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ABSTRACT

In present work, we have reported the elemental analysis of phosphate
fertilizer used in Saudi Arabia measured by means of different analytical
methodology. The concentration of natural radionuclides 2°Ra, #2Th and
4K has been determined by gamma-ray spectrometer with Nal (TI) detector.
It was found that the average values of 2°Ra, Z2Th, “K ranged between
9+1.3to 55+4.9 Bq kg?, 8.86+1.8 to 42+8 Bq kg! 45+8 t0 2700+4.9 Bq kg,
respectively. The measured value of activity concentration of “ K was
estimated to be within the excepted world average rangefor NPK fertilizer
(mean value 2700 Bq kg?). It was observed that the calculated radium
equivaent (Raeq) infertilizersarelower than the all owed maxi mum val ue of
370 Bq kg?, however, the cal cul ated representative level index, lyr, values
for NPK and TSP phosphate fertilizers exceed the upper limit (lyr =1).
Furthermore, the concentration of the environmental pollutants(Cd, Cr, Ni,
Pb, and Zn) and common elements (Mg, Mn, and Fe) wascarried out using
Atomic Absorption spectrometer (AAS). The obtained data are compared
with available reported data from other countriesin ‘the literature.
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INTRODUCTION

Besidethebendficid influenceof thephosphatefer-
tilizerson soil and agriculturd plants, itisof utmostin-
terest to estimate their hazard effect on the environ-
ment. Thefertilizersare polluting the environment as
they are major source of pollutionin soil and water.
Phosphatefertilizers contain varying amountsof heavy
metal sascontaminantsfrom elther phosphaterock ores
or other ingredients used in the phosphatefertilizer in-

dustry. Assomeheavy meta sare potentialy harmful to
human hedth, attentionisbeing giventoitsavenuesof
entry into the human food chain. Uptake of such ele-
ments by plants consumed directly or indirectly by hu-
mansis one avenue of entry, so the effects of heavy
meta contaminantsin phosphatefertilizersareof con-
cerntt, Suppliersof fertilizersusudly donot mentional
contents and the reaction of these contents with soil
and water. Only mgjor contentsarewritten onthebags
of fertilizers®. Commercia fertilizershave been used
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for decadesand will probably continueto be used for
many decadesto come. Hence, evenlow annua accu-
mulationsmay finaly build up undesired concentrations
insoil, especialy wherefertilizerswith high heavy de-
ment concentrationsare used™,

Phosphoric acid isthe starting material for triple
superphosphate (T SP), single superphosphate (SSP),
ammonium phosphatefertilizers(DAPand MAP), NPK
fertilizers. MAP and DAP areobtained by reacting di-
rectly phosphoric acid with different amountsof NH,,.
TSP, SSP and NPK are obtained by reacting phos-
phoric acid with phosphate rock and NH,. During the
reaction of phosphaterock with sulphuricacid, thera
dioactive equilibrium between U, Thand their decay
productsisdisrupted and theradionuclidesmigrate ac-
cordingtotheir solubility.

Severa publications have been concerned about
thenatura radioactivity, rare earth and heavy e ements
in phosphate and phosphatefertilizersthroughout the
W0r| d[l,2,17,19,22,24,25,39,40,43,48,50,52,53] .

Nuclear andytical techniques, with their broad band
of applicability toamost al matrix typesandtheir ex-
ceptiona sengtivity to many elements, arean indispens-
abletool for environmenta research. Theaimsof the
present work were: 1) Measuring the concentrations of
natural radionuclides 2 Ra, 2?Th and K in phos-
phatefertilizersby gammaspectrometry usngaNal(Tl)
detector, 2) Caculate theradiation dosesand radiation
hazardsdueto natura radionuclidesin phosphatefer-
tilizersto estimatetheir radio-ecologica impacts. 3) Es-
timate the concentration of elements content in phos-
phatefertilizer using AtomicAbsorption Spectrometry.
For the sake of comparisontheresultsof concentration
levelsand radiation equiva ent activitiesare compared
withsmilar studiescarried out in other countries.

