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Preliminary assessment of dose distribution on the spatial micro
level for internal exposure of alveolar epithelium of rats by SMn

Special dosimetry study of experimental rats exposure by sprayed **Mn powder was conducted during exper-
iments in order to study internal irradiation effects. All experiments were performed in Kurchatov’s reactor
complex «Baikal-1» (Kurchatov city, East-Kazakhstan region) after neutron activation of stable Mn powder.
This study was performed by group of scientists from Japan, Kazakhstan, and Russian Federation. The results
of estimated doses in lungs alveolar epithelium of rats are shown in this paper. Absorbed dose on the
«surface» of epitelium is equal to 160 Gy and absorbed dose in the «bottom» of epithelium for minimal
thickness of epithelium cells is 8.9 Gy and for maximal thickness of epithelium cells equal to 0.4 Gy.
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Introduction

It was important to study effect of radiation, due to effect of possible influence to human, and effect of
possible internal exposure because of close location to Semipalatinsk Nuclear Test Site and post effect of
irradiation due to Hiroshima and Nagasaki atomic bombing, Chernobyl, and Fukushima-1 accidents [1-4].

At neutron irradiation, including such kind of extraordinary tragedy as A-bombing of Hiroshima and
Nagasaki, the *Mn (T1,=2.58 hour) was one of the dominant neutron activated irradiators during the first
hours following the neutron irradiation. Modeling of irradiation by residual radioactivity from activated dust
using neutron-activated *°Mn in a form of powder sprayed over experimental rats was conducted recently [5].
Activation of MnO, (manganese dioxide) powder was performed using the IVG.IM nuclear reactor
(«Baikal-1» experimental facility, Kurchatov city, Kazakhstan).

According to V. Stepanenko, et al. [6, 7], mean organ doses of internal irradiation of rats by **Mn pow-
der are the following: 1.65, 1.33, 0.24, 0.1, 0.076 Gy, in large intestine, small intestines, stomach, lungs, and
skin respectively.

The essential pathological effects were found in gastrointestinal tract [8, 9]. On the other hand, despite
relatively low dose in the lungs (0.1 Gy), the hemorrhage and emphysema were found in this organ as
well [8]. It is very difficult to interpret this fact, as far as these effects are observed at much larger doses of
external irradiation.

As a result, due to ideas of Prof. M. Hoshi [5] and Prof. M. Ohtaki [10, 11], it was decided to estimate
not only mean organ doses of internal irradiation, but distribution of dose on microlevel of biological tissue,
particularly on the level of alveolus of lungs. Short range irradiation from **Mn (Auger electrons, low energy
X-rays) can be a reason of much larger doses in microstructures of lungs.

Material and Methods

Monte Carlo code (MCNP-4C) with corresponding Library of cross sections for electrons and quanta was
used for calculation of absorbed doses in biological tissue around **Mn0, microparticles (density of manganese
dioxide is 5.03 g/cm’). Mean diameter of **Mn0, microparticles is equal to 4 um. The corresponding data of
*Mn’s Auger electrons, X-rays, beta particles < and gamma-rays are resented in Tables 1-3 and in Figure 1.
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Irradiation of **Mn

Table 1
Mn: AUGER ELECTRONS

R99, (loss 0of 99 % of initial energy at R99 — radius
Type Energy keV Electrons/decay of tisgue sphere around isotropicgrzlicrosource), cm
KLL 5.51 1 8.8 E-6
KLX 6.28 0.274 1.1 E4
KXY 7.01 0.0187 1.3 E-4
L 0.57 3.07 2.1 E-6
Table 2
*Mn: X-RAYS
R99, (loss 0of 99 % of initial energy at R99 — radius
Type Energy keV Photons/decay of tisgue sphere around iSOtI’OpngIZIiCI'OSOUICG), cm
Ka2 6.39 0.51
Kal 6.40 1 about 1 E-2 cm
Kp1 7.06
KBS 7.10 0.21(total for all KB)
Mn-56
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Figure 1. Beta particles of **Mn: intensity is 100 %, average energy is 829.21 keV
(mean R99 is about 1.8 cm), and maximal energy is 2848.00 keV (maximal R99 is about 6 cm)

Table 3
Mn: MAIN GAMMA-RAYS

R99, (loss of 99 % of initial energy at R99 — radius

Type Energy keV Photons/decay of tissue sphere around isotropic microsource), cm
Gamma-1 846.8 0.989 about 80 cm
Gamma-2 1811 0.272 > 100 cm
Gamma-3 2113 0.143 > 100 cm
Gamma-4 7.10 0.173 > 100 cm

