthe total annual external gamma effective dosénstores due to
spices ranged between 4Svyr! and 26.8Svyf while the average of annual internal committe@effe doses of
11.4, 4.3 and 3.6Sv yi*, respectively. The net radiological impact of theadionuclides is 19/&v y'. This value
gives cancer risk factor of 4.8 x fand loss of life expectancy of 0.095 days only.ré4selCRP cancer risk factor
for general public is 2.5 x THand total risk involve from the all natural radiah sources based on global average
annual radiation dose of 2.4 mSv'yis 6.0 x 10°. The estimated cancer risk shows that probabiiftincrease of
cancer risk from Egyptian spices is only a minacfion of ICRP values. Therefore, the spices dopuse any
significant health hazard and is considered radgially safe for human consumption.
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INTRODUCTION

Food is known to contain natural and artificialicadiclides that, after ingestion, contribute toedfective internal
dose. It has been estimated that a large porttdaaat one eighth, of the mean annual dose doattoal sources is
caused by the intake of food [1]. Average radiatimses to various organs of the body also represemtortant
pathway for long term health considerations.

232rh P8(**Ra) and**K are three long-lived naturally occurring radiolides present in the earth crust. They
generally enter human body through the food chathaso through the inhalation of the suspendediditbe air.
When inhaled or ingested these elements accumindatgitical organs and deliver radiation doses. flima
accumulates in human lungs, liver and skeletorugissuranium in lungs and kidney and potassium uisaes.
Depositions of large quantities of these radiomi&diin particular organs produce radiation damdgeshemical
and morphological changes. This results in weakgemifi immune systems, development of various types o
diseases/cancers and increase in mortality rate. pidtential harmfulness is based on their long hedfs and
chemical behavio{?Th: 1.4 x 18°yr, 2%U: 4.47 x 10 yr and*K: 1.28 x10yr). ?*Th is mainly radiotoxic>*® is
both radiotoxic as well as chemically toxic wheré¥sis radiotoxic as well as nutritionally importagiement [2].
Owing to the health risks associated with the empodo indoor radiation, many governmental andrirggonal
bodies such as the international commission on dRagical Protection (ICRP), the World Health Orgaation
(WHO), etc. have adopted strong measures aimednanining such exposures [3].

Spices and herbs are valued for their distinctlagdrs, colors and aromas and are among the mosatie and
widely used ingredient in food preparation and pesing throughout the world. The main objectivéhid study is
therefore to determine the activity concentratievels of?*Ra, ?**Th, and*K in some spices, consumed by the
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population of Egypt, to ensure that food safetygas compromised and that the external and intefiattive doses
are within the specified safety limits.

MATERIALSAND METHODS

Sample preparation

The samples examined in this study were representat almost all the local and imported produtisttwere sold

on the Egyptian market at the time of the studye Shmples were bought from retailers, and two sasnplere
collected from each kind for good estimation of tlesults. All samples examined were powdered taame
particle size lower than 1 mm. Samples were ovéeddat 100°C, homogenized, accurately weighed, and then
packed in appropriate measuring geometries ancdsel order to preverff’Rn leakage. Measurements were
carried out on the samples after an ageing timakafut 30 days, in order to allow the re-establightnaf
radioactive equilibrium betweéRn and its shortlived daughter products.

Gamma spectrometry

In the present work, the measurements of natudibaativity levels were performed by gamma-ray $qeunetry,
using a high-purity germanium (HpGe) detector cote@d to a multichannel analyzer. Detailed inforiomati
concerning the HPGe-detector calibration and dse@tocedures followed can be found elsewhere [4].

The activities of the uranium and thorium decayesewere determined by measuring the areas oféhkspof some
members located downstream of the radon nuclitféRr( for 2% chain and®®®Rn for #2Th chain). The secular
equilibrium between radon nuclides and their dagigiptroducts is assured by the ageing time of 3G ddier
sealing.

