


1. INTRODUCTION

The search for the dose-effect relationship began many years ago [1-8]. How-
ever, the problem of ‘possible consequences of ‘radiation exposure in humans,
partlculary by low doses, is far from its decision [9]. The striking illustration of .
undecmon of the problem:is two mulua]ly exclusive predictions of consequences
of radiation exposure in humans in the Chernobyl accident:[10,1 1]. One of them
prophesies about. 300000 lethal outcomes from. cancer in result of the Chernobyl
accident {101; lhe second informs about preventlon of 20000 lelhat outcomes from :
cancer in the ex-USSR republics [l 11.’Another illustration is- connected with 1990
Recommendauonx of the International Commission on Radiological Protection
[12] ‘The ICRP. has considered the' dose * limits msuﬂ'cwntly low and
recommended to reduce them, while a number of spec;alms considers this
recommendation as unjuxufed and: extravagant; furthermore the author [13] has
con\ldercd ICRP recommendation as speculative because of danger'to the human
heallh These -two - illustrations ‘are consequence. of ‘that' the- authors of the
predictions, “opinions” and recommendations have used different dose-effect-
relationships. In this connection. a search. of new more. effectlve dose effect
- relationships may be justified and actual. :
. This article presents such  new dose- stochastic radiobiological effect
'relallonxhlp. demonstrated its powblhly to fit some of the most striking control
results and gives the estimation of radiation risk at the Joint lnstltule for Nuclear
Research based on lhe model of two defence reactions (TDR).

2. MODEL . BASE ,

The main considerations and conditions, assumed as basis of the TDR model,
and formulas are following: ‘1) Radiobiological effects, which are the result of
random events, are examined; 2) Biological oijects may be any capable of self-
defence organisms; 3) A defence system is realized in two types of organism
reaction (response), which determine innate n, and adaptive M, radiosensitivities; "

4) The ~sighﬁ'1cances of p are: determined by -host (_inner),‘factorsA; and the

significances of p , bycxtemalfactors‘ 5) The possibilities of addptiyé reaction
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‘are determmed by the coeff' c1ent of capabllltles of defence system V; 6) An -

- fonizing radiation exposure decreases or increases the frequency F or probability

‘W of effect unsurely creating new spec1es of it'— radiation induced. : The-
considerations 3—6 need in argumentation, which _partly may be adopted from the :
published studies with cells [15,16] and partly may be supported in success flttmg :

. of experimental results and control. For higher organisms it is-determined that
response of immune system on the action of any dangerous factors sums up two
components — innate and adaptlve d1v1ded by some time interval [17]
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3 FORMULAS OF TDA MODEL

We assume a functlon f as a bas1s of dose effect relatlonshlp and def1ne it

thus that the product.(1.— W, f is the probabrllty to avoxd stochastlc effect at dose :

exposure ‘H;:there” W -is i the - probab111ty of the effect in" control (probablllty of

spontaneous effect back ground) Then the probablllty of the effect is

- L’f‘ii

) —1—(1—W)f
Th excess of the effect above background 1s the d1fference of W and W
e AW w w,_ (1 W)(l —f)u.,,,
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The relat1ve rlsk (RR) is: determmed as a: ratlo

The mean: frequency of expected effect in accordance to [8] and ( 1) sty
vw_sy,g,‘,,; 3 ,1 '1" B e TR i i IR i B
_lnl—W_n(l—Wc)f' @
_ A function fis found by solyin‘g the following differential equations:
l_.w_,. df;' =-HJ"dH’ - R ?t:‘: ' (5)
’ df »—(u vf uaf,,)dH S O

. Here f is the. fractlon av01ded effect (lesxon) of 1nd1v1duals because of the

innet defence. reaction’ at radiosensitivity. oo fa isithe additional. fraction:avoided
- . e e gt ity - ‘
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effect: of individuals because ‘of the adaptive defence: reaction at’ radlosensltlvny

, p. and v is the coefficient of capability of a defence system. The solution ‘is

received for two particular cases that’ may help to describe control results adduced

in part 4. In the first case srgmf' cances of B H, Vv are conmdered as mdependent

of- H, then the solutlons are [14]

fy=exp (-nH)., Q)

fa‘hmu [ex »P(‘lJ-H)°exp(—pH)] 4 (8)

Total fractlon avoided effect (lwlon) of individual is consldered as a sum of;

£ andf

A u fexp (it H) — exp (-1, 1. &)

In the: second case, n, is consrdered as; mdependent of H and p and v, as

"f=CXP(—LlH)+

. dependent on H, then the solution for f,is (7) and is descnbed by the equauon

f,=exp (- f mdH) (i, fi v exp (i Hy exp ( I wad).  (0)
" In all cases the significances B, pa, v have to satisfy the condition
: 1 o « . '
< . : 11