EXPERIMENTAL METHODS

Samplepreparation for natural radioactivity

Samplesof phosphatefertilizer werecollected from
local maketsin Qassim region, Saudi Arabia. These
materia srepresented most of thefertilizers marketed
intheKingdom of Saudi Arabia. Theweighed samples
were ground, homogenized and sieved to about 100
mesh by acrushing machine. Weighed sampleswere
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placed in polyethylenebottles, of 350 cm? volume, eech.
Thebottleswere completely sealed for morethan one
month to allow radioactive equilibrium to bereached.
This step was necessary to ensure that radon gas is
confined withinthevolumeand that the daughterswill
asoremaininthesample®2,

Instrumentation and calibr ation

Activity measurementswere performed by gamma
ray spectrometer, employingaNal(Tl) crystal, coupled
to PC Quantum M CA 2500R. To reduce gammaray
background, acylindrical lead shield (100 mm thick)
with afixed bottom and movable cover shielded the
detector. Thelead shield contained aninner concentric
cylinder of copper (0.3 mm thick) to absorb x-rays
generated inthelead. In order to determine the back-
ground distributionin the environment around thede-
tector, an empty sed ed bottlewas countedinthesame
manner and inthe same geometry asthe samples. The
measurement timeof activity or backgroundwas 12 h.
The background spectrawere used to correct the net
peak areaof gammarays of measured isotopes?l. A
dedi cated software program (Quantum) from Princeton
GammaTech (PGT) hascarried out theonlineanayss
of each measured y-ray spectrum.

Calculation of activity

Calculations of count rates for each detected
photopeak and radiol ogical concentrations(activity per
massunit or specific activity) of detected radionuclides
depend on the establishment of secular equilibriumin
the samples. 2?Th concentration was determined from
the average concentrations of 22Pb (238.6 keV) and
28/ ¢ (911.1keV), *2*Rawas determined from the av-
erage concentrations of the?4Pb (351.9keV) and 2“Bi
(609.3 and 1764.5 keV) decay products. “K radio-
nuclidewasidentified by itssingley-line at energy of
1460 keV. It should be mentioned that no peak isap-
peared at energy of 661 keV in the spectrum dueto
decay of *’Csand it confimstheartificia radioactivity
in the investigated samples is below the detection
limit223,

Sample preparation for atomic absor ption spec-
trometry (AAS)

Two gramsof the sampleweredigested with aqua
regia(21ml HCI conc +7ml HNO3 conc, both from
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Merck p.a) and refluxed for 2h. After coolingtheaqua
regiasolutionwastransferred into agraduated 2500 ml
flask, theflask wasfilled with water tothemark. Mea-
surement to trace heavy metals was performed by
atomic absorption analysis (VarianAA240FS). The
elementsPb, Cd, Mn, Zn, Fe, Ni Mg. Cr were deter-
mined with flameanalysis, C2H2/Air. Thedetailsre-
garding qudity assuranceare given somewheree sg*4.

Thedtructure of the sampleswerechecked a room
temperature by means of X-ray powder diffraction
(XRD) Shimadzu Diffractometer XRD 6000, Japan,
with Cu-Ka radiation (A = 1.54056 A). The data
were collected by step-scan modesin a 8-26range
between 10° and 80° with step-size of 0.02° and step
time of 0.6 seconds. Pure Silicon~ Si 99.9999% was
used asaninterna standard.

RESULTSAND DISCUSSION

Heavy metals in phosphatic fertilizers used in
Saudi Arabia

Heavy meta content isone of the deciding factors
for thequdity of phosphatefertilizers, which doesnot
haveany standard permissiblelimit becausethe maxi-
mum alowabl e content depend on soil characterigtics,
irrigationwater quality, croptype, etc. Elementd andyss
for four typesof phosphatefertilizer usedin Saudi Arabia
was carried out to determinethe concentration of heavy
meta susingAtomicAbsorption Specrometry. Theana
Iytical resultsare summarized inTABLE 1. Theele-
mentsanalyzed in the present study have been classi-
fied asfollows.

