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Neutron activation analysis (NAA) using the Second Egyptian Research Reactor (ETRR-2) has been utilized to
analyze whole blood samples. The National Cancer Institute of Egypt provided us with 18 blood samples (11 breast, 2
prostate, 2 colon, 1 pancreatic, 1 ovarian) and a random sample of normal person to estimate the concentration values of
Sodium, Aluminium, Potassium, Manganese, Magnesium, Bromine, Chlorine. The pneumatic irradiation rabbit system
(PIRS) built in the vertical thermal column of the ETRR-2 reactor is used for short time irradiation at constant power.
Elemental concentrations were estimated from measurements of the gamma-ray spectra of the product short lived
isotopes in the samples. The calculated thermal to epithermal neutron flux ratio was found to be 196 at irradiation
position. The tabulated concentrations were calculated by using ky-neutron activation analysis (kyNAA) standardization

method.
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Introduction

The essential function of the hematology
laboratory is to provide information which can help
in diagnosis and clinical management of patients.
NAA is an accurate and rapid method for multi-
element analysis [1 - 4] due to the possibility to
determine a lot of elements in one sample without
any chemical preparation. The k,-NAA method
allows measuring the elemental concentrations using
Au as a single comparator without the need to use
multi-elements standard samples. The present work
is done to check the feasibility of using the ko-NAA
technique to perform hematological analysis in
human being using the PIRS at the ETRR-2. This
paper gives some information about the change in
elemental concentration levels in some blood
samples of some patients suffering from different
kinds of cancer diseases.

Elemental concentration of p, in NAA by ko-
standardization can be calculated from the following
equation (1).

According to the ko-standardization of NAA the
concentration of an element in a sample is obtained
as:

N, /t,
(SDCwl 1 f+0,,.(a)s,,
A, k(@ f+0,,(a) ¢,
(1)

where p, - concentration of analyte a (in pg/g); m -
co-irradiated neutron fluence rate monitor; N, -
measured net peak area, corrected for pulse losses
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p.(ug/g)=
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[dead time, random coincidence (pulse pile-up), true
coincidence (cascade summing); t. - counting time;
S =1 - exp(-A t i) - saturation factor, where t i, -
irradiation time and A = (In2)/T,, with T;, - half
lifetime; D = 1 - exp(-A t4) - decay factor, with t,-
decay time (from end of irradiation to start of
counting); C = [1 - exp(-A t;)]J/At. - counting factor,
corrected for decay during counting; w - sample
mass (in grams); Ay, = (Ny/t.)/SDCw, the specific
count rate, with w - mass of the monitor element (in
grams); ko n(a) - experimentally determined k, factor
of analyte a versus monitor m, defined as kon(a) =
=My, 0, 6.4 Ym)/ (M, 81, Go.n Va), With M-molar mass;
0 - isotopic abundance; o, - (n, y) cross section at
2200 m.s’ and y-absolute gamma intensity;
f=0,/0, the thermal (sub-cadmium) to

epithermal neutron fluence rate ratio;

Qo _2(E0 /Ecd)l/z + 2(E0 /Ecd)l/z

}(1 eVv)“.
(E,)" Ca+1)(E,)”

(@) ={

0, =1,/ 0, with I, resonance integral, defined as

I, = j o(E)E | E,

0.55eV

E_ = effective resonance energy (eV); a - measure

for the deviation of the epithermal neutron fluence
rate distribution from the 1/ E shape, approximated

by 1/E"“dependence; & - full-energy detection
efficiency. In equation (1) the co-irradiated monitor
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used is '*Au(n, v)'*®Au, E,= 411.8 keV and k, factor
(ko au) 18 given by

ky,,(a) =k, ,,(a)] ky ., (m).
Experimental procedures

1. Collection and preparation of the blood
samples. About 20 mg of blood samples of different
patients suffering from different kinds of cancer
were drawn from the patient’s arm at National
Cancer Institute and inserted in clean polyethylene
vials. The samples were put on ice and then in the
refrigerator until the beginning of sample irradiation.

2. Neutron Activation. The PIRS built in the
vertical thermal column of the ETRR-2 (Inchass,
Egypt) was used for short irradiation time. Blood
samples was irradiated for a period of 60 + 180 s at
19 MW in the vertical thermal column. To obtain
thermal to epithermal flux ratio /" a bare gold foil
weighing 1.5 mg and another weighing 2.6 mg
covered with 0.5 mm cadmium were sealed in
polythene vials and irradiated separately at the same
position.

