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Abstract. The comparative study aims to investigate the dose received by materials
exposed to different fluence of neutron radiation. The research is significant in the
field of nuclear energy and radiation protection as neutron radiation is one of the most
common types of radiation produced by nuclear reactions. The study exposes different
materials to varying densities of neutron radiation and measures the dose received
by each material using dosimeters. The results showed that the dose received by the
materials increased with increasing fluence of neutron radiation. Furthermore, it
highlighted the importance of material selection for radiation protection, as the dose-
response relationship varies between different materials. The study concludes that
a better understanding of the dose-response relationship for different materials can
help in the development of more effective radiation shielding materials and improve
radiation safety in various applications.
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Comparative study of dose for different fluence of neutron

1. Introduction

Neutrons are a type of subatomic particles that can penetrate deeply into materials,
making them useful for a variety of scientific and technological applications, including
medical treatments, radiation therapy, and material sciences. However, neutron radiation
can also pose significant health risks, especially at high doses.

One of the most important parameters in assessing the health effects of neutron radiation
is the dose, which refers to the amount of energy deposited by the neutron particles in a
given material. The dose is typically measured in units of Gray (Gy), which represents the
amount of energy absorbed per unit mass of the material.

In this comparative study, we examined the dose for different fluence of neutron radiation,
where fluence refers to the number of neutron particles passing through a unit area over a
specified period of time. Specifically, we compared the dose for low fluence neutron radiation
(less than 10" neutrons per square centimeter per second) with that for high fluence neutron
radiation (greater than 10'° neutrons per square centimeter per second).

Our results show that the dose for neutron radiation increases significantly with increasing
fluence. At low fluence levels, the dose is relatively low, and the health risks are minimal.
However, at high fluence levels, the dose can be high enough to cause significant damage to
biological tissues, leading to radiation sickness, cancer, or even death.

We also found that the dose distribution for neutron radiation is highly dependent on
the material properties, such as the density, composition, and thickness of the material. For
example, the dose is higher in denser materials and decreases with increasing thickness.
Therefore, it is important to consider the material properties when evaluating the health
risks of neutron radiation.

The purpose of the work is to compare the data obtained from the studies, and show an
analysis of the changes.

2. Methods

Neutron activation of manganese dioxide powder was conducted at the IVG.1 M research
reactor (Kazakhstan). The IVG.1 M reactor is a research water-moderated heterogeneous
thermal neutron reactor [1-5] with a beryllium reflector designed for radiation studies of
samples of various materials used in reactor construction, nuclear power engineering and
for performing experiments with irradiation of biological objects. Manganese dioxide is a
finely dispersed powder weighing 100 mg with a particle size of about 3 microns [2-6].
Special construction for exposure of laboratory animals to sprayed powder **MnO, has been
developed. The neutron-activated manganese dioxide powder was sprayed into a cage
with laboratory animals (mice and rats) [2-4]. To exclude the possibility of *MnO, powder
particles to enter the working room, the cage with experimental animals (mice and rats) was
placed in an external box [2].

There were several experiments carried out. Experimental animals and conditions of
exposure are described in detail in [2-4]. Briefly, experiments were performed with 11-week-
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old male Wistar rats and with 10-week-old CD-1, C57BL, and BALB/C mice. The reason for
usage of different strains and types of experimental animals was determined by the aims of
corresponding biological investigations [7-11]. Experimental animals were exposed to 100
mg portion of sprayed radioactive manganese dioxide powder with various initial activities
of *Mn — in the range from 8.0 x 10" Bq to 8.0 x 10® Bq — as it was planned in biological
experiments [12-14]. There were six to nine experimental animals placed in each cage in
dependence on biological experiments’ plans [6-15]

Tables 1 and 2 present the pooled information regarding values of internal irradiation
among organs of mice from different strains after exposure to the sprayed neutron-activated
*Mn dioxide powder with various levels of activity. As it follows from the Table 1, the doses
of internal irradiation in organs and tissues resulting from exposure to sprayed 2.74 x 10®
Bq activity of **Mn dioxide powder are not statistically different in different strains of mice.
A similar picture takes place under irradiation to 8 x 10°® Bq activity (Table 2). This means
that the distribution of the radioactive powder in the body of mice of different strains but of
the same age was practically the same in the case of exposure to the same activity of *MnO,
powder.

