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) From: Dr. E. J.Sternglass
Department of Radiology

. Umversity of Pittsburgh
i

i School of Medicine '

412 6816251,

. To: Roxanne Summers'

NRC
'

: 301-415-7371 i!

| Date: March 25,1996

4

Subject: Comments on health effects of low-level radiation for the ACRS and ACNWS !j meeting March 26,1996 )
.

:
!

The enclosed copy of a recent paper by Dr. E. B. Burlakova summarizes her work during !
i the past decade indicating that at extremely low doses, a free-radical mediated effect

!
causes the risk of protracted low doses of radiation exposure to show a sharp rise

<

'

followed by a decline in risk per rad with increasing dose-rate, and a renewed nearly
! linear rise at high doses and dose rates. As a result, an extrapolation from very high doses
!

and dose rates such as those experienced by the A bomb survivors , either linear or linear
- quadratic, leads to greatly underestimated health effects at the very lowest doses in the;

j 1 100 mr range associated with population doses from nuclear reactors and nuclear waste
sites.

;

; This conclusion is consistent with the studies of free-radical effects on lipid cell-
membranes independently found by Dr. A. Petkau at the Canadian Atomic Energy

:

Laboratory in Pinawa. Manitoba, as discussed in the 1980 U.S. National Academy's BEIR;

III report on pages 464469. The work of Burlakova and Petkau thus provides an;

explanation f or the growing number of studies showing increased incidence ofleukemia
and cancer around nuclear facilities in England, France. Germany and the U.S. which

'

. have been difficult to believe when the expected incidence is based on an extrapolation
! from high dose and dose rate data based on A-bomb survivor follow-up, medical
j radiation exposures and animal studies.

t' in the light of these developments, I urge the committee to review the latest data on very
low dose effects for large human populations that is emerging, especially as studies of

i
the effects of Chernobyl on distant populations become available, and to call for public

! hearings on radiation standards for population exposures to fission products at low doses,
whose chemical concentration and nuclear decay properties differ greatly from natural

; back round sources .
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LOW INTENSITY RADIATION: RADIOBIOLOGICAL ASPECTS
E. B. Burtakova
Instuvie of Chemical Physics
117334. ut. Aoiypns 4, Moscow. Russia

Abstract- Biochem: cal, inophysical and functional p;operties of the gcnenc and rncmbranc apparatus of the etti have been
considered in rmcc esputed to radiation m the wide range of ooses of 6 to ll00 mOy with the radiation imensiiy of(1 x i09
and 41 x 10 ' mCy mind. Propenics considered mclude adsorpuun of DNA on mtruccllulose filters, genome restructunng,
micro,iscosity of lipids of nuclear, mitoctiondrial, microsomauc. plastnatic membrancs. and composition and antionidismg scuvity
of mctneranc lapids metivuy and replatory propenics of the rnembranc and cytoso6sc cnzymes of organs and tissues. It was
shown that the dose dependence of the changes in the investigated propenies is of a rion-linear polymodal(tumodal) naturr ne

first low dose maarmum was observed st doscs of 10 io 50m0) 1hc value of the maximum and the dose at w+iich it was
noacrved depend on the subject's naiv c. the radiation intensity and the tirne passed afier irradiation. An casesntial factor is thate.

sensiovily to other damaging effects of melecules. cells, organs and ainmais changes afict exposure to low dose rudiation. Thei

mdices of health of peopic eaposcd tu low dose irradianon s|so change. De buindal dosc46cpcodencc of she effect was silusirsicdi

by the leucoscs dea:h rate. The caplansnon is given si terms of the chsnges in the relanon between the Quantny of damage andi

ihe acuvely of repmr sWctns induced by low dose arr.iJuthwi.i

o

e

in recent years. the effects caused by chemical agea.ts has been on the investigation of the inilvence of low .
i

. m uhui low doses (ULDs) and by physical factors of iatcasily radiation on the vital cellular components. .is

low IntersitThis'6 celi's rnatict of great interett^8'. Numerous suggestions are made m the literaturc that .i