Geometry of calculation

Alveoli of lungs are the final destination for inhaled air and for microparticles entering into the lungs
with air. Each alveolus is lined with squamous epithelial cells (from 0.05 mkm to 0.3 pum thick). Surfactant
(which is over epithelial cells) is about 0.01 pum thickness. So, if 56Mn microparticle is attached to epitheli-
um, the minimal distance to the «surface» of epithelium layer will be 1x10-6 cm and maximal distance to the
«bottom» of epithelium layer will be 6x10-6 (in a case minimal thickness of epithelium cell) or 5x10-5 cm
(in a case maximal thickness of epithelium cells) (Fig. 2). Absorbed doses were calculated in spherical layers
of biological tissue around **Mn microparticle.
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Schematic representation of alveolar capillary membrane

Pulmonary
capillary’, —

fos o |
venous end ‘ Pulmonary capillary
iz arterial end
gl :
\.\ L.]'.,'-\:?‘,"_\ urfW\iII‘I'ILL'-(I‘iEJlllII \\\ : — I
| and X-rays /@
I Thickness [
Red blood | from 0,05 pm
cells /.I\ 00,3 Lmlm
(
0
|

4 Alveolus
) 0,in O, in
®

Alveolar capillary
membrane 4 pni

Figure 2. Schematic representation of lung’s alveoli with **MnO, microparticle.

Results and Discussion

It was estimated, that mean initial activity of one **MnO, microparticle is equal to 0.196 Bq (with total
activity of 0.1 g, MnO, equal to 2.74x10°* Bq, according to Hoshi, et al. [5]. Period of **Mn physical half de-
cay is equal to T}, = 2.58 hours = 9.288x10’ seconds. Total number of **Mn decays up to whole decay in one
**Mn microparticle with estimated activity 0.196 Bq is equal to: N=0.196 Bqx9.288x10° seconds/0,693 =
2.627x10° decays. Dose per one decay from Auger electrons, low energy X-rays, and beta particles of **Mn
is presented in Figure 3. This figure shows results of calculations of spatial dose distribution around **Mn

placed into biological tissue.
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surfaetant layer 1E-6 cm
100

m61 mGy / decay
]

10
- m 3.4 mGy / decay

1

Dose, mGy / decay

0.15 mGy / decay

0,1

0,01
1E-3
Auger electrons + low energy X-rays + beta
-
1E-4 -y . ; )
1E-6 1E-5 1E-4 1E-3

distance from Mn-56 microparticle, cm

Figure 3. Results of calculations of spatial dose distribution around *Mn microparticle placed into biological tissue.

So, as result, these estimations shows the following doses per decay: 61 mGy/decay at distance
1x10° cm from microparticle («surface» of alveolar epithelium layer); 3.4 mGy/decay at distance
6x10° from microparticle («bottom» of alveolar epithelium layer, in a case of minimal thickness of epithe-
lium cell); 0.15 mGy/decay at distance 3x10™ cm from microparticle («bottom» of alveolar epithelium layer,
in a case of maximal thickness of epithelium cell). Highest dose is due to short distance to radioactive
source.

Total absorbed dose (up to whole decay of **Mn) is equal to: 160 Gy («surface» of alveolar epithelium
layer); 8.9 Gy («bottom» of alveolar epithelium layer, in a case minimal thickness of epithelium cells);
0.4 Gy («bottom» of alveolar epithelium (in a case maximal thickness of epithelium cells).
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Conclusion

Absorbed dose (up to whole decay of **Mn) is equal to: 160 Gy («surface» of alveolar epithelium lay-
er); 8.9 Gy («bottom» of alveolar epithelium layer, in a case minimal thickness of epithelium cells); 0.4 Gy
(«bottom» of alveolar epithelium (in a case maximal thickness of epithelium cells).

