Tema Ne 1.7 «JlyuyeBble nmopaskeHus
B pe3yJibTaTe BHEIIHEro 001ero
(TOTAJIBLHOI0) 00J1YUEeHUS H
BHYTPEHHEI0 PaAU0AKTUBHOIO
3apaKeHUsD)

Jass cryaeHTOB S M 6 Kypca
«MeauuuHe Ype3BbIYAMHbIX

CUTYyaluID)



Topic No. 1.7 “Radiation injury due to
external general (total) exposure and
internal radioactive contamination”
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Bormpocsl

Kinaccupukanus Jy4deBbIX MOPAKEHM OT BHEIIHEro
00J1y4eHHs B 3aBMCHMOCTH OT BH/Ia M YCJIOBHH BO31€HCTBUSA
OcTtpas ayuyeBas 00J1e3Hb

OT1aajieHHBbIE MOCJIeACTBUA o01Iero (TOTaJILHOIO0)
00J1ydeHus

IHocTymiienune paIuoOHYKJIW/I0B B OPraHM3M M MX BbIBeJIEeHHUE
buojsiornyeckoe JeMCTBHE PAAMOAKTUBHBLIX BeElIECTB.
XapakTepucTuka HaudoJ1ee paclpoCcTPaHEHHbIX U30TONOB
JlyuyeBble moOpameHuss B pe3yjabTare aJUMEHTAPHOIO U
HHTAJISIHAOHHOIO  NMOCTYILUIEHHSI MPOAYKTOB  SIJIEPHOIO
NeJIeHUs
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Questions

Classification of radiation injuries from external exposure
depending on the type and conditions of exposure

Acute radiation syndrome

Long-term effects of general (total) irradiation

Entry of radionuclides into the organism and their excretion
Biological effect of radioactive substances.

Characteristics of the most common isotopes

Radiation injuries as a result of alimentary and inhalation
intake of nuclear fission products



Bonpoc 1 Kinaccudpukanusa JiyuyeBbIX
IMOPAKEHUH OT BHEIITHEIO
00J1y4eHHsI B 3ABUCMMOCTH OT BHIA H
YCJIOBHUHU BO3AEHCTBUS
Question 1 Classification of radiation injury
from external exposure depending on the type
and conditions of exposure



Pa3in4aior JiydeBbie MOPaKeHHSI:
OT raMMa- UJIM PEHTIeHOBCKOT0 U3JIyYeHHU,
OT HEHTPOHHOIO M3JIy4YeHMS,
oT Oera-m3jiydeHusi (MIPY BHEHIHEM BO3AeMCTBUM AJb(a- U3TyYeHUS
MopakeHne He MOKeT BO3HUKHYTh).

YV V VY

PeHTreHoOBBI U TAaMMa-JIy4Hd, a TAK:Ke HEMTPOHBI BbLICOKUX JHEPrui
XapPaKTePU3YIOTCS BBICOKOH NMPOHUKAIOLIEH CIMIOCOOHOCTHIO M OKA3BIBAKOT
MOBpexAaiee BO3ACHCTBHE HA BCE TKAHM, JIeKAIHE HA MY TH IyYKa.
IIpu o0memM o00JydyeHMHM B COOTBETCTBYHOILEH /03¢ B 3TOM CJy4ae
passuBaercsa OJIb.

OJIb Mo:keT OBITH BHI3BAHA M BO3I€HCTBHEM BBICOKOIHEPTeTHYHBIX
3JIEKTPOHOB, FTeHEPUPYEMbIX B CIIEIIMAJIBHBIX YCKOPHUTEJISIX.

BeTa-m.ﬂyqune, uexoasamee or paauoaKTHBHBIX HCTOYHUKOB, HAXOAAIIMUXCH BOJIN3H
YE€JI0BCKA, oﬁﬂanaeT HEBBICOKOH npommammeﬁ CIIOCOOHOCTBI0O M MOKET SIBHUTLCSH HpH‘lHHOﬁ
MOPa’KCHUA TOJBbKO KOKH U CJIM3UCTBIX

TskecTb JIy4eBOro nopakeHus 3aBUCHUT, B IIEPBYI0 o4epelb OT A03bI 00J1yYeHU .
IIpu o0mem BHemIHEM raMma- WJIM HEHUTPOHHOM OOJYYeHHMH /032 SBJIACTCHA OCHOBHBIM
(pakTOpOM, ONpeneSIAIIIUM PA3BUTHE TOW WM UHON maToreHeTudeckou ¢gopmsul OJIb u crenenn

€€ THKECCTH

KinHn4yeckue nposiBjieHus, HAOJOIAKIINECS WHOIA MocJje 00JydyeHHus: B 103aX MeHee 1
I'p Ha3bIBAKOT J1y4eBOW peaKkHen.



A distinction is made between radiation injury:
» from gamma or x-ray radiation,
» from neutron radiation,
» from beta radiation (external exposure to alpha radiation cannot cause
injury).

— X-rays, gamma-rays and high-energy neutrons are characterised by
high penetrating power and have a damaging effect on all tissues in the
beam path.

In this case, general exposure to an appropriate dose will result in
the development of ARS.
ARS can also be caused by high-energy electrons generated in
special accelerators.
Beta radiation from radioactive sources in the vicinity of a person has a low penetrating
power and may cause injury only to the skin and mucous membranes

The severity of radiation injury depends primarily on the radiation dose.

In general external gamma- or neutron irradiation, the dose is the main factor determining
the development of one or another pathogenetic form of ARS and the degree of its severity

Clinical manifestations sometimes observed after irradiation at doses less than 1 Gy are
called radiation reaction.



XAPAKTEP OBNNYHYEHUA

Kiaccudpukanus mo xapaxkrepy pacnpeae/ieHusi NMOrJIOMIEeHHOH 103bI B 00beMe TeJia
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Classification by the nature of absorbed dose distribution in the body volume

TYPE OF EXPOSURE

)

Type of exposure
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specific organs or
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Pazin4arr oouwiee (momanvHoe) A mecmuoe (J10KaabHoe).
Oo0mee o0sryueHue ObIBaeT pagHoOMeEPHBIM W HEPABHOMEPHBIM.

HepaBHoMepHOCTh pacnpeaejieHusI 103bI MOKET CO3JaThbCH BCJEACTBHE IKPAHMPOBAHMSA
OTIeJbHBIX 00J1acTell Tejia, a TaKKe B Pe3y/ibTaTe BHYTPEHHEr0 NOMIOIIEHU NPHU MPOX0KIEHUU
U3J1y4YeHHs Yepe3 TOJIY TKaHeH.

B peaabHBIX YCJI0BHUAX OOJy4deHHMe BcCerga B TOM WJIM HWHON CTENEHHM HEPABHOMEPHO.
OaHako, eciiv pa3jinvyus B [103aX, MOIVIOMIEHHBIX PA3HBIMH YYACTKAMHM TeJia He npeBbimanT 10-
15%, Takoe 00/1y4eHre HA3BIBAIOT PABHOMEPHBIM.

IIpu JsokajJbLHOM O00Jy4YeHMH B /032X, MNPEBBINIAIIMX TOJEPAHTHOCTh TKaHeEI,
HAXOIAIIMXCH HA MYTH MY4YKa, BOSHUKAKT MECTHbIE JyueBble nmopakenus. Takue nmopaxeHnus
HauOojiee XapaKTepPHbI JJIsi CUTyallMid, CBS3aHHBIX € JIy4YeBOH Tepanueil 3J0Ka4YeCTBEHHBIX
HOB0OOPa30BaHUIl, HO MOTYT BOSHMKHYTh M NPU PAAHAIMOHHBIX ABAPUAX M HHIUAEHTAX.

Ecan MecTHOe moBpexaeHne TKaAHeH NMPOUCXOAMT HA (oHe 001Iero od0Jy4eHUs B /103aX,
(HepaBHOMepHOe O00JI)y4eHHEe ¢ BbICOKOM CTEeNeHbI) HEPABHOMEPHOCTH) NPHUBOASIIMX K
passuturo OJIb, nopaxkenue Ha3bIBAKOT COYECHAHHBIM.



A distinction is made between general (total) and local exposure.
General irradiation can be uniform and non-uniform.

Non-uniformity of dose distribution can be caused by shielding of separate areas of the
body, as well as by internal absorption when radiation passes through the thickness of tissues.

In real conditions, exposure is always non-uniform to some degree. However, if the
differences in doses absorbed by different parts of the body do not exceed 10-15%, such
irradiation is called uniform.

In case of local irradiation at doses exceeding the tolerance of tissues in the beam path,
local radiation injuries occur. Such injuries are most common in situations involving radiation
therapy of malignant neoplasms, but may also occur in radiation accidents and incidents.

If local tissue injury occurs against the background of general irradiation at doses
(irregular irradiation with a high degree of irregularity) leading to the development of ARS, the
injury is called a combined injury.



Tloapa3nensiloT HA 0OHOKpamHvle U PPaKuuoOHUPoOBaHHbIE.

Ilo oOmeil NPOXOKHMTEILHOCTH HA0Opa [03bl  BBIICISIOT  KPAMKOBPEMEHHOE,
NPOIOH2UPOBAHHOE U XPOHUYeCKOe 00Ty eHusl.

B 3aBHCMMOCTH OT UIMTEJbHOCTH OO0JYYeHHS] Pa3sBUBAKTCA ocmpble, NOOOCHPbIE W
xponuueckue (POPMbI JIy4E€BOT0 MOPAKEHUSL.

Pa3Butue octporo mopaxxeHusi (0cod0eHHo 310 oTHOcuTcsa K QOJIb) xapakrepHo ais
BApUAHTAa 00JIyYeHHUs, P KOTOPOM NMPOAO/LKMTEJIbHOCTh MEPHoAa Hadopa nmopaxaruiei 103bl
He NMpPeBbIIIAET OIHOM- MOJyTOPA Heleb.

IIpu Oosiee MIMTEJBHOM (IIPOJIOHTHPOBAHHOM) OOJY4YeHHHM Pa3BUBAKTCHA IMOJOCTPbIE
(¢popmbI mopakeHus.

Ecau xe o0masi npoaoKUTEJIbHOCTh O0Jy4eHHsI NpPeBbINIACT HECKOJbKO MecCsIeB,
Pa3BUBAIOTCHA XPOHUYeCKHE (POpPMBI.

IIpu 3TOM Ba)kHa o00IAs UIMTEJBLHOCTHL OOJYYEeHHMSs, U HECYIeCTBEHHO, ObLIO JIH
00J1y4eHHe HelpepbIBHBIM MJIM Pa3ieJIeHHbIM Ha (paKIuu



They are divided into single and fractionated.

Short-term, prolonged and chronic irradiation are distinguished according to the total
duration of the dose set.

Depending on the duration of irradiation, acute, subacute and chronic forms of radiation
injury develop.

The development of acute injury (this is especially true for ARS) is characteristic for the
variant of irradiation, when the duration of the period of accumulation of the dose does not
exceed one to one and a half weeks.

In case of longer (prolonged) exposure, subacute forms of injury develop.
If the total duration of exposure exceeds several months, chronic forms develop. In this

case, the total duration of irradiation is important, and it is immaterial whether the irradiation
was continuous or divided into fractions



Bonpoc 2 Ocrpas ayuyeBasi 00J1e3Hb
Question 2 Acute radiation syndrome



Kast hopMa, BOHUKAIONIAs B
 BHEITHETO OTHOCHTEJLHO
ramMMa-HeH TPOHHOTO
1a WA OOJIbIIEH €ro YacTH B

NYHEBAA BOJIESHb

JNYYEBASl BONIE3Hb
1 cTeneHb - MeHee 200 peHTrex
2 cTenexb - 200-300 peHTreH
3 cTteneHb - 400-700 peHTren
4 cteneHb - 6onee 700 peHTreH

reynnbl
KPUTUHECKUX OPTFAHOB

O 1-arpynna
O 2-arpynna
@ 3-arpynna

OJ1b — CMMIITOMOKOMILIEKC,
Pa3BUBAKIIMHCH B pe3yjabrarte o01rero
OHOKPATHOI'0 PABHOMEPHOI'0 WJIH OTHOCHTEJIbHO
PABHOMEPHOI0 BHELIHEI0 PEHTIeHOBCKOIO, Y- M
(M) HEUTPOHHOTO 00/1y4YeHHs B 03¢ He MeHee 1
I'p.

Kasxkaoe u3  mnepe4yMcJeHHBIX  YCJIOBUH
SIBJIACTCH HeoOXonuMbIM s (opMupoBaHus
OJIb. Tak, ecan no3a o0ayyenus menbme 1 I'p,
JIy4eBoe MOpasKeHue NPOABJISIETCH,
NPEeUMYIIeCTBEHHO, reMaTroJI0ru4ecKuMHu
U3MEHEHMSIMH («OCTpas JiydyeBasi peakuus») 0e3
CYLIECTBEHHOI0 YXyAIIeHU (PYyHKIHOHAJIbHOIO
COCTOSIHUSI OPraHU3Ma

Bo3MoxkHBI JHMIIL JIErKHE TPaH3UTOPHbIE
KJIMHMYECKHE NPOSIBJICHUS B BHJAE TOIIHOTHI M
YyBCTBa CJ1200CTH.

Eciu 0ojbmiasi 4acTb [103bl MOJIy4eHA B
pe3yJbTare MNPOJOHTHPOBAHHOIO  O0JIy4eHHs,
3a00/ieBaHUE NPUOOpPeTAaET MOAOCTPOE TeYeHHe, A
ecJiM  HeoOXoAuMasi 1032  HAKAILUIMBaeTCs
HECKO0JIbKO MecsileB, popmupyercsa XJIb



diation syndrome

rm resulting from acute external
nma- or gamma-neutron irradiation
1sm or most of its part at a dose

' 1 Gy (1 Gy = 100 rad)

RADIATION SYNDROME

1 degree - less than 200 X-rays
2 degree - 200-300 X-rays
3 degree - 400-700 X-rays

4 degree - more than 700 X-rays

CRITICAL ORGAN GROUPS

O lst group
O 2nd group
B 34 group

ARS is a symptom complex that develops as
a result of total single uniform or relatively
uniform external X-ray, y- and (or) neutron
irradiation at a dose of at least 1 Gy.

Each of the listed conditions is necessary for
the formation of ARS. Thus, if the radiation dose
is less than 1 Gy, the radiation injury is
manifested mainly by haematological changes
(“acute radiation reaction”) without significant
deterioration of the functional state of the
organism

Only mild transient clinical manifestations in
the form of nausea and a feeling of weakness are
possible.

If most of the dose is received as a result of
prolonged exposure, the disease takes on a
subacute course, and if the required dose is
accumulated over several months, CRS is formed



OcTpas ny4esasn
GonesHb

IIpu 3xpaHUpOBaHUM BO BpeMs 00/1y4YeHHUS 3HAYUTEJIbHBIX M0 00bEMY yacTed Tejia (T.e.
HECOO/II0IeHMM YCJIOBHSI PABHOMEPHOCTH MPOCTPAHCTBEHHOIO paclpeaejeHusi 103bl)
KJIMHUYECKAs: KapTUHAa Tak:xke He coorBercrByer OJIb, ompeaeisisicb, nmpeuMyliecTBeHHO,
MECTHBIM JIy4€BbIM MOPAKEHHEM.

B kuunuke OJIb mnpeodiagawT nposiBjaeHUS IMOPAKeHUs] TOM TKAHEBOM CHCTEMBI,
AUCPYHKIUMA KOTOPOH JUMHUTHUPYET MPOIOJKUTEIbHOCTD KU3HM OPraHU3Ma NPU JaHHOU J03e
o0ayuenusi. Takasi TKaHeBasi CUCTEMA HA3bIBACTCH KPUTUYECKOM.

B 3aBHCHMOCTH OT [103bl, B Ka4eCTBE¢ KPUTHYECKOM TKAHEBOM CHCTEMbI IPH BHEUIHEM
00JIly4eHMH MOIYT BBICTYNATh KPOBETBOPHAS, NMIICBAPUTEIbHAS MU LEHTPAJbHAS HEPBHAS
cucreMa. B coOOTBeTCTBMM € 3TUM BBLICIAKT YeTbipe KianHu4Yeckue popmsl OJIb.



When significant body parts are shielded during irradiation (i.e. the condition of
uniformity of spatial dose distribution is not met), the clinical picture also does not correspond
to ARS, being determined mainly by local radiation injury.

In the clinic of ARS, the manifestations of the tissue system injury, the dysfunction of
which limits the life expectancy of the organism at a given dose of radiation, predominate. Such
tissue system is called critical.

Depending on the dose, the hematopoietic, digestive or central nervous system may act as
a critical tissue system at external irradiation. Accordingly, four clinical forms of ARS are
distinguished.



KoctHO-MO03r0Bas ¢gopma OJIb
Bone marrow form of ARS



B caydae oOmero oOayuenusi B mo3ax 1-6 I'p cynb0a opranusma omnpenesasieTcs
MOpaKeHHeM, MPeMMYLIEeCTBEHHO, KPOBEeTBOPHON TKaHU. KocTHOMO3roByw ¢opmy uHOraa
HA3bIBAOT TUIMYHON, MOCKOJILKY NPH Hel HamOojiee 4éTko mposiiasiercss npucymmii OJIb
MePUOAU3M.

B meuenuu OJIb gvioenaiom:

1) mepuox 001eii NEPBUYHON peaKuM HA 00JIy4YeHHe;

2) CKpBITHIN nepuoj (Iepruox MHUMOTIO 0J1aronoJIydus;

3) mepuon pasrapa;

4) nepuoa BOCCTAHOBJICHHSI.

Ilepuoa o01en peakuumn

CBoOOnHBIE paauKaJbl, 00pa3oBaBIIMECHd B pe3yJbTrare B3aUMOACHCTBUS TMPOAYKTOB
paaMoin3a BOAbI MEXKAY €000l MW C KHCJIOPOAOM, IMOBPEXKIAKT OHOMOJIEKYJIbl, BbI3bIBas
o0pa3oBaHue paoUOMOKCUHOB.

OO0yc/iOBJICHHBIC 3THUM IMOBBILICHHE TMPOHUIAEMOCTH COCYIMCTOM CTEHKH, HapylIeHUe
peryJjsiiii COCyIMCTOr0 TOHYCa, MOIIHAsA ad@depeHTHAsT MMIYJbCALMS M THIEPCTUMYJIAUA
PBOTHOI0 IEHTPAa COCTABJIAKT MMATOT€HETUYECKY) OCHOBY CHMITOMOKOMILJIEKCA 001Iel
MEPBUYHON PeaKkuu HA 00JIyUYeHue.

OH BrIIOYAET B ce0s1 AUCNENTUYCCKUN (TOUMIHOTA, PBOTA, P HEUTPOHHOM O0JIyYeHUHU —
auapesi) M aCTEHO-BEreTaTUBHBIA (r0JI0BHAasi 00Jib, CJIa00CTh, TMNOAUHAMMUS, APTEPHAIbHAS
TUINOTEH3Us) CUHIPOMBI.



In case of general irradiation at doses of 1-6 Gy, the outcome of the organism is mainly
determined by the hematopoietic tissue injury. The bone marrow form is sometimes called the
typical form, because it most clearly manifests the periodism inherent in ARS.

In the course of ARS distinguish:

1) period of general primary reaction to radiation;

2) latent period (period of seeming well-being;

3) peak period;

4) recovery period.

Period of general reaction

Free radicals formed as a result of interaction of water radiolysis products between
themselves and with oxygen injure biomolecules, causing the formation of radiotoxins.

The resulting increase in permeability of the vascular wall, impaired regulation of vascular
tone, powerful afferent impulse and hyperstimulation of the vomiting center form the
pathogenetic basis of the symptom complex of the general primary reaction to radiation.

It includes dyspeptic (nausea, vomiting, diarrhoea in case of neutron irradiation) and
astheno-vegetative (headache, weakness, hypodynamia, arterial hypotension) syndromes.



B nepudepuyeckoit KpoBH B 3TO BpeMsi MPOrpecCUPYET A0303aBUCHMMOE CHHUKEHUE YHCJIa
JUM@OUUTOB, THOHYIIMX B TeYeHHUE HECKOJbKHX YaCOB MOCJe 001yYeHH .

B TeyeHme mepBBIX CYTOK OTMEYaeTCs HEMTPOPUIbHBIN JEHKOMUTO3 (3TOT MOKA3aTesb
Hecnmeun(puveH AJ JIy4eBOro BO3AeHCTBUA U KOJIUYECTBEHHO He CBSA3aH C 1030H).

BbIpa:keHHOCTb, M NMPOAO/IKUTEILHOCTh 00IIed NMEePBUYHON peakmuM Ha 00Jy4YeHHE TeM
0oJibIlIe, YeM BbIIE 1032 00JIy4eHHUS.

Bpemsi Hauyasa mnposiBJEHHMH 3TOr0 CHMITOMOKOMILJIEKCA, HANPOTHB, OTPHUATEJIbHO
CBfI3aHO C 1030M.

JAuardoctuka QOJIb B mnepBbie 2-3 CcyToKk mocjie O00Jy4eHUS OCHOBBLIBACTCH Ha
NepevYrcJIeHHBIX MPOSABJIEHUAX 0011Ieil MePBUYHON peakIMu HA 00 yYeHH ..

BcnomoraresibHOe JUATHOCTHYECKOE 3HAYEHHE B 3TH CPOKH MOKET MMETh BO3HUKHOBEHHE
PACPOCTPAHEHHOM JIyUeBOM IpUTEMBbI MOCJe 001ero o0yyeHus: B 103ax 0oJiee 6 I'p.