The analysn (9) at the condmon (I shows the posslblhty of descrrbmg a
hormesxs [ll 18 19], as f may- be more. than 1, and W< W av > L At low doses :

when W H<< l we may get Eq (12) lf restnct the first two terms of expansmn m

the row of exponents:
T 1‘}pn(vf1)H.§ ¢ 1)
Substltutmg thls value f into (2), we have

AW = (1 wg(l—v)uH B “"5(33?5

-and for derivative

PRI 2z

W= AW = (LWL =V o ¢ o (14)
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k +: -Formula:(13) shows that ‘absolute excess of risk 'i'svsttralgh‘tly p‘roportlon to”
dose :at-low-dose and above-mentioned conditions.:In this: case- forthe derivative -
AW .ICRP .recommends the name. — «probability ° coefﬁcrent for - stochastic -

, effects» From (14) one can see that the significances of AW’ may vary in a wide

 RR|. . T
2.5} . ' 1.3

range; that was noted in the study [9]. Negat1ve s1gn1ﬁcances AW_ and
AW (v >1) correspond to hormesis.

4. MODEL VERIFICATION

At present time, a verification of r1ght and effect1veness of considerations,

~+ assumed as the basis of the’ TDR model, ‘may be only in-an ability of fitting
- different observed dose-effect relationships with  the, help of: the formulas
" presented - in" part:3..In the’ capacity observed’ quant1t1es in the’ ep1demlolog1cal
. control, W and RR are selected furthermore f and F — in the experiments with
‘cells

“4.1. Epldermologrcal Results
~The relative risk of cancer. mortality for Japanese A bomb surv1vors in

' ’Horlsh1ma and Nagasak1 is presented in Flg 1

RR
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Fig.1. Relative risk RR of A-bomb survivors: a) mortality from ]eukaemra b) mortality
from all cancer other than leukaemia; e, A, o — epidemiologogical studies results on all
of survivors (e[18], A [20]) and those who were less than 40 years old at the time of
bombmg (0 — 95% confidence mtenal [18]), — TDR model result

) The TDR model results are obtained by formula (3); which parameters have "
been determ1ned at the consent cond1t1on of calculation and control results they'
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Fig 2. Lung cancer mortahty w vs radon level (ro — 37 Bq m3 WLM =

0.5 cSv): #— in homes (Cohen B L 1995 from Ref [13]), <>-—- m mmes o
(ICRP, 1993, from Ref.[13]); — fit to data of TDR model

are: jt. —066S
u =D.16 Sv7!

equal to 0. 2 0 SOlld cancer [20] and 0.0018 to’ leukaemla [18].

- Figure: 2 shows" lung cancer mortal1ty -as function of radon level for two;'
cohorts of human: the underground miners and the dwellers of the USA counties.
An effective dose H of the dwellers is a cumulative dose over ! llfetlme an

u —1022 svl, v =0.95 to solid cancer andu =04 Sv7,

exposure of the miners at -1 'WLM approximately creates the effectlve dose
0.5 cSv [13]. The TDR model results are calculated under the ‘next: condltlons

W = W /70, where 70'is the lifetime significance, and W is calculated in accord-
ance with (1) at W, =0.0056 [9,12,20]; the lower curve is .calculated , at-

po=1 svl, H, =05Sv], v =122, and the upper curve 'is- calculated"at

;.1 =18v" ,‘p =0.644 Sv'1, v=0.98. “The significances" of parameters reflect.
such a fact that the capablhty of the miners defence ‘(immune) system is" lower
than the dwellers ones. Apparently it-is connected with additional danger factors
of miners.-The. epldemlologlcal tesults. of the lung. cancer of Swedlsh dwellers
without a hormes1s are presented in [11] ;

4.2, Experrmental Results with Mammahan Gells R :
-Figure' 3 presents  the dicentric frequency. in" human: lymphocytes as functlon,
of photon dose. The data. points are displayed according to  the experlmental,
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Fig.3. Dicentric yleld as a functlon of a photon dose: 0,8, A, 0 f-
expenmental results; — fit to the data of TDR model —
PRI ﬁt to the data of lmear—quadratxc model -

) 1 2. 3. a_ /i
Dose (Gy) : G
Fxg 4 Survival of cell line HT29: data points are mean standard error; - \ 7

e — lmear-quadratlc model;:

S — induced repair model fit; - - -
- =~ TDR model fit . : :

“photons -t

o: ©

neutrons:,

~Surviving fraction .
&
»