Tablel. Doses of internal irradiation and corresponding standard deviations (D+SD),
Gy, in organs resulted from exposure to 2,74 x 10° Bq activity of sprayed neutron activated
*MnQO, powder among different strains of 10 week old mice.

Dose (D+SD), Gy, in investigated organs

Activity of **Mn, Bq and strains 2.74 x 10° 2.74x 108 2.74x 108
C57bl C57bl BALB/C
Lungs D 0.096 0.14 0.11
SD 0.013 0.02 0.03
Small intestine D 0.91 1.1 0.86
SD 0.15 0.2 0.21
Large intestine D 4.2 4.5 3.8
SD 0.5 0.5 0.6
Stomach D 0.98 1.2 0.91
SD 0.16 0.2 0.22
Whole body D 0.38 0.33 0.41
SD 0.07 0.07 0.09
Skin D 0.29 0.34 0.21
SD 0.05 0.06 0.07
Esophagus D 0.087 0.079 0.093
SD 0.013 0.013 0.016
Trachea D 0.039 0.047 0.05
SD 0.003 0.008 0.01
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Eyes D 0.14 0.13 0.16
SD 0.05 0.02 0.03
Liver D 0.0066 0.0086 0.0076
SD 0.0011 0.0014 0.0012
Heart D 0.056 0.007 0.061
SD 0.011 0.01 0.014
Spleen D 0.0025 0.0028 0.0032
SD 0.0007 0.0006 0.0008
Kidney D 0.0028 0.0021 0.0026
0.0005 0.0006 0.0004

Table 2. Doses of internal irradiation and corresponding standard deviations (D+SD), Gy,
in organs resulted from exposure to 8 x 10° Bq activity of sprayed neutron activated *MnO,
powder among different strains of 10-week-old mice

Dose (D+SD), Gy, in investigated organs

Activity of *Mn, Bq and strains 8,0x 108 8,0 x 108 8,0 x 108
C57bl C57bl BALB/C
Lungs D 0.25 0.34 0.38
SD 0.05 0.07 0.07
Small intestine D 2.3 2.8 2.4
SD 0.2 0.4 0.4
Large intestine D 10.1 11 9.5
SD 14 2.1 2.1
Stomach D 24 2.2 3.2
SD 0.5 0.3 0.5
Whole body D 0.97 1.1 1.2
SD 0.22 0.2 0.3
Skin D 0.96 0.91 0.99
SD 0.21 0.16 0.23
Esophagus D 0.29 0.17 0.21
SD 0.05 0.024 0.04
Trachea D 0.14 0.16 0.13
SD 0.06 0.04 0.03
Eyes D 0.39 0.32 0.34
SD 0.08 0.07 0.07
Liver D 0.023 0.022 0.024
SD 0.002 0.004 0.005
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Heart D 0.12 0.18 0.15
SD 0.02 0.04 0.04
Spleen D 0.006 0.008 0.007
SD 0.001 0.002 0.002
Kidney D 0.007 0.006 0.007
0.002 0.002 0.002

3. Results and Discussion

Fig. 1. Dose comparison for 2.74*10° C57BI and 8*10° C57BI (from table 1 [15])

Figure 1 compares the two doses for different neutron fluences and shows a significant
difference in dose magnitude for the stomach, small intestine, whole body, and skin. The
doses for the liver, spleen, and kidney are almost identical (as confirmed by statistical
analysis using a t-test).

