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The neutron irradiation facilities offered by the ET-RR-2 and the HPGe-detection system are used for elemental
investigation of three samples of domestic fertilizers. A total of 31 elements have been identified as major and minor
concentration values. The Pneumatic Irradiation Transfer Systems (PITS) and the core of the reactor are used for short
and long time irradiation. The data obtained for some of the identified elements are compared with the corresponding
values obtained by the XRF and the ICP-MS techniques for the same samples. The range of the concentration values of
these elements was in between several parts per million (ppm) up to 45 %. A discussion on the elemental concentration

values and their biological effect are given.
1. Introduction

Neutron activation analysis (NAA) is one of the
most important analytical techniques, which yield
very accurate and precise results for trace and ultra-
trace elemental concentrations in complex samples.
Along the past several decades, this has been applied
for determination of a great variety of elements in
many disciplines including environmental [1],
biological [2], geological as well as material science
[3]. It is considered as a method for qualitative and
quantitative determination of elements based on the
measurement of characteristic radiation from
radionuclides formed directly or indirectly by
neutron irradiation of samples [4]. The most suitable
source of the neutrons is usually the nuclear research
reactor. The high resolution gamma-ray detection
systems are used as well for analysis of the complex
gamma-ray spectra obtained by neutron capture.

A neutron flux in the order of 1.3 - 10" cm™s™
for long and 2.7 - 10"'ecm™s” for short irradiation
times are still quite acceptable for many NAA
purposes, as has been demonstrated by many
laboratories [5].

The research reactor facilities offer more
advantages for INAA, such as, relatively low
gamma-ray dose and allowing for relatively long
irradiation with samples packed in Al-foils and
plastic capsules.

Because phosphate fertilizers are manufactured from
rock phosphates, they may contain various trace and
minor elements [6]. These elements, when applied to the
soil, may persist due to their long life-time in soils, and
could be readily available for plants, especially in acidic
soils [7] with a potential risk of transfer to the plants and
human food chain [8]. Biologically, these heavy metals
are toxic to living systems particularly when present in
high concentrations. Thus the objective of this work is to
evaluate the concentrations of elements in some
domestic fertilizer samples [9].

100

Pollution of agricultural soils with fertilizers can be
solved by limiting the total load of each heavy metal,
taking into consideration pH, organic matter and clay
contents, and other properties that reflect binding
capacity of soil components, so that soil could be
maintained as a multi-functional system, without
affecting biodiversity, another important quality that
could be adversely affected by fertilizers [6].

Knowledge of metal concentrations in fertilizers
must be assessed in the case of fertility trials or in
continuous cropping systems where phosphate
fertilizers are added to soils. These concerns are very
important in agricultural systems

2. Experimental
2.1. Samples preparation

Three samples of domestic fertilizers from Delta
Gypsum Company and the International Company
of Fertilizers were grinded and prepared for
irradiation. The weight of each sample in case of
short irradiation was 0.1 gm while in case of long
irradiation was 0.3 gm. The samples were encapsu-
lated in the polyethylene containers and irradiated
for different times.

2.2. Irradiation

2.2.1. Short time irradiation facility. In ET-RR-2
there are two computerized PITS to give precise timing
for irradiation for analysis of short lived radio-
nuclides. The samples requiring short irradiation times
(9000 s) and moderate flux densities (10" n - cm™ - s™),
then packed in virgin polyethylene vials and placed
into larger transport device known as rabbit. The rabbit
travels from the laboratory sending station to the
irradiation position in the reactor core. After irradiation
the rabbit was extracted from the core and transported
back to the laboratory, where the vials are removed,
and transferred to non-irradiated vials for completion
of the analytical process and data collection.
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2.2.2. Long time irradiation facility. The
samples requiring longer irradiation times (several
hours or days), with high flux densities,
(10"n/cm’ - s) were packaged in high purity quartz
vials. After irradiation, the sample holder is removed
just to allow short-lived radioactivity to dissipate for
safe handling levels.

2.3. Gamma ray spectra-detection

Gamma-ray spectrometers were used to record
the gamma-ray spectra. A coaxial hyper-pure
germanium (HPGe) detector (1.71 keV FWHM for
the 1332.5 keV gamma-ray line of “°Co and 25 %
detection efficiency) attached to preamplifier,
spectroscopy amplifier and a computerized
4096-multichannel analyzer provided with a printer
and plotter to record the measured gamma-ray
spectra. The sample-to-detector distance was about
10 cm. Energy and efficiency calibration curves up

to about 3 MeV at the experimental conditions were
carried out using the multi-gamma-ray standard
sources MGS-4 [10]. All measurements were
analyzed both qualitatively and quantitatively.