OcTtpas nyyesas
6onesHb



In peripheral blood at this time there is a dose-dependent decrease in the number of
lymphocytes, which die within a few hours after irradiation.

Neutrophilic leucocytosis is noted during the first day (this indicator is non-specific for
radiation exposure and is not quantitatively related to dose).

The severity and duration of the general primary reaction to irradiation is greater the
higher the dose of irradiation.

The time of onset of manifestations of this symptom complex, on the contrary, is negatively
related to dose.

Diagnosis of ARS in the first 2-3 days after irradiation is based on the listed manifestations
of the general primary reaction to irradiation.

The occurrence of widespread radiation erythema after general irradiation at doses of
more than 6 Gy may have auxiliary diagnostic value in these periods.




IlepBuuHas peakuus

IlepBuuyHas peakuus

Bpems IHpoaoKuTeIbHOCTD Xapakrep Jo3a
HavyaJja PBOTHI
1-12 4 1-12 4 OJHOKpAaTHAas 1-21Ip
10 muH — 4 yaca 12 4 — 2 cyTOK ABYKpaTHAasI 2-41p
5 muH -1 yac 2-3 cyTOK MHOIOKpaTHas 4-6 I'p
5-10 mun 3-4 cyToK HEYKpPOTHUMAS 0oJiee 6 I'p

B TeyeHue nyyeBou 6onesHm
pasiMyaloT YeTbipe nepuoaa:

Mepesin — nepunos

NepBUYHON peakumnmn

Ha obny4yeHue,

MNpoasnaeTcs:

H pe3Kon cnabocTbic

B ro/IOBOKPY>XeHUewv

W ronoeHon 6onblo,

M TOLWHOTON,

M psoTON,

B NoHOCOM,

B MxopafoYHbIM
COCTOAHUEM.

"ﬂpu o4yeHb BonbLuoit

po3e obnyvyeHun
BO3MOXHbI
cMepTenbHblie
UCXonbl B NepBOM




Initial reaction

Initial reaction

Start Duration Nature Dose
time of vomiting
1-12h 1-12 h single-shot 1-2 Gy
10 min — 4 hours 12 h - 2 days dualfold 2-4 Gy
5 min -1 hours 2-3 days multiple 4-6 Gy
5-10 min 3-4 days uncontrollable more than 6 Gy

Four periods are distinguished in the
course of radiation syndrome:

The first is the period of
primary reaction to
radiation.

It manifests itself by:
m abrupt weakness,
m dizziness,

m headache,

m nausea,

m vomiting,

m diarrhoea,

m febrile state.

.~ possible.

If the dose is very
high, lethal
outcomes in the
first period are




CKpbIThI IEPUON

K xoHny mepuona oOuieii mepBUYHOM peaknyy HA 00JydeHHe HUPKYJIUPYIOIIHE B KPOBH
TOKCHYHbIE COCINHECHUNA, B OCHOBHOM, BbIBOASITCH, YPOBEHb NATOJOTMYECKON HMIYJIbCAIlMU B
HEPBHYI0 CHCTEMY CHUKAETCH.

BbicOkMe  KOMIICHCATOPHBIE  BO3MOKHOCTH  HEPBHOH  CHCTeMbl  00eCIe4YHBaKOT
BOCCTAHOBJICHHME €€ (QYHKIUUA, OJjarogapsi 4YeMy HCYE3a0T KJIMHUYECKHE TPOSABJICHUS
NMEePBUYHON pPeaKkIMu.

N3MeHeHNd Ke B KPUTHYECKOH CUCTEMe OPraHu3Ma - KPOBETBOPHOM - ellé He YCIeBaKT
OTPa3UTHCH HA YHCJICHHOCTH €€ 3pesIbIX KJICTOK.

IIpuunHa 3TOr0 3aKJIK0YAETCH B TOM, YTO O0JIy4eHHe BbI3bIBaeT rmdesib JIUIIb CIIOCOOHBIX
K JIeJICHHIO KJIETOK KPOBeTBOPHOI cucremMbl. CaMu ke GopMeHHBIE 3JIEeMEHThI KPOBH, KaK U HUX
HENOCPeCTBEHHbIE MNpeAIIeCTBEHHUKH, COCTABJSIONIHE MYJ  CO3PEBAKOIIAX  KJIETOK,
paguope3ucrteHTHBI. Ilo3TOMy, HecMoTpsi Ha 00JydeHHe, CO3peBAKIINME KJIETKH 3aBEpPIIAIOT
nporpammy au(pPpepeHupoBKU, HA YTO, KAK U B HOPMe, TpedyeTcst S CyTOK.

B Teuenme 3TOr0 BpeMeHM (uU3HONOTHYECKAsE YObLIb (OPMEHHBIX 3JJI€MEHTOB
KOMIICHCHPYETCSl MPUTOKOM CO3PEBIIMX KJIETOK M3 KOCTHOIO MO3ra, 0jarogaps yeMy ypoBeHb
TPAaHYJIOLMTOB U TPOMOOUUTOB B NepupepuIecKoid KPOBU He CHUKACTCS.

Ha 5 cyrku mocJie 00/iydyeHHsI YPOBeHb OOJbIIMHCTBA (JOPMEHHBIX 3JIEeMEHTOB B KPOBH
HAYMHAET NAAaTh — HACTYNaeT pa3a «nepeuunozo onycmomeHus».



Latent period

By the end of the period of general primary reaction to irradiation, the toxic compounds
circulating in the blood are mostly eliminated, the level of pathological impulse to the nervous
system decreases.

High compensatory capabilities of the nervous system provide restoration of its functions,
due to which clinical manifestations of the primary reaction disappear.

The changes in the critical system of the organism, the hematopoietic system, do not yet
have time to affect the number of its mature cells.

The reason for this is that irradiation causes the death of only the cells of the hematopoietic
system capable of division. The same blood formed elements, as well as their immediate
precursors that make up the pool of maturing cells, radio-resistant. Therefore, despite
irradiation, maturing cells complete the differentiation programme, which, as in the norm,
requires 5 days.

During this time the physiological loss of formed elements is compensated by the inflow of
mature cells from the bone marrow, due to which the level of granulocytes and platelets in the
peripheral blood does not decrease.

On the 5th day after irradiation, the level of most of the formed elements in the blood starts
to fall - the phase of “primary emptying” begins.



Kiannu4vecku 310 nmposiBjsieTcsi JUIIb MOCJE TOr0, KAK COJAepP:KaHue KJIETOK OIYyCKAaeTcs /10
KPUTHYECKH HU3KOr0 YPOBHS, COCTABJISIIONICIO JJ HEHTPOPMWIbHBIX rpanyaouuToB 15-20%, a
i TpomoouuToB — 10-15% ot ucxoaHoro.

Bpemsi, TpeOyemMoe 1Jisl TOCTH:KEHHMSI 3TOI0 YPOBHSI, M omnpeaeisieT NMPOAOJKHUTEIbLHOCTD
CKPBITOIO MepuojaA.

Kano00bl HA COCTOSIHME 3[I0POBbSI B CKPBLITOM IEPHOAEe OTCYTCTBYIOT WJIM HECYlleCTBEHHbI;
pabdorocnocod0HOCTH coxpaHeHa. [loaTomMy pexkoHCTPyKuHMsi 103bl 00Jy4YeHHMSI B 3TO BpeMs
0a3upyeTcs HA reMaTOJOTMYEeCKUX MOKA3aTesiX.

Bcnomorare/ibHOe AMATHOCTHYECKOE 3HAYeHHE MOXKET HMMeTh JIydyeBasi aJiomenus,
Ha0JI01aeMasi B KOHIIE CKPBITOIO MEeProaa npu 00JJy4YeHn” B 103aX, npepbimaomux 3 I'p.

IIpono/KUTENBHOCTh CKPBITOTO NMEPHOa TEM MEHbIIIE, YeM BbIIIe 1032 00Ty YeHMs].

Ipu nézxoit popme OJIB CKPBITHIA MEPHOA MOXKET 3aKOHYMTHCA Julb 4Yepe3 30 u Oosee
CYTOK MoOcJie 00,JydeHusl.

Ipu cpeoneir — vepe3 15-30 cyToxk.

Ipu masxcenoii — yepe3 5-20 cyToK.

Ipu kpaiine mascénoii — CKPbITHIA MEPUOT MOXKET OTCYTCTBOBATD.

IIporuo3supoBanue NMPOAOIKUTEILHOCTH CKPBITOIO NMEPHOAA BAKHO JIVIsi CBOEBPEMEHHOMH
IBAKyalMu 00JIbHBIX.



Clinically, this manifests itself only after the cell count has fallen to a critically low level of
15-20% from baseline for neutrophil granulocytes and 10-15% for platelets.

The time it takes to reach this level determines the duration of the latent period.

Health complaints in the latent period are absent or insignificant; working capacity is
preserved. Therefore, reconstruction of radiation dose at this time is based on haematological

parameters.

Radiation alopecia observed at the end of the latent period at doses exceeding 3 Gy may be
of auxiliary diagnostic value.

The higher the radiation dose, the shorter the latent period.

In the mild form of ARS, the latent period may end only 30 days or more after irradiation.
In moderate - after 15-30 days.

In severe - after 5-20 days.

In extremely severe cases, the latent period may be absent.

Predicting the duration of the latent period is important for timely evacuation of patients.



Ilepuox pasrapa

Ero wnacrymienne mnpu  tunuyHod ¢opme OJIb o00yciaoBiIeHO mnageHueM 4YHCJIA
(PYHKIMOHAJNBHBIX KJIETOK KPOBH HHKE KPUTHYECKOI0 YPOBHSI.

I'panyjonuToneHnsi U TPOMOOLUTONEHHUSI MPEACTABISIOT €000 BeayllWe HNPUYHUHBI
pa3BUTHS AYTOMH(PEKIUOHHBIX OCJI0KHEHHH U reMOPPAarn4ecKoro CHHApPoOMa — MOTCHIHUAJIbHO
CMepTeJbHbIX KIMHMYecKuX nposisiaenuii OJIb B nepuoa pasrapa

JAnHamMuka coaepxaHusi HEUTPOPUIbHBIX 100
rpanyjouuToB (1) u sumdouuTos (2) B
nepudepudeckon kposu npu OJIb 80
IIo ocu abcumuce — BpeMs mocJje 00Jy4eHHUs,

CYyTKM; M0 OCH OPAUHAT — COHEpP:KAHUE
KJIETOK KpPOBHM B IPOLEHTAX OT MCXOAHOIO
ypoBHsi. IIyHKTHPOM NOKa3aH KPUTHYECKHUN
YPOBEHb IS HeHTPOPUIbHBIX
rPaHYJI0LMTOB.

Ii1yOuMHa U NPOAOIKMTEIBHOCTh HUTOINIEHUH W, COOTBETCTBEHHO, THAKECTh KJIAMHHYECKHX
nposiBienuii OJIb, 3aBucoT, nmpexae Bcero, oT 103bl 00ay4eHusi. CyliecTBeHHOE 3HAYEHHEe UMEKOT
U pa3/iu4us B UHAMBUAYAJIbHON PAHOYYBCTBUTEIbHOCTH OPraHU3Ma.

HenocpencrBennon mnpuunHon cvmepru npu OJIb yame Bcero ciaykar THKEbIe
HH(EeKIMOHHbIE MPOUECCHl U KPOBOU3JIUAHUSA B )KU3HEHHO Baj)KHbIE OPraHbl



Peak period

Its onset in a typical form of ALS is caused by a drop in the number of functional blood
cells below a critical level.

Granulocytopenia and thrombocytopenia are the leading causes of autoinfectious
complications and haemorrhagic syndrome - potentially lethal clinical manifestations of ARS
during the peak period

100
Dynamics of neutrophil granulocyte (1) and

lymphocyte (2) content in peripheral blood
during ARS
On the abscissa axis - time after irradiation,
day; on the ordinate axis - blood cell content
in per cent of the initial level. The dotted line
shows the critical level for neutrophil
granulocytes.

80 {1

The depth and duration of cytopenia and, consequently, the severity of -clinical
manifestations of ARS depend, first of all, on the radiation dose. Differences in individual
radiosensitivity of the organism are also significant.

The immediate cause of death in ARS is most often severe infectious processes and
haemorrhages in vital organs



Ilepuoa BoccTaHOBJICHUS

Ecau B nepuoa pasrapa HE HACTYIIUT CMEPTb, HAYUHACTCHA HNEPHOA BOCCTAHOBJ/ICHUNA, B
TCYCHUC KOTOPOI'0o NPOUCXOAUT IMOJHAA UJIN YJACTHIHAA HOPMAJIU3allusl (l)yHKIII/Iﬁ KPUHTHYCCKUX
CHUCTEM OpraHnmsmMa

IIporuo3s ajs »Ku3Hu

pu OJIb nézxoit cmenenu — G1arONPUSATHBIM.
Ipu OJIb cpeoneit cmenenu — 61arONPUATHBINA NMPH MPOBEACHUH HAJIEKAIIET0 JeYeHHU.

Hpu OJIb msascénoi cmenenu MPOrHO3 COMHUTEIbHBIN: 1a’Ke HHTEHCUBHAA KOMILICKCHAS
Tepanus He BCera 0Ka3bIBaeTcsl yCIEeIIHOM.

IIpoao/KNTEILHOCTD KU3HH B CJOY4YasX, 3AaKAHYUBAIOIIUXCH JIeTAJbHO, COCTABJISIET NPH
Tunu4Hoi gopme OJIb 3-5 Henen.

Tpynocnocodonocts npu OJIb nézkoii cmenenu BO Bce mepuoabl coxpansiercsa. B reuenue 2-
ro Mecsita 00J1e3HH TPeO0yeTCs1 OrpaHHuYeHHe THAKEI0ro Gu3nyecKoro Tpyaa.

Hpu OJIb cpeoneit cmenenu xk Havaidy 3-ro Mecsiia 00JIe3HH BO3MOKHO BO3BpallleHHE K
JIETKOMY TPYIY, a 4epe3 roa — K 00bIYHOM 1eATeJIbHOCTH.

Ilocie mnepenecénnoun OJIb maxcénon cmenenu padoOTOCIOCOOHOCTH TMOJHOCTHI) HeE
BOCCTaHABJIMBaeTcs. JIErkui TPy BO3MOKeH ¢ 4-1o Mecsina 00J1e3HH



Recovery period

If death does not occur during the acute period, the recovery period begins, during which
the functions of critical body systems fully or partially normalise

Prognosis for life

In mild ARS - favourable.
In moderate ARS, the prognosis is favourable with proper treatment.

In severe ARS, the prognosis is doubtful: even intensive complex therapy is not always
successful.

Life expectancy in cases ending lethally is 3-5 weeks in a typical form of ARS.

Labour capacity in mild ARS in all periods is preserved. During the 2nd month of the
disease, restriction of heavy physical labour is required.

In moderate ARS by the beginning of the 3rd month of the disease it is possible to return to
light labour, and after a year - to normal activity.

After severe ARS, the ability to work is not fully restored. Light labour is possible from the
4th month of the disease



Kumeunas popma OJIb
Intestinal form of ARS



Iocuie o01mero odiyyenuss B g03ax 10-20 I'p passuBaercs kumeyHass ¢gopma OJIb, ocHoBY
NPOSABJICHUN KOTOPOH COCTABJIACT KMIICYHbIM CHHAPOM.

ITOT CMMIITOMOKOMILJIEKC PA3BHBAETCH B TeUeHHE Heles M nmocJae o0sydenusi. OH CBsI3aH ¢
NMOBPEXKICHUEM M TH0EJbI0 KJIETOK 3MUTENUs] TOHKOM KHUIIKH. OCHOBHAsI POJib B MEXaHU3MaX
OroJIEHUSI MOACAU3UCTOrO CJI0A OTBOAUTCH NMPAMOMY PAJHANMOHHOMY NMOPAKEHHUI0 CTBOJIOBBIX
KJIETOK nuTesus. UmeeT 3Ha4YeHNe Tak:Ke HapylIeHHe TPOPUKHM KUIIIEYHOH CTEHKH.

HauboJiee BamKHbIM CJIEACTBHEM OTOJICHUS MOACAU3UCTOIO CJI0S TOHKOM KUIIKH SBJISICTCH
NpeKpaileHre pe3opounu U3 eé npocBera BoAbI M IEKTPOJUTOB. PasBuBaercsa aeruaparauus,
KOTOpasi cama 1o cede yrpoxaer sKu3Hu 00JIbHOTIO.

N3-3a HapyumieHusi O0apbepHOM (QYHKUMHM KHUIIEYHOM CTEHKH BO BHYTPCHHIOKO Cpeay
NOCTYHAIT TOKCHYHBbIE BelIeCTBA — B YACTHOCTH, TOKCHHBI KHIIeYHOM majdouku. MHx
KOJIMYECTBO TAKKe MOKET 0KA3aThCH HECOBMECTUMBbIM C 'KM3HBIO.

IIo 3T0il )¢ mnpuYMHEe B KPOBb U JuM(}y NPOHUKAET KUIIeYHas MHUKpoduiopa. Eé
Pa3MHOKEHHUIO CIIOCOOCTBYET PAa3BUBAKOUIASICH OHOBPEMEHHO IPAHYIOLUTONCHUS.

Octpan nyyesan
BonesHb




After general irradiation at doses of 10-20 Gy, the intestinal form of ARS develops, the
basis of its manifestations is the intestinal syndrome.

This symptom complex develops within a week after irradiation. It is associated with injury
and death of epithelial cells of the small intestine. The main role in the mechanisms of
submucosal layer exposure is attributed to direct radiation injury of epithelial stem cells.
Impaired trophicity of the intestinal wall is also significant.

The most important consequence of exposure of submucosal layer of small intestine is the
cessation of water and electrolytes resorption from its lumen. Dehydration develops, which itself
threatens the life of the patient.

Due to the impaired barrier function of the intestinal wall, toxic substances - in particular
E. coli toxins - enter the internal environment. Their quantity may also be incompatible with life.

For the same reason, intestinal microflora enters the blood and lymph. Its multiplication is
facilitated by the granulocytopenia that develops at the same time.




B Teyenunm xkumeyHou ¢popmbl OJIb yacTo MOKHO BBIICJUTH OTAEJIbHbIC IMEPHOIBI,
MOA00HBIE TeM, KOTOPbIE ONMCHIBAJUCH IPH KOCTHOMO3roBou ¢opme.

Havyanvuviii nepuod oran4daercss O00JbllIedl THXKECTHI MNPOSBICHUN U OoJsiblIei
NJIUTEeNbHOCTHIO. C mepBbIX JHel oTMeuyaercs: auapesi. CHHKAETCH apTepuajbHOE aBJIeHHe
(MHOIIa KOJIANITOMIHOE COCTOsiHMEe). BecbMa BbIpaskeHa M JJIMTEJIbHO COXPAHSACTCH PAHHASA
JpUTEMA KOKHM U CIAM3UCTBHIX. TeMmeparypa Tesa noBbllaercs 10 (GeOpPUIbHBIX 3HAYEHUIL.
BosbHbIE KaJYIOTCHA HA 00JIb B )KUBOTE, MBIIIIAX, CYCTaBaX, [0JIOBE.

IIpoxo/kuTEeIbHOCTh NEPBUYHON peakuu npu kumeyHou ¢popme OJIb cocraBiaser 2-3
CYTOK.

3aTeM MOKeT HACTYNIUTb KPAMKOBPEeMEHHOe yayuuieHue 001ero COCTOSHUs (3IKBUBAJICHT
CKPBITOr0 mnepuoga KocTHoMO3roBoii ¢opmbl OJIB), ogHako mnposiBjeHUus 3a00/1eBaHUSA
MOJTHOCTHI0 He uc4e3arT. [Ipoxo/KuTeIbHOCTH CKPBITOr0 MEPHUOAA HE NMPEBbIMIAKT 3 CYTOK.

Hacrymiienue nepuooa paszzapa xumeynon ¢opmbl OJIb 3HaMeHyercss pe3KkuM
YXyIILLIEeHHEeM CaMO4YyBCTBHSI, Pa3BUTHEM [UapeH, MOBBILICHHEM TeMIeparypbl Tejga a0 39-
40°C, pasBuTHEM TMPOSIBJEHHH  OpOoQaAPHUHIeaTbHOr0  CHHAPOMA, 00€3BOKMBAHMSI,
UHTOKCHUKALMM U YJHAOTeHHON HH(PEKIUU.

CMepTe.]'IbHOMy NCXO01y OOBIYHO NMPpEeACCTBYECT PAa3BUTHE COIIOPA U KOMBI.

IIpu yciioBuu JjiedyeHus: nopaxéHHbie ¢ KumevyHou ¢popmoii OJIb MOryT npoKuThH 10 ABYX
U J1a:Ke JBYX C IO0JIOBMHOM Helellb.

B 3ToM ciy4yae ecTh Bpems JJis Pa3BUTUS BTOPUYHON HMH(pEKIUU U KPOBOTOYMBOCTH,
KOTOPBbIE M CJYKAT NPUYMHON CMEPTH.



In the course of the intestinal form of ARS, it is often possible to distinguish separate
periods similar to those described for the bone marrow form.

The initial period is characterised by greater severity of manifestations and longer
duration. Diarrhoea is noted from the first days. Blood pressure decreases (sometimes
collaptoid state). Early erythema of the skin and mucous membranes is very pronounced and
long-lasting. Body temperature rises to febrile figures. Patients complain of pain in the
abdomen, muscles, joints, head.