Sample Container

3. Determination of neutron flux parameters.
The determination of the thermal flux ¢, , the

epithermal flux ¢, , the flux ratio f; and the

epithermal flux spectrum shape factor a are
necessary for all types of absolute and mono
standard methods of neutron activation analysis. The
cadmium difference method, using a thin gold foil
("”Au) as a neutron flux monitor, has been applied
to measure thermal to epithermal neutron flux ratio f.
The measured f value of the irradiation position was
found to be 196. At this higher thermal component,
a has no significance in concentration calculations
[6].

4. Measurements. The measurements of gamma-
ray spectra are carried out with P-type coaxial
EG&G Ortec HPGe cylinder with 100 % relative
efficiency, 1.9 keV FWHM at 1.3325 MeV of “Co.
A Canberra 10 thickness ultra low background lead
shield with low carbon steel casing was used in
shielding the HPGe detector. A gamma-vision card
of 16384 channels ADC was mounted PC for data
acquisition. The gamma-vision software is used for
energy and efficiency calibrations as well as for
spectrum analysis. The counting time for each
sample 300 s and decay time about 40 s. In order to
reduce the error, nuclide with more than one
gamma-line were calculated separately and the
average concentration is calculated. Two blood
samples from random person are collected,
irradiated and counting as well as the patient’s blood
samples and used to test the technique by comparing
the results from the ko-NAA method with that from
the ICP-MS method at the Central Laboratory for
Elemental and Isotopic Analysis (Inchass, Egypt).

Results and discussion

Table 1 reported the nuclear constants of the
element of interest in the present work. The
tabulated ratio Q,, of the neutron resonance integral
I to the thermal neutron capture cross section, at
2200 m/s can be used instead Qy(a) in equation (1)
due to the large value of the flux ratio at the
irradiation position /= 196.

Table 1.
Product Half Main gamma-ray K Q
radio-isotopes lifetime energies, keV 0Au °
*Na 14.95 h 1368.6 468107 0.59
Mg 14.950 h 843 2.53-10" 0.64
Al 2.13 min 1778.9 1.75 - 107 0.71
Cl 37.21 min 1642.4 1.97 - 107 0.69
**Mn 2.57h 846 496 - 10 1.053
K 12.36 h 1524.7 9.46 - 10 0.87
“Br 17.68 min 616.3 6.92-10° 12.1

The elemental concentration of one blood sample
from random person is calculated using short
irradiation neutron activation technique and the
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same sample is analyzed using ICP-MS technique.
The results are shown in Table 2. The results show a
good agreement. Table 2 shows the elemental

SAJEPHA ©®I3MKA TA EHEPTETHUKA T. 11, Ne 2 2010



DETERMINATION OF THE Na, Al, K, Mn, Mg, Br, Ca, AND Cl CONCENTRATION VALUES

concentration of random blood samples using ko-
NAA and ICP-MS techniques and compared by

some previous work for normal whole blood detector.
samples which deal with the present work. The

interference of 846.8 keV of **Mn and 843.8 *’Mg is
not present due to the good resolution of the used

Table 2.
Elements Concentration (ko-NAA), Concentration Previous works for
mg/kg (ICP-MS) + 1 %, mg/kg normal blood
Na 1632 £22 1600 1480 - 2006 [1]
Mn 0.03 + 0.006 Not detected 0.03 [8]
Al 22+041 Not detected
Mg 35+0.42 50
Cl 1834 £ 26 1820 1720 [10], 2540 - 3500 [1]
K 1466 Not detected 1480 - 2060 [9], 1310 - 1890 [1]
Br 1.6+0.16 1.7 1.48 [8]
Ca 442+ 6 450

The Figure shows the gamma-ray spectrum of Bromine, Chlorine, Potassium, and Manganese are
one of the breast cancer samples. The elemental determined and tabulated.
concentration of Sodium, Aluminium, Magnesium,

Counts
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The gamma-ray spectrum of the breast cancer blood samples measured for 300 s,
following 30 cooling time post 180 s irradiation using PIRS of the ETRR-2.

Table 3 shows the elemental concentration (mg/kg) of 11 blood samples from breast cancer patients.