3. Results and discussion

Qualitatively, the results revealed a total of 31
elements. Six elements of isotopes: *Na, %Al 2V,
*Mn, *Rb, and “"™Ba were determined. All these
isotopes are short half-life isotopes which were
measured by rabbit technique as shown in Table 1.
Other 25 elements have the isotopes ('°Eu, '“Pd,
Sicr, HE, ¥'Ba, Sb, %Zr, *Sc, *Fe, 'Ta, “Co,
TGe, 2Ce, 'Tb, '“Yb, 'Nd, '“Ir, '"Ru, ¥'Ca,
124mgp - A, '™7n, #9Sr, *Cs, and *°Rb) were
determined. These isotopes have long half-life
isotopes which are measured by delayed technique
as shown in Tables 2, 3 and 4.

Table 1. The concentration values for the short lived radionuclide in the samples under investigation

Sample | Element | Nuclear reaction ylzfg’ L, % Ty (preigll??vork) XRF, % ;ii;
*Mn | *Mn(n,y)*Mn | 8478 [989 [25h [0.109%=0.007 | 0.321+0.11 —
“Na | ®Na(n, 7)**Na 1368.5 | 100 | 14.96h | 20.6 ppm = 1.90 - -
S1 Vo (n, p)?V 1434.1 [ 100 | 3.75m | 20.7 ppm =+ 1.91 — 8.63
AL | YAl p)*Al 1779 | 100 |225m | 0.614 %+ 0.04 0.714 +0.34 —
“Rb | ®Rb(n, y)*Rb 21112 | 0.12 | 17.8m | 58.8 ppm £ 5.44 - 80.5
“Mn | “Mn(n,y)*Mn | 847.8 [98.9 [25h | 0.158%+0.01 0.504 +0.17 —
“Na | ®Na(n, 7)**Na 1368.5 | 100 | 14.96h | 0.051 % = 0.003 — -
S2 Vo (@, p)?V 1434.1 [ 100 |3.75m | 31.5 ppm+2.91 — 8.87
AL | YAl p)*Al 1779 | 100 |225m | 3.53%=+0.23 3.366 + 0.66 —
*Rb | ®Rb(n, y)*Rb 21112 | 0.12 | 17.8m | 80.6 ppm = 7.46 - -
“Mn | “Mn(n,y)*Mn | 8478 |98.9 [25h |3.99ppm=+0.36 — —
S3 AL | 7Al(n, p)*Al 1779 [ 100 | 2.25m | 60.67 ppm = 5.61 — —
P™Ba | 3°Ba(n,y)*™Ba | 661.6 |28.4 |3.94h | 16.78 ppm = 1.55 — 16.25

Table 2. Elemental content of sample No. 1 as obtained by INAA, XRF and ICP, for long lived isotopes

Element Nuclear reaction leg}/l’ L, % Ty (pregﬁévork) XRF, % L(;i;
’Eu BEu(n, y)'*Eu 121.8 28.4 133y 0.3185 ppm + 0.02 - 0.62
"%pq 19%pd(n, v)'*Pd 311.4 0.03 13.46h | 0.383 ppm = 0.03 - 0.37
*'Cr *Cr(n, y)’'Cr 320.1 9.83 27.7d 21.1 ppm =+ 1.95 — 16.13
PHf "Hf(n, y)'*'Hf 482 85.5 42.4d 0.17 ppm = 0.015 — 0.11
"'Ba ""Ba(n, y)""'Ba 496.3 47.1 11.8d 130.5 ppm = 12.08 - 115.3
) 129b(n, v)'2*Sb 602.7 98.4 | 60.2d 0.2 ppm +0.018 — 0.5
PZr #Zr(n, v)"Zr 724.2 43.7 64.03d | 2.9%=0.26 - —
*Sc “Se(n, 7)*Sc 889.2 100 83.82d | 0.49 ppm = 0.04 — —
“Fe *SFe(n, 7)*Fe 1099.3 56.3 44.5d 9.14 % + 0.63 6.261 +0.09 —
"Ta "1Ta(n, )" Ta 1121.3 35.0 115.0d | 1.04 % +0.07 — —
“Co *Co(n, y)*°Co 11732 [ 99.9 527y 11.8 ppm + 1.08 — 10.5
"Ge °Ga(n, y)'Ga 2089.6 | 0.33 11.3h 0.662 ppm £ 0.05 — 0.87
*'Ca 46Ca(n, 7)47Ca | 5304 0.1 454d | 424%+2.76 42329+ 045 —
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Table 3. Elemental content of sample No. 2 as obtained by INAA, XRF and ICP, for long lived isotopes