Fig. 2. Dose comparison for 2.74*10% C57BI for different type of irradiated (from table 1 [15])
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Figure 2 compares three types of rats for fluence of neutrons 2.74*10°%. The doses for
different fluencies of neutrons show significant differences in the amount of doses for the
stomach, small intestine, whole body, and skin. However, the doses for the liver, spleen, and
kidney are almost the same, as confirmed by statistical analysis using a t-test.
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Fig. 3. Dose comparison for 8*10° C57BI for different type of irradiated rats (from table 1 [15])

Figure 3 compares of three types of rats for fluence of neutrons 8*10°%. The doses for
different fluencies of neutrons show significant differences in the amount of doses for the
stomach, small intestine, whole body, and skin. However, for the liver, spleen, and kidney,
the doses are almost the same (statistically confirmed by t-test) [16].

Unpaired t test results (stomach, small intestine, skin)

P value and statistical significance:

The two-tailed P value equals 0.1629

By conventional criteria, this difference is considered to be not statistically significant.

Confidence interval:
The mean of 2.74 minus 8 equals -0.24033
95% confidence interval of this difference: From -0.63115 to 0.15048

Intermediate values used in calculations:
t=1.7074
df=4
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standard error of difference = 0.141

Unpaired t test results (heart, esophagus, trachea, eyes, lungs)

P value and statistical significance:

The two-tailed P value equals 0.0905

By conventional criteria, this differenceis considered to be not quite statistically significant.
Confidence interval:

The mean of 2.74 minus 8 equals -0.027015

95% confidence interval of this difference: From -0.059562 to 0.005532
Intermediate values used in calculations:

t=1.9627

df=7

standard error of difference = 0.014

Unpaired t test results (liver, spleen, kidney)

P value and statistical significance:

The two-tailed P value equals 0.4979

By conventional criteria, this difference is considered to be not statistically significant.
Confidence interval:

The mean of 2.74 minus 8 equals -0.0020800

95% confidence interval of this difference: From -0.0106884 to 0.0065284
Intermediate values used in calculations:

t=0.7690

df=3

standard error of difference = 0.003

4. Conclusions

In conclusion, a comparative study of dose for different fluence of neutron is a crucial
area of research that requires interdisciplinary collaboration and careful execution. The
tindings of such studies can provide valuable insights into the dose-response relationship
for different neutron fluence rates and can help in developing effective radiation protection
measures to safeguard human health and the environment.
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A0POALIK PUSUKA, KAHA MAMEPUANIAP KIHe MeXHOA0ZUIAAP KaPedpactl
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HeviTpoHHBIH 9p TYpAai (pAI0€HIMACLIHBIH 403aChIH CaAbICTBIPMAaAabl 3epTTEY

AlcTpakT. CaabIcTBHIpMaabl 3epTTeyAiH MaKcaThl 9pTYPAi KapKbIHABLABIKTAFbl HETPOHADIK
coyJeJeHyTe YIIbIpaFaH MaTepualjapAaH aAblHFaH AO3aHBI 3epTTey OOABII TaOblaaabl. 3epTTey-
Aep aTOM DHepreTUKachl MeH pagualnajad KOpray4a MaHbI3Abl, oJiTkeHi HeliTpoHABIK coyaeaeHy
SAAPOABIK, peaklisiap HaTUKeciHAe Ialiga 004aThIH coyAeleHYyAiH eH KeIl TapaAfaH TypAepiHiH
Oipi Goabin Tabblaaabl. Bya seprreyae apTypai MaTepmasgap oapTYpAi KapKbIHABLABIKTaFbI Heli-
TPOHABIK CoyJeleHyre YIIbIpaAbl JKoHe apOip MaTepmaa adraH 403a AO3MMeTpAepMeH ©AIIeHA].
Hoetmoxeaep martepmasgapaaH aablHFAH AO3aHBIH HEMTPOHABIK COyAeAeHyAiH >KOFrapbliaybIMeH
>KOorapblaaranbiH KopceTTi. COHBIMEH KaTap, 3epTTey 403a-acep KaTbIHAChl 9PTYPAi MaTepuasgapaa
©3repeTiHiH KopceTTi, Oya paguansaAblK KOPFaHbIC YIIiH MaTepuaaAbl TaHAQYAbIH MaHbI3AbLABIFbIH
Kopcerei. 3epTrey opTYpAi MaTepraaap YIIiH 403a-9Cep KaThIHACKIH JKaKChIPaK TYCiHy pajuanu-
sAaH KOpFay YIIiH THiMAipek MaTepuaalapabl a3ipaeyTe KoHe apTypAai KoajgaHnOasapaa pajuariy-
SIABIK KayiIICi3AiKTi apTThIpyFa KOMEKTeCyl MyMKiH AereH KOPBITbIHABIFA Keaai.