Table 3.
Sample Age Na Mg Al Cl K Mn Br Ca
number
18 30 | 1760+ 18 | 41 +£0.82 9+1.6 | 1933 +48 | 160630 | 0.02+0.005 | 1.6+0.16 N.D.!
2 37 | 1906 +28 | 20+0.32 | 34+ 0.58 | 1893 +45 | 1579+9 | 0.33+0.04 53+5.8 642 + 10
6 40 | 1973 +£29 | 15+0.16 | 14+0.15 | 2126+ 31 | 1777+25 | 0.38+0.03 1.6 £0.16 N.D
7 45 | 1708 £27 | 60+0.84 | 43+0.65 | 1756 +40 | 1442 +£23 | 0.48+0.07 | 3.5+048 | 741+9
10 46 | 1648 +19 | 74+0.13 | 5+£0.72 | 1457+42 | 1457+15 | 0.34+0.05 | 2.8+0.14 N.D.!
8 50 | 1596+17 | 4.1+0.1 8+0.17 | 1764 +45 | 1504 +25 | 024+0.03 | 3.9+0.28 N.D.!
15 54 1 1592+19 | 0.3+0.03 | 5+0.10 | 1645+36 | 1469+30 | 0.32+0.05 | 2.1 +0.06 N.D.!
16 55 | 1906 +28 | 12+0.19 | 25+0.68 | 1492 +£24 | 1236+20 | 0.65+0.1 33+037 | 44317
17 60 | 1999+24 | 7.1+0.12 | 10£0.35 | 1994+83 | 1476 +12 | 0.24+0.02 | 0.94+0.13 N.D.!
1 64 | 2094+33 | 98+1.6 | 53+1.76 | 184655 | 1846+29 | 027+0.03 | 42+0.55 | 904 £ 13
13 64 | 2531 +24 | 51+0.61 | 47+2.16 | 2284+ 66 | 1893+ 16 | 0.41+0.01 34+047 | 870+ 12
'N.D. - Not detected.
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Elemental concentration (mg/kg) of colon cancer samples are determined and tabulated. Table 4 lists the
elemental concentration of two blood samples from colon cancer patients.

Table 4.
Sample Age Na Mg Al Cl K Mn Br Ca
number
12 56 | 1864 +70 12+1.5| 27+0.5] 186661 | 1553 +36 | 0.61£0.09 | 4.7+0.34 | 494+7
14 58 | 1351+47 | 1.6+0.21 | 28+0.66 | 189046 | 1114+21 | 041+£0.05| 1.9+0.31 | 4616

Elemental concentration (mg/kg) of prostate cancer samples are determined and tabulated. Table 5 gives
the elemental concentration of two blood samples from prostate cancer patients.

Table 5.
Sample Age Na Mg Al Cl K Mn Br Ca
number
5 70 | 3258+ 114 | 77+10 | 15+0.66 | 3458 + 86 | 2875+806 | 0.44+0.05 | 7.5+0.87 | N.D.'
9 73 1766 £61 | 50+£6.5 | 34+0.96 | 1933 £55 | 1604+52 | 0.35+0.04 | 29+0.29 | 667+5

'N.D. - Not detected.

Elemental concentration (mg/kg) of pancreatic cancer sample is determined and tabulated. Table 6 shows
the elemental concentration of one blood sample from pancreatic cancer patients.

Table 6.
Sample Age Na Mg Al K Mn Br Ca
number
11 34 1832+54 | 34+4 | 24+£5 1772 £ 51 1475+ 43 0.1 +0.01 224046 420+ 6

Elemental concentration (mg/kg) an ovarian cancer sample is determined and tabulated in Table 7.

Table 7.
Sample | Na Mg Al cl K Mn Br Ca
number
19 58 | 1642432 | 17+2 | 24+5 | 176164 | 1842+60 | 0.28+0.03 | 2.1+0.18 | 392+7

Elemental concentration ranges (mg/kg) for all samples are summarized, tabulated and compared by

previous works is given in Table 8.

Table 8.
. Random Previous
Element Breast Colon Prostate Ovary Pancreatic works for
sample cancer patient
Na 1592 - 2531 1351 - 1864 1766 - 3258 1642 1832 1664 1930 [4]
Mg 0.3-60 1.6-12 50-70 17 34 35
Al 5-53 27 -28 15-34 24 24 8
Cl 1457 - 2284 1866 - 1890 1933 - 3458 1761 1772 1527 2860 [4]
K 886 -2256 900 - 1479 1579 - 2115 1842 1565 1466
Mn 0.02 - 0.65 0.41-0.61 0.35-0.44 0.28 0.1 0.04
Br 0.94-53 1.9-47 29-75 2.1 22 1.6 4.58 [2]
Ca 720 477.5 667 392 420 442

Statistical treatment of the data indicated that
many of the elements determined were present in
different concentrations in cancer patients as
compared with normal samples.