The gamma-energy lines of 351.9(37.1%) keV frétfPb and 609.3 (46.1%)keV, 1120.3 (15%)keV and
1764.5(16%)keV froft*Bi were used to represent tAiU (***Ra) series, while 338.4(12%)keV and 911.2 (29%)
keVfrom #®Ac and 583.0 (86%) keV frorfi®®Tlwere used to represent th#Th series and 1460.8(10.7%)keV
for**K gamma-line.Prior to sample measurement, the enmiental gamma background at the laboratory site wa
determined with an empty Marinelli beaker undentt=l measurement conditions. It was later sukgchfrom the
measureg-ray spectra of each sample. Counting time was080s0

Deter mination of radiological impact parametersin spices
The activity concentrations for the natural radidides in the measured samples were evaluated tsinigllowing
equation:

A=(Cs-Cg)le,.1,.M 1)

whereG is cps for sample, Lis cps for background,is the detector efficiency of the specifieray, |, is the
absolute transition probability of thgidecay, and M is the mass of the sample in kg.

To estimate annual external effective dose, accowst be taken of (a) the conversion coefficieatrfrabsorbed
dose in air to effective dose and (b) the indoa@upancy factor. Annual estimated average effectoge equivalent
received by a member is calculated using a cormersictor of 0.7 Sv.GY, which is used to convert the absorbed
rate to human effective dose equivalent with ocoagaf 50% for indoors.

The annual external effective doses are deternasddllows[5]:

E (nSv)= Absorbed Dose rate(nGyk 8760hx0.5 x 0.7 SvGy ()
where absorbed dose rat@(yh‘l) = 0462 xAgs+ 0.604 xAm+ 0.0417 xAg

whereAg,, A, andAy are the specific activities (Ba) of “*Ra,?**Th and*K, respectively

Effective dose due to ingestion

Effective dose is a useful concept that enablegdd&tion doses from different radionuclides arahf different
types and sources of radioactivity to be addedintasés of the radiation induced health effects @ased with
intake of radionuclides in the body are proportldnahe total dose delivered by the radionuclidésle resident in
the various organs. Radiation doses ingested aséned by measuring radionuclide activity in foadfst (Bq kg')
and multiplying these by the masses of food consuawer a period of time (kg'dor kg y*). A dose conversion
factor (Sv B) can then be applied to give an estimate of ifngestose. Thus, the ingested dose is given byf6, 7]
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Dose(Sv/y)= Concentration (Bg/kg)xAnnual intake{Rg/DCF (Sv/BQq) 3)

Where DCF is the standard dose conversion factbighwis equal to 0.285v/Bq for °Ra, 0.28Sv/Bq for #Th
and 0.0062:Sv/Bq for “K.

RESULTSAND DISCUSSION

Natural radioactivity in the spices

Table1 summarizes the results of measurements of nammianuclide ¥°Ra, ***Th and*’K) concentrations in the
collected spices samples. The activity concentnatare given in Bg/kg and the uncertainty in alamged values
of natural radioactivity is within 3%.

The range of activity concentrations8fRaand®?Th in the selected samples in this study variesfi®.4Bq kg*
(black pepper) to 77.9Bq Kg(thyme) and 5.9Bq K (parsley) to 57.4Bq Kg (cumin), respectively.

The range of°K concentration was found to vary between 130 Bd Kgjack pepper) to 1416 Bq Kg(marjoram).
The concentration dfK was the highest, possibly due to the concenmatiaf*’K in the soil due to the heavy use
of fertilizers by farmers. The transfer factor’8 is higher than some natural radioisotopes [8]wiieer,*K is a
key element in regulating many functions and ihdsneostatically controlled in living organisms. REbat reason,
its potassium content is held constant by metalpsbcesses.