The duration of the primary reaction in the intestinal form of ARS is 2-3 days.

Then there may be a short-term improvement in the general condition (equivalent to the
latent period of the bone marrow form of ARS), but the manifestations of the disease do not
completely disappear. The duration of the latent period does not exceed 3 days.

The onset of the peak period of the intestinal form of ARS is marked by a sharp
deterioration of health, the development of diarrhoea, an increase in body temperature to 39-
40°C, the development of manifestations of oropharyngeal syndrome, dehydration, intoxication
and endogenous infection.

Death is usually preceded by the development of sopor and coma.
If treated, people affected with intestinal ARS can live for up to two or even two and a

half weeks. In this case, there is time for secondary infection and haemorrhage to develop and
cause death.



Tokcemuueckas popma OJIb

Pa3zBuBaercsa mocjie o0ny4yeHuss B Jg030BOM auanasone 20-50 I'p. Jdns 3Toit popmbl
XapaKTePHbl TSKEJIbIE TeMOAUMHAMUYECKHE PACCTPOMCTBA, CBA3aHHbIE C TMape3oM H
NMOBBINICHHEM IPOHUIAEMOCTH COCYIOB, NMPOSIBJICHUA HMHTOKCHKALMHM NPOAYKTAMH pacnajaa
TKaHEH, PAAMOTOKCUHAMM M TOKCMHAMY KMIIEYHOU MUKPOGIIOPHI.

Toxkcemusi o00yca0BJIMBAaeT HApPYLIEHHS MO3rOBOT0 KpOBOOOpamieHHMsT M OTEK MO3ra,
NporpeccHpyoiyge TPHU3HAKH KOTOPOro HAOJIIIAITC 10 CMepPTeJbHOI0  HCXO0/a,
HACTYNAamIero B redenue 4-7 CyTok.

B cBs3M €O 3HAYUMOCTBIO PACCTPOMCTB UMPKYJIAUUNA B PA3BUTHUU TOKCEMHYECKOH (POPMbI
OJIb e€ Ha3bIBAIOT elIé COCYAUCTOM

LepeopanbHas popma

B ocnHoBe nepeopanabnoir popmbl OJIb, pasBuBawmieiicss y 4yejaoBeka mocje 00Jy4eHHUs
roJIOBbI WJIH BCero tesa B 103ax S0 I'p u Bblie, jgexar JTUCPYHKIUA U TH0e/Ib HEPBHBIX KJIETOK,
00yCJIOBJICHHBIE, IPEUMYIIECTBEHHO, X NPAMbBIM PAAMALUOHHBIM MOPAKEHUEM.

IIposiBieHns: uepedOPaJIbHOrO JYy4€eBOr0o CHHAPOMA 3aBUCAT OT MOIIHOCTH J103bI 00/ IyYCeHUS:
ecuu oHa npesbimaet 10-15 I'p/MuH., TO B Te4eHHEe HECKOJIbKUX MUHYT MOCJe 00Jy4YeHHUsSI MOTY T
Pa3BUTHCHA KOJJIANITOMJIHOE COCTOSTHUE, pe3yaiiias c1a00CTh, AaTAKCHUS, CYI0POTrH.

JlaHHBIA CHMITOMOKOMILUIEKC MOJYYHMJ Ha3BaHUE CHHAPOMA paHHell npexooauiell
neoeecnocoonocmu (PIIH). Hanbosiee BeposiTHO ero pasBuTHe MPHU MMIIYJbCHOM (OCOOCHHO —
HEUTPOHHOM) OOJIyYeHMH — HANpPpUMepP, NPU AeHCTBUHM NPOHMKAKWINEH pPaaMallud HEUTPOHHOIO
Ooemnpumaca.



Toxaemic form of ARS

It develops after irradiation in the dose range of 20-50 Gy. This form is characterised by
severe haemodynamic disorders associated with paresis and increased vascular permeability,
manifestations of intoxication with tissue decomposition products, radiotoxins and toxins of
intestinal microflora.

Toxaemia causes cerebral circulatory disorders and brain oedema, progressive signs of
which are observed until death, which occurs within 4-7 days.

Due to the significance of circulatory disorders in the development of toxaemic form of
ARS, it is also called vascular ARS

Cerebral form

The cerebral form of ARS, which develops in a person after irradiation of the head or the
whole body at doses of S0 Gy and higher, is based on dysfunction and death of nerve cells,
mainly due to their direct radiation injury.

The manifestations of cerebral radiation syndrome depend on the dose rate: if it exceeds
10-15 Gy/min, collaptoid state, extreme weakness, ataxia, convulsions may develop within a few
minutes after irradiation.

This symptom complex is called early transient incapacity syndrome (ETI). It is most likely
to develop in case of pulsed (especially neutron) irradiation - for example, in case of penetrating
radiation of a neutron munition.



Yepe3s 10-45 mun. ocHoBHblie mnposiieHusi PIIH npoxoasit, cMeHssICb BpeMEHHbIM
yiydyuieHueM cocrossHusas. B Menee BbIpaxkenHor (¢opme PIIH Bo3moxkeH u  npu
KPATKOBPEMEHHOM 00/Iy4eHUH B MeHbIIHUX 103aX — oT 20 g0 50 I'p.

Eciu o0sryyeHne NpouCXoauT ¢ HeOOJbIIOM MOIIHOCTHIO 10361, TO PITH He pa3zBuBaercsi, u
Mocje IMPOSIBJICHUHA NEPBUYHOM peakuuu Ha o00JydeHHe (TOIIHOTHI, PBOTHI W [P.) MOMKET
HACTYNIUTh BPEMEHHOE yJy4llleHHe COCTOSITHUS.

OxnHako HapacTalT NPU3HAKU OTEKA MO3ra, IMCHUXOMOTOPHOE BO30Yy:KIEHHE, aTAKCHUSA,
Ne30pHEeHTALUA, THIIEPKUHE3bI, CYIOPOTH, PACCTPONCTBA JAbIXAHUA U COCYIMCTOr0 TOHYyCa. JTa
CUMIITOMATHKA 00yCJI0BJIEHA He TOJIbKO JUCPYHKIIUEH, HO M THOCJIbI HEPBHBIX KJIETOK.

CmepTh HacTynaeT B TedeHHe He 0ojiee yeM 48 yacoB mocJjie 00J1y4YeHus, el nmpeauecTByer
KoMa.

NCxoa 0/16

BOCCTAHOBJIeHHUe

C AedekTom
MHBaIMAHOCTR




In 10-45 min. the main manifestations of ETI pass, being replaced by temporary
improvement of the condition. In a less pronounced form, ETI is also possible with short-term
irradiation at lower doses - from 20 to 50 Gy.

If irradiation occurs with a low dose rate, ETI does not develop, and after manifestations of
the primary reaction to irradiation (nausea, vomiting, etc.) there may be a temporary
improvement of the condition.

However, signs of brain oedema, psychomotor agitation, ataxia, disorientation,
hyperkinesis, convulsions, respiratory and vascular tone disorders increase. This

symptomatology is due not only to dysfunction but also to nerve cell death.

Death occurs within no more than 48 hours after exposure and is preceded by coma.

ARS outcome

recovery

defective
disability




Oco0eHHOCTH MOPaKEeHUS HEUTPOHAMU
Characteristics of neutron affection



B ocuoBe omuimumii, npucymux OJIb npu BO31eCTBHUH HEMTPOHAMM, JIeKAT MEHbIIas
penapupyeMocTb HEMTPOHHBIX MOPAKEHUI HA KJIETOYHOM YPOBHE W MEHbIIAs, B CDABHCHUH C
PEHTITeHOBBIMH H Y-JIy4aMH, IPOHUKAKIIAA CIIOCOOHOCTH

ITH (akTOpHl AEHCTBYIOT B MNPOTUBOIOJOKHBIX HanpasjaeHusax. I[lodtomy npu
HEUTPOHHbIX BO3/1€MCTBUAX CHJIbHEe MOpPaKaeTCH KHUIIEYHbIN AMUTEJIUM,
PAAHOPE3UCTEHTHOCTH KOTOPOI0 B CPAaBHEHMH ¢ KPOBETBOPHON TKAHBIO B 3HAYUTEJIbHON Mepe
CBSI3aHA C 00JIbIIIEH CIIOCOOHOCTHIO K penapanuu cy0JeTajJbHbIX MOBPEKICHNN KIIETOK.

KpoBerBOpHass  cucrema

Iopakaercd MEHbIIIEC, YE€EM IIPHA
Buosnormyeckoe AeCTBME HEUTPOHOB  (gorpercTByIOmEii

YpansckMia

h &sﬂ:fﬂ‘b:‘;ﬁ Held TPOHHOE M3NYYeHWe: ONAcHOC T W Nepcnek T BL

Monomapesa E.A.
MeiwxkuHa M. 0.

HeiATpoHHOe o06ny4eHne obnapaeT MOTJIOIEHHOM a03¢e
Hluruu%;_,nnmmgm XOpPOLLUO  BbIP@»eHHbIM  MPAMbIM 371eKTPOMATHHTHOTO UU: 510
= jrasin nencteunem, npu sToM bBonble
s aHeprnm nornowaeTtcs  CBA3aHO C YCKOPE€HHEM
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i il MaKpoMosieKyamu, OTCYyTCTBYeT . .
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m,—ruw.u ahhekT, ohheKT BOCCTaHOBSEHMUS MHUIPAlMM KJIETOK W3 MeHee
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CTPYKTYP, rnybxe nopaxkarTcs OﬁﬂyquHIﬂX €€ Y4aCTKOB.
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The differences inherent in ARS from neutron exposure are based on the lower
reparability of neutron lesions at the cellular level and lower penetrating power compared to X-
rays and y-rays

These factors act in opposite directions. Therefore, the intestinal epithelium is more
severely affected under neutron exposure, the radioresistance of which in comparison with
hematopoietic tissue is largely associated with a greater ability to repair sublethal cell injury.

‘ g;;Lral. Neutron radiation: hazards and prospects EI-AD.- I;:;:zlr(rili;eva The hematOPOietic SyStem
RperEiy is affected less than at the

_ Bi°|99i33| effects of neutrons corresponding absorbed dose of

o electromagnetic ionising

Thyroid gland Neutron irradiation has a well erifenme (s e ale o (he

Trachea pronounced direct effect, more energy is .
Lungs absorbed by biologically important acceleration of the recovery
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ITo 3TMM :Ke NPUYUHAM CcepPbE3Hble MOBPEKIEHUS TOHKOM KUIIKU PAa3BUBAIOTCH JaxkKe
NpU HeCMePTEJbHBIX 032X HEWTPOHHOr0 00JydyeHHsl opraHusMa. B orimuyume ot ciaydaeB 7y-
00/lyuyeHMsl, HaJMuyMe KHMIIEYHOT0 CHHAPOMAa He Bcerjga sBjseTcss He0JaronpUusiTHbIM
NPOrHOCTHYECKMM TNPHU3HAKOM; €ro Je4yeHHe MOKeT TMpPUBECTH B JajbHeilllleM K
BbI3/I0POBJICHHIO.

K apyrum ocodennoctsam OJIb ot Bo3aeiicTBUSI HEUTPOHOB OTHOCSTCH:

> 00JIb1Ias1 BBIPAKEHHOCTHh NMEPBUYHOM PeaKIMH HA 00JIyUYeHue;

> OoJibiasi riyOuHa JuM@ONeHnH B MePUO/l NEPBUYHOI peaKkIun HA 00JIy4YeHne;

> NPU3HAKH 0ojiee THKEIOr0 TMOBPEKIEHHSI OPraHOB M TKaHell HAa CTOPOHe TeJa,
O0OpAIIEHHON K HCTOYHUKY U3JIyYEeHHUS;

> 0ojiee BBbIPAKEHHAS] KPOBOTOYMBOCTH KaK CJEICTBHE TMPSIMOr0 TIOBPeXKICHUSA

HEUTPOHAMM CTEHKH COCYIAOB.

IlepeunciieHHbIe 0COOCHHOCTH HEO0XOAMMO YYHUTHIBATH NMPH JACHCTBHM HA OPraHU3M
NPOHUKAKIIEH paaualUy SACPHOr0 B3PbIBAa, KOIIA COOTHOIIEHHE BKJIAaa HEHTPOHOB U Y-
Jydyeil B 103y O0JIy4YeHHUS 3aBHCUT OT MOLIHOCTH, THIIA AJAEPHOI0 0OCNPHUIIAca U PACCTOSIHUS 10
LEHTPAa B3pPbIBA.



For the same reasons, serious injury of the small intestine develops even at non-lethal
doses of neutron irradiation of the body. In contrast to cases of y-irradiation, the presence of
intestinal syndrome is not always an unfavourable prognostic sign; its treatment may lead to
recovery in the future.

Other characteristics of ARS from neutron exposure include:

> greater severity of the primary reaction to radiation;

> greater depth of lymphopenia during the primary reaction to radiation;

> signs of more severe injury of organs and tissues on the side of the body facing the
radiation source;

> more pronounced haemorrhage as a consequence of direct injury of the vascular wall

by neutrons.

These features must be taken into account when the organism is exposed to the
penetrating radiation of a nuclear explosion, when the ratio of the contribution of neutrons and
y-rays to the radiation dose depends on the power, the type of nuclear munition and the
distance to the center of the explosion.



Bornpoc 3 OTaajieHHbIe
MOCJEeACTBUSA 00LIET0
(TOTAJIBLHOIO0) 00JYYeHUS
Question 3 Long-term effects of
general (total) irradiation



Y 0oabHbIX, nepeHecux OJIb, B TeyeHne 1IMTEIbHOT0 BpEMEHU, HHOIAA BCIO KU3Hb,
MOT'YT COXPAHATHCS 0CTATOYHbIE SIBJCHUS M PA3BUBATHCH OTAAJIEHHbIE MOCJIEeICTBHS.

OcTaTouyHble SIBJICHUS Yalle BCEro MposiBJIAITCH IMNONJIasued U AucTpoduenl TKaHeu,
Hau0oJiee CHWJIBHO TOBPEKICHHbIX NpU 00gydeHur. OHM NpPeacTaBJSIOT €000#l CJeaCTBHS
HEMOJIHOT0 BOCCTAHOBJICHHSI TOBPEXKACHUN, JeKAaBIIMX B OCHOBE OCTPOro MOPa’KeHMS:
JICHKOTEHN I, AHEMUS, HAPYIIEHUsI HIMMYHUTETA, CTEPUIBLHOCTD U JIP.

B omuin4ue 0T HUX OTAaJIeHHbIE MOCJEACTBUA - 3TO Pa3BUTHE HOBBIX MATOJOTMYECKHX
MpoIEecCOB, NMPU3HAKU KOTOPHIX B OCTPOM NepHoOJe OTCYTCTBOBAJIN, TAKHX KaK KATaPaKThbl,
CKJIepOTHYEeCKHe H3MeHEeHMs, AUCTpoduUYecKHe MNPoOlLecChl, HOBOOOpPa30BaHMs, COKpallleHHe
NPOAOKUTEIHHOCTH KU3HM.

Y moromcTrBa O00/Iy4E€HHBIX POAMTEIEd B pe3yiabTare MYTallMi MOIYT NPOSIBUTHCS
reHeTu4ecKue MmocJaeACTBUs.

K ¢popmam oTnaieHHOH J1y4eBOil NATOJIOTUM OTHOCATCS:
> HeOIlyX0JIeBbIe OTAAJIEHHBIE MOC/IeCTBUA;

> KaHIeporeHHble 3¢ eKThl;
> COKpaIleHue MPOAOKUTEIHLHOCTH KU3HH.



Patients who have suffered from ARS may have residual symptoms for a long time,
sometimes for the whole life, and may develop long-term consequences.

Residual phenomena are most often manifested by hypoplasia and dystrophy of tissues
most severely damaged by radiation. They represent the consequence of incomplete repair of the
lesions underlying the acute injury: leukopenia, anaemia, immunity disorders, sterility, etc.

In contrast, the distant consequences are the development of new pathological processes,
the signs of which were absent in the acute period, such as cataracts, sclerotic changes,
dystrophic processes, neoplasms, shortened life expectancy.

The offspring of irradiated parents may show genetic consequences as a result of
mutations.

Forms of long-term radiation pathology include:
> non-tumoural long-term effects;

> carcinogenic effects;
> shortened life expectancy.



HeonyxoneBble OTHAJICHHbIC MMOCJICACTBUA Oﬁnyqum{

HeonyxoJieBble (HECTOXaCTHYECKHE) OTAAJEHHbIC IMOCJHCICTBUA OTHOCATCH K YHCILY
AeTePMHUHUPOBAHHBIX 3¢ PeKTOB 00/1yUeHU .

K uncay HanOos1ee BaKHBIX OTHOCATCH NOBPEXKACHHUS MEJIKUX KPOBEHOCHBIX COCYI0B M
pPaccTporcTBA MUKPOUMPKY/JIALNM, Beayllye K Pa3BUTUI TKAHEBOW I'MMOKCUU U BTOPUYHOMY
MOPAKEHUIO MAPEHXUMATO3HbIX OPraHOB.

NMeroT Takxke CylIeCTBEHHOE 3HAYECHHME KJICTOYHBIA AeUMUUT B TKAHAX, B KOTOPbBIX
npojurdepanus HeAOCTATOYHA /151 BOCIIOJHECHUS YU CJIA NOTMOIUX MOcJe 001y4eHUs KIETOK

B O0OoJbIIMHCTBE HEKPUTHYECKUX TKAHell BO3HUKHOBECHHME THKEJIBIX OTAAJECHHBIX
MOCJEACTBHN MOCJIe 001Iero KPaTKOBPEMEHHOI0 00/IyYeHUsI MAJIOBEPOSITHO.

J03b1, KOTOpbIC MpPH O0IEeM OOJY4YEeHUH He a0COJITHO JIeTaJbHbl, KaK MPaBHJIO, He
NPEBBINIAKT MOPOra TOJEPAHTHOCTH JAJH HEKPUTHYECKHX TKAHEH M He MOIYyT NPUBECTH K
CYLIECTBEHHOMY J1e(pUUIUTY KJIETOK B HUX

B KpuUTHYeCKHMX Ke TKAHAX pereHepaTopHbie NMPOUecChbl, eCJAM OPraHu3M He mormodaer,
O00OBIYHO /0BOJIbHO OBICTPO BOCCTAHABJIMBAKT KJIECTOYHbIM cocraB. IlodTtomy otTaajeHHbIe
NMOCJIEACTBUA, PAa3BUBAKOLIUECH M0 NPUYMHE Ae(PUUHUTA KJIETOK, 0ojiee XapaKTepHbI sl
JIOKAJIBHOI0 00, 1yYeHH s

OtaaneHHble MOCJEACTBHUS JYYEBOI0 MOPAKEHUSI MOTYT NPOSABUTHCH (PYHKUMOHAJIBbHBIMHU
PACCTPOMCTBAMM PEryJMpPyOIIUX CHCTEM: HEPBHOM, JHJAOKPUHHOW, CepPAeYHO-COCYIUCTOU
(acTeHO-HEeBPOTHYECKHH CHHAPOM, BEreTo-COCyIucTas AUCTOHMS).

K oTraajieHHBIM HecTOXaCTHYECKUM 3P PeKTaM OTHOCAT M HEKOTOPbIe TMNEPIIACTHYECKHE
npoueccobl. Takue peakiuu XapaKkTepHBbI 1JI51 JHIOKPUHHBIX OPraHOB.



Non-tumoural long-term effects of irradiation

Non-tumoural (non-stochastic) long-term effects are among the deterministic effects of
irradiation.

The most important ones include injury of small blood vessels and microcirculation
disorders leading to the development of tissue hypoxia and secondary injury of parenchymatous
organs.

Cellular deficiency in tissues in which proliferation is insufficient to replenish the number
of cells killed after irradiation is also significant

In most non-critical tissues the occurrence of severe remote consequences after general
short-term irradiation is unlikely.

Doses that are not absolutely lethal in general irradiation, as a rule, do not exceed the
tolerance threshold for non-critical tissues and cannot lead to a significant deficit of cells in them

In critical tissues, however, regenerative processes, if the organism is not Killed, usually
restore the cellular composition rather quickly. Therefore, long-term effects developing due to
cell deficiency are more characteristic of localised irradiation

The long-term effects of radiation injury can be manifested by functional disorders of
regulatory systems: nervous, endocrine, cardiovascular (astheno-neurotic syndrome, vegeto-
vascular dystonia).

Some hyperplastic processes are also referred to long-term non-stochastic effects. Such
reactions are typical for endocrine organs.



Kanueporennnie 3¢ pekThl 00/1yUeHU

PagnannoHHBIN KaHLEPOTreHe3 OTHOCUTCH K YUCJIY cTOXacTH4ecKux 3¢ ¢exros.

OCHOBHOV NPUYMHOH 3JI0KAYECTBEHHON TpaHchopManuu 00JY4YEHHON KJIETKHU SBJISIIOTCHA
HeJIeTAJIbHbIE MOBPEXKIACHUA TeHETHYEeCKOro MaTepuaJia.

HauboJsiee pacnpocTpaHeHa rumore3a, B COOTBETCTBMH C KOTOPOM MNOX BJIHSHHEM
00J1yYeHH s MOBBINIAETCHA HecTa0UILHOCTL saepHoil THK.