A pecubanty of the action of UI.Ds of the agents is damaging faciors in the environment strongly affeci the o..

a paraJonical dosc-effcet dependence that is, in niost Wusure of biological objects. h was thought cssential .
5

cases. of a biniodal (polymodal) nature, h is significant t. study the moucnce of low intensity redsation on struc. Te

|Q
.

that the regions of active concentrations or doses of tural characteristics of the genome and membrancs. =,,

physical fa: tors are separtied by a so-called ' idle' or '"Cs was us as the 60urce of radiation, siin

'dcad' zone: yet. the aethe regions exhibit similar Studies con rned the rate of alkahnc cluiion of the o

effcets for different concentrations. W to if nmcs as
high. o

%c effects of ULDs of sigents have been studied fora ,

e niore than 10 mrs. 6mr sorne nrse pui. w..c..m.:.c:.
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DNA of lymphyocytes an6 hver, neutral clution and of act.thylcholineestherase (ACHE), superocidedismo.u .

acsorption on n trocenulose 6hers of the DNA of ta'e '$0D). glutationperoxidase, the rate of fonnationw e
splecn. resenction of the splocn DNA by endonuclease of superoude anion radicals, the composition and anii.n -
EcoR l. and structural characienstics of nuclear, mito. oxidising acuvny of lipids of the above-menuoned *
chondrial, synopocal, erythrocyte and leucocyte mem. membrancs as well as the sensitivity of cells men u .

brunes extracted frosn iht organs Of cAposed ansluals. binncs and DNA to the action of other damaging ..

In addition, to determine the functional activny of factors'8-'t3 .

ce!!s. she acuvity and isofomis were studied of alJolase For all the parameters studicd. n bimod.)! dependence* =

and tactatedehydrogenase (l.DH) entymes, the acuvny of the effect on a dose was fourid, e.c. the effect.i =

increased at low rioscs, reached its maximum (a low ,,

"
i 2 dose maximum), then decreased (m some cases the sign n

or ibc effect changed so the opposae) and mercascd .

2o e38 ' d;am as the dose mcreated. De value of the low dose

f'M /k maunum and the dose to reach it depended on the not.
i.

n
O '

/ %. ure of she subjects on the intensity of radiation and the dE

fLS '. f\ - hme passed since irradiation.
''

.i

72 6| * ? t, | A general rule was that the maximum was shifted 10a
=I j r 'n

*

|' the region of lowcr doses as a result of a decrease m3 =

{ ic .y225 | i / ihe radmhon rutc. Figures I,2 and 3 shnw some of the*
. ,

j p#| ( |, rewits of the uivesugation.c '
.,

1 Figuic I shows a change in the structural properucsieS , , o

) 05 .f L| \ / uf DNA dependmg on dose rate. Figurc 2 shows that n

W 3,. ) 'W tPc change in the per cent of biruluig (PB) the mice h|,i
u' .g ,r4 spleen DNA, depending on a radiation dose (curve 1),k j j o

f ,ot iesches its maamium at 12 mGy (the dose rate
|_ . . . . . ,_,

'

r,0 '20 18) 743 (00 '600 4|i n l0-8mOy min '). The PB values do not differ
.

o
come imod Euch from she control at a dosc of $4 mGy. Curves 2 =,

Figurc L Curve t. per uni tunMg vf the spleen DN A wnh and 3 cpect the tchuht of the restrichott analysis of the
r

cAPosed mice spicen DNA, the analysis was carried out,, nnnsccituivsc fmcrs (relauve snnst and curse 2 scro, e

viscosi.iy~ of rucie.it me''nt>rans hpfs of nic caposco niouse gng cndonuciesse EcoR 1. We data showed a change
~

.. ;u

3 al a io" rnGy non"v-- '

In ille contribution of intCTsperse Teileraavns of MIF-l '

hvgr dcpcoding on the d.ise of radianori Ontensny of rag.ation.p,

m DNA that is indicative of the genome tcstructuring. .i

' Note that th;; donc dcpcodence correspords to that for .
.

the per cent of bimling DNA on _nitroccltulose fiher |
.