The study was carried out with the financial support of the Semey State Medical University, Ministry of
Health of the Republic of Kazakhstan (research support in the Republic of Kazakhstan). The research of spe-
cialists from Japan was supported by JSPS KAKENHI grants No. 26257501 and No. 24310044, Japan. This
study was supported by MRRC named after A.F. Tsyb (equipment and MC calculations).
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EreykyiipbIKTapabIH ajbBe0JSAPJIBIK dNIUTeTHiiiHe Mn imki Jcepi ke3ingeri
KEHICTIKTIK MUKPO/AeHreiiie MeJIlIepPiHiH TapaJyblH aJ/bIH ajla 0arajay

KypuaroB kanaceiHmarsl baiikan-1 peaxropnsik kereHinae (KypuaroB k., IbiFeic KasakcTan o6mbich)
pammamusIsIK ocep ShdeKTiCiH 3epTTey GOMBIHINA JKCIEPHMEHT Ky3iHe ~'Mn YHTaFsl TO3aHBIHBIH
ereyKyHpBIKTapFa oCepiHiH IMIKi JO3UMETPHSUIBIK 3epTTeyi >kyprizinmi. byn 3eprrey XKamonws, Kazakcran
xoHe Pecelt denmepanusichl FaabIMAApBIHBIH TOOBIMEH OpBIHIAJABL bepilreH K ymbIcTa ereykyHpbIKTap
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OKITIECiHIH aIbBEOJISIPIIBIK SMHUTEIHIHIH COyJIeNIeHAIPY J03achlH Oaranay HOTHIKeNepi KopceTiireH. DnuTenui
«beringe» xyThuFad n03a 160 r TeH, anuTenuil xKacylianapblHbIH «TOMEHI» MUHUMAIIbI KaJbIHIBIFBIHIA
JKYTBUTFaH 1032 8,9 T Kypaii/pl, aja aMuTeNnuii )acyanapbIHbIH MAaKCUMAaJIIbl KaJdbIHABIFbI yiIiH — 0,4 T.

Kinm ce3dep: iuxi coymeneny, Kypuatos, MCNP, ereykyiipbIkTap, Mymenep, “°Mn yHTarbi, dIHTENHil
Ka0aTbl, OKIIE aJIbBEOJIACHL.

B.®. Crenanenko, K.I11I. XKymagunos, M. Xomwu, E.T. XKynycos, C. Ouno, M. Oraku,
K. Orann, H. ®ymxumoto, K. Inunmko, H. KaBano, A. Cakaryun, H.2K. YaibxyHycoga,
J.M. [llabnapb6aeBa, A. baysipxkan, B.C. I'abips, A.C. Azumxanos, A. JI. Kamnpus,
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IIpenBapuresibHasA OLIEHKA NPOCTPAHCTBEHHOIO
pacnpeaeeHus 1036l HA MHKPOYPOBHE IIPU BHYTPEHHEM
Bo3/eiicTBin **Mn Ha AJIbBEOJISIPHBIH JMUTEJIUH KPBIC

C uenbto n3ydeHust 3Q(HekToB BHYTPEHHETO OOIYYECHHs NPOBEICHO CHELMAIbHOE JO3UMETPHYECKOE HCCIIe-
JOBAaHHE BO3JEHCTBHSA HA OKCICPHUMEHTAJbHBIX KPbIC pPACIbLICHHBIM IOPOIIKOM Maccoil ~'Mn.
Bce skcriepuMeHTsl  IPOBOMWIMCH Ha peakTopHOM Komiuiekce «baiikan-1» (r. KypuaroB, Bocrouno-
Kazaxcranckas o0macTs) nocie HEHTPOHHON aKTHBaIMK cTabHIBHOrO mopomka Mn. JlaHHOe HccienoBaHue
OBLIO IIPOBENICHO IPyYIOH yueHsIX n3 SInonun, Kazaxcrana u Poccuiickoit @eneparuu. B nacrosmeit pabo-
T€ NMPUBEJEHBI PE3yJIbTAaThl OLEHKHU J[03 00Iy4eHHs albBEOJSIPHOTO SMUTENUs JErkux Kpbic. IlormomienHas
J103a Ha «TIOBEPXHOCTH» 3MUTENHs paBHa 160 T, a MOTNIOLIEHHAS 103a B «IHE» SMUTEUS ISl MUHUMAaIbHON
TOJIIMHBI KJIETOK 3MUTENHs COCTaBIsIeT 8,9 I, a UIsi MaKCUMaJbHOM TONIIUHBI KIeTOK snuTenus — 0,4 T.

Kniouesvie crosa: BHyTpenHee obnyuenne, Kypuaros, MCNP, KpBICHI, OpraHbl, TOPOLIOK ~*Mn, c10if muiTe-
JIMSL, aTbBEOJIbI JIETKHX.
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