B nmpomecce penapanum ee HeJETAJbHBIX MNOBPEXKICHUHA BO3ZHUKAKT YCJIOBHUS,
CIOCOOCTBYIOIIIME BKJIKYECHUI) OHKOBHPYCA B I'€HOM COMATHYECKON KJIETKHM WJIM AKTHBALMSI
OHKOBHPYCA YK€ HAXOAMBIIErocs B PeNpPecCCHPOBAHHOM COCTOSIHMM B COCTaBe TIEHOMA.C
nocjieaywuei pakoBoi rpanchopmanue.

3710KkauyecTBeHHOI TpaHchopMaUU KJIETKH, COXPAHMBIIEH KU3HECHOCOOHOCTHL IOCje
00JIy4eHHUs, MOKET CIIOCOOCTBOBATH €€ KOHTAKT ¢ 00JIbIINM KOJUYEeCTBOM KJIETOYHOIO JeTPUTA.
BceaencrBue moBpexaeHHsT MeMOPAHHBIX CTPYKTYP MOXKET HM3MEHHMTHCS YYBCTBUTEJIbHOCTH
KJIETOK K PeryJupyouiuM Bo31eiCTBUIM CO CTOPOHBI TOPMOHOB, HHTHOUTOPOB U T.II.

dakTOopoM, CHOCOOCTBYIOIIUM 3JI0KAYECTBEHHOW TpaHCcPoOpMalMU KJETKH ObIBAKOT
paccTpoiicTBa rOPMOHAJILHOW peryasuun. Oco0eHHO BeJIMKO 3HAa4YeHHe 3TOro ¢gakropa npu
BHYTPEHHEM PaAHOAKTHBHOM 3apa’keHMH, KOIJa PAAUOHYKJIUABI JIUTEJbHOE BpeMs
BO3/1eHCTBYIOT Ha KeJjie3y, Hapyliasi BHIPA0OTKY €0 TOPMOHOB, BJIUSAIINX HA (PYHKIUH JAPYTrUX
OPraHoB.

B pe3yabTare co3naoTcs ycJ0BHs /151 BOSBHUKHOBEHUSI TOPMOH3ABHCUMOI Oy X0/IH



Carcinogenic effects of radiation

Radiation carcinogenesis belongs to stochastic effects.

The main cause of malignant transformation of an irradiated cell is non-lethal affection of
genetic material.

The most common hypothesis is that the instability of nuclear DNA increases under the
influence of irradiation.

In the process of repairing its non-lethal affection, conditions arise that favour the
incorporation of oncovirus into the somatic cell genome or the activation of oncovirus already in
a repressed state within the genome with subsequent cancerous transformation.

Malignant transformation of a cell that has remained viable after irradiation may be
promoted by its contact with a large amount of cellular detritus. Due to injury of membrane
structures, the sensitivity of cells to regulatory influences from hormones, inhibitors, etc. may
change.

A factor contributing to malignant transformation of the cell are disorders of hormonal
regulation. The importance of this factor is especially great in internal radioactive
contamination, when radionuclides for a long time affect the gland, disrupting its production of
hormones that affect the functions of other organs.

As a result, conditions are created for the emergence of hormone-dependent tumours



= CTAOUU KAHLUEPOIEHE3A:

MHnumMaumsa - npouece M3MEeHEHWA reHOMAa KNETKM-MULLEHW NOA BO3AENCTEMEM
thakTopoB OKpy:awwen cpeabl. [Npy 3TOM EAMHWYHOW MYTALMWU HEAOCTATO4HO.
HEOGXO,EIHMI:-I M3MEHEHMA KaK MUHMMYM B ABYX reHax, OOMH U3 KOTOPLIX
obecneynBaeT DeccMepPTHe KNeTKU, a Apyron — coBCTBEeHHO pazenThe
3NOKA4YeCTBEHHOro (heHoTMNA.

lMpomouns. Yeenuvyenue nonynALMM KNETOK C MIMEHEHMAMMK B reHOME U
HaXOA4ALMMMCA NOA BIUAHUEM NPOMOTOPOE KaHUEpOoreHesa. PopMHUpPOBaHME
W HapacTaHue NonynAuMKM MyTUPOBaBLLIMX kneTok. Ctagua obpammma, T.K
BO3MOXHO PErynupoORaHUE AEHCTEUA NPOMOTOPOR, KOTOPEIE CNOCOBHLI
UHULIMMPOBATE AaNLHEWLLKE UZMEHEHWA reHOMA.

n porpeccusn. AKTMBHBIA POCT KNOHA MYTUPOBABLUMX KNETOK, 4TO U
NPMBOAMT K ODpasoBaHMiy onyxonu. CHWKEHNE CTEeNeHN
auththepeHUMPOBKK KNETOK, NPOABNEHUE MHBASMBHbLIX CBONCTB M, KakK
CneacTeMe, CNOCOBHOCTH K METACTAZNPOBAHMIO.

HluToBHAHYIO KeJie3y
PaccCMATPUBAKT KAK KPUTHYECKUI OpPraH
B GOpMHPOBAHNM OTAAJIEHHOM NMATOJOTHHA
IPH NOCTYIVIECHUH B OPraHU3M NMPOAYKTOB
SIICPHOIO JIeJICHUS.

Cnoco0CTBYHOT Pa3sBUTHIO OILYXOJH
U BbI3BaHHbIC 00Jy4YeHHEM HapPyLICHHUS
HMMYHHUTETA

JIaTeH THBI nepuos MEeKIY
pagualMOHHBIM BO31eHCTBHEM "
BO3HHKHOBEHHEM HOBOOOpPa30BaHUA

COCTaBJIsIET, B cpeaHeM, 5 - 10 Jet, HO B
HEKOTOPBIX CJYYASIX MOXKET A0CTUTaTh 35
JeT (paK MOJIOYHOM KeJjie3bl).

BepositHOCTH BO3HUKHOBEHHUS
ONYyX0JIM B pe3yJbTare PaguamuOHHOI0
BO3JEIICTBUSI  OLIECHUBAETCA KaK OJAHMH
JAONMOJIHUTEJbHBIA ciiydai Ha 20 4Je/ioBeK,
00yuyeHHbIX B 103e 1 I'p.

OTHOCUTEIbHBIH pUCK
BO3HMKHOBECHUA 3JI0Ka4€CTBEHHOI0
HOBOOOPa30BaHUS B Te€UEHHUE BCEHl KU3HU
BbIlIE 1JIS 00JIy4E€HHBIX B 1€TCTBE.



= STAGES OF CARCINOGENESIS:

Initiation is the process of changing the genome of the target cell under the
influence of environmental factors. In this case, a single mutation is not
enough. Changes are required in at least two genes, one of which ensures cell
immortality, and the other - the actual development of the malignant
phenotype.

Promotion. Increase in the population of cells with changes in the genome
and under the influence of carcinogenesis promoters. Formation and growth of
the population of mutated cells. The stage is reversible, as it is possible to
regulate the action of promoters, which are able to initiate further genome
changes.

Progression. Active growth of a clone of mutated cells, which leads to tumour
formation. Decrease in the degree of cell differentiation, manifestation of
invasive properties and, as a consequence, the ability to metastasise.

The thyroid gland is considered a
critical organ in the formation of distant
pathology when nuclear fission products
enter the body.

Radiation-induced immune
disorders also contribute to tumour
development

The latency period between
radiation exposure and the onset of a
neoplasm is, on average, 5 - 10 years, but
in some cases can be as long as 35 years
(breast cancer).

The probability of a tumour
resulting from radiation exposure is
estimated as one additional case per 20
people exposed to a dose of 1 Gy.

The relative lifetime risk of
malignancy is higher for people irradiated
in childhood.



Bonpoc 4 IlocrymieHue
PAAHOHYKJIHMAOB B OPraHu3M M
X BbIBEJICHHE
Question 4 Entry of radionuclides
into the organism and their
excretion



Bo BHyTpenHo0 cpeay PB Moryr momacrs MHrajassumoHHo, 4depes creHku KKT, gyepes
TPABMATHYECKHE M 0/KOTOBbIC IOBPEKACHH S, YePe3 HEIOBPEKICHHYIO KOXKY.

BcocaBmmecs PB yepe3 aumdy U KpoBb MOIyT MONACTh B TKAHU M OpPraHbl, GUKCHPO-
BATbCH B HUX, IPOHUKHYTh BHYTPb KJIETOK U CBA3ATHCH ¢ BHYTPUKJIETOYHBIMU CTPYKTYPaAMHU.

3HaHMe MyTH NMOCTYIUICHUS PAAUOHYKJIHMAA B OPraHM3M BeCbMa Ba’KHO B NMPAKTHYECKOM
oTHOoIeHUM. Y psaga PB xapakrep BcacbiBaHuUs, pacnpeaejieHHe IO OPraHaM M TKAaHAM,
BbIBEJCHUE U OMOJI0rHYecKoe NeCTBHE CYIeCTBEHHO 3aBUCAT OT IIyTH MOCTYIJICHUS.

MHKopnopauna paguMoHYK/IMAO0B

[yT“ NPOHUMKHOBEHMSA: C NMULLEN U BOAOW, Yepes
AblXaTeNbHble NyTH, KOXKY




RS can enter the internal environment by inhalation, through the walls of the
gastrointestinal tract, through traumatic and burn injuries, through intact skin.

Absorbed RS through lymph and blood can enter tissues and organs, fix in them,
penetrate into cells and bind to intracellular structures.

Knowledge of the route of radionuclide entry into the body is very important in practical
terms. For a number of radionuclides, the nature of absorption, distribution in organs and
tissues, excretion and biological effects depend significantly on the route of entry.

Incorporation of radionuclides

Pathways of entry: with food and water, through
respiratory tract, skin




NuranssunonHoe nocrymieHue PB
Inhalation entry of RS



IIpu KoHTakTe, 0COOEHHO MNPOGeCcCHOHAIBHOM, ¢ ajdpo3ojssvu PB, paamoakTuBHBIMU
razaMy ¥ NapaMy MHTAJIANNOHHBIN My Th 3apasKeHus SIBJISETCH OCHOBHBIM.

Oxko010 25 % nonmaBHMIMX B OPraHbl AbIXaHUSl YACTHUI PAAMOHYKJIHUI0B B YMCTOM BHJE, A
TaKKe BXOASAIINX B COCTAB ONpeeJeHHbIX XUMUYECKUX COeTMHEHN I, BbIIBIXA€TCSl.

Ecaun ocraBmuecs mociae Bbigoxa PB npunsts 3a 100%, 1o 50% wu3 HuUX nmoasepraiworcs
PeTPOrpagHOMy BBIHOCY CO CJIM3bI0 B pe3y/bTaTe AesiTeJIbHOCTH MepPHaTeJLHOr0 3MUTETUs B
IOTKY € NMOCJeYIOIINM 3ar1aTbiBaHHeM (0TYACTH, OTXapKHUBAHUEM).

OxoJ10 25% pe30pOupyIOTCH B KPOBb 4epe3 ajibBeoJsipHbie MeMOpPaHbI.

Pe3opOumu moaBepraTcs N0 NPeMMYIIECTBY PpacTBOpuMble 4YacTulbl. CremneHb
pe3opOouHu OTHOTO M TOTO 7K€ PAAUOHYKJINAA B 3HAYNTEILHON CTeNeHN 3aBUCHT OT XUMHUY€CKOH
(opmyJibl coeHEHHS], B COCTAB KOTOPOI0 OH BXOJUT.

IpuoausuteabHo 25% 4acTun parouuTHpyrOTcs Makpodaramu. IT0 HepacTBOPUMbIE
YacTHIbI M KOJJIOWAHBIE (OPMBI PaaMOHYKJNAOB. YacTh 3axBaTuBIIMX HX (arouuTon
BO3BPAIaeTCs B NIOTKY M 3aIJIaThIBAETCH WJIN OTXapKuBaeTcsi. TakuM myTeM yaassieTcst 0K0JIO
15% PB. ®arouutsl, 3axBaruBmue ocrapmumecs 10 % PB, nepememarrcsa uyepe3
aJIbBEOJIAPHYIO MeMOpaHy.



During contact, especially occupational contact, with RS aerosols, radioactive gases and
vapours, inhalation is the main route of exposure.

About 25 % of radionuclide particles in pure form, as well as those included in certain
chemical compounds, that have entered the respiratory tract are exhaled.

If the remaining exhaled RS is taken as 100%, then 50% of them are retrogradely
transported with mucus as a result of the activity of the mesenteric epithelium into the pharynx
and then swallowed (partly by expectoration).

About 25% are resorbed into the blood through the alveolar membranes.

Resorption is predominantly of soluble particles. The degree of resorption of the same
radionuclide depends largely on the chemical formula of the compound of which it is a part.

Approximately 25% of particles are phagocytised by macrophages. These are insoluble
particles and colloidal forms of radionuclides. Some of the phagocytes that have captured them
return to the pharynx and are swallowed or expectorated. About 15% of RS is removed in this
way. The phagocytes that have captured the remaining 10% of RS move across the alveolar
membrane.



HeOoabmas yacte PB 3aaep:xuBaercsi B mapeHXuMe JIETKHX, MUTEJIHAJbHBIX KJIETKAX €
MEePHOIOM MOJIYBbIBEACHHUS U3 HUX 0K0J10 600 cyTOK.

Eme mnpoynee ¢uxcauuss PB B OpoHxoseroyHnIx JumM@paTHUyeCKHUX Yy3J1aX, KyIla OHH
nonajarT ¢ parouuramu.

Haunooabmiee NPAKTHYECCKO€ 3HAYCHUC I3TOT BHA OTIOKCHUHA HUMECT NPHU MHIAJIAINHMOHHOM
MOCTYIUVICHUN HEPACTBOPUMBIX WMJIA cJ1a00 PaCcTBOPUMBIX COEI[I/IHeHI/Iﬁ IUNIYTOHUHA, TOPUA M
HEKOTOPLIX JIPYIUX 3JICMCHTOB.

B ciyyae uHrajgsinuM mpoayKTOB HA3€eMHbIX MJIM NMOA3€MHbIX Si/IEPHbIX B3PHIBOB, KOTOPBIE,
B OCHOBHOM, NMPOYHO CBSI3aHblI ¢ KPYNHBIMH YACTHLHAMH HOCHUTEJIEed, J0JS PAJHOHYKJIU/IOB,
yaajsieMbIX U3 OpraHoB Abixanusa u nocrynammmux B KKT, cymecrsenno Boime. [1o HekoToOpbIM
naHHbIM 10 80 - 90 % Takux PB npu nHrajasiimOHHOM NMOCTYIUICHUH YKe Yepe3 HECKOJIbKO YaCOB
O0KAa3bIBAKOTCH B KeJTYIKe.

IIpu oeHKe ONMACHOCTH MHTAJAIMOHHOIO NOCTYIVIeHUs PB yYuTHIBAIOT JIy4eBYI0 HAIPY3KY
Ha JIerKHe, JMUTeIuid OpPOHXOB, peruoHapHble Jum@parudeckue y3jabl, Ha cTeHKy KKT,
MOCJIeACTBUA Pe30pOouMHU, a B CJIy4Yae HHIAIALMU Y- M3IYYAOIIMX PAAUOHYK/IHMIAOB HEKOTOpOE
3HAYEeHUE MOKET UMeTh M 00JIy4YeHHe IPYruX OPraHoB IPyIHOM MOJIOCTH.



A small part of RS is retained in lung parenchyma, epithelial cells with a half-life of about
600 days.

Even stronger fixation of RS in bronchopulmonary lymph nodes, where they get with
phagocytes.

This type of deposition is of the greatest practical importance in case of inhalation of
insoluble or poorly soluble compounds of plutonium, thorium and some other elements.

In the case of inhalation of the products of above-ground or underground nuclear
explosions, which are mostly firmly bound to large carrier particles, the fraction of radionuclides
removed from the respiratory tract and entering the gastrointestinal tract is significantly higher.
According to some data, up to 80-90% of such RS inhaled are already in the stomach after a few
hours.

When assessing the danger of inhalation intake of RS, the radiation load on lungs, bronchial
epithelium, regional lymph nodes, on the gastrointestinal wall, effects of resorption are taken into
account, and in case of inhalation of y-emitting radionuclides, irradiation of other organs of the
thoracic cavity may also be of some importance.



Hoctymiienue PB yepe3 dKKT
RS entry through the GIT



/KKT - Bropoii 0CHOBHOM IyTh nocryivieHuss PB B opranusm.

IMopakamoinee gedCTBUHE CBA3aHO B 3TOM BapPHAHTE 3apaskKeHHsl KaK C JIY4eBOM HATPY3KOu
HA CTEHKY NUILEBAPUTEIBHOIO0 TPAKTA, TAK U ¢ BcacbiBaHueM PB B kpoBb u iumdy.

Pe3opOoumss PB 3aBucMT 0T XHMHYECKHX CBOWCTB BellecTBa, (PU3M0J0IMYeCKOro
cocrosinus KKT, coctaBa nuueBoro panuuoHa.

Pe3opOumsi pagvMoOHYKJIHI0B CHHKAETCS MPH YBEJIUYEHHMM COAEpPKAHUA B IHIIE
CTA0OUJIbHBIX M30TONOB 3THUX K€ IJIEMEHTOB M HA000POT.

BcacbiBaHuMe XOpOIO PACTBOPUMBIX PAAMOHYKJIHMIAOB IMPOUCXOAUT, B OCHOBHOM, B TOHKOU
KHUIIKe. 3HAYUTEeJIbHO MeHbIe PB BcacbiBaeTcst B JKeyake.

BcacbiBaHMe B TOJICTON KUIIKE MPAKTHYECKOT0 3HAYECHUS HEe UMeeT.

Pagmonykanabl HIEJOYHBIX METAJJIOB M rajouaoB mnociae mnonaganuss B KKT
NMPAKTHYECKH MOJHOCTHI0 BCACBIBAKTCHA B KPOBb.

HM3oTonbl  peako3eMeJbHBIX  JJIEMEHTOB, IUIYTOHUS, TPAHCYPAHOBBIX JJICMEHTOB
pe30pOMpPYIOTCS B KHUILKE B NMpeaejax HECKOJbKUX COThIX JeCATHTHICAYHBIX 10JIel MpOoIeHTa
OT NMOCTYNMUBILEr0 KOJUYECTBA.

HepacTrBopuMble W Maji0 PacTBOPUMbBbIE TaMMAa-HU3Jy4darejad OO0JYy4YalT KHIIEYHUK U
JApyrue OpraHbl OpPIOMIHOM I0JOCTH, a 0eTa-u3JydYarejd - TOJbKO CIM3HUCTYI0 KHIIKH, B
OCHOBHOM, /10 BbIBEJIEHHMS UX C KaJIOM, B TedeHHe, MpuMepHo, 30 yacoB.

Onnako, B kpunrtax kumedHuka PB Moryr 3ajgep:kuBaTrbcsi B TedyeHHE IJIMTEJIHLHOIO
BpeMeHH, GOopMHUPYS BbICOKHE JIOKAJbHbIE 103bl.

Bce ckazaHHOe OTHOCHUTCH M K PAaJHOHYKJIUIAAM, BTOPUYHO MONABIIMM B OPraHbI
NMUIIEeBAPEHUS MOCJIe HHTAJSIMH.



The GIT is the second main route of RS entry into the organism.

In this variant of contamination, the affection is associated with both radiation load on the
wall of the digestive tract and absorption of RS into the blood and lymph.

Resorption of RS depends on chemical properties of the substance, physiological state of
the GIT, and composition of the diet.

Resorption of radionuclides decreases when the content of stable isotopes of the same
elements in food increases and vice versa.

Absorption of well-soluble radionuclides occurs mainly in the small intestine. Significantly
less RS is absorbed in the stomach.

Absorption in the large intestine is of no practical importance.

Radionuclides of alkali metals and halides are almost completely absorbed into the blood
after entering the GIT.

Isotopes of rare earth elements, plutonium, transuranic elements are resorbed in the
intestine within a few hundredths of ten thousandths of a per cent of the ingested amount.

Insoluble and poorly soluble gamma rays irradiate the intestine and other abdominal
organs, while beta rays irradiate only the intestinal mucosa, mostly before being excreted in the
faeces, for about 30 hours.

However, RS can linger in the intestinal crypts for long periods of time, forming high
localised doses.

The same applies to radionuclides secondary to inhalation in the digestive tract.



Hoctynienue PB yepe3 Koy, paHeBbIe U
05KOTOBbIC MIOBEPXHOCTH
RS entry through skin, wounds and burn
surfaces



boabmimHcTBO PB npakTnyecku He NPOHMKAIOT Yepe3 HEMOBPEKACHHYIO KOKY.

HckiroueHue coCTABJISIOT OKUCHh TPUTHUSA, MO 2 TAKKe MOJTOHU M.

IIponuxkHoBenue PB 4epe3 KoKHble NMOKPOBLI 3aBUCUT OT IUIOTHOCTH 3arpsi3HEHUs, OT
IUVIOIAA  3arPA3HEHHOI0 YYaCTKa, OT (PU3MKO-XHUMHYECKHX CBOMCTB CaMOI0 JIeMEHTa HJIN
coenuHenus, pH cpeanl, 0T pU3M0JI0rM4E€CKOr0 COCTOAHUS KOMKM.

BceacsiBanue pajMOHYKJ/JINI0B MOBBIIAETCH PU NOBBIIIEHUH TEMIIEPATYPhbI CPeabl.

BcacbiBanue ¢ mMOBepXHOCTH paHbl TPyAHOpacTBOpuMbIX PB mpoucxoaur menieHsHee u B
3HAYUTEJIbHO MEHbIIEM KOJIMYeCTBe, HO BCe K€ B COTHH Ppa3 HHTEHCHMBHee, 4YeM uYepes
HHTAKTHYIO KOXKY.

