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ABSTRACT

The naturally occurring activity concentration afdionuclides®®Ra, **?Th, ?**Ra,?* and*°K has been measured
in different types of fertilizer samples used insB& Governorate using sodium iodide Nal(Tl) gamma
spectrometry. The results of measurements shoveédté mean value and range of specific activif@s®°Ra,
#2Th and*K activities in the nitrogen, phosphorus and poiass fertilizers are 107.048.7 Ba/kg (8.6 - 410),
108.047.6 Bqg/kg (4.1 - 397.5) and 1207.019.8Bg/R@1(.2 - 4237.7) Bag/kg, respectively. The maximudiura
activity found in Crop Complex fertilizer with pEsct to organic fertilizers under investigation.dRan equivalent
activity exceeds 370 Bqg/kg, in some samples, thénman permissible limit for radiation dose for gfesent
samples. This study could be useful as baselirefdatadiation exposure to fertilizers and theinpact on human
health.
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INTRODUCTION

The exposure of the public to natural radioactiviigs been estimated by the UNSCAR, which concluaied
effective average annual dose equivalent to 2.4/yn&r individual [1-3]. Natural radioactivityiaes mainly from
the primordial radionuclides, such8&, and the radionuclides froff'u and***Th series and their decay products,
which are present at trace levels in all groundmfations [4]. This natural radioactivity in soil masary
considerably from one type to other. In soil, onarse of radioactivity other than those of natundgin is mainly
due to extensive use of fertilizer which is richpimosphate and accordingly the radioactfeused for agricultural
purpose [5]. The knowledge of specific activitiesconcentrationgnd distributions of the radionuclides in these
fertilizers are of interest since it provides usefiformation in the monitoring of environment radctivity.
Gamma radiation emitted from fertilizers represemie of the main external source of irradiationtted human
body. The fertilizers added to soil in order to reachhhégriculture productivity, for example adding thekK to the
soil replace the nutrients in soils [6Pnly nuclides with half-lives comparable with thgeaof the earth or their
corresponding decay products, existing in terrasmiaterials, such a8K, 2% and?*?Th are of great interest.
Abnormal occurrences of uranium and its decay petedin ore rocks and fertilizer are the main searof high
natural background areas that have been ideniifiegveral areas of the world [7]. From the poihview of the
international Atomic Energy Agency of radio nuein food and environment IAEA(8), it is necesdargstimate
the dose limits of occupier exposures and to meathe natural environmental radiation level prodithy ground ,
air, water, fertilizer etc. for estimation of thepesure to natural radiation sources. The UNCEABR93[9]
estimated the general range?1U is 37- 4900 Bg/kg and fdf°Ra a range of 100 - 10,000 Bg/kg in different
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phosphate fertilizers. The low level gamma ray spscopy is suitable for both qualitative and qitative
determination of gamma ray emitting nuclide in ém&ironment.

The aim of our study was to estimate the radiodgtooncentration of commercially and locally awedile fertilizers
and to draw a conclusion on the radiation expoglue to agricultural uses of chemical fertilizer Basrah
governorate in Iraqg.

MATERIALSAND METHODS

Experimental Work

Sixteen fertilizer samples of 7 different brandgeveollected from local market and factory in Basgavernorate.
All brand of fertilizers are solid and some of themed to dissolve in water before used (leaf feetik). After
collection the sample were grinded to fine powtieqted in the oven at 1 for 24h to remove moisture , sealed
in plastic containers, and then stored for 30dayaliow the equilibrium betweeff°Ra and®*Rn. The activity
concentration of*Ra,?*®Ra, %, 2**Th and*’K was estimated from the gamma spectrum using Nalgfector3x3
inch with a 1024 channel computer analyzer USX Bappy Spectrum Technique Company. The detecta wa
employed with lead shielding, 4 cm thickness, whietuced the background. The detector was calithraséng
slandered sources dfCo ( peak 122 keV):*'Cs (peak 662 keV) antiCo ( peaks 1173, 1333 keV). The detector
resolution in about 8% at 662 KeV 6fCs. The efficiency calibration was achieved usiightestandard sources
include the calibration sources. The samples wireep over the detector for at least 12h for counthe system
was running freely, for the same live time, to eredé the background spectrum. One of the fertilspectrum,
sample no 2, is shown in figure 1.

File Spectrum Mode Display Settings Strip Background View Help
High Voltage Coarse Gain__—|Fine Gain: x 1.00 -/ Preset LiveTime  861715| Real Time 862455

Figure 1. The Nal (TI) spectrum of sample number 2, where most of the peaks are clearly visible. The color representsthe area under the
peak of interest

THEORETICAL ASPECT
After measuring the count rate (area under the)pealeach peak shown in figure 1, the activity cemtration for
each environmental isotopes calculated ffa6]

Net count
= EX I, XM Xt (1)
Y

wheree is absolute gamma peak efficiency of the deteatdhis particular gamma-ray energy decay intensity for
the specific energy peak (including the decay bnargeratio information), M the mass of the sampikg and t is
the counting time of the measurement in second.
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RADIUM EQUIVALENT ACTIVITY

Radium equivalent activityR@a) is used to assess the hazards associated wiiialgthat contaii*Ra, **Th
and*XK in Bq kg, which is, determined by assuming that 370 Bq &f**Ra or 260 Bq kg of 2**Th or 4810 Bq
kg" of “K produce the same dose rate. Th&®a, of a sample in (Bq k§ can be achieved using the following
relation [11];

Ragq = (Aga) + (Arn X 143) + (Ax % 0.077) @)
The published maximal permissitiRa,qis 370 Bq kg [1].