oTat,4c I Tne chances en beetic p.irmnetsrs of ACht, aldol. q37;p,7gg, in: cnnnges in structuruTproperties of the 4 L.

ne .ind LDilin urgans u y.irrpicd nine tespilAuniruO. g g g i
r

1 J r'*
mG min .dnse rnic (i u 10

thmc c.u, icd by doses 20 in 40 n. met y. big,, -.). . . ,/t i.
'-,

~TiKID shows the 6hange in Pts of she spicen DN A 4

d

m Duse IInr.3 rne K. N. % v.K" (radiation rate .il x f(18 mGy min ~') and the dose de. * |
o

m -
", pendence of microviscosity of nuclear membrnne hpirls. =

{ 9 with the structurni properties of DNA (curve lh the .*,g g ,3

ispewau ""D'* h P 'd """* ''' 5 "Y ' h"" '' d """* """ Y ""

. whh the cose of radiation; the maximum salves werc=
-

Aldat se 20 L3 0 98 ,,Wmcd for rAluition doses of 60 to 120 mGy. The aa
i S W"'s#'C 5 ),, Changcs in the mscroviscosny of crythrocyte rncmbrane .

LDH I3 L3 'I hpids were the same. As in the previous cases, it was me

observed that ihc miinimum was m the reginn of low"
-

~ Mct e ue w p para ew the nwow <A u

to %yes obhuned after irradianon by the doses nf I
"".Hy owg i3 ; y .

.i

, '4 sCM 16 14 0 87 To essNase the functional activdy of the cells, the a

wo ase 23 12 35 data on the ch:mges in Ametic parmcters of membr.mc .

LDH 0 88 0 88 60 and cytosol ennmes in the cells of caposed anima!s ,,

were used Th. d.de are hsted in Tab!c l. As is seen .., , ,

... 3t ACHE o5 c 94 12 from Tabic I the changes m the etizymes' linche Q.-

Ai4sme oJ 050 15 preacnics begin to develop at a dose och Herc. a f,
e

OH s' 9 IO U prolony,cd scicnhon w.tl UbscrvCd of the ChangCd kinche . .e

@ ~ ~~ prtspertics of cn/)mes caissed by und6atspri wuh .,

2i

|
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12 mOy. Also, a disturbance in the regulatory functions Such a dose dependence can be explained in terms ofm

a.

of ensymes was seen as a result of changes in the the concept that these is a scale of the doses causing
...

ic

rela: ion between the isoayme forms of lactatedehydro- darnage in biological objects and of those inducing the:
i.

genase and aldolate and between the activny of the systems of restoration". _In fact. while the reDAJrsi
so

enayme and its substrate-for superoxidedismutase (edsplation) syslemsJo not work, the effect jncreasesn.

Tables 2,3). nus, irradiation of low imem:ry results
_ i.

|q (in a non-linear'dosc oependent_ charge in the funcoona! um inc dose, then it 3ETeacs as me repair develops.
in

_

in
ne u- i,Tsy oc cTimiraied or cnarige its sixn': then t no

-

ni e scimsv of cells. Ii is important that sensitivny of separ. wrcases agam_with the dose as the damage prevaAs m~

ste macromolecules, ce is and the organism as a whole ~ Jm so. riowever, oespite the numerous esperunen-
s.n

in
to any other damaging factors also changed. To dlus. %i imd ligs in favour of this assumption, one can_not be f

m
iii

traie, an increase was observed in the sensihvity of jquite posihve about the cause of such dose-c_f et..
c ,DNA estracted from the organs of caposed mice tepenocnce m ine_ region OFiow cosc ir%gigD. Rete

n,

.n(gamma irradianon. 60 mGy) to a repea :rradiation as t mnerentm vicwpoinu on she nature of this depen. a.

compared wnh the control. It was found that the low dence, e g. a concept of existence of a particular pool. . .
m

dose arradsstion meressed a (agree of cr)thrtate hac- of cells that arc sensitive 10 the low intensityn.
u.

ruolysis of exposed mice; the CNS sensitivity to r.euro, stradianon* and others*.os
.

mediators, agonists and antagonists as well as the cell Work foetised on the investigntion of similar bio-..
i. e

response to the viction of regulators, to a sepeat chemical and biophysical changes in the organisms of
n,

+
irradiation and to introducoon of radiosensinser> abo peepic capo>cd either to a chronic or to an scute low _, h* f..

|
w

change. Similar results were oNained 20 years ago by dose irradiation. Of special interest were the etgn
n.

e
I the group headed by Yu. G. Gngoryev m the exper. the anlioxidant sistus of the_oremm.