C nmoBepxHOCTH 0:K0r0B 1-2-01 cTeneHeil NMPOAYKTHI AAEPHOI0 B3PbIiBa BCACHIBAIOTCS BCEro
B 2 - 10 pa3 ObIcTpee, 4yeM Yepe3 310POBYI0 KOXKY.

Caenyer cYHMTATBCH € BO3JACHCTBHMEM MCIYCKAeMOI0 M3JIy4YCHHS HA TeYeHHE PAHEBOIO
npouecca. Ilpu mocrymieHuu B paHy O00JbIION0 KOJHMYECTBA IJIOXO Pe30pOUPYOIIMXCS
PAAMOHYKJIMIAOB IOJ BJUSAHUEM OOJYYEHHUS B KJETKAX TKaHell PpaHeBOH IMOBEPXHOCTH
Pa3BUBAIOTCH AereHEPATUBHbIC U HEKPOTHYECKHE MPOLECChl.

B panax 4Yacro pa3sBMBalTCHA THOWHBbIC, MHOINA aHA3pPOOHBbIe mnpouecchbl. MeaaeHHO
OTTOPralTCHd HEKPOTHU3UPOBAHHBbIE TKAHM, 3aMeJISeTCH pereHepanus.

boabumioe mnpakruyeckoe 3HAYEHHE HMeeT PAAUOAKTHBHOE 3arps3HeEHUE PpaH B
NPOU3BOACTBEHHbIX M JA0OpPaTOpHBIX YycaoBusX. (OCHOBHYW ONACHOCTL B  cjIy4ae
MPOU3BOACTBEHHOI'0 3apPasKeHMs MPEIACTABJIACT Pe30pOuMs BHICOKOTOKCHYHBIX PAJUOHYKJIU/IOB,
TAKMX, KaK, Halpumep, MOJOHUI, KOTOpPass y pacTrBopuMbix PB moxker mocTurarb AecsiTKOB
IMPOLEHTOB OT 001Eero KOJIM4eCTBA, MOCTYNMBILEr0 B PaHy.

Pe3opOums 1u1oxo pacrBopuMbIX coeauHeHuin PB mpoucxogut, B OCHOBHOM IO
JUM(ATHYECKUM IYTAM, B Pe3y/IbTaTe Yero paaIuoHyKJIMAbI HAKAIIMBAKOTCH B JUMPaTHYeCKUX
y3J1ax.



Most RS hardly penetrate intact skin.

Exceptions are tritium oxide, iodine and polonium.

The entry of RS through the skin depends on the density of contamination, on the size of
the contaminated area, on the physicochemical properties of the element or compound itself, on
the pH of the medium, and on the physiological state of the skin.

Absorption of radionuclides increases with increasing temperature of the medium.

Absorption of hard-to-soluble radionuclides from the wound surface is slower and in much
smaller amounts, but still hundreds of times more intense than through intact skin.

Nuclear explosion products are absorbed from the surface of 1-2 degree burns only 2-10
times faster than through healthy skin.

The effect of emitted radiation on the course of the wound process should be taken into
account. When a large amount of poorly resorbable radionuclides is delivered to the wound,
degenerative and necrotic processes develop in the cells of the wound surface tissues under the
influence of irradiation.

Wounds often develop purulent, sometimes anaerobic processes.

Necrotised tissues are slowly rejected, regeneration slows down.Radioactive contamination
of wounds in industrial and laboratory conditions is of great practical importance. The main
danger in case of industrial contamination is resorption of highly toxic radionuclides, such as,
for example, polonium, which in soluble RS can reach tens of per cent of the total amount that
entered the wound.

Resorption of poorly soluble RS compounds occurs mainly through the lymphatic
pathways, resulting in radionuclides accumulating in lymph nodes.



Cynb0a paaoHyKJINI0B, IPOHUKIINX B KPOBb
The status of radionuclides that have entered the
bloodstream



B kpoBM pagMoOHyK/JIMAbBI MOIYT HAXOAUTHLCA B CBOOOJHOM COCTOSHUM WJIH B COCTaBe
Pa3JIMYHOI0 POJa XMMHYECKUX COCIUHCHUHA U KOMILJICKCOB.

Yacts PB, nonmaBmux B KpoBb, Cpa3y BBIBOAUTCH M3 OPraHu3Ma, Apyrue NpPOHUKAKT B
pPa3jIM4YHbIC OPraHbl U ICIOHUPYIOTCH B HUX.

MHorue pagMoHyKJIMABI 00/12JaK0T ONpPeIeJIeHHbIM CPOACTBOM K HEKOTOPbIM TKAHAM M
OpraHaM, NPEeUMYIIECTBEHHO OTKJAABIBAKTCA B HHUX, o0ecne4yuBasi NPEUMYIIECTBEHHOE HX
o0J1y4yeHue.

Opranbl, B KOTOPbIX NPEUMYIIECTBEHHO HAKAIIMBACTCH TOT WJIM HWHOUM PATUOHYKJIIMA
MOJIYYHJIM HAMMEHOBAHHUE ""KPUTHYECKUX' NPH 3apasKeHUH ITUM PAAHOHYKJIUIOM.

3HaHue XxapakrTepa pacnpelae/ieHUsl, OCOOeHHOcTedd oOMeHa W JdenoHupoBanuss PB,
BO3MOKHOIO  IlepepacmnpeejieHussi €0  BpeMEHeM  Heo0XoOMMO A  IpeABUACHHS
NPEeUMYIIECTBEHHOI0 TMOPAXKEHUs TOr0 WJIH JAPYroro OpraHa, A03bl OOJYy4YeHHS ITOr0
KPUTHYECKOI0 OPraHa, nNpeacKa3aHus KIMHUYEeCKUX NPOSIBJICHUN U UCX0a MOPAKEHUS.

Konuentpauuss PB B oprane moc/jie 0JHOKPATHOIO MOCTYIJICHUS IMOCTENEHHO CHUKAETCH,
YTO 3aBHCUT OT PAJAMOAKTUBHOIO PACNA/JAa U30TONA U ero O0MOJI0rM4eCKOro BoiBeaeHus. Bpems, 3a
KOTOPOE M3 OPraHa BBIBOAMTCS IOJOBMHA COMEP:KABUICIOCHA B HEM KOJMYECTBA PAJHOHYKJIU/A,
MOJIyYHJI0 HAMMEHOBaHHeE MePUuoaa OMOJIOTHYECKOr0 MOJTyBbIBeICHHUS.

briBaeT, 4TO MocJje 0OAHOPA30BOI0 CPABHUTEIHbHO MACCHBHOIO PAAMOAKTUBHOIO 3aPaKEeHUS
nocrymienie PB B opranm3sM He npekpamaercsi MOJHOCTbIO, a IMPOAOJKACTCH HAJUTENbHOE
BpeMsi, HO B MEHbUINX KOJUYeCTBaX.



In the blood radionuclides can be in the free state or as part of various chemical compounds
and complexes.

Part of RS, which have got into the blood, is immediately excreted from the organism,
others penetrate into various organs and are deposited in them.

Many radionuclides have a certain affinity to certain tissues and organs, preferentially
deposited in them, ensuring their preferential exposure.

Organs, in which one or another radionuclide is predominantly accumulated, are called
“critical” in case of contamination with this radionuclide.

Knowledge of the nature of distribution, specific features of RS metabolism and deposition,
possible redistribution with time is necessary to anticipate the predominant injury of one or
another organ, dose to this critical organ, prediction of clinical manifestations and outcome of the
injury.

The concentration of RS in an organ after a single intake gradually decreases, depending on
the radioactive fission of the isotope and its biological excretion. The time during which half of
the amount of radionuclide contained in the organ is excreted from the organ is known as the
biological half-life.

It happens that after a one-time relatively massive radioactive contamination the intake of
RS into the organism does not stop completely, but continues for a long time, but in smaller
quantities.



BoiBeneHre paMOHYKJINI0B U3 OPraHU3Ma
Excretion of radionuclides from the body



IHonaBmmue B opranusm PB moryr BbiBoauThCA 4epe3 mouku, KKT, co ciarwoHou,
MOJIOKOM, II0TOM, Yepe3 Jierkue. B 00JbIIMHCTBE CJIy4aeB ¢ KaJ0M U MOYO0il.

C kajom nmpeumyiiecTBeHHO BbIBOAATCH PB, mocTtynuBmme ajJuMeHTapHBIM NyTeM, a
TaKKe NMPU MHTAJANUOHHOM 3aPa’KeHUH M BTOPUYHOM 3aIVIaThIBAHUU YACTHUIL, BBIHECEHHbIX
perporpagHo B miotky. B 7KKT mnpoueccsl 3xckpeunun PB mocTosiHHO CONMPOBOXKIAKOTCS
NnpoueccaMu ux peadcoponuu.

IIpu BhIBEeIeHUH PATHOHYKJIHMAOB MPEUMYIIECTBEHHO ¢ MOY0i, BHICOKAs 1032 00/ 1y4YeHUA
MOKET OBITH MOJyYeHA MOYKAMHU.

BbiBeneHue ¢ BbIAbIXaeMbIM BO3AYXOM HMeeT CYUIeCTBEHHOE 3HAa4YeHue IJs TPUTHS,
NMapoB OKHUCH TPUTHS, PAJOHA W TOPOHA, O0Opa3ylOUIMXCA NPH pacnaje NOCTYNUBIIUX B
OPraHu3M paausi U TOPHSL.

ITo copep:xkanuro PB B Bblae/IeHUSIX MOKHO CYIUTh 0 KOJIUYEeCTBE HX B OPraHu3Me, KaK Ha
MOMEHT OIpeaeIeHIsl, TAK U HA MOMEHT MOCTYIJICHUS.

Takum o00pa3oM, B KHHETHMKEe IOCTYNHBIIUX B OPraHU3M PAJUOHYKJIMIOB MOKHO
BbIIECJUTDH 4 dTana:
>  o0pa3oBaHHe Ha MeCTe MOCTYIJIEHUsI MEPBUYHOIO jJeno (Koxa, panbl, causuctbie KKT,
BJII);

»  BcacbIBaHHE ¢ MeCT MOCTYIJIEHUSI B KPOBb HJIH JTUMY;
»  HHKOPNOPHPOBaHHE B KPUTHYECKOM opraHe (00pa3oBaHue BTOPUYHBIX JI€I0);
>  BbIBeleHHe PA3IHYHBIMH MMYTAMH, B TOM YHCJI€ H C ABJEHUSIMH PeIUPKYJISIIUMN.

HpOHOJDKI/ITeJIbHOCTb MNEPECUYUCICHHBIX JTall0OB CYmIE€CTBCHHO pasinyaerca AJas
PA3IHYHBbIX PAAUOHYKJ/IUAO0OB, UX COeIMHEeHNH.



Ingested RS can be excreted through the kidneys, GIT, saliva, milk, sweat, and lungs. In
most cases it is excreted in faeces and urine.

The faeces are mainly excreted with RS ingested by alimentary route, as well as by
inhalation and secondary ingestion of particles carried retrogradely into the pharynx. In the
GIT, the processes of RS excretion are constantly accompanied by the processes of their
reabsorption.

When radionuclides are excreted predominantly with urine, a high dose of radiation can
be received by the kidneys.

Excretion with exhaled air is essential for tritium, tritium oxide vapour, radon and
thoron, formed during fission of radium and thorium ingested into the organism.

By the content of RS in excreta, it is possible to judge the amount of them in the
organism, both at the time of determination and at the time of intake.

Thus, 4 stages can be distinguished in the Kkinetics of radionuclides ingested into the
organism:

»  formation of a primary depot at the site of entry (skin, wounds, mucous membranes of
the gastrointestinal tract, upper airways);

»>  absorption from the site of entry into the blood or lymph;

»  incorporation in a critical organ (formation of secondary depots);

»>  excretion by various routes, including recirculation.

The duration of these stages varies considerably for different radionuclides and their
compounds.



Bomnpoc 5 buoJsornueckoe
NEeHCTBHE PAAHOAKTHBHBIX
BCIECTB. XaAPaKTEPHUCTUKA
Hau0oJ1ee pacCIpPpoOCTPAHEHHbIX
N30TOIOB
Question S5 Biological effect of
radioactive substances.
Characteristics of the most
common 1sotopes



Crnenuduxa 0M0JOrHYECKOro JAeMCTBHS OTAEJbHBIX PAAUOHYKJIHNAOB (OTIIMYHUTEIbHBbIE
YepThl MOPAKEHUS, OCHOBHbIC IMATOreHETUYECKHE MEXAHU3MbI €ro Pa3sBUTHUA, NPUYHHBI
CMEpPTH) OIpeJe/sieTcs, B IMEPBYI0 o4Yepeldb, MOPAaKeHUEM OIlpeaeeHHbIX (KPUTHYECKHX)
OPraHoB, HAPYILIEHHUE )KU3HEAEATEIbHOCTH KOTOPbIX MOXKET NMPOSIBUTHCHA OTHOCUTEJIbHO PAHO,
KOI1a 001IMe peakiMy U U3MEHEeHUsI B IPYrUX CUCTEMaX BbIPA’KeHbI 3HAYUTEJIbHO cJIadee HiIu
MOT'YT BOBCE OTCYTCTBOBATb.

IIpu BHYTpeHHeM PATHOAKTHBHOM 3apPaKeHUM KOHUENUUS KPUTHYECKOI0 OpraHa
NPeACTABJIACTCH CJI0KHEe, YeM NPHU 001eM BHEIIHeM 00/ 1y4YeHH .

B »3rom ciayyae uMMeET 3HAaUeHHe, IMpexkae BCero, OCOOEHHOCTH pacnpeaeJeHus
PAJAMOHYKJIMIOB [0 OPraHAM U TKAHSIM.

buonornueckoe gencreue
HaLMH

J

MNopaxaet MNopaxeHwne I'Io,anne'H'lne JesnHchekuns
KOCTHbIA KNeToK pPaKoBbIX
MO3r nuiieBapMTenbHOro onyxosnen
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-

i

lopaxaeT reHbl
B XPOMOC OMAaX




The specificity of biological effects of certain radionuclides (distinctive features of
affection, main pathogenetic mechanisms of its development, causes of death) is determined,
first of all, by the injury of certain (critical) organs, the disturbance of whose vital activity can
manifest itself relatively early, when general reactions and changes in other systems are much

weaker or may be absent at all.
In the case of internal radioactive contamination, the concept of a critical organ is more

complex than in the case of general external exposure.
In this case, first of all, the specifics of radionuclide distribution in organs and tissues are

of importance.

Biological effects
of radiation

Affects the Injury of cells Suppression Disinfection
bone in the digestive of cancerous
marrow tract tumours

Af}ects genes
in the chromosomes



Pagnonykanabl, OTKJIAABIBAKOIINECH B KOCTAX (OCTEOTPOIHbIE)

IIlerouHO3eMeIbHBIC JJIEMEHTBI: Paavi, CTPOHUMH, Oapuil, Kajdabuui. OCTEOTPONHOCTH
MPOSABJISIIOT HEKOTOPbIE COCTNHECHUSA MITYTOHHUS.

Ilopaxenusi, pa3BUBaOIIMECs MNPH MOCTYIUVICHMH B OPraHu3M  OCTEOTPOIHBIX
PAAHOHYKJIMI0B, XapaKTePU3YIOTCH M3MEHEHUSIMH, MpeK/Ie BCero, B KPOBETBOPHOM U KOCTHOM
CHCTEeMAX.

B HavaJbHBIE CPOKHU MOCJE MACCMBHBIX MOCTYIJICHHN MATOJOTHYECKHU MPOUECC MOMKET
HanomuHatb QJIb or BHemHero odsy4denusi. Ha OoJiee mo3aHue CpoKH, B TOM YHCJIE W IOCTE
HHKOPIOPALMH CPABHUTEJIbHO HEOOJIbIIUX AKTUBHOCTEH, 00HAPY/KUBAIOTCH KOCTHbIE OILYXOJIH,
JIEHKO3BI.

PaMOHYKJINABI, OTKJIAAbIBAIOIIMECH B OPraHaxX PeTyKYJIO0IHA0TEIUATbHOU CUCTEMbI
(remarorponHbie)

N3o0T0onBI peaKko3eMebHbIX JJIEMEHTOB: JIAHTAHA, LIEPHs, IPOMETH, IPAa3e0AuMa, a TAKKe
AKTUHHMH, TOPUH, HEKOTOPbIE COeIMHECHUS IJIyTOHUS.

Ilpy ux nocrymyieHUM HAOIIONAOTCH MOPAKEHHUS] NEYEeHH, NMPOKCHMAJIBHBIX OTHEJIOB
KHIIKHA

Ha 0oJiee mo3gHue CPOKH HAOIIONAOTCH UPPO3bI, ONMYX0JH NMedeHu. MoryT nposiBUuThbCs
TAKIKe OIYXO0JIM CKeJIETA, ’KeJie3 BHYTPEHHEeH CeKpeuuu U APYroi JoOKaIu3auuu



Radionuclides deposited in bones (osteotropic)

Alkaline earth elements: radium, strontium, barium, calcium. Some plutonium compounds
exhibit osteotropic behaviour.

Damage that develops when osteotropic radionuclides enter the body is characterised by
changes, first of all, in the hematopoietic and bone systems.

In the initial periods after massive intakes, the pathological process may resemble ARS
from external exposure. At later terms, including after incorporation of relatively small
activities, bone tumours and leukaemia are detected.

Radionuclides deposited in the organs of the reticuloendothelial system (hepatotropic)

Isotopes of rare earth elements: lanthanum, cerium, promethium, praseodymium, as well
as actinium, thorium, some plutonium compounds.

At their intake, injury of the liver, proximal parts of the intestine is observed

At later terms cirrhosis, liver tumours are observed. Tumours of the skeleton, glands of
internal secretion and other localisation may also appear



PaguoHyKJINIbI, pPABHOMEPHOE pacnpeae/siioiuecs no Opranu3my

ITO M30TONBI LIEJTOYHbIX METAJLIOB: Le3Msl, KaJlus, HATPUs, pyoOuaus; u30Tonbl BOAOPOaA,
yrjiepoaa, a3ora, a TaKk:Ke HeKOTOPbIX APYIrUX 3JIeMEHTOB, B YACTHOCTH, IOJIOHMS.

IIpu ux nocrymjieHUd nopakeHuss HOcAT AUG@PY3HbIA XapakTep: arpopus JUMEPOUITHON
TKAHHU, B TOM YHCJIE CEJIe3eHKHU, aTPOPHsi CECMEHHUKOB, HAPYIIEHUA (PYHKIMHU MbIIIIILL.

Ha mno3gHue CpokM HAOJIAKTCH ONYXO0JUM MATKHX TKAHEH: MOJIOYHBIX IKeJie3,
KUIIEYHHUKA, I0YeK M T.II.

BiausiHue aKTHBHOCTH PAANOHYKJINI0B U MPOAOIZKUTC/IBHOCTH Hpeﬁl)IBaHI/Iﬂ B OpraHm3Mc Ha
Pa3sBUTHE NOPAKCHUSA

XapakTep NaToJOrHYecKOro mnpouecca Npu BHYTpeHHeM 3apaxeHun PB cymecTBeHHO
3aBHCHT OT KOJIMYECTBA MOCTYNMUBIIEH AKTHBHOCTH U BPeMEHH NMPeOLIBAHMUS €€ B OpraHu3Me.

TeMn HaKOIIEHHSI TOIJIOMIEHHON [03bI ONpPENeIsieTcs KAK PEKHMOM IOCTYILJIEHHS
PaaMOHYKJIMIA (OIHOKPATHOE, IJIHTEIHLHOE), TAK U MePHoaoM 3G (PEKTHBHOIO IMOTyBbIBEIEHHS.

OCHOBHAs 10JIsI CYMMApPHOii 103bI 00JIy4eHHSI OT TAKHX CPABHUTEIHLHO KOPOTKOMKHBYIIHX
HykauaoB kak B, 32P, "8Au nakanjuBaeTcsi 3a CpPaBHHUTEJIbHO KOPOTKHIl CpPOK, 4TO
ompeneJasieT B CJy4ae MONAAAHUS B OPraHu3M MOPANKAIOIIMX KOJHMYECTB OCTPHIA MM
MOJAOCTPbLIii XapaKTep MaToJOrHYecKoro mpoiecca.

Ilpn  mocrymienun  22Ra, 2¥Pu, W JApyrux paagMoaKkTUBHBIX  JIeMEHTOB,
XapaKTePH3YIIUXC O4YeHb UIMTEJIbHBIMH TEPHOJAMH MoJypacmaga W MeIJeHHBIM
BbIBEIEHHEM W3 OPraHHM3Ma MMeeT MeCTO JUIMTeJIbHOe 00/y4YeHHe ¢ MOCTOSTHHON MOIIHOCTHIO
103bI H, COOTBETCTBEHHO, XPOHUYECKOE TeUeHHE.



Radionuclides that are evenly distributed throughout the body

These are isotopes of alkali metals: caesium, potassium, sodium, rubidium; isotopes of
hydrogen, carbon, nitrogen, as well as some other elements, in particular polonium.

At their admission, the lesions are diffuse: atrophy of lymphoid tissue, including spleen,
atrophy of testes, muscle dysfunction.

At later dates, soft tissue tumours are observed: mammary glands, intestines, kidneys, etc.

Influence of radionuclide activity and duration of presence in the body on the development of
injury

The nature of the pathological process at internal contamination with RS depends
significantly on the amount of incoming activity and the time of its stay in the organism.

