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From: Dr. E. J.Stemglass

Dermment Radiology
University of Pittsburgh
School of Medicine
412-681625]

To: Roxanne Summers
NRC
3014157371

Date: March 25,1996

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

The enclosed copy of a recent paper by Dr. E. B. Burlakova summarizes her work dunng
the past decade indicating that at extremely low doses, a free-radical mediated effect
causes the nsk of protracted low doses of radiation exposure to show a sharp nse
followed by a decline in nsk per rad with increasing dose-rate, and a renewed nearly
linear nse at high doses and dose rates. As a result, an extrapolation from very high doscs
and dose-rates such as those experienced by the A-bomb survivors , either linear or linear
- quadratic, leads to greatly underestumated health effects at the very lowest doses in the

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

This conclusion 1s consisient with the studies of free-radical effects on lipid celi-
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
11T report on pages 463-469. The work of Burlakova and Petkau thus provides an
explanation for the growing number of studies showing increased incidence of Jeukemia
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
radiation exposures and amimal studies.

In the light of these developments, | urge the committee to review the Jatest data on very
low dose effects for large human populations that 1s emerging, especially as studies of
the effects of Chernoby! on distant populations become available, and to call for public
heanngs on radiation standards for population exposures to fission products al low doses,
whose chemical concentration and nuciear decay properties differ greatly from natural
back ;ronud sources .
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LOW INTENSITY RADIATION: RADIOBIOLOGICAL ASPECTS

E B Burlakova
Insiinuie of Chemical Physics
1334, ul. Kusveins 4, Moscow, Russia

ABStEDC! — Biachem:cal, biophysical and funciions! pioperiies of ihe genciic and memprane spparaivs of the cell have beer
congidered in mice expused 1o radialion i the wide range of ouses of 6 10 1800 mGy with the mgistion inensiny of 4.1 x
and 41 x 107 mOy min'. Propentics considered include adsorption of DNA on miruccliviose filiers, genome resiruciunng
microviscosity of Lipeds of nuciear, migehondrial, MICTLSUMAIIC, PIASNDNIC MEMDIANCS. AND COMPOBILION N0 ANUOKIIZING BCLIVIL)

{ membrant Lipids, sclivity and regulaiory propenies of the membrant ané cylosolc cnzymes of organs and Lssues. 11 was

.

shown 1hat the gose oepenacnce Of the changes in the invesiigaied propemies of a non-linsar polymodal (bimoda!) nature The

Arst low dose maximum was observed 3t doscs of 10 10 SOmMCy The value of the maximum and the dose a3t which It was

paery o0 Sepend on (he subjeci’s nalure. Lhe radiaLion iniensily AND (he Time passey slier wrndiation. An cssesntig! facior 15 tha

sensitvily 10 Other gamaging effects of molecules. celis orgnns and mals changes oficr exposute 10 Jow dose rudiation, The
gices of health of people expused (0 low GUse imadatiun giso change The bindal duse-dcpendance of the effect was ilusiricy
Dy the leucoses death rate. The expin f erms of the chanpes in the reiation beiween the quantny of damage and

'

vestigation of the influence of
AZINION PN the vIlal CCliviar components
Ous Suggesiions are made 0 (he |itlerature tha
g faciors i (AC Ccnvironment § rongly alfect ihe
; ; e of biologica! obects. )t was thought cssentia
ases. of f lymodal) ¢ liis sig study the influenge of low ntcnsity radiation on siruc.
hat the regions of 2 ¢ concentralion f ses © urs) charsciensucs of the genome and membrancs
physical faziors are scparaied B SO~ C 'Cs was usey _as the source of radisiion
ica \ - he act 210 bt s At Studies congmed the rate of alkaling ¢lution o
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high
he effects of ULDs of agents have been studied for
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DNA of lymphyocyies and hiver, ncusral elution and
scsorption on niroceliviose fliers of 1he DNA of
spieen, restnction of (he spleen DNA by endonucicase
EcoR | and structural chacaciensics of nuclear, miio-
chondrial, synppiical. erylhrocyie and leucocyle mem-
brancs extracicd from ihe organs of caxposed animals
In addition, 10 determine the funcuional activity of
callg, (he activity and isofomms were siudied of aluolase
and aciaedehyorogenase (LDM) enzymes, the acuvity