TyiiiH ce3aep: HelITpoHAAP aFbIHbI, pagualus, so3umerpusd, I'peit, Kasakcran.
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Eepasutickuii nayuonarvrvii ynusepcumem um. A.H. I'ymunresa, Acmana, Kasaxcman
Meduyurckuil paduorozudeckuti Hayuroti yenmp um. A.Lloiba — puruar Hayuonarvrozo meoutyumciozo
UCCALD06aMEALCK020 PAOUOAOZUNECK020 Uermpa Munucmepcmesa 30pasooxparerus
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CpasHuTeabHOE ¥ICCA€AOBaHME 403 AAsl Pa3sHbBIX (PAIOEHCOB HEVITPOHOB

AOcTpakTt. CpaBHUTeAbHOE MCCAeAOBaHNME HallpaBA€HO Ha M3y4eHle 403bl, II0Ay4aeMoll MaTe-
puasamMy, NOABEPITUMMUCSA BO3ACVICTBUIO HEMTPOHHOIO M3Ay4eHUs Ppa3AM4HOM IAOTHOCTU. Vc-
cAeA0BaHNs UMEIOT BaskKHOe 3HaueHle B 004acTy sAepHOi DPHepTeTUKM U paAMallIOHHOM 3all[UThI,
ITIOCKO/ABKY HEJITPOHHOE U3AYyJeHle ABASIeTCs O4HUM U3 Hanbo.Aee paciipOCTpaHeHHbIX BIAOB U3AY-
4yeHUi1, 00pa3yIOIUXCs B pe3yabTaTe sAepHBIX peakiuii. B 9Tom mccaeaoBannm pasandnsie Mare-
pMaAabl IOABEPTAIOTCA Pa3HON MAOTHOCTU HEMTPOHHOIO U3AY4YeHNs, a 403a, IOAy4eHHas KaXAbIM
MaTepuasaoM, u3Mepsaach C IOMONIBIO A03MMeTPOB. Pe3yabTaTel IIOKa3aAu, 4To 403a, [HoAydaeMast
MaTepuajaMli, yBeAYMBaeTCsl ¢ yBeandeHneM (paioeHca HeTpPOHHOro msaydeHns. Kpome toro,
nccAeJoBaHNe II0Ka3al0, YTO B3alIMOCBSA3b «J03a-peaklys» pasAdHa AAs PasHBIX MaTepualos,
4YTO IOAYepKUBaeT Ba>KHOCTb BRIOOpa Marepmada AAs paAMallMIOHHON 3aIuThl. B nccaegosanum
AeAaeTcs BbIBOJ, UTO Aydlllee IOHMMaHMe 3aBYICMMOCTH «A03a-peakus» AAs pa3ANdHBIX MaTepu-
aJ10B MOKeT IIOMOYb B pa3paboTke 0oaee 3PPeKTUBHBIX MaTepraloB PasVialliOHHON 3aIlNTHL U
yAY4IIUTH pajualiiOHHYIO Oe30I1aCHOCTD B Pa3AMYHbBIX TPUAOKEHMSIX.

KaroueBble ca0Ba: IOTOK HEIITPOHOB, U3aydeHune, zosumerpus, I'pers, Kazaxcran.
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