The rate of accumulation of absorbed dose is determined both by the mode of radionuclide
intake (single, long-term) and by the period of effective half-life.

The main part of the total dose from such relatively short-lived nuclides as 1311, 32P, 13Au is
accumulated for a relatively short period of time, which determines the acute or subacute nature
of the pathological process in case of ingestion of the affected quantities.

When 226Ra, 23°Pu, and other radioactive elements characterised by very long half-lives and
slow elimination from the body, there is a long-term exposure with a constant dose rate and,
accordingly, a chronic course.



e3un
137,13 4

CMmemanHnblii ,y- u3;1y4yaresib ¢ NepuoIoOM noJypacnana okosao 30 jer.

OcHoBHOe Kom4yecTBO 37Cs mocTynmaer B OpraHu3M 4eJiOBeKa ¢ MHINEH, 10
25%- uepe3 opraHbl AbIXaHUS.

Pacnpenesienne B opranuzme 3’Cs cpaBHHTEILHO paBHOMepHOoe. o 50 %
3TOI0 PAAUOHYKJIHIA KOHUEHTPUPYETCSI B MbIIIEYHON TKAHU, NPUYEM, 4YeM
HHTEHCHBHee padoTaeT MbIIIIA, TeM 00JIbIIIe B Hell OTKJIAAbIBAETCS PaJMoLe3us.

HauGoabiee comep:kanue 137Cs oOHapy:xkuBaercss B MHoKapae. B Gouee
MO3HHE CPOKH JIOBOJIbLHO 00JibIoe KoaudecTBO 37Cs comep:KMTCA B NMeYeHH W
noukax. B ckesere 3amep:xuBaercsa He Oojsiee S % NOCTYyNMBIIEr0 B OPraHU3M
U30ToOIMA.

BoiBenenne mne3nsi, He3aBHCHMO OT IYTH €ro mnoOCTymjeHusi, Ha 3/5
MPOUCXOAUT ¢ MOYOH, M HA 2/5 ¢ kajoM. D PeKTUBHBIN NMEePUO NMOJTYBbIBEACHUSA
137Cs y uesnoBeka cocrasisiet ot 50 10 150, B cpexnem, 110 cyT.

Ilpu pauteabHoM mnoctrymjaeHun 3’Cs B OpraHumsM NPOMCXOIHT €ro
HaKoIuieHHe. Yepe3 mIalmeHTY PaaMOAKTHUBHBINA Me3UH JIETKO IPOHUKAET B
OPraHM3M IL10JA.

XapakTep pacnpenejeHusi paJuone3ns B OpraHu3Me B0 MHOTOM ompeessieT
KJIMHUYECKYI0 CHMIITOMATHKY NPH ero mnocrymieHuud. Ilpm gocTH:keHumn
onpeae/JieHHON M03bI BHaYajle OOHAPY:KUBAKOTCA O00IMEe PEeAKIHMH CO CTOPOHBbI
CHCTeMbl KPOBH, HepBHO# cucteMbl. Ilo3:ke mNpHCOEIMHAIOTCH HApPyLIEHUs
(pyHKIU KPUTHYECKUX OPraHOB: MbILIL, IEYECHH.

N3oTonbl 1HE3Usl BKJIKYAKTCA B OMOJOTHYEeCKHIl KPYrOoBOPOT U CBOOOIHO
MHUTPUPYIOT 10 OMOJIOTUYECKUM LEMOYKaM.

H3oron 34Cs mMeeT mepuHo MOJypacmaga OKoJI0 2 JIeT, YTO H ONpeae/asieT
€ro MeHbIIYI0 OMACHOCTh M0 cpaBHeHHIo ¢ 37Cs.




Caesium
137,13 4

Mixed f,y- emitter with a half-life of about 30 years.

The main amount of ¥’Cs enters the human body with food, up to 25%
through respiratory organs.

The distribution of 37Cs in the body is relatively uniform. Up to 50% of this
radionuclide is concentrated in muscle tissue, and the more intensively the muscle
works, the more radiocaesium is deposited in it.

The highest 137Cs content is found in the myocardium. In later periods, quite
a large amount of 137Cs is found in the liver and kidneys. No more than 5 % of the
isotope entering the organism is retained in the skeleton.

Excretion of caesium, irrespective of the route of its intake, is 3/5 with urine
and 2/5 with faeces. The effective half-life of 13’Cs excretion in humans is from 50
to 150, on average 110 days.

With prolonged intake of 3Cs into the body, its accumulation occurs.
Through the placenta, radiocaesium easily penetrates to the foetus.

The nature of radiocaesium distribution in the body largely determines the
clinical symptomatology of its intake. When a certain dose is reached, general
reactions on the part of the blood system and nervous system are detected at first.
Later on, dysfunctions of critical organs: muscle, liver.

Cesium isotopes are included in the biological cycle and freely migrate along
biological chains.

The 134Cs isotope has a half-life of about 2 years, which makes it less
dangerous than 137Cs.




Crponumii
90

B-u3nyuarennb ¢ nepuogaoM noaypacmnaaa 28,6 jer.

Brinagawiye Ha MOBEPXHOCTH 3eMJIM U30TONBI CTPOHIUA MUTPHPYIOT 110
OMOJIOTMYECKUM LEeN0YKaM M, B KOHIE KOHIOB, MOIYT NOCTYNIMTh B OPraHM3M
Yyes0BeKa.

CreneHb M cKOpoOCTh BeacbiBaHus paauoctpoHuus us KKT 3aBucur or
TOI'0, B COCTAB KAKOI'0 XMMHYECKOI0 COeIUHEHHsI OH BXOIUT, OT BO3PACTa YeJI0BEKAa
U PYHKIHOHAJIBbHOI0 COCTOSSHUSA OPraHU3Ma, 0T COCTABA NMUIIEBOr0 PALUOHA.

Tak, y Jull M0J0Z0r0 BO3pacTa CTPOHUUI BcacbiBaeTcsi ObICTpee W
nosHee. B pasHbIx yciaoBusax BcacbiBaeMocTh CTpoHuuMst U3 KKT 4enoseka
koJietsiercs or 11 10 99 %.

BcocaBmmiicsi CTPOHIMHA AKTHBHO BKJIIOYAETCH B MUHEPAJIbHbIM 00MEH.
ABassiCb aHAJOIOM KaJbUUfA, PAJUOAKTUBHBIA CTPOHUMHA [ICMOHUPYETCH
NPEeMMYIIECTBEHHO B KOCTAX M B KOCTHOM MO3re, KOTOpbIe U OKa3bIBAKTCH
KPUTHYECKMMH OPraHaMM.

BeiBomuTcs CTpPOHIMH ¢ KajoM M MO4YOH. IPQeKTUBHBIN TNEPHUO
MOJIyBbIBeIeHUA cocTaBJjsieT ~ 17,5 jer.

B paHHue CpoKH Tmocje HocTymieHusi 'Sr B 00JbIIOM KOJHYECTBE
HAa0JIAKTCH W3MEHeHUss B cJau3ucTbix pra, BJ/II, kumeuynuka. Ilo3anee
HAPYIIAKTCHA PYHKIMH MEYEHH.

IIpy MHraJAUOHHOM MOCTYIUICHUM H30TOI MOMKET JO0CTATOYHO IPOYHO
(puKCcUpPOBATHCH B JIETKHX, KOTOPbIe B 3THX CJAy4YasiX BMeCTe € JAbIXaTeJIbHbIMH
NMYTAMH SIBJSIOTCH KpPUTHYeCKMMHM opraHamMu. OmaHako, B OTIaJICHHbIE CPOKHM M
MoCJji¢ HHTAJSANMUOHHOIO IOCTYIUICHUS KPUTHYECKHMHM OpPraHamMM CTAHOBATCH
KOCTH ¥ KOCTHBIH MO3I, B KOTOPBIX JIeNOHUPYOTCs 10 90 % BCel aKTHBHOCTH.

TsKenbIX ciy4aeB MOpPaKeHHsl ¢ OCTPbIM WJIH NOJOCTPHIM TEYEHHEM Yy
Yyesi0BeKa He Ha0JIIoa .




Strontium
90

B-emitter with a half-life of 28.6 years.

Strontium isotopes deposited on the Earth's surface migrate along
biological chains and may eventually enter the human body.

The degree and rate of absorption of radiostrontium from the
gastrointestinal tract depends on what chemical compound it is part of, on the age
of the person and the functional state of the organism, on the composition of the
diet.

Thus, in young people strontium is absorbed faster and more completely.
Under different conditions, the absorption of strontium from the human GIT
varies from 11 to 99 %.

Absorbed strontium is actively involved in mineral metabolism. Being an
analogue of calcium, radioactive strontium is deposited mainly in bones and bone
marrow, which are the critical organs.

Strontium is excreted with faeces and urine. The effective elimination half-
life is ~ 17.5 years.

Early after °°Sr ingestion, changes in the mucous membranes of the
mouth, upper airways, and intestines are observed in large quantities. Later, liver
function is impaired.

During inhalation, the isotope may be sufficiently firmly fixed in the lungs,
which in these cases, together with the respiratory tract, are the critical organs.
However, in the long term and after inhalation, the critical organs are the bones
and bone marrow, where up to 90% of the total activity is deposited.

No severe cases with an acute or subacute course have been observed in
humans.




Hox 131

B- y-m3naydareanr ¢ mepuogom moaypacnaga 8,05 cyr. CoenmHeHus
oga XOpolI0 PacTBOPMMbI, M MNPU AJUMEHTAPHOM MOCTYILUICHUH
MPAKTUYEeCKHU MOJHOCTHI0 BCACHIBAWOTCH B KPOBb. bosibiiasg yacts Moga
BCACBIBACTCH M MPH MHTAISIMOHHOM MOCTYIJICHUH.

30 % mocTynuBIIEr0o B KPOBb MO OTKJIAJAbIBAETCH B HIMTOBHJIHOM
JKeje3e M BBIBOAMTCHA M3 Hee ¢ OHOJOrMYECKMM  MEPHOAOM
noayBbiBegeHus 120 cyt

(P PeKTUBHBIN NEPUO] NMOJYBbIBEICHUA U3 IIUTOBUIHOM KeJie3bl
paBeH 7,5 cyT.

Ocraasubie  70% BCOCABIIEIOCA  #oda  PaBHOMEPHO
pacnpeaesifoTCH Mo OCTAJIbHBIM OPraHaM M TKaHSM.

OcCHOBHOE XK€ KOJHUYECTBO PAAMOAKTUBHOIO #O0AAa BBIBOAUTCH C
Mo4oi. He3HauuTe/IbHOE KOJIMYECTBO - Yepe3 Jierkue, a TaKkkKe ¢ MoToM,
CJIOHOM, MOJIOKOM.

Haubosbmiasi ONacHOCTb MPH TMNOCTYIUICHHH B OPraHU3M
PAAMOAKTUBHOIO HMOJA CBS3aHA C BO3MOKHOCTHIH) BO3HUKHOBEHHSI pakKa
IIUTOBHM/IHOM KeJie3bl.




Iodine 131

B- y-emitter with a half-life of 8.05 days. Iodine compounds are well
soluble and are almost completely absorbed into the blood when ingested
alimentarily. Most iodine is also absorbed by inhalation.

30 % of iodine entering the blood is deposited in the thyroid gland
and excreted from it with a biological half-life of 120 days

The effective half-life from the thyroid gland is 7.5 days.

The remaining 70% of absorbed iodine is evenly distributed to other
organs and tissues.

The main amount of radioactive iodine is excreted with urine. A
small amount - through the lungs, as well as with sweat, saliva, milk.

The greatest danger of radioactive iodine ingestion is associated with
the possibility of thyroid cancer.




IliayToHui
239

TpancypaHoBbIii 3/ieMeHT, 00J1a1aI0INI BLICOKOH PAAMOTOKCHYHOCTHIO

ITepuoa moaypacnana 23°Pu -24360 ser.

Cpeau nmpoayKToB, y4acTBYKOIIUX B (OPMHPOBAHUM 30H PAJHOAKTHBHOIO
3apajKeHus MocJie IACPHBIX B3PbIBOB WM aBpapuil S1JY npucyrcrByeT Iy TOHUIA.

OO0bIYHO ero KoJMYEeCTBA MAJI0 3HAYUMbI, OJHAKO B CJay4asix
MEXAHUYECKOr0 Ppa3pylieHUs SAepPHbIX O00eNpHIacoB 3apaseHue IMJIYyTOHHEM
MOKeT ObITh JOCTATOYHO CYILIeCTBEHHO.

IlnyToHUH CKIOHEH K KOMILIeKcooOpa3oBanuw. QOoOpasywimecss B
pe3yJbTrare COeMHEHUs B 00JIbIINHCTBE 0YEeHb IJIOX0 PACTBOPUMBI.

Buemnee ooaydenue 23°Pu He omacHo misi vesioBeka. IlocTymiieHue ke
3TOr0 M30TONIA BHYTPh OPraHM3Ma, KOTOPOE MOKeT NMPOM30MTH AJTMMEHTAPHBIM,
HHTAISMHOHHBIM MYTEM WM 4epe3 IMOBPEKIACHHYI M [1a)Ke HeNOBPeKICHHYI0
KOKY TpeOyeT npoBeieHHsl HeMeAJIeHHbIX Jie4eOHbIX MEePONPUATHI

A0copOoums niayronus u3 ’JKKT B kpoBb 04eHb MaJia.

IIpy MHraJAAUMOHHOM NOCTYIJICHHMHM 3HAYHUTEJbHOE KOJUYECTBO IJIYTOHHS
HAJ0JIT0 OCEAAeT B JIETKHUX, MO3Hee YACTUYHO NepeMeniaeTcss B OPOHX0JIeroYHbIe
JuMdarTnyecKue y3Jbl, a 3aTeM U B KPOBb.

BcacbiBaHHe IUIYTOHUS 4Yepe3 KOXKY 3aBHCUT OT ee cocrosiHusi. Hanmume
CCalMH M LapanuvH, BO3JACHCTBHE PACTBOPHTE/Iedl, KHUCJIOT PE3KO MNOBBIIIAKT
pe30pOuu0 NJIYTOHMS 4Yepe3 KoOxky. Eciam Koka He mnoBpekIeHa, IUIyTOHUM
MOCTYNAET, B OCHOBHOM, Yepe3 BOJIOCAHBIE (POJIIIMKYJIBI.

IlocTynuBmIMiT B KPOBb ILUIYTOHUH OTKJIaAbIBaeTcsi B mnedeHu (45%), B
ckesere (45%), ocrajnbHOE €ro KOJHYECTBO - B JAPYIMX OPraHax M TKAHAX H
BBIBOJMTCS C IKCKPETAMHU B PAHHHE CPOKH MOCJIe MOCTYIJICHUS.

buosiornyeckuii mepuox NmoJLyBbIBeCHUS IJIYyTOHUS U3 CKeJIeTa COCTABJIACT
100 sneT, a u3 neuenu - 40 Jjer.




Plutonium
239

A transuranic element with high radiotoxicity

The half-life of 23°Pu is 24360 years.

Plutonium is among the products involved in the formation of radioactive
contamination zones after nuclear explosions or nuclear power plant accidents.

Usually its amounts are not significant, but in cases of mechanical
destruction of nuclear warheads plutonium contamination can be quite significant.

Plutonium is prone to complexation. The resulting compounds are mostly
very poorly soluble.

External exposure to 23°Pu is not dangerous for humans. However, ingestion
of this isotope, which can occur by alimentary, inhalation or through damaged or
even intact skin, requires immediate treatment measures

Absorption of plutonium from the gastrointestinal tract into the blood is
very low.

During inhalation, a significant amount of plutonium settles permanently in
the lungs, later partially moving to bronchopulmonary lymph nodes and then to
the blood.

Absorption of plutonium through the skin depends on its condition. The
presence of abrasions and scratches, exposure to solvents, acids sharply increase
the resorption of plutonium through the skin. If the skin is intact, plutonium is
mainly absorbed through hair follicles.

Plutonium entering the blood is deposited in the liver (45%), in the skeleton
(45%), the rest of its amount is deposited in other organs and tissues and is
excreted early after entry.

The biological half-life of plutonium excretion from the skeleton is 100
years, and from the liver - 40 years.




Panon 222

IIpencraBiasier c000ii He UMeIIUI 3anaxa OecBeTHbIM MHEPTHBIM ra3, o0pasylumuiics B
npounecce paaMoaKTUBHOIO pacnajaa ypana (238U), a rounee pagust (226Ra).

CuuTaercsi, 4YTO KaK ?3JIeMeHT, BHOCSIIMII CBOM BKJaJA B O0O0IIMA ecTeCTBEHHBIH
paauanMoHHbIi (oH, pagoH o0ycJoBauBaeT nosisjaeHue ot 1000 xo 20 000 cayyaes 3200 1eBaHusA
PAaKOM JIerKUX

Hcemounuku paoona.

B armocdepe pamxoH mnosiBiasieTcs:i Ojarogaps  paclielyieHUI0 paausi, IOBCEMECTHO
PACIPOCTPAHEHHOI0 B KAMEHHUCTBIX MOPOAAX U MOYBe.

Cepus pacnaioB HAYMHAETCHA ¢ ATOMa ypaHa-238 u nmpoxoauT 4 MPOMEKYTOYHBIX 3TANa /10
oOpa3oBaHusi paaus-226 ¢ mepuoaoM mojgaypacnajaa nocjeasero, paBabim 1600 Jier.

NPUBOJAUT K 00PA30BAHUI0 XUMHYECKH M PAAHOJOTHYECKH AKTHBHBIX I0YEPHUX ATOMOB.

PanoH - 3T0 NpUpoaHbI MHEPTHbIN ras,
HEe UMEILWN HX uBeTa, HK 3anaxa.

BogooTBOR
Bonosoceiri nopisce?




Radon 222

It is an odourless, colourless, inert gas produced by the radioactive fission of uranium (238U)
and more specifically radium (226Ra).

As an element contributing to the total natural background radiation, radon is thought to be
responsible for between 1,000 and 20,000 cases of lung cancer

Sources of radon.

In the atmosphere, radon is produced by the fission of radium, which is ubiquitous in rock
and soil.

The series of fissions begins with the uranium-238 atom and passes through 4 intermediate
stages until the formation of radium-226 with the half-life of the latter equal to 1600 years.

leads to the formation of chemically and radiologically active daughter atoms.

Radon is a natural inert gas
that has no colour or odour

Pagor BOR0OTBOR

B IPYHTOBHX BORAX Bopoancuti ropascat




Panuii-226 pacuienisiercsi ¢ BblAeJIeHUEM paJoHa-222.
Ilepuox moaypacmaga paaoHa cocraBjasger 3,8 Cyr, 4YTO MO3BOJHAET €My

NMPOHUKATH Yepe3 MO4YBY B 10Ma JIIO[eil, r1e JajibHeHIas 1e3UHTerpauus 3JieMeHTa NPUBOIAUT
K 00pa30BaHHMI0 XUMHMYECKHM W PaAHOJOTHYeCKH AKTUBHBIX Jo4epHux atomoB. Ilociaennme, k
KOTOPbIM OTHOCHTCH 4 W30TONA C MepHoAOM moJjypacnaga mMeHee 30 MHUH, NpPeACTABJISIIOT
MAKCHMAJIbHYI0 ONIACHOCTH JIJISl YeJI0BEKA, TAK KAK MCIIyCKAIOT aJIb(a-4acTUIlbI.

Takoe anabga-usiyyeHne CHOCOOHO BbI3BATh KJIETOYHYW TpaHcopManuo B
pecIUMpaTOPHOM TPaKTe M NPUBECTH K PA3BUTHI0 paKa JIerKMX, T. €. paka, (akTHYeCKH
NHIYIUPOBAHHOTO PAIOHOM.

Iloa3eMHble ypaHOBbIE PYIHUKH €CTh HA BCeX KOHTMHEHTAX, B HUX NMPHUCYTCTBYET PAJOH
B 00JILIIUX KOHLIEHTPALHUSIX.

B mnpounuioM o0TBaJbI MIAXT HEPEAKO MCIHOJb30BAJIUCH B KadyecTBe CTPOMTEIbHOIO
MaTepuaJia Npu BO3BeJAeHNH IOMOB, IIKOJ U APYTHX CTPOEHHUIA.

Mexanusm oeiicmeusn paooua.

BHeminee o0rydeHue 3a cyeT Bo3AecTBUA 222Rn ¥ ero npou3BOAHBIX, NPUCYTCTBYOUIUX
B BO31yXe, COCTABJSeT JHUIIb MAJIYI0 J0JI0 OT O0LIeld JA03bl, NMOJYy4aeMOil YeJ0BEKOM 3a CYeT
€CTEeCTBEHHOIo (oHA.

NHransiuyusi pagoHa W ero J0YEepPHUX 3JIEMEHTOB MOKET NPHUBECTH K IOIVIOIICHUIO
TKAHAMM MOTEHIHAJIBHO 00JbIIOI0 KOJMYECTBA JHEPruM, T. €. 3HAYUTEJbHOU 00IIeH 03bl,
BO3/1CHCTBYIOLIEH HA dNUTeni Tpaxed U OponxoB (3TH) 3a cuer KOPOTKOKUBYIIMX POAYKTOB
pacnana, BbIACJISIOINX aJbda- u 0eTa-4acTullbl.



Radium-226 is fissioned with release of radon-222.