~
<
-
-
~

s
DA g wetd '€~I~u (espt¥comreh
~
'\

~
-

A=
o
iy ——
<
\\
\

-

A

MarowsC sty of rerts ane pads (expillcontol)

\cly H .

| . ,l 2

I '.’4‘ \
055 | s

]’ 14 'l ; ‘\¢

' “?-"

‘0‘ — e ‘- ~
0 W0 e 60 800

Cone MGyl

Figure 3 Curve 1. per cont bindimg uf the spiecn DNA wiih

niinxeliviose Algrs (relaive wnits) and curve 2 niene

visgosily of pugicar membrane pids of the Cxpose Mouse

liver JEPending on ihe Bose ol radidnion (miensity of £38:ahion,
a1 x 10 MGy minty—

Table )} The changes in Kinetic purameturs of AChL, aldol
ase and LI a0 vrgans of yarradiaiod nuce (expiViunirol)
gose rate g1 x 107 mGy min“'.

-
Duse Enzyme Kw Yau  YeudlKa
.mC)\
6 AChE R om H
Sy nuptosonws s
Algalawe Eit 3 ]/
(Synapiogores)
LDM 125 5 .
13 ACHE I8 | 178
ALty 0s 0% s
Li2n (R ? 54
4 ACKE i® 14 v3?
Alduase 258 IS 28
LDH ose 088 0
$1 AChFE 08 oV 2
Aldoiate 03 080 s
LOM Pl ) 19 |

MY v ® CoMrERENTL Rarrag

TrgUe 3 shows

of actihylcholinsesiherase (AChE), superoxidedismu-
1are (SOD), glutanonperoxidase, the raie of formation
of superonise anion radicals, the composition ang anii-
onmdising acuiviy of lipids of the sbove-mentioncd
membrancs as well as the sensitivity of celis, mes
binnes and DNA 1o the action of other damagiig
faciors .

For all the parameters stwdicd, » binoda! dependence
ol ihe effect on & Cose was found, ie. the effect
increased at low doses, reached 13 maximum (a low
dose maximum), then decreased (1n some cases the sign
of the effect changed 1o the opposie) and increased
again as the dosc increased. The value of ihe low dose
maxinum and the dose 1o reach it depended) on the nat-
vre of 1he subrcis on the intensity of radiation and the
tune passed since irradiaion

A general mile was that the maximum was shified 10
the regron of lower doses as a resull of a decrease in
ihe mdiuon mic, Figures |, 2 and 3 show some of the
results of the ivestigution

Figuie | shows o change in the struciutal propenics
af DNA depending on dose mte, Figure 2 shows that
(RS change 1 the per cem of biniling (PR) the mice
spicen DNA, depending on a radiation dose (curve 1),
reaches s maximum al 12mQy (ihe dose rote
4 x 107 mGy min ') The PB values o not difler
imugh from the control a1 8 dosc of 54 mCy Curves 2
and 3 depict the resulis of the restnction andlysis of the
eaposcd mice spieen DNA, the analysis was carmied oul
using endonucicsse EcoR 1 The daia showed a ¢hange
in the contnbution of iniersperse reieratiuns of MIF- )
i DNA that 18 indicative of the genome ‘csiruciuring

Note that the Jose dependence correspords (0 that for
(¢ per cent of binding DNA on nitrocellulose Gilier
TTIRTTION. The chRnges in SITUCIumIT Properies of (e
genome caused Ly 10 10 54 mCy are comparable 1o
those cassed by Joses 20 0 40 times 8 Digu,  weee
change 10 PB of 1he spleen DN A
(radiation rate 41 % 10 mGy min™') and the dose de-
pendence of microviscosity of nuciear membrne lipiis
\s with the stiucturl propemies of DNA (curve 1), ihe
wembrane hpul imcroviseosity  changes divmastically
wiih the cose of adauon, \he maximum valugs were
ohiained for rahnon doses of 60 10 120 mGCy. The
changes o the microviscosily of crythrocyic membrane
lipids were the same. As in the previous Cases, it was
observed that (he maximum was i the region of low
Goses The vaive was comparable with the mucrovis-
wosity ones obiwned afver imadianon by the doset of |
w 120y