EXTERNAL HAZARD INDEX

The external hazard index is an evaluation of #mald of the natural gamma radiation. The primeathje of this
index is to limit the radiation dose to the adniisipermissible dose equivalent limit around 1m&vin order to
evaluate this indexgne can use the fallowing relatifii]

Hex = (Ara/370) + (Arn/259) + (A/4810) 3

This model takes into consideration that the exetrazard which is caused by gamma-rays corresptnds
maximum radium-equivalent activity of 370 Bg/kg tbe soil.

THE ANNUAL EFFECTIVE DOSE RATE

In order to estimate the annual effective dose iratair, the conversion coefficient from absorbexbel in air to
effective dose received by an adult must be consitiélhis value is published in UNSCEAR 2000 andSO¥AR
1993, to be 0.7 SvGyfor environmental exposure to gamma rays of mddeeaergy. The outdoor occupancy
factor is about 0.2 [1]. The annual effective degaivalent is given by the following equation [11];

AEDE,,(uSv/y) = D(nGy/h x 8760(h/y) X 0.2 X 0.7(Sv/Gy) x 10~ 4)
where D (%) = 0.0417Ax + 0.462A, + 0.606A7, (5)

The world average annual effective dose equival@BDE) from outdoor or indoor terrestrial gammaliedion
only is 0.560 mSv/year [1].

RESULTSAND DISCUSSION

For calculation of the radioactivity concentratifor each environmental (NORM), or (TENORM), one has
recognized the belong city of each peak accordingamma decay of each isotope [12]. B3Ra we are looking
for the gamma ray lines 295 keV(19.2%), 352 keV.1%@), 609 keV ( 46.1%), 1120 keV (15%) and 176¥ ke
(15.4%). The peak of 186 keV assumed to be ffotd since it has slight effect on the total conceitraafter
subtracting the background ,42.8% for Ra and tis¢ fer *°U. The determination of existence 6fTh was
achieved by 338 keV (12%), 911 keV (29%), 964 kB\0%%) and 969 keV (17%). The cas€ 8 is recognized
by 1001 keV (83%), 766 keV (29%) and 2204 keV (580 *°K, which directly determined using 1460 keV (10%)
peak. Using all the information mentioned above oan calculate the activity concentratiorthe fertilizers used
in the present work and tabulated the resultshileta,

The rest of the parameters are listed in tablend, taey are Raeq, & D and AEDE, From table 1, one can
recognize that maximum value BfRa concentration is 410.4+19.5 Bq/kg ( sample &pGEomplex, Belgium)
and minimum value is 8.611.8 Bg/kg ( sample 6, NBElgium). The average value for all fertilizer gaes tested
was 107.0+8.7 Bg/kg. The average values 6fh, *®Ra, >*®U and“°K are 108.0+7.6 Bg/kg, 8.1+0.16 Bg/kg,
1.31+0.03 Bg/kg and 1207.3+9.68 Bg/kg respectivElyTaher et al. [13], reported a table of comparibetween
the activity concentration of phosphate fertilizedifferent countries ranging from 10, 2,8 Bqtkg5022, 394, 397
Ba/kg for ?Ra, ?**Th and “°K respectively. Wassila et al.[14], also reportedahle for comparison of their
measurement of fertilizers and soil radioactivitg alifferent countries. The table shows range$f&a,**Th and
K as 121 Bg/kg to 2150 Bq/kg, 26 Bg/kg to 753.9K8gand 4 Bg/kg to 11644 Bg/kg respectively. Owutts in
table 1, show that the concentration range¥%®a,>**Th and*’K are; 8.6 Bg/kg to 410 Bg/kg, 4.1 Bg/kg to 397
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Bg/kg and 201 Bqg/kg to 2373 Bg/kg respectively #mese agree with the results of reference [14jufé 3, shows
the correlation between radium-226 concentratich thorium-232, correlation between radium-226 aothgium-
40 and correlations between thorium-232 and patagiQ

Tablel. The activity concentration of Radium, Thorium, Uranium and Potassium in fertilizer samples