The half-life of radon is 3.8 days, which allows it to pass through the soil into
people's homes, where further disintegration of the element leads to the formation of chemically
and radiologically active daughter atoms. The latter, which include 4 isotopes with a half-life of
less than 30 min, pose the maximum danger to humans because they emit alpha particles.

Such alpha radiation can cause cellular transformation in the respiratory tract and lead to
the development of lung cancer, i.e. cancer actually induced by radon.

Underground uranium mines exist on all continents and radon is present in high
concentrations.

In the past, mine dumps were often used as building material for houses, schools and other
structures.

Mechanism of radon action.

External exposure due to exposure to 222Rn and its derivatives present in the air is only a
small fraction of the total dose received by humans due to natural background.

Inhalation of radon and its daughter elements can lead to absorption of potentially large
amounts of energy by tissues, i.e. a significant total dose affecting tracheal and bronchial
epithelium (TBE) due to short-lived fission products emitting alpha- and beta-particles.



Jlo3a oka3bpIBaeTcs BbICOKOM OJiarogapsi pacmagy JdOYepHHMX 3JJIEMEHTOB PajioHa,
koHTakTupyroumux ¢ ITh.
bosee 85 % no3bl, mopaxkawmein ITh, — 310 00aydyenue aabpa-vactumamu. OHO
NpoHMKaeT HAa IyOuHy 30 MKM OT y4acTKa pacnaja.
MdakTOpPHI PUCKA OTPABJICHUS PAJIOHOM.
K ¢paxropam, ycmiiuBaromuMm AeiicTBUE PAJ0HA HA YeJI0BEKA, OTHOCATCS:
KYpeHHe CUraper,
KOHTAKT € pajuanueid TAKOro pojaa Ha MPOU3BOACTBeE,
BbICOKHE KOHIEHTPALUM PaJl0HA M3 €CTECTBEHHBIX HCTOYHUKOB,
CJMIIKOM UTHTEJbHbIA KOHTAKT € Ta30M
0016110 MUHYTHBIH 00beM BEHTHJISAUN (HAaIpuMep, y aereit).

VVVVY

Paoon 6 rycunom nomewienuu.

HHoraa pajaoH nmomnajaaeT B JI0M IO CUCTeMe BOTOCHAOKEHUSI.

YT1o KacaeTcsi MyHHIHMIAJBLHOTO BOJAONPOBOAA U OTKPBITHIX HCTOYHUKOB, 0OJIbINIAST YACTh
pPajioHa ycleBaeT YJIeTYYMTHCS WJIH Pa3jIoKUTHLCS 10 TOT0O MOMEHTAa, KOIJIa BOJAa MOMaJaeT K
YyeJI0BeKY.

OnHaKo ITOro HeJib35l CKa3aTh 0 BOJE M3 YACTHBIX KoJIoAleB. [ pyHTOBbIE BObI, KOTOPbIE
NOCTYNAKT W3 IIIYOOKMX TOPH30HTOB H MPOXOAST CKBO3b KaMEHHCTBHIE CJI0H, 000TramialwTcs
paaueM 3a cYeT pacTBOPEHUsI ra3a, 00pa3yemMoro B pe3yjibTaTe pacnajaa paaus



The dose is high due to the fission of radon daughter elements in contact with TBE.
More than 85% of the dose affecting TBE is alpha particle exposure. It penetrates to a
depth of 30 pm from the fission site.
Risk factors for radon poisoning.
Factors that increase the effects of radon on humans include:
cigarette smoking,
contact with this kind of radiation at work,
high concentrations of radon from natural sources,
excessive exposure to the gas for too long
high minute ventilation volume (e.g. in children).

VVVVY

Radon in a living space.

Sometimes radon enters the home through the water supply.

In the case of municipal water supply and open sources, most of the radon has time to
volatilise or decompose before the water reaches a person.

However, the same cannot be said for water from private wells. Groundwater, which comes
from deep horizons and passes through rocky layers, is enriched with radium due to the
dissolution of the gas produced by the fission of radium



IIpu pa30pbI3ruBaHuM BOAbI B Ayllle, CMbIBAHUM TyaJieTa, MOIiKe MOCYyIbl U CTUPKE Pad0OH
MonajaaeT B BO3AYX U JIeliCTBYeT HA OPraHbl IbIXaAHUS.

PaioH MoKeT Tak:Ke MPUCYTCTBOBATH B IPUPOAHOM rase.

KosinyecTBO pasoHa, NOAHMMAKINETrOCH W3 MOYBbl U KOHUEHTPHPYIOUIETOCHd B KUJIHILE
YyeJI0BeKa, B 3HAYMTEJILHOM Mepe BapbUpPYyeT B 3aBUCHMOCTH OT PeriOHA M MeCTa

K TeppuropusimM, rae B 31aHUAAX HeNPeMEHHO OyIyT BbISIBISITHCH NMOBBINIEHHbIE YPOBHH
PagoHa, OTHOCATCH Te, HA KOTOPBIX CTPOUTEIHCTBO BEJIOCHh U3 MATEPUAJIOB, B3AITHIX U3 0TBAJIOB
nepepadoTKH TPAHUTA, YPAHOBOHM PyAbl, INIMHHUCTHIX caaHueB u ¢ocdaroB, — BCce OHH
COAEPKAT 3HAYMTEJbHOE KOJUYECTBO Paausi M SBJIAKTCA B CBA3H C 3TUM NMOTEHUHAJIbHBIMH
NCTOYHUKAMU PaJI0HA.

PanoH — anbda-
uany4yarens (pacnagaercs c
obpazoBaHMemM Oo4YEepHEro
arieMeHTa u anbga-
YacTuubl) C nepuoaom
nonypacnaga 3, 82 cyt.
Cpeon goyepHux

npoayKToB

paguoakTUBHOTO pacnaga
(OrNP) pagoHa ecTb Kak
anbda-, Tak 1 beta -
usnyvarenu. iHorga
anbda- n beta-pacnag
khieievwll  COMNPOBOXAET raMma-
n3nyveHue.

£ MyShared




When splashing water in the shower, flushing toilets, washing dishes, and doing laundry,
radon gets into the air and affects the respiratory system.

Radon may also be present in natural gas.

The amount of radon that rises from the soil and concentrates in a person's home varies
greatly from region to region and from place to place

Areas where elevated levels of radon will certainly be detected in buildings include those
where construction has been carried out with materials from granite, uranium ore, clay shale
and phosphate dumps, all of which contain significant amounts of radium and are therefore
potential sources of radon.

Radon is an alpha emitter
(fissions to form a daughter
element and an alpha
particle) with a half-life of
3.82 days.
Among the daughter
products of radioactive
fission (DPR) of radon
there are both alpha- and
beta-emitters. Sometimes
alpha- and beta-decay is
accompanied by gamma-
radiation.
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Paoon kak npuuuna paka.

IIo caMbIM CKPOMHBIM OLIEHKAM HAa OCHOBEe UMewlencs HHGopManuu, paJxoH sABJIAETCH OAHUM
U3 CaMbIX 3HAYUMBIX IKOJOTHYECKUX (PAKTOPOB, ONpeleIAIIIUX CMEPTHOCTD.

Ynajioch Tak:ke BBISICHHTb, 4TO npuMmepHo 14 % or umcia Bcex 3aperdCTPUPOBAHHBIX HA
TeKyLIM MOMEHT C/Iy4aeB PaKa JIerKMX CBA3aHO ¢ 00J1y4eHHeM 3a cUeT pacnajga pajoHa.

Knunuxa ooayuenus paoonom.

Bo3neiicTrBre paaoHa, NPUCYTCTBYIOIIEI0 B HOPME B OKpY’KalOLIeH cpeae, He NMPOSIBJIsieT cedst
HUKAKUMM OCTPbIMH UM NOJAOCTPLIMHM CMMITOMAMH, €CJIH T'OBOPUTH O BJIUAHUM HA 310POBbeE:
He ObIBaeT HU Pa3ApasKeHusl, HU KAKUX-JI1100 APYIMX NPU3HAKOB MAaTOJOTHH.

EXMHCTBEeHHBIT KpPUTEPUl OLEHKHM BJIMAHHMS JTOr0 3JJIEMEHTA Ha 310pPOBbe 4YeJIOBeKa,
KOHTAKTHPYIOLIEI0 ¢ PAJ0HOM, — 3TO YHCJIO CJIY4aeB pPaKa JIerKHX.

JJaHHbIA NOKa3aTeJ b MOBBLINIACTCHA IMPONOPUUOHAJIBLHO YBEJIHYEHUI0 CYMMApPHOW 03Bl
00JIy4eHHUsI M KYPEHHUIO CUTapeT.

INMUIEMHUOJIOTHYECKHE UCCIeI0BAHUA U HeJABHUE PA0OTHI IO BHISIBJICHHUIO PAJJOHA B TPYHTOBBIX
BOAAaX, a TAKKe AHAJM3 YPOBHA CMEPTHOCTH OT OIYXO0Jedl IOKAa3aJM OTCYTCTBHE BJIMAHUSA
JAHHOI0 (pakTOpa HAa 3a00/1€BaeMOCTH 3JI0KAYECTBEHHBIMH HOBOOOPA30BAHUSIMHM BHEJIETOYHOM
JIOKAJIU3ALUU, HAIPUMeEP JeiK03aMM U Oy XOJIAMH KeJTYI0YHO-KHIIEYHOI'0 TPAKTA.

He HailIeHO TaK:Ke 10Ka3aTeJbCTB TOI0, YTO HAJIUYHME PAJIOHA BO BHELIHEH cpee OTPULATEIbHO
BJIMSIET HA AETOPOIAHYI0 (PYHKIHUIO.

B psajge ucciaenoBaHnii He O0OHApPY:KeHO CYLIECTBEHHON B3aMMOCBSI3H MEXKAY OYeHb HU3KHUMMH
KOHIEHTPAUAMHU PaJ0HA B 10MaX



Radon as a cause of cancer.

Based on the best available information, it is estimated that radon is one of the most significant
environmental determinants of mortality.

It has also been found that approximately 14% of all currently reported lung cancer cases are
attributable to exposure due to radon fission.

Clinic of radon exposure.

Exposure to radon, present normally in the environment, does not manifest itself by any acute or
subacute symptoms, if we talk about the impact on health: there is no irritation or any other
signs of pathology.

The only criterion for assessing the impact of this element on the health of a person in contact
with radon is the number of cases of lung cancer.

This indicator increases in proportion to the increase in the total radiation dose and cigarette
smoking.

Epidemiological studies and recent work on the detection of radon in groundwater, as well as
analysis of tumour mortality rates, have shown that there is no influence of this factor on the
incidence of extrapulmonary malignancies, such as leukaemia and gastrointestinal tumours.

No evidence was also found that the presence of radon in the external environment adversely
affects fertility.

A number of studies have found no significant relationship between very low concentrations of
radon in homes



Munumu3ayus 0b1moeoIl IKCRO3UUUU PAOOHA.

Pagon IIPOHUKACT B MNMOMCIICHUHA HYCPE3 TPCIHIMHBI B 3aJIMBHBIX II0JIaX; YE€pPE€3 CTHBIKH B
KOHCTPYKIHUAX, TPCIHIMHbBI B CTCHaAX; OTBCPCTHUNA, NPUCYTCTBYHOIIHEC B IOABCCHBIX II0JIaX H
BOKPYI' KOMMYHHUKAIIMOHHBIX prﬁ; II0JIOCTH B CTCHAX U CUCTEMY Bozmcnaﬁmemm.

Ocnabnenue oeiicmeus paoouna.

Ecan BHYTpHM 31aHHMSI O0HAPYKMBAKOTCH 4Ype3MEPHO BBICOKME KOHLEHTpPAIUU PajJ0HA, TO B
MEePBYIO o4epeab NMPeINPUHAMAIOT JiellieBble U ObICTpoAecTBYIOIUE MeTOAbl. K HUM OTHOCATCSH
COKpallleHue BpeMeHH NpeObIBaHUS B 3aPAa’KEHHOI 30He U yCUJIeHHEe BeHTUISIIIUN.

Ilpe:xxne 4eM mNpeANpPUHATL 0o0Jiee pelIMTeNbHbIE AW MO NPEIOTBPALIEHHI0 KOHTAKTa C
paguanmei, ’eJjaTeJIbHO MPOKOHCYJIbTHPOBATHCS € YUPeKIAeHUEM PATHANMOHHOT0 KOHTPOJIS.
IlomuMo yBeIMYeHMS] MHTEHCMBHOCTH BO31YyX000MeHa, K MepaM Mmoo Oopbde C PpagoHOM
OTHOCATCS repMeTu3anus GyHIaMeHTOB, MIOYBEHHAS JeKOMIIpeccHus (Co3IaHue OTPUIIATEIbHOIO
JAaBJIEHUS B TOJIIE MOYBbI), CO3IaHHE MOJOKUTEIbHOI0 JaBJICeHUS BHYTPH KUJIMIIA.
OO0HOBJIEHMI0 BO3yXa B IOMENIEHUSAX CIHOCOOCTBYHOT OTKPbIBAHHE OKOH, NMPOBETPUBAHHE
MOABAJIOB M CKPBITHIX MOJOCTEH, OTCTONHUKOB M JPeHa)keil B M0Jiax ¢ BbIBeJEHHEM BO31yXa
HAPYKY, TAK/Ke yCUJIEHHE JIBUKEHUS BO3/yXa C IOMOIIbIO NMOJABECHBIX BEHTWISITOPOB.
BenTuiasiuusi 10JkHA ObITh NMPABWJIBHO OPraHM30BaHAa, TAK KAK B HEKOTOPBIX CJAy4yasiX OHA
MOKeT CI0COOCTBOBATH MOHUKEHHIO JIABJICHUS] BHYTPH 31aHMSI.

Teni000MeHHUKH PeaiM3yl0T BO3MOKHOCTH MOCTYIJIEHHSI CBEKero BO31yXa B NmoMelneHus: 0e3
3HAYMTEJIbHOW TMOTepM Temia, HO B JIAHHOM CJiy4ae HeoOXoauMa mNpaBUJIbHAs
c0AJTAHCUPOBAHHOCTH B UX padoTe, MOCKOJbKY OHU CIIOCOOHBI YCYTYOUTH CUTYaIHIO.



Minimising household exposure to radon.

Radon enters rooms through cracks in flood floors; joints in structures; cracks in walls; holes
present in suspended floors and around communication pipes; cavities in walls and the water
supply system.

Radon mitigation.

If excessively high concentrations of radon are found inside a building, cheap and quick methods
are the first to be undertaken. These include reducing the time spent in the contaminated area
and increasing ventilation.

Before taking more drastic steps to prevent exposure to radiation, it is advisable to consult with
the radiation control center.

In addition to increasing air exchange, radon control measures include sealing foundations, soil
decompression (creating negative pressure in the soil), and creating positive pressure inside the
house.

Air renewal in the premises is promoted by opening windows, ventilation of basements and
hidden cavities, sumps and drains in the floors with air discharged to the outside, as well as
strengthening the air movement with the help of suspended fans.

Ventilation must be properly organised, as in some cases it can contribute to lowering the
pressure inside the building.

Heat exchangers provide the possibility of introducing fresh air into the rooms without
significant heat loss, but in this case a correct balance in their operation is necessary, as they can
aggravate the situation.



IMosonmnii 210

MonoHnn-210 Iosionuii-210 ©30TON NOJIOHMS.
OH mnoaBepraercs ajb(a-pacnagy /o
JloCTaToOUHO TOKCUYEH U3-3a CBOETO CTAGWILHOTO  BADHAHTA ¢ TEpPHOIOM
anba-n3nyveHns. Yenosek, BbIKypvB BCErO noaypacnaga 138,376 ameii  (okoso 4+172
0AHy curapery, "3abpacbiBaet” B ceds Mecsia), CcaMblii  JUIMTeJbHBI  IepHoj

CTONMbKO NonoHuA-210 1 6eH30NnpeHa,
CKOMbKO 6bl OH NOrAOTUN WX, BAbIXasA
BbIX/10MNMHbIE ra3bl 16 Yyacos.

noJjiypacnajga M3 BcCeX MNPHPOIHBLIX HM30TONOB
MOJIOHHUSI.

Bunepsbie uaenruguuupoBanubii B 1898
roay, a TaK:Ke O3HAMEHOBABIIMHA OTKPbITHE
3JIeMEHTA MOJIOHHUS.

210 Po oOpa3yercs B enu pacnajga ypaHa
238 u pagusn 226

OH sBJSEeTCHA 3aMETHBIM 3arpsi3HUTEJIEM OKPY:Kawiueld cpeabl, B OCHOBHOM
3aTParuBalIMM MOPENPOAYKTHI H TadakK.

Ero ype3BbIYaliHAS TOKCUYHOCTH 00bsICHSIETCH UHTEHCUBHOM
PaAMOAKTHUBHOCTBIO U CIIOCOOHOCTBHIO BbI3BATh TsKeJleiliee MopakeHne YeJ0BeKa

Ype3BbIlYaliHO TOKCHYEH; OH M APYrve M30TONbI MOJIOHUS SABJAKTCA OJHUMM W3
CaMbIX PAJIHOTOKCUYHBIX BELIECTB JJIS YeJI0BEeKA.

IIpu TOM, YTO OXHOr0 MHKpOrpamMma 0oJiee 4eM J0CTATOYHO, YTOOLI YOUTH CpPeIHEro
B3POCJIOTO YeJIOBeKa,
210 Po B 250 000 pa3 TOKCHYHee IMAHMCTOrO BOAOPO/IA IO BECy




Polonium 210

Polonium-210

Quite toxic because of its alpha radiation. Polonium-210 is an isotope of polonium.

A person smoking just one cigarette "takes It undergoes alpha fission to a stable
in" as much polonium-210 and variant with a half-life of 138,376 days (about

benzopyrene as he would have absorbed 4+12 months), the longest half-life of any

by inhaling exhaust fumes for 16 hours. natural isotope of polonium.
First identified in 1898 and also marked

the discovery of the element polonium.

Po , ¥ : : : :
[210) 210 Pg is formed in the fission chain of

Polonium uranium 238 and radium 226

It is a notable environmental contaminant, mainly affecting seafood and
tobacco.

Its extreme toxicity is due to its intense radioactivity and its ability to cause
severe human injury

Extremely toxic; it and other isotopes of polonium are among the most
radiotoxic substances to humans.

While one microgramme is more than enough to kill the average adult human,
210 Po is 250,000 times more toxic than hydrogen cyanide by weight



Tak:xke cumTaercsi, 4To omgHoro rpamma 21 Po pocrarouno, 4urodbl youtnr 50
MHJUIMOHOB 4eJIOBeK M 3a00JieTh eme 50 MWJIJHOHAMH. JTO CJEICTBHE €ro0
HOHU3MPYIOIEro  ajbda-u3jaydyeHusl, TaK Kak ajb(a-4yacTuubl  0COOEHHO
MOBPEKIAIOT OPraHNYeCKHe TKAHN BHYTPH OPraHu3Ma.

Onnako 2! Tlo nHe mpeacraBisieT yrpo3bl BHEe OpraHu3Ma, Tak Kak ajba-

YaCTHIBI He MOTYT IPOHUKATH Yepe3 KOXKy uejioBekal

Toxcuunocts 210 [lo MOJHOCTHIO CBSI3aHA € €r0 PagHOAKTHBHOCTHIO. OH He FIBIISIETCH
XHMHYECKH TOKCHYHBIM caM Mo cede, HO ero pacCTBOPMMOCTH B BOAHOM PacTBoOpe, a TAKKe B €ro
COJIAAX MPEACTABJSAET ONMACHOCTH, MOCKOJIbKY €ro pacnpocTpaHeHHe IO BCeMY OPraHuU3MY
o0Jsieryaercsi B pacTBope.

ITocrymiienue %1% [lo mpoucxoauT B OCHOBHOM 4epe3 3arpsi3HEHHbI BO3AYX, MHUIILY HJIA
BO/LY, a TAKKe Yepe3 OTKPbIThie paHbl. I[lonaB B opranusm, 21 [To koHHeHTPUpyeTCs B MATKHX
TKaHAX M KPoBOTOKe. Ero OmoJiormyeckuii mepuoa mojypacmajga cocTaBiisieT mpumepHo 50
JTHEM.

B oxpyxkawmieit cpexe 2! ITo MokeT HakamJIMBaTbcsi B MopenpoaykTax. OH ObLI
o0Hapy:KeH B Pa3HYHBLIX Opranu3mMax bBaaTuiickoro Mopsi , rie OH MOKET PACHPOCTPAHATHCS
M, TAKHM 00Pa30M, 3arpsi3HATH MULIEBYIO IENb.

210 Po s3arps3HsieT PacTHTEIbHOCTh, IIABHBIM 00pa3oM B pe3yabTaTe pacnaaa
atMoc(epHOro pagoHa 222 u norioleHns: U3 MOYBbI.

B uactHocTH, 1 [To npucoeanHsieTcs1 K TAGAYHBIM JIUCTHSIM H KOHIIEHTPHUPYETCS B HAUX.

KypujbIIHKH CHTapeT MOJABEPraioTcs 3HAYUTEIbHO 00JIbIINM J103aM paguanuun ot 21 Po
u ero poauteabckoro 210 Pb.