To evatusie the tunchional astiviy of the cells, the
data on the changes 10 Kineug parnndiany of membrane
and cylosol enzymes in the celis ol exposed amma's
were used The data nre histed i Table |+ As 8 secn
(e Tuble | the changes v the enzyings’ kinelig
prederties begiy 1o develop al i dose ol @ mGy. Here. »
protangod wiennion was ebserved of the changed ke
properiies of cnzymes caused By wragiation  wilh
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of entymes was seen a3 o resull of changes in the
relaiion between (he is0ayme forms of laciatecehydro-
genase and aldolase and Deiween the aclivity of 1he
enzyme and s subsIrmie — for supcroxided smutase
(Tables 2, 3) Thus imagiation of low Jalensuy resu!ls
in 3 NON-lingar dJsc-OC:)cnoc W ¢hange in the funcuona
ACTIVILy OT cells Ti s impORAN( (ha1 sensitivily of separ-
e macroma ylecules, ce'ls ang the ¢
O any other Samaging faciors changec. To
raie, a nCiIcase observeg e sens
DNA cxtracied from 1he gans of cxposca
gamma imadianion, 60 mCy) 10 4 reped! imadia

§ b -
wis Oun a2 \C

12 mOy. Also, 2 Cisturbance in the feguiatory [unct

rganism as a whole
Aisy

wias

wilth the Conuol I
dose imadiaton increased a cegree of ery
molysis Of exposed mice. the TNS ser
Meqialons, agonists and aniagonists
response  1c et Actlon O
ragdiolion and (0 nlroduction of radiosen
change Similar resu ained
1I¢ Broup nheaded by Yu O Lon
ments

throcyte

(§ were

wilth r_‘;g; chronica
ICNSIty moac! the o

space (Flight-io-Mars pre

LDY isoays

rudisiion

Toble 2. The
bran <)

change

loplasma r
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107 mGy.nmun
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Table 3 The changes in the relag

rate of supcroude rodicols V,.) und SOD

microsomes and hiver gubmiochondrial harticics M
mice aflter irendiation: d0se rute inu,. -

Won Deiween (he generol
BClivily ar

Vo /Ao

(Micrusome s

INTENSITY KADIATION

Such a dose dependence can be explained in terms of
Ne concept that there is a scale of the doses causing
mage in biological obeets and of (those inducing the
sysiems of V:vor:'l’m“" Jn fact, while the repgr
pLaLIOn) sysiems not work, 1he cffect ncr
‘:‘TY‘T‘TF.F?&EL:?E?‘» CRETSeS W YRE Tepair dev:%%c?§
TRy B e ”"‘” _OrEhRAge its_sign’ Ihen
""m’” n wilh the Gosc 85 he damage preva)s
JVCTTCPIT. Fowever, J€Spite the numerous elpc.r men
Trttd™Rs 00 favour of this ASSLMPLION, ONC CANNOI be
Quiic positive abo h¢ cause of SUCh _ 0ose—c T:‘g
Sefidence in ihe 1egion of Tow 008C :

Viewpe Aiiure of this depen
concepl of exisience of 2 particular poo
arc  sensitive the

i others™
on the investigation of
ophysical changes in the organisms of
either 10 a chronic or 10 an sculc
Of special interest were the chan )
oxidant siatus of | HW -
uMmerou 1a o'su.nf'c both atl our laborutory and
own from the fiterature permilied vs 10 conclude that
Antioxigant s1atus of the organism is responsible for
' seventy of diseascs, ihe probaditiny
Iscnsitivity 1o the action of danag

Ow NEnsily
similar bio-

Iow

rmeiatio

hc changes in the activity of supcrox
blo0d plasma of people pamici st ng
quidation of the consequences of the Cher 0Dy
phe and exposed 10 radistion (1he Liquidaiors)
. cre observed for doscs less han
c aspenjiences were observed wh
noxidants of the erposed
Aulhors notcd a decrease in o

1 A
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™ iendency 10 & NON-MONOIONIC, non-hinear dose
w  dependence’’ Some bicchemical and hacmaioiogical
w pafameiers of the people caposed 10 rdiztion during the
] aceidents al alomic power slations also cxhidn a bimo-
w (sl Gose dependence’’ 'Y However, if would be mos!