.
.

Nrous data obtadico both at 'our laboratory and { is |
trnents wnh dogs chronically esposed 10 rnhation of...

low intensity to model the conchens of a long icrm stay known from the literature permitted us to conclude thatus
=m space (Flight to-Mars project). .1he annoxidant siajus of the er.ganism is responsible for

,... <

| the frequency ,and seventy of diseases, the probabihty
$ Table 2. The claege m 1,Dil huomes novion in mics % af rehabilitosino and sensitivity to the action of damagd

.=

=
m brein cytoplasma sher arris dianon dose ruic {x mg facior$ '"0 , a,
n. lo * mCy. min". Figure 4 shows she chariges in the activity of superoa. n. .

. ' " .
- -

idedismutase in the blood plasma of people partici;,atmg
,

Dme lsencs in the liquidasion of the consequences of the Chernobyl Jgm

catasiroph: and exposed to ridiation (the liquidators). ""
' , IintmGy)n.,

a.
H, it,u it,Mi HM, M. Drastic chat:ges were observed for doses less than 9

,.$
50 mSv. Simdar dose cependences were observed whils

.
.=

6 12 L27 0 95 LO4 10; eaanunin; visaann antioxidants of the esposed people. -f-in

803 WO6 W D.s VO 10 /0 09 la those cases the authors noted a decrease in the con. ',=

b" t: On 04 1, Us oc I lx pherol and glumhionc in she b!Wcennauen m
(0.10 v002 to| VC 0: ro.01 c.25 "

.

12a I.i$ 0 81 0 ?S o ss 0 71 o9 |c
*/o 06 (D 09 to e9 yo t l y0 | | cn. eon \

o. 34 1 35 0 114 054 0 91 1 09 { 9% 3f'(0 19 V006 -0 05 40 08 +0 05 3 -
;',8

7 015- 3 ,

Ac%o o-
.e ,

i
.

Tabic 1 The clunges in the relation bet.cen the generonen g04-. . . O
rate of superoside radicals %) und SOD setivia, in iner Q..:

p,, o
micronomes and liver submitedhondrial articles $MP) r f ) | 9o %I. . .

; m,ce ane, i,ta.m.on: mm 3 ,i,cy.m.n . y ,eg .

.

--

5aiu .v, , , , , , gro, -. v v-
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p! ssma, and a change in the A E ratio at i'Tadiaton 15, -,
[

~

*" - -|
e

'

doses lowcr than 50 mSV'9
d '.

,.. i

health of the exposed peopic show similar regularities. { ' f!
- '+- 't -~

a It was essential to And out whether the changes in the
dI i> d *-

m
However, the epidemiological cata __wcre not a ways g - p i - j.

-,

4,-- - !

' .m ' '
obtamed at t_he soproprials_ Icvel to permit us to mUie 10 se.

-
.

j LI. _. j..
|

m
f ;-TITiinie qusht_ative_Ennelme, .] .

-
.i

n.

/.L , f _ .. '
Previousey, a was noted that on increase m a number i . , . .{. l .- g. . .

7 l _... . . | . .of disease cases among the liquidators shows a similar f fg . . .

.u j
i 7 [.M_

j.j J ..] <'l.iendency to a non rnonotonic , non lynear dose. '' " '. " /-. dependence *. Sorne' biochemical snd haematological s 5
'

p'J1 .Q' j$
.