Quantitative study of the Na, Mg, Al, CI, K, Mn,
Br and Ca elements by the NAA using ky-method
shows that the highest concentration values of Na,
Mg, Cl, and K recorded in prostate cancer, while the
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highest concentration values of Al, Br, and Ca
recorded in breast cancer. Definite increases in the
amount of manganese present in the persons
suffering from colon cancer indicated that the use of
neutron activation analysis as a diagnostic tool for
this condition is clearly feasible. Because bromine is
toxic to the human body and binds to iodine
receptors in the breast. So, the elemental
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concentrations of bromine using short lived neutron
activation can be used to diagnose the breast cancer.

Conclusion

In the vertical thermal column of the PIRS the
thermal to epithermal neutron flux ratio f was found
to be 196. The results obtained by k,-NAA has
agreed reasonably with ICP-MS and the normal
range for another works, taking into account the
different environmental impact on the concentrations
of elements from country to another country. This
shows the possibility of utilizing the nuclear
techniques in diagnostic pathology.

The previous method to analyze liquid samples
by using reactor irradiation were carried by
immersing a nomination paper by the sample, but in
the present work, freezing of samples helps us to
keep blood samples for a long time and re-
irradiation for some other time and overcome the
background due to nomination papers.

From the obtained data, it is shown that there are
certain differences in the elemental concentrations in
the whole blood samples. By using a FORTRAN or
Excel programs and refer to the time optimization
established in this experiment to perform the whole
blood analysis (irradiation time of 60+ 180s,
counting time of 300 s) allowed us to determine the
concentrations of several elements in each sample in
about half hours or less making this nuclear
procedure agile and fast. On the other hand, the short
time irradiation and the use of small amounts of

biological material 20 mg, reducing the radiation
exposure. This experimental techniques using whole
blood can be very useful for clinical practices which
involves a large number of samples or quantitative
analyses of several times. Concentrations of high-
value such as Na, CIl, K show that it is possible to
establish units within the hospitals which can used
closed neutron sources for such analysis. So, the ko-
NAA standardization method using a low power
research reactor has proven to be a quick and
effective method for monitoring the change in
elemental concentrations in human whole blood
samples. Moreover, associated with the short time
irradiation and with the use of small amount of
biological material, it is important to notice that this
technique reduces the radiation exposure during the
handling process of the active material besides, no
treatment have to be made prior to the discarding
these materials, which can, after certain time, be
treated as regular biohazard or be stored for future
reexamination without the need for any specific
shielding. Using short-lived neutron activation
technique, we can determine Al concentrations with
high precision in cancer diseases and as we except in
other diseases such as Alzheimer’s.

ko-NAA methods is suitable for studying the
elemental concentrations in the biological samples
because it simplifies the analysis of bio-samples (no
sample preparation) and help in increase the
accuracy due to the possibility to analyze samples
using single comparator.
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BU3HAYEHHSI KOHIIEHTPAIIN HATPIIO, AJJFOMIHIIO, KAJIIIO, MATHIIO, MAPT AHIIIO,
BPOMY, KAJIMIIO TA XJIOPY V 3PA3KAX IIJIBHOI KPOBI OHKOJOITYHHUX XBOPHUX
3A JIOIIOMOI'0OI0 YCTAHOBKM HEMTPOHHO-AKTUBAIIMHOI'O AHAJII3Y
HA JAPYI'OMY JOCIILJHHUIBKOMY PEAKTOPI €THUIITY