Environmental pollutants(toxic elements)
Chromium (Cr)

Toxicity of chromium (Cr) towards plantsor ani-
mals dependson its oxidation state. For example Cr
(111) isan essential nutrient that hel psthe body con-
sume sugar, protein and fat, while Cr (V1) isconsid-
ered to be carcinogen, so before making any conclu-
son, information about oxidation states must beknown.
By arough comparison through Cr content, it wasfound
that the average content of Cr in Saudi phosphatefer-
tilizer wasfound to be ranged between 54-279 ng/g.
Theglobal rangeof Crasgivenin TABLE 2is1-233
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pg/g. The concentration determined in the present study
ishigher than thegloba rangeof Cr.

Lead (Pb)

Anaysisof lead (Pb) showsthat theaveragelead
concentration found to be 12.6 pg/g in simple supper
phosphatewhilelead under the detection limitinthe
other kindsof phosphatefertilizer. Still thissituationin
not aarming because uptake of lead in plantsdepends
on soil pH, at higher pH sail, lead becomesimmaobi-
lized“2,

Cadmium (Cd)

The average cadmium concentration in the present
study wasfound to befrom 12.5t0 28.2 ng/g while the
global rangeof Cd concentrationin phosphaterock as
giveninTABLE 2is0.1- 60 pg/g. European countries
implemented alimit of 10 pg/g of Cd on phosphate
rock importg*Y,

Zinc(Zn)

Theglobal rangeof Zn concentrationsin phosphate
rock 6-515 ng/g whilethe average concentration de-
termined inthe present study is17.5t0 634 nug/g that
higher than the global range of Znin phosphate rock.
Zndo not present in ssimple supper phosphate.

Major elements
Manganese (Mn)

Manganese (Mn) is the basic macronutrient for
plants. Intheworldwide comparisongivenin TABLE
2, theglobal rangein Mn concentrationis149-2235.5
pg/g while the average concentration determined in the
present study ranged between 14.8- 510 ng/g far from
theglobal range of Mnin phosphaterock.
Magnesium (M g)

Theamountsof magnes um (Mg) (secondary nutri-
ent) in our phosphatefertilizer are comparablewith
thosein phosphaterock givenin TABLE 2 except for
NPK fertilizer. The concentration of Mgin our samples
varies between 240 - 16843 pg/g. This element not
considered aspollutant or hazardous®!.

Nickel (Ni)

In case of nickel (Ni) content, the global range of
Ni concentrationintheworldwidecomparisongivenin
TABLE 2is2-116.5 ng/g while the average concen-

ey Snoivonmental Science

Hn Tndéan g%wumé



74 Analytical methodology for the determination of concentration of pollutants

Current Research Poper

tration determined in the present study ranged between
22.5- 66.6 ng/g and this is within the global range of Ni
in phosphate rock. The highest Ni content was 66.6
ng/g which is far below than the tolerable limit as 100
ug/g or higher Ni content in plant is considered to cause
toxicity!®,

TABLE 1 : The average content of heavy elements in
phosphatefertilizer used in Saudi Arabia by using atomic
absor ption spectrometry.

Type of
Fertilizer

MAP
MAP
NPK
SSP

Pb Cd Mn Ni Zn Fe Mg Cr

<DL <DL 148 <DL 175 523 240 <DL
<DL 125 547 518 634 2967 5235 279
<DL <DL 273.7 22.5 103.8 10817 16834 64.1
126 282 510 66.6 <DL 7955 1374 54.2

TABLE 2: Global patter n of toxic, major and minor elements
in phosphaterock

Country  Cr Pb Cd Zn Mn Mg Ni  Ref.
Algeria 208 134 --- [39]
Brazil 705 445 4 299 12240 116 ™
Egypt NF 132 - mw
Israel 56 - 372 - [39]
II\EAei\gtdle 29 4 9 315 - - 29 [
Morrocco 291 7 30 345 - 26 [
Nigeria 28 - - 59 5710 - - [
":?rrlt:a 105 6 60 420 -— - 33 [
Russia 233 3 01 19 - 2 13
i?“ag:a 176 -~ - 88 e e o
i?ﬁ?a 1 3% 2 6 - .- 35 B
Syria 136 269 [29]
Togo 75 143 149 137
Tunis 161 515 - - ™
USA 142 12 11 403 2235 .- 37 M
Pakistan 17 89 75 672 178 7410 28 ™