.w
!' ,Q /,,_psCmeWrs of the people caposed to radiation during the 5

! .

ij , ,pecidents at a:o:nse power stations also ethibit a bimo-
pai dose dependence"'38'. However, it would be most h

m

interesung to stud) simdat depend:nces for the long-
-

'

;i , j, ,;;; m
*

' " ~ h|
.

m term contequences ol' irradianon, i c. malignant
0 '

j tumours, it_ is well known shM iortisin; radiatlan can 0 % a
play the role ot' a promoter as well as os an maiiator ofj , , *

', .f 7,"WaliJnani_ tumours An mercase in jhc radiauon inten-; is

:Tiry and doses (up to certain limits) resatts in a decrease l'.bre $ Leutxnta'ocashs per 10' person years dependmg on* .im
IPC cose or vndisine (the numbers of the pums entrespond to 4:

;in the promoting and in an increase in the initiatingson
'h8 ada* cts 'a Table 41 ..i functions of irrasiitton. There is's wide discussion inm.

the lii rature over the mfluence of low (!n>cs of r+1iatiolin
on the occunence of m.ilignans nidiog:nic tumo;.rs sadw
Icacoses As a rule, the scientists who deny the fact ofm.

Tabic ( The data on the leukmnia death rate for peuple aftcr viomic imminng arid riuclear uccidems and fur workersen
in the tWCltar illdW51ry (the riumbers hi the table correspond to the numbers of the points in Figure shj m

m
13 Dnse upcowsoca* Ref

|fn13u061x3hi) (mSyl nite per 108to

pctsun years

; ,m, 2 36' 19
Ia

j w I. Filgrarn 1983-1988 p,g f;
20 (20-50) 0+ 15

2. UKAEA workers 1946-1919 " ' ' ' 70 14 * * 19to

} ni 3 rqrim iW-id** 2i 10 4 16

4 Oakr3ege Na.io si Lators ory 27 6 f6n
4 e.

5. M antord 216 25 16,

p, 6 Americaa M.niary Agency
30 s1 17

7. Rescems of hpan Group I 16311 5.6 ):=
,,, s Amencan Nvcicar Agency

.M 40 to
as 9 Rxkp'.a s 50 5 22 15

in i w * F A wimkers 00 u i1. . .

11 Resider.is of Japsn Group (I
'T 100 3 o' 15..

12 UK At!A wrkers 139 47 16
... 13. 5cila'ic td 130 5.7 17'

.n 14 Regiocms of Japan Grusp til m )s 18

.= 15 Residen's at the lecsta Kiver. Oivuv i
180 69 18

.. ;6 Rcticems si the Tsche River. Group il

11 Resi6cnts at the Techs River. Gioup it! 290 R5 18

400 8 56 174

.o is Residems of Jep6n Group IV

19. Regiocnts at the Techs River. Group IV 610 65(143*) 18

730 7r)9139 33.
23 Reticents at the Tsche Rivct. Group V

' Li 800 ja 3 11..

w 1. Residents of Japan Group V
a f>40 i33 is

22 Resiocms e iho Techa Ri.cr. Gmup v1
1800 M6 0

m 23 Residents of Japan Group VI
2600 51 t7

24. Regiocnis of Jsran Crmo Vil
'

!/ 1600 vi n
w. 25. Residems of hpon Grusp Vill

E
*The d2ta 34 related to ibe emirut of 3 6 per 10' person.ycars

4
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:
n* verificalion of a high probability of occurrence of mahg atinic bombs obittined using a linear model for the risk as

nani tumours si low doses of irtsdintion put forwarj cstimation. 3] Sv*'. and that obtained using a linear.m
ni

two arguments. quadrai!c model. I 9 Sv-'. :n

(I) It is almost impossibic to reveM caperimentally or 4, the infonnation that had been collected for'" m

epidemiologically an increase in a nurnber of ,'c pan .A ye.ns n nycal exanmations of people in n.m
s ,. tumour carriers ' caused by iradiation because this Japan exposed to radiation during the atomic bombing m

m increase is within the hmits of the difference in the of Nagasski aind Hiroshirna were pubbshed"" The 9

um M M @p m@ase N bei d apercentage of cancers in different regions and the mn,

scrificanon requires a great bulk of experonenul deccase in die leucoscs deam noe in the group of runi

sw data. people esposed so a dose of 80 mSv. they regard this m

(2) Considenng the cases of cancers and leucoses fact as an evidence for a hormesis caused by low dose %,o g;,g
. caused tiy low dose nad.auon, which cacced sig-