Substantial change in the valuesdRa,?**Th and**K in spices samples may be due to the varietyénl¢hels of
natural radioactivity in soil from across the worlthe studied spices are imported from differenintbes. The
transfer factor can be a second reason for thigetyabecause it is affected by the meta-selediimetion of the
plant during the uptake of elements so as to maitit® mechanism of homeostasis in a normal enmient.

Over the world, the concentrations of radionuclidegrain products, leafy vegetables and root \a&glet are less
than 1Bqg/kg [5], except for some countries whickiehaxcess Bg/kg in their food products. This intsahe high
content of natural radionuclides in all studiedcegi but the crucial factor that must taken intosoderation is the
annual food consumption of grain products, leafyetables, and root vegetables, which is approximn&#0 kg for
an adult, compared with abolikgofspices.

Annual effective doses

Dose from the Spices Store

The annual external effective doses due to expdsureach radionuclide’{Ra, >*Th and*)K) to these spices in
stores are shown in fig. 1. The results show thatconcentration df®Ra, ?*Th and*K in the spices ranged from
14.7uSv (black pepper) to 11Qu&v (thyme), 11.uSv (black pepper) to 10648Sv (cumin) and 16.71Sv (black
pepper) to 181uSv (majoram), respectively. The calculation is lasa using an occupancy factor equal to 0.5
(4380 Hyear), which is suitable for store workers who spabout half the day in their work. These values ar
compared with the average worldwide exposure tarahtadiation sources. The results show that aked annual
external effective dose ranged from 4S¥ (black pepper) to 26u8v (marjoram), which constitute 1% to 6%,
respectively, of the total indoor exposure to ratuadiation sources, which is given as g%0 with a 0.8
occupancy factor[5]

Effective dose due to ingestion

The ingestion dose due to each radionuclide arsepted in table 2 and compared with the global dhseto
ingestion of naturally occurring®Ra, 22Th, “K radionuclides excluding radon and thoron repoligdJNSCEAR
(2000. The annual effective ingestion doses due to intdk&Ra varied from 2.,8Sv y'in black pepper to 21,&v
y!in thyme. Most samples show highly significantreases in their ingestion doses over the valuesrtemp by
UNSCEAR (2000), with percentage increases rangioign fL14% (cardamom) to 346% (thyme).

The dose received froAi°Th due to consumption of spices varfedm 1.4uSv y* in parsley to 13.2Sv y' in
cumin whichconstitute 368% (parsley) to 3473% (cumin) of tbtaltingestion dose (0.38Sv) as reported by
(UNSCEAR, 2000).

The report from UNSCEAR2000) shows that the total ingestion dose from*tfi¢ and?**Th series is higher than
the sub-total given in table 2 for the results régm here fo*Ra and**Th. This difference comes frof’Po,
#%p and?®®Ra, which are not considered in our measurements
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The dose from ingestion &K for all samples can be considered to be low whenparable with UNSCEAR dose
level(170uSv yhfor all foods.

The low values of the total annual effective ingestoses due to intake of spices is due to thie sifahe annual
intake (1 kdyear) when compared with a few hundred kilogramsypar for the total food intake.

Cancer risk

The risk incurred by a population is estimated ssuming a linear dose-effect relationship with meshold as per
ICRP practice. For low doses ICRP fatal cancer faskor is 0.05 SY9]. The risk factor states the probability of a
person dying of cancer increases by 5% for a tdtee of 1 Sv received during his lifetime. Therefothe
probability of death from cancer due to ‘naturatidilence’ increases from about 25% to 30% followangotal
lifetime exposure of 1 Sievert.

The average annual committed effective dose fomtkasured spices in this stud®.3 uSv, is used to estimate
cancer risk for an adult person using the followielgtionship:

Risk =Dose(Sv) xrisk factor (Sy @)

The estimated cumulative annual dose of 1868 to adults is used and life-time (50 yr) expodarestimated as
0.965 mSv, which gives a risk factor of 4.8 x*Idle to spices. It shows that probability of inseaf cancer risk
from daily diet is 0.0048% only. This value is aghgible fraction of the total risk involve (6.0 ¥0°) from all
natural radiation sources based on global avenagead radiation dose of 2.4 mSvyio man[5].