- plasma. and @ change in the A-E muo ar imadiation % ‘A )
w doses lower than 50 mSv'", > s ‘ 1
1 It was cssential 1o fing out whether the changes in the j-<f B
w nealih of (he exposed people show similar regulanties § l‘ prit v iy o8 !
e Bl Caiy_were noi s wigs  § l‘ .y '
s 4 % \0 ‘ 14 - - ; I -ie v -
- a . ;oo ‘, - L I S 4 | P »
" TTOusTy 11 was noicd (hal an INErease n o number & | w4
w  of discase cases among (he liquiaiors shows # sunilar £ | L o
&
®

" inieresiing (0 $iudy simalar dependences for Ihe 1ong:
- term  consequences  of irradianon, e talignant
- tvmours. )t is_wgll known ihal ionising radiaiion can

o play the role of 3 prompier as well as o/ 20 iniliator of Doss (M
™ 2Lignant tumours Al INCrEAsE In (he radahion inien- f .

ﬂ._l..rv—-—'" ‘ O P |
i~ Yy AT GOSES (up 10 cerain Jimits) resulls in a decrease  Mgure 5 Loukacnia deaihs per 107 person years gepending on
L M 1he promoting and an an increasc i the indtiating he guse of mdisiion (the numbers of the poinis correspond 10 «
0 funchions of imagianon There s 8 wade discussion i g nuimbers in Table 4) =
" ihe Linzrature over the influence of low doses of rivliation
Yo on the oceunence of malignant rCIORENIc Lumours and
o Jeucoses As a ruig, 1he scientists who deny the fact of
" Tabled The doto on the leukawmia Gesth rate for peuple aficr sienmic bombing and nuclenr wecidents und for workers
™ in the nucieur indusiry (the numbers in (he bic correspond 10 ihe numbers of the points in Figure ).
badd
]
' ( [ Dosc Lewcoscs deaih Ref
10 feradiauon localny oA vesgery-
persLn years

e . : 3 6! ’9
0 ! Piignm 1983~ 1988 2.1 2 p
w 2 UKAEA worken 19461979 PR . 8
w 1 Faigham AT L £ e 1
- ) Oaknoge Naoonnl Labomioty 5; .(; 2
. i Mplen P3) 15 16
. - Amencan Miliary Agency 27

™ 1 Residents of Jopan Group | 0 S| 17
W ¥ amenzan Nuslear Agency W) 56 o !(,
- 9 Rackyras 15 40 i
_, 1 W AFA wolkers 50 522 '3

- i Residenis of Jopan Grovp | 00 |4 19

- 1" UKALA “omkers ) 100 100 15

' 13 Scliaficld 9 472 6

" |4 Resioenis of Japan Grovp 11 |50 £ 1

- '8 Residents al he 1ecna Kiver, Oy | 174 18 18

™ 6 Resigents ot the Techs River, Group 1) 180 69 8

» ‘ Resigents ai ihe Techs River, Giowp 11! 290 RS 18

o 8 Regidents of Japan Grovp IV a0 856 "

- 9 Repoents at the Techa River, Group IV 610 65 (143%) I8

™ 33 Resioents wh e Tocha River, Group S 780 7911713 !

- 1| Repidents of Jopan Group v p %00 4y 17

- 3 Residents ol the Teeka Riser, Growp VI 1640 53 T

" B Residen's of Japan Croup Vi 800 W6 k)

- 3 Resiaents of Japan Group VI 2600 3 17

s o § Remoenis of Japen Croup VUL V2600 91 7

=

» SThe da1d are reipied 1o the eomirnl of 3 6 per 10* person ycars
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LOW INTENSITY RADIATION

venficalion of a high probability of occurrence of mahyg
nani tumours 81 low doses of irredintion pur forward
IwO arguments.