H. ®. Coaiman, A.Cpyp, JI. C. Aumagi, H. Beai Eap-/lin, T. Ens Moxamen

Jus anHamizy 3pas3KiB KpOBI 3aCTOCOBAaHO MeETOJ HEHTpOHHO-akTHBamiHOro anamizy (NAA) Ha apyromy
nociimaunbkoMy peakropi €runty (ETRR-2). HamioHansHHMI iHCTHUTYT paky €runrty HamaB Uil aHamizy 18 3paskiB
kposi (11 — 3 nerens, 1Ba — i3 mepeAMiXypoBOi 3aJ103H, B — 3 TOBCTOI KUIIKH, OIWH — i3 MiANUTYHKOBOI 3aJI03H1, OJUH —
3 SIEYHHUKIB) Ta 3pa30K, B3SATHHA 32 CXEMOI0 BHUIIAJKOBOTO BiIOOpPY, 3JOPOBOTO TAILi€HTa IS BU3HAUCHHS BEIWYHH
KOHLIEHTpAlil HAaTpilo, ATIOMIHIIO, Kalilo, MarHilo, MapraHio, OpoMmy, KaaMmito Ta xyopy. Ha BepTukambHOMY
terioBoMy KaHaii peakropa ETRR-2 Oyno cTBopeHO mHeBMaTHuHy cTpuOKOBYy cucremy onpomineHHst (PIRS) mus
KOPOTKOYACHOTO ONPOMIHEHHS TpH MOCTIHHIM noTyXHOCTI no3u. KoHueHTpanii eneMeHTIB Oynu ojepxaHi 3
BHUMIpIOBaHb TaMMa-CIIEKTPIB 130TOIMIB 3 MaldM YacOM >KUTTS, 10 YTBOPHJIMCS B 3pazkax. OOuucieHe BiJHOIICHHS
TEpPMaJBHOTO ¥ EHiTepMaJILHOrO HEHTPOHHMX TOTOKIB CTaHOBWIO 196 y Toumi ompomineHHs. [IpencraBieni B
TaONHIIX KOHIEHTpaLii 00YHCIIIOBAINCH 32 JOIOMOTOI0 CTaHAapTHOTO MeTONy ko-HEeHTpOHHO-aKTHUBALIHHOTO aHATi3y
(koNAA).

Kniouosi crosa: ninbHa KpoB, ky-cTaHmapTH3aris, HSHTPOHHO-aKTHBALIHHUHN aHAI3, PakK.

ONPEJIEJIEHUE KOHIEHTPAIIUA HATPHSI, AJIIOMUHMS, KAJIMS, MATHUS, MAPTAHIIA,
BPOMA, KAJIMUS U XJIOPA B OBPA3ILAX IEJIbHOM KPOBA OHKOJIOTMYECKHX BOJBHBIX
PU IIOMOIIN YCTAHOBKHM HEMUTPOHHO-AKTUBAIIMOHHOI'O AHAJIU3A
HA BTOPOM UCCJIEJOBATEJBCKOM PEAKTOPE EI'NIITA

H. ®. Coaunman, A. Cpyp, JI. C. Ammasu, H. Beaun duab-dun, T. Jab Moxamen

Jus aHamm3a o0pasloB KpPOBH IPHUMEHEH MeETOJ HEHTPOHHO-aKTUBAIIMOHHOTO aHalW3a Ha BTOPOM
uccienoBatensckoil peaktope Ermmra (ETRR-2). HanmonaneHbIi MHCTUTYT paka Ermmra mpenocTaBmi Ui aHan3a
18 obpaszmoB kpoBu (11 — w3 merkmx, ABa — M3 IMPEACTATEIBHOW JKENe3bl, ABa — M3 TOJCTON KHIIKH, OJUH — W3
MTOJKEIYJOYHOM JKele3bl, OOUH — W3 SUYHWKOB) M 00pasel, B3ATHI IO CXeMe Ciy4aifHoro otbopa, 3710pOBOTO
TIAIFEeHTA JJIS OTIPE/IEIICHUS BEIMYMH KOHIICHTPALNU HATPHsI, aJTIOMHIHNS, Kalusi, MarHus, Mapranma, 6poMa, KaaMus 1
xyopa. Ha BepTukanbHOM TeruioBoM kanajie peakropa ETRR-2 Obuia co3mana mHEBMAaTHYECKas CKAvyKOBash CHCTEMa
o0aydenus (PIRS) mis kpaTKOBpeMEHHOTO OOJydeHHs TIPU IMOCTOSHHON MOIMHOCTH J03bl. KOHIIGHTpAIUK 3JIEMEHTOB
OBUIH TIOTYYEHBI U3 U3MEPEHUI raMMa-CIIeKTPOB H30TOIOB ¢ MaJlbIM BpEMEHEM >KU3HHU, 00Pa30BaBIIMXCS B 00pa3iax.
BrIunciieHHOE OTHOIICHHE TEPMAIEHOTO U AMUTSPMATBHOTO HEHTPOHHBIX TIOTOKOB COCTAaBIIIO 196 B MecTe 00ITydeHuUS.
[IpencrapneHHble B Ta0NWIIAX KOHICHTPAIIMU BBIYMCISUTACH MPH TOMOIIM CTaHIAPTHOTO Merona ko-HeHTpOHHO-
akTUBaIMOHHOTO aHanm3a (kgNAA).

Kniouesvie cnosa: nenbHas KpoBb, ky-cTaHmapTH3amis, HEHTPOHHO-aKTHBAIMOHHBINA aHAIN3, PaK.
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