The estimated values are significantly less thanl@RP cancer risk of 2.5 x F®ased on annual dose limit of 1
mSv for general public, which gives annual deatsbpbility of 10°, i.e. 1 in 100,000 [10]. The risk of cancer from
measured radiation is also compared with other skiofl health risks using Cohen and Lee estimatef [lHe
authors estimated an average loss of 15 days foompational exposure of 3 mSv'yirom age 18 to 65. Based on
their estimates the calculated health risk fromrniteasured average radiation dose 0.019m%¥rgm present study
is only 0.095 days. It is therefore concluded thal9mSv yr annual radiation dose attributable to spices maik
the three naturally occurring radionuclides (radiummorium and potassium) in Egyptian would not pese
significant

Table 1 Activity concentrations (Bq kg?) of #*Ra, %*Th and “K in the spices

Sample code **Ra(Bg/kg’) **Th(Bg/kg') “K(Ba/kg™)

Parsley 42.9#1.5 5.9+0.2 93229
Marjoram 44.9+1.4 12.440.4 1416 44
Black cumin 33.8+.1 40.3+.4 20846.3
Turmeric 13.640.5 7.940.3 1161 £36
Rosemary 342 £.2 15.240.5 88127
Thyme 77.9+2.9 14.540.5 85120
Red pepper 708 2.1 13.94#0.4 1625
Cumin 49.9+#.1 57.440.3 27846
Coriander 45.8 #1.7 17.940.6 911428
Cardamom 25.6 #0.9 20.510.7 459+14
Black pepper 10.4 #0.3 6.540.2 130 +4
Mastic 49.241.4 13.440.5 609+19
Bay leafs 21.20.8 324+.1 235%7
Nutmeg 31.640.9 10.840.3 2036
Galangal 50.7 2.1 11.940.4 2467

Table2. Annual committed effective dose (uSv) of adult population of Egyptian from intake of **Ra, **Th and “K radionuclidesin the
spices

Annual committed effective ingestion dos&Sy)

c [0} -
i i = @ - £ a z
Radionuclide . % % o % g8 5 g g - . g E
) S  x @ £ o 2 = = a ~ S 9 @ g O
» =2 ¢ E ¢ & 5 E € ©°© ¢ @ > E & 28
g & = 3 e £ o 3 3 S = e S 2 S SK
2Ra 12 126 95 38 96 218 198 14 128 7.2 29.81359 89 167 6.3
BiTh 14 29 93 18 35 33 32 132 41 47 15 35 25 27 03
Sub-total 13.4 155 188 56 131 251 23 272 1649 44 169 134 114 194 120
K 58 88 13 72 55 53 1 1.7 56 28 081 385 1.13 15 170
Total 192 243 201 128 186 304 24 289 225.714521 20.7 149 127 209 290
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Fig. 1 Theannual external effective dose due to exposur e to the spicesin stores

CONCLUSION

The study estimated the activity concentration adionuclides’®Ra, ?Th and’K by means of gamma ray
spectrometry in different spices that are reguladgsumed by the population of Egypt. The spicé Wit highest
amount of?®Ra was thyme. While the spice with the highest arhofi”**Th radionuclide was cumifi% in spices

is low when comparing wittUNSCEAR dose levelThe annual committed effective doses from theespihave
been determined and cancer risk is estimated. Stmated committed effective doses are 11.4, 4BZX6uSv yr

! for *Ra, ?**Th and*K respectively at annual intake of spices is prepo® be 1 kg/year. The net radiological
impact of these radionuclides is 198v yr’, which gives a cancer risk factor of 4.8 x°1The estimated risk has
no significant health hazard and Egyptian spicesagiiologically safe, as per international stanslard
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