9.
L. y ‘

1 i
0 5 § “10‘* ‘15 " 20

.DOS E cG Y
F|g5 Survwal of spermatogoma ‘type B of mice after xrradlauon at peak dose in stooped‘

negative pion, neutron and photon beams: data point — cxpenment solid line.— TDR
model fit :

results of the next studies [22—25].° The extremitim ‘of ‘experimental resuits is -
described better by TDR model, as can be seen in Fig 3; the values of TDR model -
parameterb calculated wnth formula (4) are: p = 100 Gy'l, u = 0 1 Gy

v =1.00193." e . '

Flgure 4 shows the surv1val of human cell line' HT29 ‘the data pomts are
expcrlmental results [26], the curves — the fittmg of defferent: models to the data

u = O 625 Gy u = O 606 Gy the values of v are changed from 0 to 1 1 close n
for. the dose of . 0. 15 ‘in accordance to sngmond shape: of curve. It can: mean the .

putting into opcratlon of “adaptive reaction’ close to ‘dose 0. 15 Gy . Such’
phenomenon was observed earlier. (see, for example, [27]). At the doses <l Gy the
lmear-quadratlc model substantlally underpredlcts the effect of X rays '

The survnval spermatogoma type B of mice after exposure with dlfferent types:-
of ‘radiation [28] is shown in Fig.5. The mice. were. irradiated using . Pu-Be E
neutrons, 14-MeV neutrons and hlgh-energy neutrons up to 600-MeV (data points

~ are not indicated in Fig.5).. The’ parameter significances of TDR ‘model fitting
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"(formula (9)) are: p = 10 Gy 5 Tor all types of radlatlon, ].1 —-625 Gy~

v =0.9 (photons), =350 Gy v=—)9 (plOﬂS) and v=190 (neutrons) Negatxve

value of v indicates apparently that the cell defence systems are suppressed by the
. action of pion nuclear reactlon products. .

5.~-AP13ROXIMAT10N OF THE REsuL'rs TO RISK ESTIMATION

“The" presented and verified TDR. model for describing dose-stochastic
relatlonshlp permits one to realize the estrmatlons of radiation risk R at determlned
51gn1ficances K, B, v ior human cohorts ' with known dose distributions. For the

: s1mplest case R is estimated as a. product of derivative of effect probablllty
W’ {or AW") at dose H on its s1gn1ﬁcat10n

T A — L)

For the cohort N, of individuals with dose distribution dN /dH the risk is

H :
dN e e
, 16
R= ({WHde (16)

‘where H is the maximum dose of the distribution. At low doses in accordance

with (13) risk is a product of Jprobability. coefficient for stochastlc effect (W ) on}

H'wl EPRE:

The appllcation of the presented TDR model and formulas is 1llustrated by
_some examples :

5 1. Companson of Probablhty Coefﬁclent of Cancer Mortallty W e

"~ The most’ 1mportant result of epldemlologlcal control of human exposure is

the estimation of W’ , which'is based on "extrapolation of risk from high to low"

doses studies. Such extrapolation on the base of TDR model’ formulas and the
~parameters of part 4.1 gives-the followmg ' Ve e E

S5 G ompansan Results of . W ‘on Base of Cancer Monaltty of Japanese :

A Bomb Survivors. The values of W’ . for lifetime nsk are:

Soltd cancer {without leukaemiz)
= accordmg with (14) at W = 02 7 W'— 2 6- 10‘2 Sv '1 -
' : — accordlng w1th ICRP [12] = 4 510" 2 gy “ e

Al Gancer 5

© radiation, sources:

R= (l—W)(l—v)uH N ‘ (17)‘

i aceoiding with (14 Tl e g
_— according w1th ICRP [12] W’ = 4, 5 1072 gy 1. :
. 5.1.2. Compartson ‘Results of W' on: Base of Lung Cancer Mortalzty of
Underground Mmers The values of- W’ N w1thout correctlon for llfetlme rlsk are:
- accordlng with (14) Wi=19 10—2 svl
— according- with lmear model ST W 14 10—2 Sv—l.

5. 2 Estlmatlon of Radlatlon Rrsk at JINR I :
The estimation of risk. Slgnlficance is calculated:in accordance w1th (16) The '

" dose, dlstrlbutlon of the Joint -Institute for Nuclear 'Research” (JINR) staff is’
3 presented in [29] as typlcal for the last ten years. The relationship W’ as” functlon
H is found on the base of (1D, (9) and 5.1.1 for workers. The calculation result

gives the next value of radlatlon risk- level ‘R of 2 .500 workers of JINR usmg

R= I W’H Z—HIY = 0 1 cancer death/yr

This value is more than 30% as compared with a product of collectlve dose
per year of JINR workers (5 SV/yr) on W.' calculated ‘with (13) The rlsk
calculation on base quantlty w’ recommended by ICRP {12] gives its’ value 0 2
cancer deat per year that exceeds twice the rlsk value of TDR model ' '
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