S. No Sample I “Ra Ba/k¢ | #Th Ba/ke | **Ra Ba/ke | **U Balke | “°K Balkg
1 NPK, Switzerland 45.1+10.4 35.5+2.5 0.01+0.01 18@M01 | 2373.4+14.1]
2 Crop Complex, Belgium 41044195 255.3+17.9 0M0% 0.01+0.01] 2137.3+10.f
3 NPK, Belgium 36.3+8.1 52.4+3.2 0.93+0.01  0.21#0.0 4103.6+19.2
4 Urea-Calacum phosphate, Belgium  65.4+11.6 806+5. 1.1+0.01 0.3+0.01 201.2+9.2
5 Calacum Nitra, Belgiui 190.145.. 52.3+3. 4.040.1 1.040.0: 228.6+1.
6 NPK, Belgiun 8.€+1.€ 42.543.C 0.01+0.01 | 0.3(+0.01 | 1608.&10.C
7 NPK, Belgium 45.,5+10.0 285.2+20.b 53.47+1)0 0.0 86.3+1.7
8 Potassium sulphate, Belgium 60.0+2.D 38.5+2|3 +519 0.01+0.01| 4237.7+18.1
9 Urea, Iran 53.68.6 4.1+0.3 0.01+0.0 0.01+001 70.2+2.1
10 Urea, Iraq 14.8+2.4 10.7+0.8 1.6+0.01 0.01+0/01266.4+15.0
11 Super phosphate, Ir 244.4+10.1 91.246.! 22.4+0.: 8.740.1 224.2+1.
12 NPK-Dap, Jorda 164.8+14.. 74.745. 8.0+0.1 7.2+0.1 239.7+1.
13 Humi-plant, China 190.2+12.83  397.5+28,5 5.1+0.1 0.01+0.01 | 1124.9+6.7
14 NPK, China 107.848.1] 263.1+186 23.6+1.p 1.440|1 534.8+30.7
15 NPK/SCOTTS, European 37.9+9.2 18.6+1.1 0.01+0/01 0.5+0.1 889.5+5.3
16 Tobseen-im, Japan 37.6%4.7 30.9+25 3.9+0]1 #0.01 589.7+48.1
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Figure 3. correlation between Ra-226 and Th232 on theleft, between Ra-226 anf K-40 in the middle and between Th-232 and K-40

Table 2. The Radium equivalent, Exter nal hazard and Annual Effective Dose, Exter nal, for different typesof fertilizers

S. No Sample ID Ra Hex | DNGy/h | AEDE,,(mSv/y)
1 NPK, Switzerlan 279+27 | 0.74 143 0.17¢
2 Crop Complex, Belgium 940+48  2.42 426 0.521
3 NPK, Belgium 427+31) 1.13] 225 0.275
4 Urea-Calacum phosphate, Belgium  137#8 033 62 760.0
5 Calacum Nitra, Belgium 28310 0.74 124 0.152
6 NPK, Belgium 193+14{ 0.50] 99 0.121
7 NPK, Belgium 47532 1.15 209 0.256
8 Potassium sulphate, Belgium 441+p3 1.17 231L 0.282
9 Urea, Iran 80+11| 0.21% 37 0.045
10 Urea, Irag 48+5 0.12 23 0.028
11 Super phosphate, Irag 392418 1.01 171 0.209
12 NPK —Dap, Jordan 290+21 0.7p 127 0.155
13 Humi-plant, China 845+47  2.0¢ 377 0.460
14 NPK, China 53531 1.32 238 0.291
15 NPK/SCOTTS, European 133+16 0.35 66 0.081
16 Tobseen-im, Japan 127+15 0.33 61 0.075

In table 2, the maximum Rais 940+48 Ba/kg , which is high in comparison witle recommended value of ICRP
for soil. The minimum value is 48+ 5 Bg/kg and theerage is 351.6+£22.3 Bg/kg, which is acceptattavever,
the ranges in references [13,14] for different ¢dan are; 366 Bg/kg to 639 Bg/kg and 114 Bqg/kd.71@2 Bg/kg
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respectively. The external hazard,llanged from 0.12 to 2.42 means that some fentilizes external hazard more
than unity, but still below action level [13,14]h& annual effective dose from fertilizers due tmgaa ray emission
range from 0.04mSv/y to 0.521mSv/y and average value is 0.268(5v/y, which is below the ICRP value and
less than the 2.5 mSv/y for the total radiationedoSNORM.

CONCLUSION

Samples of fertilizers in the studied region wereasured for their natural radioactivity contentngsgamma
spectroscopy, the results obtained concluded teagpplication of fertilizer in the soil to enharntbe crop yield
enhances the activity concentration, radium, thorand potassium of specific categories of fertilizeg. Crop
Complex, Belgium. While sublimate other type oftilerer like NPK will keep these values below the
recommended limits by the ICRP as the maximum adneffective dose to member of the public. In theeaf
local fertilizers which contain phosphate, the cadiivity differs from one country to another degieng on the soil
geology. Also the use of fertilizers in large extémcreases radionuclide in soil especially potassiwhich is
always present high gamma activity in fertilizerBhe data presented in this study will serve aaselline survey
for developing radionuclide concentration in theaaby adding the fertilizer. Further investigatisrstill needed to
measure the radioactivity in all categories oftiliger used in the country.
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