2100 Po mnambosiee omaceH TMpPH BALIXAaHHM CHTAapeTHOr0 AbIMAa, YTO SABJSIETCS
JOMOJTHHUTEIbHBIM JOKA3aTEeILCTBOM CBSI3M MEKAY KYPEHHEM M PAKOM JerKHX:


https://translated.turbopages.org/proxy_u/en-ru.ru.f5e52de9-6294dfd8-d444659c-74722d776562/https/en.wikipedia.org/wiki/Polonium-210
https://translated.turbopages.org/proxy_u/en-ru.ru.f5e52de9-6294dfd8-d444659c-74722d776562/https/en.wikipedia.org/wiki/Polonium-210#cite_note-posmoke-22

It is also believed that one gram of 21 Po is enough to kill 50 million people and
make another 50 million sick. This is a consequence of its ionising alpha radiation, as
alpha particles are particularly damaging to organic tissues inside the body.

However, 21° Po poses no threat outside the body because alpha particles cannot

penetrate human skin

The toxicity of 21° Po is entirely due to its radioactivity. It is not chemically toxic in itself,
but its solubility in aqueous solution as well as in its salts is hazardous, since its distribution
throughout the body is facilitated in solution.

The ingestion of 21 Po occurs mainly through contaminated air, food or water, and
through open wounds. Once in the body, 1° Po concentrates in soft tissues and the bloodstream.
Its biological half-life is approximately 50 days.

In the environment, 21 Po can accumulate in seafood. It has been detected in various
organisms in the Baltic Sea, where it can spread and thus contaminate the food chain.

210 Po contaminates vegetation, mainly through fission of atmospheric radon 222 and
uptake from soil.

In particular, 21° Po attaches to and concentrates in tobacco leaves.

Cigarette smokers are exposed to significantly higher radiation doses from 21° Po and its
parent 210 Pb,

210 Po is most dangerous when inhaled in cigarette smoke, providing further evidence of a
link between smoking and lung cancer.



Bomnpoc 6 JlyuyeBble mopaxxeHus
B pe3yJibTare aJJMMEHTAPHOIO U
NHI AJISIHAOHHOTO MOCTYILICHUS
IPOAYKTOB SIAE€PHOIO AeJICHUSA
Question 6 Radiation injuries due
to alimentary and inhalation intake
of nuclear fission products



IIpencraBiieHnsi 0 mnaroreHe3’e M KJIWHHUKE IMMOPAKEHUH OOJbIIMMH KOJUYECTBAMH
npoaykToB siaepHoro aeineHusi (IIS/[) ocHOBBIBAIOTCS HA IKCIEPUMEHTAJbHBIX JaHHbIX. B
peajbHbIX YycaoBusix coOcrBeHHo IISJ[ moryr oka3arbcsi CMEIIAaHHBIMM B Pa3HBIX
COOTHOLICHHUAX € MPOAYKTAMM HABEACHHOU PAAMOAKTUBHOCTH

PaiuoaKkTUBHOCTh MOCTYNMBIIMX B opranusm mogoabix IS/ ObicTpo cHuMkaercss B
nepBoe BpeMsl 3a CYET pPacnaga KOPOTKOKUBYIIMX HM30TONOB, U MHTEHCUBHOCTH O0JIy4YeHUS
OpraHu3Ma co BpeMeHeM Majaer.

Bo Bcex opranax kpome kocrein 30-50 % Bcell HaKoOIJIEHHOM 103bI (popMuUpYyeTCH B
TedyeHue 1 cyrt nmociae nocrymienus IS/l B opranusm, B TeueHre Heae/ M - MPAKTHYECKH BCH
no03a.

IIpu pacnage IS/l ucnyckaor -, a BO MHOTHX CJay4asX M y-U3jdyuyeHue. XapakTepHa
pe3Kasi HePAaBHOMEPHOCTb B paclpeae/ieHHd NOIVIOMIEHHBIX 03 (10 3 MOPSAAKOB) MexKIAy
Pa3/IMYHBIMHM OPraHAMHU M TKAHSMH, YTO 3ABHCHUT, MPeEKIAE BCEro, OT TPOIMMHOCTH OTAEJIbHBIX
PAIMOHYKJINAOB K PAa3JIMYHbIM OPraHaM M HU3KOH NPOHMKAKIIEH crnocoOHOCTH [-yacTuil. Y-
u3JyuyeHue 0ojiee pABHOMEPHO MOIVIOIIAETCH PA3JIHYHbIMH YYACTKAMH TeJia.

Baauasie Hau0o0J1ee MHTEHCUBHO 00JIyYAIOTCSI OPTaHbI AbIXaHWS U MUIEBAPEHUS.

[anee cieayOT OpraHbl NMPeMMYIIECTBEHHOIO [eNOHMPOBAHMS: INUTOBUIHAA 3Kejie3a,
Me4YeHb, MOYKH.

B kocTsax mo3a ¢popmupyercs ropaszao MeaJieHHee M0 NPUYUHE HAKOIUICHUS B HUX TAKHX
AOJITOKUBYIIMX PAAMOHYKJIHMI0B KAK CTPOHIIM M.

OtnajieHHbIe MOCJEACTBUS NPU BHYTPeHHeM 3apaxkeHuu IS/ npuHuunuajdbHO Takue
’Ke, KAK M NPH BHEIIHEM 00JIy4YeHHH, OHAKO CYIICCTBEHHO 0OJIbIIAS 0/ NMPUXOAUTCH HA
OIYXO0JIM ’Kejie3 BHYTPEHHell CeKpelHud HAIP. MOBPEKICHUI0 HIUTOBUIHON Kejie3bl, KOTOPYIO
pPaccMAaTPUBAKOT KAK KPUTHYECKUH OPraH



The ideas about the pathogenesis and clinic of affection by large amounts of nuclear
fission products (NFP) are based on experimental data. In real conditions, the NFP may be
mixed in different ratios with induced radioactivity products

The radioactivity of young NFP entering the organism decreases rapidly at first due to
the decay of short-lived isotopes, and the intensity of irradiation of the organism decreases
with time.

In all organs except bones 30-50 % of the total accumulated dose is formed within 1 day
after NFP entry into the organism, within a week - practically the entire dose.

When decaying, NFP emit B- and in many cases y-radiation. A sharp unevenness in the
distribution of absorbed doses (up to 3 orders of magnitude) between different organs and
tissues is characteristic, which depends, first of all, on the tropicity of individual radionuclides
to different organs and the low penetration ability of B-particles. y -radiation is absorbed more
uniformly by different parts of the body.

At first, the respiratory and digestive organs are most intensively irradiated.

Next come the organs of preferential deposition: thyroid gland, liver, kidneys.

In bones the dose is formed much slower due to accumulation of such long-lived
radionuclides as strontium.

The long-term consequences of internal contamination with NFP are fundamentally the
same as those of external exposure, but a significantly higher proportion is attributed to
tumours of the internal secretion glands, e.g. the injury of the thyroid gland, which is regarded
as a critical organ



Momoaanmes
TMomn e e fn paor oy rsrsgces PR AT T ISR A

Lol e, FLAREMAR SRS DL i

WP W& Lac T Tiue -

ﬂl_uuj:all.ﬂ'_rr

TTomriodss poc s el coaadi Thosr e

Pus, B2 FRETROCTTIA REHMT . PATEOANTIRHLTY  ACTReTn
B oEpYsRaserell opeme

Cresie Miepsieaer
LS TS ETTEE Y
BRI

1 = WA T
[§ = Berasmacna
1= Fasd AT
0~ WedTpain

Inhalation of
Racdon Docay
Products

Alpha
Particle

Radiation Damags
to DNA




IMonasanne
Mosmrermee peasomy A= BOPFAFANM OO0 A

THaiemmpie “at i Wtuivesx

Tlagnoms penoc Trnit cnodl mosns

Pue 6.2, FECTPOCTDARAHHG PASITORRTHRITIY RETIDOTR
B oxpysamueil cpene

Radiation Damage
to DNA




Kes1ry104HO-KMIIeYHbIN TPAKT

[Tosrnenne pagiHOHYKIHA0B

J"

pana Ha namﬁume
1 B

. o
'.Ii, - ""-"
| § it A ~ Msico
1 _: . - & 3 %‘ I‘ . " _—
t, it ‘ e [Tousa Ha nacrbuie
OBEPXHOCTh
OUBBI 1107 q - Crox
ILIeBBIMH _ g et
ABTYPAME oanosepxnocTubit ¢10ii MouBb!

=g ’_,,b Y '@% HajizeMHBIe YACTH MHIEBBIX KYABTYP
L ; Monoxo ,

IMonapnauue
B OpraHuam
yeoBeka




Gastrointestinal tract

Entry into
the human
body

Radionuclide occurrence

Above-ground parts of food crops

surface
under food
crops

Subsurface soil layer _-




Hocryniienue paguonykanaos yepes KKT

B kiaumnuke OJIb npu ajJuMeHTapHOM NOCTYIUICEHHM Oojabmux koJgudects IISA]]
AOMUHHMPYIOT TMPOSBJICHUS IMOPAKEHUS] KHIICYHUKA, BbI3BaHHbIe KOHTAKTHBIM 0Oera-
00JIy4eHHueM.

IHoBpe:kaeHnsi KNMIKNA YaCTO UMEKT OYATOBbIA XapakTep, 0COOCHHO NMPH MOCTYIJICHUH
IUIOX0 PACTBOPMMBIX PaAMOHYKJIHMAOB, [IJIUTEJIbHO 3a/IePKUBAONIUXCH B PEruHoOHaAPHbIX
JuM@aTH4eCcKuX y3J1ax, B pe3yJibTaTe 4ero MecTHO ()OpMHUPYIOTCH BBICOKHE /103blI.

Hapymaercsa 0OaJjaHC JKHUAKOCTE M 3JIEKTPOJIMTOB, PAa3BHBAKTCHA HWHTOKCHKALNSI,
O0akTepueMus, CTPAAAIT ceKpennsi U pepMeHTOO0pa30BaHME B KedylKe, KHIIeYHUKE.

KauHanueckn aJisl TSXKeJIO0M CTelneHH MOPaAKCHUSA XapaKTEepPHbI pBOTA, MOHOC, TCHE3MbI,
CJIM3b U KPOBb B KaJIc€, 00e3BOKMBaHHE opranmsma

IlaTosioruyeckuii mpouecc MOXKHO O003HAYMTH KaK OCTPbIH TreMOpparu4ecKuu
racTpo3HTEepPoOKOJIUT. COCTOSIHME TOHKOM KUIIKM NPH JITOM HANOMHUHAET IOPAaKeHHe INpPH
kuieyHoi ¢popme OJIb or BHeIHero o0 ry4eHusl.

B cBfI3M ¢ 04aroBbIM XapaKTEPOM IOPAKEHHMsl, a TaKkKe ¢ 0oJbUIeH JIMTEJIbHOCTHIO
o0siyyeHust paBHOI(P(eKTHUBHBIE 103bl IS KHIIKH IPH BHYTpPpeHHeM 3apaxkeHuu IS/
OKa3bIBAKOTCH B 2-2,5 pa3a Bbllle, YeM IPU BHELIHEM 00J1yYeHHH.



Radionuclide entry through the GIT

In the clinic of ARD in case of alimentary intake of large amounts of NFP, manifestations
of intestinal injury caused by contact beta-irradiation dominate.

Intestine injury is often focal, especially when poorly soluble radionuclides are ingested
and retained for a long time in regional lymph nodes, resulting in local formation of high doses.

The balance of fluids and electrolytes is disturbed, intoxication, bacteraemia develops,
secretion and enzyme formation in the stomach and intestine are affected.

Clinically, a severe degree of affection is characterised by vomiting, diarrhoea, tenesmus,
mucus and blood in the faeces, dehydration of the body

The pathological process can be designated as acute hemorrhagic gastroenterocolitis. The
condition of the small intestine in this case resembles the lesion in the intestinal form of ARS
from external radiation.

Due to the focal nature of the injury, as well as to the longer duration of irradiation, the
equally effective doses for the intestine at internal contamination with NFP are 2-2.5 times
higher than at external irradiation.
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NuransuuonHoe nocrymienue IS/ omacHee, yem ajnmMeHTapHOe. JTO CBSI3aHO,
MEepPBYI0 oO4YepeAb € O0Jy4YeHMEM JIerKHX 3a CYeT MPOAYKTOB, 3aJep:KaBIIMXCH B HUX H
MONABIIKX B JJUM(pATHYECKHE Y3JIbl.

B pe3yiabTrare BBICOKHX MECTHBIX 103, (OPMHPYIOIIUXCH BOKPYI 3a/JepP:KABLIINXCH B
JIETKUX PAJAHOAKTHBHBIX YaCTHI, PAa3BUBAIOTCH 04Yard KPOBOU3JIMSHMH, Iepexoasilmiue B
(puOPUHO3HO- reMOPPATUYECKYI0 THEBMOHMIO €O €JIA00 BHIPAKEHHOM KJIETOYHOM peaKiue.

Haomaonarorcesi nposiBJieHUs paanamuoHHoro oxora BJIIL.

Hapsaay ¢ opranamMu JbIXaHMsl NPU MHraJIsquoHHOM nocrymiaenuu IIS/] mopaxkaerca u
KHIeYHUK. B ocTpom mnepuoge 00J1e3Hb MOKHO ONpPENEJUTh KAK OpPOHXONIHEBMOHHUIO €
racTPOIHTEPOKOJINTOM.

I'emaToJiornyeckue U3MEHECHUS

I'emaTosiornyeckue usMeHeHus1 npu nocrymieHuu A/ BHyTps opranuzmMa 3aBUCAT OT
UX KOJHYECTBA, U30TOMHOI0 COCTaBa (KOTOPbIA MeHsieTCs B 3aBHCHMMOCTH OT ''Bo3pacra'
OCKOJIKOB) M PACTBOPUMOCTH.

Eciau nocrymieHne HeBeJIMKO, a NMPOAYKTHI MAJI0 PACTBOPHUMBbI, 00BIYHO HAOJIIOIAIOT
YMEPEHHBIN JIeHKOUMTO3, MOHOLMTO3, CABUI JICUKOUTAPHOU (OopMYJIbI BJIEBO.

IIpu mocrymjaeHuu OO0JBHIMX KOJUYECTB PATUOHYKIHMIAOB IMOABJISIOTCH MPHU3HAKU
YrHETEeHUS JIEHKO- M JPUTPOI033a.

3HAYMMOCTDH reMaToJIOrHYeCKUX U3MEHEHHMH ISl IPOTH03a TAKECTH JIy4eBoil 00/1e3HU B
ciyyae BHYTpeHHero mnoctymiaeHus IISI/l 3HauYuTeNBbHO MeHbINE, 4YeM IMPH BHEIIHEM
00JIy4YeHM H.



Inhalation ingestion of NFP is more dangerous than alimentary. This is due, first of all, to
the exposure of the lungs due to products retained in them and reaching the lymph nodes.

As a result of high local doses formed around the radioactive particles retained in the
lungs, foci of haemorrhages develop, transforming into fibrinous haemorrhagic pneumonia
with weakly expressed cellular reaction.

There are manifestations of radiation burn of upper airway.

Along with respiratory organs at inhalation intake of NFP the intestine is also affected. In
the acute period the disease can be defined as bronchopneumonia with gastroenterocolitis.

Haematological changes

Haematological changes in the ingestion of NFP depend on their quantity, isotopic
composition (which varies depending on the “age” of the fragments) and solubility.

If the intake is small and the products are insoluble, moderate leukocytosis, monocytosis,
and a leftward shift of the leukocytic formula are usually observed.

When large amounts of radionuclides are ingested, there are signs of suppression of
leukaemia and erythropoiesis.

The significance of haematological changes for predicting the severity of radiation
sickness in the case of internal intake of NFP is much less than in the case of external
irradiation.



Tak ke xak u npu OJIb or BHemHero o0Jiy4eHUsi, P BHYTPeHHeM 3apaxkeHuu 11511
Pa3sBUBAIOTCH CYLIECTBEHHBIC PACCTPONCTBA HMMMYHOJIOTHYECKON PEaKTUBHOCTU: MOBBIIAETCS
YYBCTBUTEJIBHOCTh K HHPEKIMU, PA3BUBAIOTCH ayTOUMMYHHbIE peaKIuu.

IopaxkeHuss KHIIEYHUKA, NMEYEHH, IIMTOBUIAHOMN sKejde3bl NMPH BHYTPEHHEM 3apasKeHUH
A/ 00yc/i0BJIHBAIOT HAPYILIEHHUS YIVIEBOAHOIO, JIUIIMAHOIO M 0€JIKOBOr0 00MEeHa, AKTUBHOCTH
(pepMEHTOB, HAKOIICHHE TOKCHYHBIX MEeTA00JIUTOB.

IHpuyuHoil cMepTH NpU ocTphIX nopaxkeHusax I/l yame Bcero ABJIAIOTCH MOBPEKICHUS
/KKT wu opranoB abixaHusi, pa3BuBamomuecss Ha ¢GoHe WIyOOKHX HAPYLWIEHUH KPOBETBOPHOM
(pyHKUMH M NpPUBOAAINME K 00€3BOKMBAHUIO, IMOTEpPe JJICKTPOJIMTOB, HWHTOKCHKALUM,
reHepaau3aunuy MHQpeKuum.

BoccranoBuTe/ibHbIE IPOoIECChI

1 BOCCTAHOBUTEILHBIX NPOLIECCOB MPU BHYTPeHHeM 3apaskenuu IIS/] xapakrepHo Bce
TO, YTO OTMEYAIOT ¥ NPH 001IeM BHEIIHEM 00 IyYCHUN:
>  penapauusi MOJEKYJISIPHbIX MOBPEKIEHNIH,
»  KJeTOYHasl pereHepaunmus,
»  BOCCTaHOBJIeHHE (PYHKIMII HA OPraHHOM M OPTaHU3MEHHOM YPOBHSIX.

K 3Tomy ciienyer 100aBUTH MpouLecchl, HANPaBJeHHbIe HA ynaaeHue II5/] u3 opranusma.

Memaer Te4eHMI) BOCCTAHOBHUTEJIBbHBIX IPOLECCOB I0CJHE¢ BHYTPEHHEr0 3apasKeHHus
NPoAoJIKaoIIeecs 001yYeHne HHKOPIOPHMPOBAHHBIMY PAaIMOHYKJINAAMHU, 2 TAKKEe M3MEHEHUS
TOPMOHAJILHOM PeryJsiliy, CBSI3aHHbIC, B NEPBYI0 OYepelb, C MOBPEXKACHUEM IIMTOBHIHOMN
’KeJ1e3bl PaINOAKTUBHBIM HOI0M.



Similarly to external radiation induced ARS, internal contamination with NFP develops
significant disorders of immunological reactivity: sensitivity to infection increases and
autoimmune reactions develop.

Injuries of the intestine, liver, thyroid gland during internal contamination with NFP cause
disorders of carbohydrate, lipid and protein metabolism, enzyme activity, and accumulation of
toxic metabolites.

The cause of death in acute NFP affection is most often GIT and respiratory disorders,
developing against the background of profound disorders of hematopoietic function and leading
to dehydration, loss of electrolytes, intoxication, and generalisation of infection.

Recovery processes

Recovery processes during internal contamination with NFP are characterised by
everything that is also observed during general external irradiation:
»  molecular inury repair,
»  cellular regeneration,
»  restoration of functions at the organ and organismal levels.

To this should be added the processes aimed at removal of NFP from the organism.

The ongoing exposure to incorporated radionuclides, as well as changes in hormonal
regulation, primarily related to the thyroid gland injury by radioactive iodine, hinder the
course of recovery processes after internal contamination.



Ocobennoctu OJIb

Teuenne OJIb or BHyTpeHHero nmocrymienusi IIS1/[ orimuyaror ciiadasi BbIPAKEHHOCTh
NMEPBUYHON peaKUMu U TeMATOJOrHYeCKOr0 CHHAPOMA, OTCYTCTBHE YETKHUX TIPAHULl MEKIY
NMepuoAaMM TEYEHUS, PAHO MOABJIAIINNECH NPU3HAKU MMOPAKEHUS KPUTHYECKUX OPraHoOB
(KMIIeYHNKA, JIETKUX), 3aMe/lJIEHHEe BOCCTAHOBUTEIbHBIX MPOI[ECCOB.

OTIIaJIEHHI)Ie nmocJjaeacreuda

OTtnajeHHble MOCJEICTBUSA NMPH BHYTpeHHeM 3apaxkeHuu [1S1]] mpuHIUNMAIBLHO TaKue
’Ke, KaK U NPU BHEIIHEM 00, IyYeHUMN.

OnHako cymecTBeHHO OoJbIIasi JA0Js1 NMPUXOAUTCS Ha ONMYXOJM 3Kejie3 BHYTpPeHHeil
CeKpellud, B BO3HHKHOBEHHMHM KOTOPBIX Beaylllee 3HAYEeHUE NPHUHANJIEKUT IMOBPEKICHUIO
IUTOBUIHON Kejle3bl, KOTOPYI0 PACCMATPUBAKT KAK KPUTHYECKHI OpPraH B ()OpMHPOBAHUU
OTAJICHHOW MATOJOTMHU NPHU NOCTyIJIeHuu B opranusm IS L.



Characteristics of ARS

The course of OLB from the internal entry of NFP is distinguished by the weak severity
of the primary reaction and haematological syndrome, the absence of clear boundaries between
periods of the course, early appearing signs of injury of critical organs (intestines, lungs), and
delayed recovery processes.

Long-term effects

The long-term effects of internal contamination with NFP are fundamentally the same as
those of external exposure.

However, a considerably larger share is accounted for by tumours of the glands of internal
secretion, in the occurrence of which the leading significance belongs to the thyroid gland
injury, which is regarded as a critical organ in the formation of long-term pathology in the case
of NFP intake into the body.
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