Element Nuclear reaction yl;za\};’ I, % Ty (preiyn?éork) XRF, % ;f)i;
"’Eu STEu(n, v)'Eu 121.8 28.4 133y | 0.184 ppm % 0.06 — 0.15
2Ce 141Ce(n, y)142Ce 145.4 48.4 325d | 127 ppm=1.26 _ 5.12
1Th 159Tb(n, v)160Tb 197 6.79 273y | 0.15%=0.01 - 0.0013
'“Yb | 168Yb(n, 1)169Yb 307.7 11.1 32.02d | 1.5%+0.1 - -
“INd 146Nd(n, y)147Nd 319.4 1.95 10.98d | 0.52 ppm + 0.02 — 0.75

P 1931r(n, y)1941r 328.4 92.8 171d | 48.7ppm+438 _ —
PHf 174Hf(n, y)175Hf 344.04 86.6 70d 0.17 ppm = 0.01 — —
'"®Ru 102Ru(n, y)103Ru 443.8 0.32 39.25d | 0.14 ppm = 0.01 - 0.5
B1Ba 130Ba(n, y)131Ba 486.5 2.09 11.8d | 31.04 ppm = 3.08 - 24.38
“'Ca_ | 46Ca(n, 1)47Ca 530.4 0.1 454d [ 41.4%=2.76 41329+ 045 —
“HMSb | 123Sb(n, y)124mSb | 602.7 200 [602d |025%=0.01 - —
*Zr 947r(n, 7)95Zr 724.2 437 | 64.03d |0.072%+0.005 | 0.073+0.06 0.073
"As 75As(n, y)76As 867.6 0.13 2632h | 1.34 ppm=0.10 — 1.25
“Sc 45Sc(n, 7)46Sc 889.2 100 83.82d | 0.149 % + 0.01 _ -
Ga 76Ga(n, 7)77Ga 925.5 0.74 11.3h | 0.78 ppm = 0.06 — 0.73
"™7n | 70Zn(n, y)71mZn 964.7 4.7 394h | 4.6%=0.32 1.012£0.11 —
“Fe *Fe(n, v)"Fe 1099.3 56.3 445d | 3.42%+023 8.881+0.15 —
%Co *Co(n, )*Co 1173.2 99.9 527y | 10.2 ppm £ 0.83 — 8.25
Table 4. Elemental content of sample No. 3 as obtained by INAA, XRF and ICP, for long lived isotopes

Element Nuclear reaction y-ray, keV | I, % T (preile\il?gork) XRF, % L(;)E;
YCa “Ca(n, y)*'Ca 489.2 6.74 4.54d | 453 %=+3.02 59.098 +0.17 —
*Sr $4Sr(n, y)®eSr 514 99.3 64.84d | 0.193 % +0.007 | 0.119+0.02 —
BiCs F3Cs(n, y)**Cs 604.7 97.6 2.06y 0.58 ppm £ 0.11 — 0.5
2Ry STEu(n, y)'*2Eu 778.9 13.0 1333y | 7.7 ppm £ 0.76 - -
'Th Tb(n, 7)'*°Tb 879.4 30.0 72.3d 7.25 ppm + 0.71 — —
**Sc #Sc(n, 1)*Sc 889.2 100 83.82d | 28.59 ppm +2.83 — —
*Rb *Rb(n, y)*Rb 1076.6 8.78 18.66d | 8.8 ppm + 0.87 - 2.25

“Fe Fe(n, ) Fe 1099.3 56.3 44.5d 18.02 %+ 1.20 — —~
"Ta ¥l Ta(n, y)'*’Ta 1121.3 35.0 115.0d | 0.128 ppm + 0.02 — 0.37
“Co %Col(n, y)*Co 1173.2 99.9 527y 28.5 ppm + 2.82 — 9.25
"Ga "Ga(n, y)""Ga 1596.7 4.24 14.1h 5.342 ppm £ 0.52 — 6.125
14Sh '2Sb(n, v)'**Sb 1691 49.0 60.2d 10.3 ppm £ 1.02 — —

For quantitative analysis, the well-resolved and
pronounced vy-ray lines have been selected to
measure the concentrations of 31 elements of the
fertilizer samples. In order to estimate the
concentration value of each element, the well-known
analytical equation was used [11].