In Kossenko ti cl"*8 the data on the deaths fromn, nificantly the control values (as was shown), and m

cuirspolaung the data to the hqh doses in accord. leucoses afier the accident in the South Urals were prc. .
n.

ance with the linear dependence. one can gci that, , , , g
| th: naniber of espcet,cd qun:oers cacett's the real himc**"' s W km M m b W

,.

, valacs by orders of magn,iifde. This is why the con- %ne
woikers of atomic plants and exposed people and to plot

| cissions about the in0aence of low doses are a.im
dou bt gg., a wrrespondmg dose rate dependence curve excluding n'"

chrome leucoses. This dependence is shown in Figure =
The grounds for sccpucism conccmitig the infor- 5 and Table 4.11 is evident that the results of epidenno-m ,w

m manon on an increase in the numucr of deaths from lopcal cxaminations of a great number of peopic can 2,i

n. tumours and leucoscs caused by a lo* cose arrachation be represented as a bimodal dosc Ocpendence. The m
en were the resulis of the check when one nn?. the 3.tue ilependencc am;dpmates the cases when irradiaoon m

group of workers of a's aiomic power stuison yic!ded an resulted in a decrease in the leucoscs ccath rate belowm n.
increase in a number of deaths from cancer as Compared the control. DC revealed tendency shows that the raicm n

gw wuh the conuol for doses of 20 nr 50 mS= be a of deaths fro;n leucoscs caused by low dosc irradation rw
in decrease for 100mSv '' is comparau:e wnh that for the doses doiens of iirneso

in
e ., The analysis of il c bacrature d.Ha on ihc leucoscs hi hcr.f n.
m death raic for different groups of esposed pcopic woik. Diffezent 45 -cfrect deocndc_nces for the rerions of f v.
su ing, as a twic..H atomic power tinhons showed the same los and hittinoset penuit us so succcst olffercrq ng

'

tendency in the dosc-effect dependence that was disco. an.sms responsiofe for the_increasCgme leucosts death j /m
Tn""5T low andT0gh doses ofirradiation. )

Recendy, a rundamcmal paper has t>cen publishcd"''. - i nis is only e quahtatsvc paucm enes should be sub. ' Ar'vered in our esperirnems.
ass

it contains ibe analysis of data on the cancer and !cu. jected to statisticM processing with the resulting sig- rw,

v ., coget cea'n ra.. .nvr4 .hc .4rkera rd Mme denti eant/ 'st ethtf cFac's 54 wever b 4 tcheved .o
The work hol le n camed out by the speciabit> fiom that a o necenary lo provide this ptot a.i an cflon to3 >. ;

the truemanonal Apacy for Canect Rescaich and pro- concentrate the invesogators on scarching the_tegu- f ji m
,o stacs ing restts of encaug on 90,oo0 wolket) or 'iashics anu mecnanisnts of the elicIls M i3w dEsetTd |

alonds plants in Canada. Orcat t3ruam :md the USA. ,to unpr:ssacpq a is norocrmissioie to pool the enia |
m

DC authors cencenirsicd on ibe esDrmon of a rCtative p.oiaincsl for low and high dotes because this icvcas thsu =
,e mk vt 6.nb rvi del A md3 td 4. % 6i. babisding icu- p m. uly ~ - "

m
kacr'ta, and for leukaermas caciudag chronic lympho- Usr Tndings and the data on experiments wnhi. e.v

. . . icucoses, exposed animals available in the hierature count in fav. m
,, A :clau c nn of umh inna ! mom wa 2.2 Sv ' our of taking new approaches m studyingt the effects of ~.
o, nis vah.c hcs between the u|ue for the vacunit of the Iow doses of radiAtton. m
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