Health hazardsfrom traceeementsin phosphate
fertilizer

Metal s such asiron, magnesium, manganese and
zinc areessential metas, sincethey play animportant
roleinbiologica sysems. Forindance, magnesumplays
aroleinthegtability of dl polyphosphate compoundsin
thecdlls induding thoseassociated withDNA and RNA
synthesisand manganeseisalso an essential tracenu-
trientinal formsof life. Nonessential metds, suchas
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Ni, Pb and Cd aretoxic evenintraceamounts. Intake
of cadmium above safelimit causes high blood pres-
sure, liver disease and nerveor brain damage. Thees-
sential metalscan a so producetoxic effectsat higher
concentrations. They tend to bio-accumulate, cause
toxicity to plantsand contaminate thefood chai 216,
Only afew metals of proven hazardous nature areto
be completely excluded infood for human consump-
tion. Thus, only threemetals, namely lead, cadmium
and mercury, have been included intheregul ations of
the European Union for hazardous meta 5. Whilethe
US Food and Drug Administration (USFDA) hasin-
cluded further three elements, namely, chromium, ar-
senicand nickel inthelist*1. Heavy metalspresentin
thefertilizer contaminate soil and theirrigated water.
These contaminationstransfer into the vegetablesand
accumulatethere. Transfer factor of heavy metasfrom
contaminated water to vegetables depends onthetype
of vegetable. For Pb, Ni, and Zntransfer factor isvery
highinmany vegetables, for exampleladyfinger cauli-
flower and cabbagewhereasit isthehighest for Cd as
compared to Pb, Ni, and Zn'“¢l, Salelimitsfor Cd and
Pbinagricultural product should be 0.2 and 0.3 pug/g,
respectively, asreported intheliterature®?.

Natural radionudlides, radiation hazar d indexesin
phosphaticfertilizersused in Saudi Arabia

Thefertilizersare spread onland thusleadingto a
surface contamination which depends on theradionu-
clideconcentrationinthefertilizer and onthethicknessof
thelayer ontheland. Theuseof thislandfor agricultura
production (vegetables, animal products) will thenlead
to an exposure of thepublicviatheingestion path. The
activity concentrationsof 2°Ra, #?Thand “°K havebeen
determined for thevarious phosphatefertilizersusedin
Saudi Arabia. Theaverage valuesof activity measured
aswdl| astherespectivestandard deviations, of theabove
natural radionuclidesare presented in TABLE 3. The
useof fertilizersinlargeextent hasaffected radionudlides
concentration, and especially for potassium, itisone of
thecausesfor presenceof high activity of “K in soil®49,
In the present study, the activity concentration of “°K
higher thanthat of Raand =?Thfor al typesof fertiliz-
ers. The permissibleactivity levelsfor 2Ra, 2?Th, and
“K are 35, 35 and 400 Bg/kg respectivel y©™U.

To represent the activity levelsof 2°Ra, Z°Thand
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TABLE 3: Averageactivity concentrationsof 226Ra, 232Th,
40K, Radium equivalent activity, r epresentativeleve index,
Iyr for phosphatefertilizer sused in Saudi Arabia

Name  Ra-226 Th-232 K-40 Raeq Iyr

DAP 9.0+1.3 36+6 45+8 63 0.45
MAP 17+2.1 42+ 8 78+ 9 83 0.58
NPK 70+ 5.6 254+3.2 2700+ 26 313 251
SSP 55.2+49 886t1.8 553+ 18 110 0.78

TABLE 4: Comparison of natural radionuclidesin phosphate
fertilizer sunder investigation with thosein other countries.

Country  Sample *Ra  **Th “K Refer ences
Egypt SsP 8.2 61 627 (=4
Brazil sSSP 375 100 871 145}
Pakistan sSSP 221 497 556 (301
Bangladesh ~ SSP ik J— 292 16l
Lebanon sSSP 41 e 1043 (13
Saudi Arabia SSP 55.2 8.86 553 Present work
Pakistan NPK 386 38 885 (49l
Algeria NPK 1347 1318 11644 (20
Brazil NPK 6476 7539 603 Y
USA NPK 780 49 200 27
Germany NPK 520 15 720 50
Saudi Arabia NPK 70 25 2700  Present work
Finland NPK 54 1 3200 (35)
Nigeria NPK 143 9 4729 (29
Saudi Arabia DAP 9 36 45 Present work
Saudi Arabia MAP 17 42 78 Present work

“K by asingle quantity, acommon radiol ogical index
hasbeenintroduced. Thisindex iscaled radiumequiva
lent (Raeq) activity. It can be calculated from thefol -
lowing relation®.