ACM
oo 1 ]

where m is the mass of the element; ¢,, is the thermal
neutron flux (measured by Au foils); 4 is the decay
constant; C is the activity (net peak area of the
interested gamma-rayline); M is the atomic mass; ¢
is the efficiency of the system at the selected full
energy peak, [, is the absolute intensity of the

m =
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gamma-ray line; o, is the thermal (n, y) cross-
section; f'is the isotopic abundance fraction; ¢, is the
cooling time; ¢, is the irradiation time, f. is the
counting time; and N, is the Avogadro’s number.
The main factors used in the calculation were the
isotopic abundance of the selected isotopes for each
element, half-life, cross-section of the (n, y) reaction
and the intensity of the selected y-ray line [12].

Fig. 1 shows major elements in the investigated
samples. It shows that Ca and Fe have the highest
concentrations in sample No. 3 (45.3 %) and (18.02)
respectively. While Fig. 2 shows trace elements in
the investigated samples. It shows that Ba has the
highest concentration in sample No. 1 (130.5 ppm).
While Rb has the highest concentration in sample
No. 2 (80.6 ppm).
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Fig. 3. Heavy metals and rare earth elements in the
investigated samples: a — Co and Sb concentrations in the
investigated samples; b — contents of rare earth elements in
the investigated samples; ¢ — average iron concentration in
three samples under investigation.

Toxic elements such as Co and Sb have the great
importance in toxicological studies. The concentra-
tion of Cobalt in the samples under investigation
ranges from 10.2 to 28.5 ppm. The highest concen-
tration of Co was found in sample No. 3 (Fig. 3, a),
also the level of Antimony in sample No. 3 was
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much higher than other samples. Fig. 1, b shows the
content of rare earth elements such as Ce, Hf, and
Eu in the investigated samples, where Ce was
appeared only in sample No.2, while the
concentration of Eu in sample No. 3 was much
higher than others. But Hf was found slightly high in
sample No.1 and sample No.2 and does not
appeared in sample No. 3. Also, the contents of
heavy metals Fe, Zn, Co, Cr, and Sc were
determined, where Fe shows the highest concentra-
tion in sample No. 3 (Fig. 3, ¢). Biologically, Iron is
known to be essential for different physiological
bioprocesses in plants [13] and increase shoot dry
weight in soil [14]. Zn element, on the other hand
increase seeds yield [15]. While Ca is the major
component of the phosphate rocks, because these
rocks are mostly phosphorites of marine sedimentary
origin, where the Ca was found in sample No. 2 and
sample No. 3. Also the increase in Sr in sample No.
3 was expected, because its chemistry is similar to
Ca. Where, Chromium is naturally found in the
environment, occurring in soils, rocks and living
organisms [16]. The biological effects associated
with chromium uptake are diverse and depend on its
oxidation state. The chromium state is non-
carcinogenic because of its inability to bind with
carriers encountered in cell membranes [17 - 25].

While Aluminum was found in the three samples
and have the concentrations of 0.614 %, 3.35 %, and
60.67 ppm in sample No. 1, sample No. 2, and
sample No. 3 respectively [26].

The concentration values have been determined
by XRF & ICP just for sake of comparison. Tables
1 - 4 show the descripancies of the results which was
not very high. The elements determined by
inductively coupled plasma mass spectrometry
(ICP-MS) were 2V, *Rb, “*"™Ba, '?Eu, '“Pd, °'Cr,
181Hf, mBa, 124Sb, 60C0’ 77Ge, 142Ce, 160Tb, mNd,
103Ru, ISIBa’ 59Zr, 76AS’ 77Ga, 134Cs, sst, and 182Ta’
and also elements determined by x-ray fluorescence
were **Mn, A1, ¥Fe, Y'Ca, *Zr, "'"™Zn, and **’Sr.