(1) 1t 15 almost impossibie 10 reveal experimentally or
epidemiologically an increase in & number of
tumour carricrs caused by inadiation because tus
inerease 18 withan the limits of the difference in the
percentage of cancers in diflerent regions ang the
verification requires A greal bulk of experinental
dala

Considenng the cases of cancers and leucoses
Coused by low oose 1TaG.BLON, winch cxceed sig-
nificantly 1he control values (as was shown), and
cxtrapolating the data (o the high doses i accord.
ance with the lincar gependence. one can get tha
the number of expecied lumiours cacecds (he rcal
values by orders of magniiide. This is why the con-
clusions sbout the influence of low doses are
doubtfult'*

-
"
~

PR

The grounds for sccpuicism conceming the nfor
mBLOn On an inerease n the number of deatliy (rom
wmours and leucoses causcd by o low dose irradation
were the resulis of 1he cheek when ong And 1he same
group of workers of an plomic power stuion vicided an
increase 10 a number of dearhy from cancer a5 compared
with the conuol for doses of 20 or SOmSv Ly 2
decrease for 100 mSy''®

e analysis of the lucriure datn 00 1he lencoses
geath raie for different groups of caposed people woik:
INg. 43 W rule, 41 MOMIL POWET SIALIONY yhowed he same
tengency in the dose-cifect dependence that was tisco-
YEICe N OUr Caperimenis

Recently, o fungamenial paper hins been publishead '™
It contning the analysis of daia on the cancer and leu-
COSI8 Ogah M My UE ~SPhef @l Llaail plaate
The work had (. n carmied out By the specialisty Niom
the Iniemaiional Agendy for Cancer Reseaich and pio-
VIDES INg rESWIL O CnLLking ©n 90000 wutkerns OfF
atonic plants in Canagla, Great Bruain ang the USA
T™he avihors conceniraigd on the esumac.on of 3 rclanive
ok wl ousath b wil Moy L Geiisst, bAGTOJINE Eue
kacmia, and for lcukaemias eacluging chromic |y mpho-
icugoses

A ghaive vish of Yoath o fouLuses wils 2 2 Sy
This valug higs beiween the vaiug 107 the vicume of the

RCFERENCES

4l nic bombs obinined using 2 linear model for the risk
csimanon, 37 Sv™', knd that obtained using 2 linear:
quadraiic model, | 9 Sv™'

In 1994, the information that had been collecied for
e past U years on medical examinaiions of people in
Japan exposed 10 radiation during the alomic bombing
of Nagasaki und Hiroshima were published''” The
authors of this investigation emphasisc the fagt of »
decrease i the icucoses dealh rwie an the group of
people exposed 1o i dose of BOmSy, they regarg ths
fact as an evidence for 3 hormesis caused by low dose
rNiation

In Kossenko ero/'"™, (he data on the deaihs from
leucoses alier the aceident in the South Urals were pre-
senied

An elfort hus been made 10 pool the intomation
the Duerature' ™™ on the leucoses death mie for the
woikers 0f Atomic planis and exposed people and 1o plot
1 Lorresponding dosc raie dependence curve ¢acluding
chronic leucoses. This dependence is shown w Figure
§ and Table 4. 1t is evident that the rusulis of epidemio-
logical examinations of a great number of peopie cun
De represenied ay a bimodtal cosc dependence The
dependence amalgamates the cases when iraciation
resulicd in 8 decrease in the lcucoses ¢cath rate below
Ihe conirol 1he revealed tendency shows that the e
el deaths from lcucoses caused by low (ose iradiation

15 COMPAarabie with that for the coses dorens of times
ht ther

Diffeien ¢ose- ndences for the regons of
1037 and MIRR QOSes permil uS 10 SULLCS! iiferent %%EE
TENS responyibie for 1 oses death
= low and Tigh Goses of imsdiation i
~==THTS 18 Only o QUATIAIIVE Patier (her should be sub-

pcied 10 statistical processing with the resulting 5ig-

atramibs feanaihed! offante  Wawevar i it heligved

Wt s necessary 10 provide (Vs piol s an gilon o

Songentraic (e mvestigators on  scarching

MUTILICS Wiy MECHanisms of the

an

TUt Tindings and the dota on eXperiments wiih
caposed animals avaslable in the hiersture couni in fav-
out of 1aking néw approdches in studyng ihe eliceis of
ow doses of rigdiation
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