Ra, =A,+143A +0.077A, )
Where A_ A andA aretheactivity concentrations
of 2°Ra, 2?Th and “°K respectively expressed in Bg/
kg. Another radiation hazard index caled therepresen-
tativeleve index, lyr, isdefined asfollows™.

I = ARa ATh + AK 2
" | 150Bg/kg 100Bg/kg 1500 Bg/kg @

Where A_ A andA havingthesamemeaningasin
the Equation (1). Theaverageresultsfor theradium ac-
tivity and representativeleve index lyr ared so presented
inTABLE 3. It isobserved that the cal cul ated radium
equivdentinfertilizersarelower thanthedl owed maxi-
mum vaueof 370 Bg/kg®. FromTABLE 3, Itisclear
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that the calculated Iyr valuesfor NPK and TSP phos-
phatefertilizersexceed theupper limit for lyr whichis
unity. Theactivity concentrationsof 2°Ra, Z°Thand “K
for theinvestigated phosphatefertilizerswerecompared
withsmilar investigationsin other countriesand thesum-
mary of resultsis given in TABLE 4. According to
UNSCEAR report (2000), theworld averageva ue of
activity concentration for K is140-850 Bgykg (mean
vaue 370 Bg/kg). The measured valueof activity con-
centration of K waswithin theworld averagerange
except for NPK fertilizer (meanvalue2700 Bg/kg). As
shownin TABLE 4, theradioactivity infertilizersvary
from one country to another. It isimportant to point out
that thesevaluesare not representativevauesfor coun-
triesmentioned but for theregionfromwherethesamples
werecollected. Theuseof phosphatefertilizersfor grow-
ing cropsand theresulting potential increase of back-
ground radiaion dosesgivesufficient groundsfor thejus-
tification of thiskind of sudy. TheALARA-principleim-
pliesthat reasonable measures must betakennot only to
reduce radiation dosesif necessary and also that costs
haveto bewe ghed against the averted radiation doses.
TheX-ray diffraction patterns(XRD) of thevarious
phosphatefertilizersused in Saudi Arabiaare presented
inFigure 1. Thediffraction peaksof dl thefertilizerscan
bewell indexed on the basis of monaoclinic hydrogen
diammonium phosphate (JCPDSNo. 29-0111) and tet-
ragona ammonium dihydrogen phosphate (JCPDSNo.
37-1479) without additional diffraction peaksfor indi-
vidua metd or other detectable secondary phases.
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Figurel: X-ray diffraction patter nsof phosphatefertilizer
used in Saudi Arabia

CONCLUSION

Phogphatefertilizersused in Saudi Arabiawereana-
lyzed for sometoxic, mgor and minor elementsusing
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the technique of atomic absorption spectrometry. The
concentrationsof thed ementsdetermined inthe present
study lay within theworl dwiderangeof thesee ements.
Furthermore, upper limit for aheavy metd (apollutant)
cannot be decided solely on the basis of the mass of
that metal in phosphate rock and phosphatefertilizer
madefromthat rock. Soil content isoneof thedeciding
factorsfor setting up theupper limit of aheavy metd in
the phosphatefertilizer. The concentration of naturd ra-
dionuclides?®Ra, 2?Th and “°K were a so determined
by gamma-ray spectrometer. The average values of
26Raranged between 9+1.3 to 55+4.9 Bq kg and
for 22Th ranged between 8.86+1.8 to 42+8 Bq kg-1
and for “°K ranged between 45+8 to 2700+4.9 Bq kg’
1. Themeasured value of activity concentration of “K
waswithin theworld average range except for NPK
fertilizer (meanvalue2700 Bq kg?). Itisobserved that
thecal culated radium equivaent infertilizersarelower
than the allowed maximum value of 370 Bg kg and
thecalculated lyr valuesfor NPK and TSP phosphate
fertilizersexceed theupper limit for lyr whichisunity.
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