Conclusion

The elemental concentration values of 31
elements in the fertilizer samples, have been
determined by applying Sensitive nondestructive
analytical techniques such as INAA. It has also
shown enough sensitivity to determine the concen-
trations of several trace and rare earth elements, the
concentration values of elements were compared
with the corresponding elements obtained by the
ICP-MS and XRF techniques, for the same samples.
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BUKOPUCTAHHS THCTPYMEHTAJIbHOI'O HEMTPOHHOI'O AKTHUBAILIIMHOIO AHAJII3Y
JJIA EJJEMEHTHOI'O JOCIIKEHHA JEAKUX BITYU3HAHUX JTOBPUB

A. M. Xaccan, X. A. Aogear I'ann, B. M. Aoaenn-A3iz, T. Eab-3akia

O0saqHaHHs Ul HEHTPOHHOTO ONPOMIHEHHSI, 10 iCHYe Ha €runerchbkomy Aociignunbkomy peakropi ET-RR-2, ta
HPGe-nerekropHa cucteMa BUKOPUCTOBYIOTBCS JISl €JIEMEHTHOTO JIOCHI/DKEHHSI TPhOX 3pa3KiB BITUM3HSIHUX JAOOPHB.
Ycboro Oyio imeHtu(ikoBaHO 31 eIEeMEHT SK 3 BEIMKMMH, TaK 1 HE3HAYHUMHM 3HAYCHHSAMH KOHIICHTpAIIil.
[THeBMaTH4Ha TpaHcropTHa onpoMiHioBaibHA cuctema (PITS) Ta akTuBHa 30Ha peakTopa BUKOPHCTOBYIOTHCS VIS
KOPOTKOTPHUBAJIOrO Ta JOBFOTPHBAJIOrO ONPOMiHEHb. JlaHi, OTpuMaHi s IesSKUX iIeHTU(IKOBAHHX CIIEMCHTIB,
MOPIBHIOIOTHCSA 3 BIJNIOBITHUMH 3HAYESHHSIMHU, OTPUMAaHUMH 32 JIOTIOMOTOI0 peHTreHodoopecienTHoro aHaiisy (XRF)
Ta METO/Y Mac-CIIEKTPOMETPii 3 IHAYKTUBHO3B 13aHOI0 11a3moro (ICP-MS), mis Tux camux 3paskiB. Jlianma3oH 3Ha4eHb
KOHIICHTpAIlil IIMX eJIEMEeHTIB OyB BiJ NEKUIBKOX MUTBHOHHHX 9acTOK (M. 4.) 0 45 %. OOroBOpOIOTHECS 3HAYECHHS
€JIEeMEHTHOI KOHIIEHTpaIii Ta iX 010IOTiYHII BILTHUB.

UCHOJb30BAHUE MHCTPYMEHTAJBHOI'O HEUTPOHHOI'O AKTUBAIIMOHHOI'O AHAJIM3A
VIS DJIEMEHTHOI'O UCCJIEJOBAHHUSI HEKOTOPBIX OTEYECTBEHHBIX YJIOBPEHHUU

A. M. Xaccan, X. A. Aogeanb I'anun, B. M. Adnenb-A3u3, T. Ean-3akna

YcTaHOBKH T HEHTPOHHOTO OOIMYYEHHS, KOTOpPHIE CYIIECTBYeT Ha ETWmEeTcKoM HCCIemoBaTeIhCKOM peakTope
ET-RR-2, u HPGe-gerexkTopHas cHCTeMa WCHOIB3YIOTCSA ISl DJIEMEHTHOTO WCCIEAOBAaHHUS TpeX 00pas3ioB
OTEUYECTBEHHBIX yaoOpeHnii. bein mneHTndumpoBan 31 smeMeHT Kak ¢ OONBIIMMH, TaK W C HE3HAUYUTEIHHBIMHU
3HaYCHUSAMH KOHIEeHTparmid. [IHeBMaTmueckass TpaHcmopTHas oOmydatensHass cuctema (PITS) u akTuBHas 30Ha
peakTopa HCIONB3YIOTCS IS KPAaTKOBPEMEHHOTO M [IOJTOBPEMEHHOTO 0Oiy4deHuil. JlaHHBIE, IMONydeHHBIE I
HEKOTOPBIX WIACHTU(HUIMPOBAHHBIX AJIEMEHTOB, CPAaBHUBAIOTCA C COOTBETCTBYIOIIMMH 3HAUYEHUSIMH, ITOJyYEHHBIMH C
MOMOIIBI0 peHTreHo(uroopeciieHTHOro aHanmu3a (XRF) u meroma macc-CieKTpOMETpHHM € MHIYKTHBHO CBSI3aHHOMN
wia3moit (ICP-MS), mist Takux ke 00pa3uoB. [luana3oH 3HAYCHUN KOHIICHTPAIMIA STHX 3JIEMEHTOB OBbLIT OT HECKOJIBKHUX
MWUIMOHHBIX Joned (M. 1.) 10 45 %. O0cyxnatoTcss 3HaueHHs 3JEMEHTHOM KOHLEHTPaUMH M HUX OMOJIOTHYecKoe
BIIMSTHUE.
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