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INTRODUCTION !

Practically entire man-made tritium IBH) produced iws directly relsasssd to
the environment, mainly in form of tritiated water (HTO). This mey causs

8 low~dowe, chronic exposure to the populetion esspecislly those inhabiting
close to tha source of releosse of HTD i.e. hesvy weter reactors, fuesl re=-
processing plants etc. Jucobas (1960) .estimoted that wuch populstion may
receive doses like 40 to 110 muSv per year while recammended MPD ie 500 wSv.
Since the use of nuclesr power a8 source 2f energy is imminent it ie
expscted that by the advent of next century production of man-made tritium
may be two to three times grestor, Further, in the advent of fusion tech-
nolagy in the coming decsdes ths problpm may bacome more severe. Commarford
snd co-workers (1977) have recommended that humans could be exposed to
tritium levels s8 high a8 3,7 kBg/ml in their drinking water., This rescomme
sndation ie beesd on the assumptions that ths MPD is 50 mSv/ysar and the
REE of tritium is 1., This is obviously wrong wince tha MPD of 50 mSv/year
is for rediation workers end not fox general public for whom the MPD ia

5 mSv/year. Further it has already been accaptad that the RBE hae to bes
wore than 2 (Okada and Nakamuru, 1980; Feinendsgen, 1979) although tha

dual radiation action theory (Rossi, 1977; Kellecer wund Rossi, 1971, 1972,
1976) predictse that HBE muy be es high as 4, Microdosimetric studies of
Ellett and Braby (1972) have suggested.m RBE of 3,7. All thuse demand a
thorough invesatigation into the biological effecte of low-dosm chronic irra=-
diation by HTO for the purpoee of radiation safety. Earlier damage was
assassed at either cellular level (Srivastava, 1978} Kapoor and Srivagtava,
1979; Caxr and Nalon, 1979; Srivastava, Bhatia and Kapooxr, 1979) or sub-
cellular levels (Zamenhof and Ven Marthasns , 1979, 1981; Sharan end Srivastava,
1980 Commarford, Cersten and Cronkits, 1977; Dobson and Kwan, 1976). In ths
present report, &4 differant approach has besn teken top assses direct damage

at cellular level vis=~aw-vis subgellular level for proper underestanding of
radistion affacts,

Damoege &t cellular level is messured ueing colony forming unite in splaen
(CFu-S) technique while that ut subcellular level by DNA unwinding techniqua.
The dumage was monitorsd upto four generations in Swisy albino mice,
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MATERIZL AND METHODS

Hode of Administration of HIOD

A group of 4-waok-0ld mice wern given tritiated
of 37 kBg/ml (Bhabha Atomic Reswarch Cant
(Hindusten Lever, Indiua) and were bred .o
in our own animal house (not germ fres). All successive gensrations wers

maintained on the seme HTD, 6~7 wewsk=old femolo mice from sach generation
sexved a8 donors of bone marrow cells (BMC).

Lolony forming Units in aplesp Technique

The tecihniqus followed is described elsewhere (Till and Mc Culloch, 1961},

The recipioent 10=12 woekeold males were irradiated (7.95+0.05 Gy per animal)
by & “°Co source (dose rate = 0,2936 Gy/sec) fousr hours befors BMC injaction.
S5x10" BMC in 0.2 ml of MEM (without bicerbanats) (Centron Agro Industcies,
India) was injected into tha heat dialuted caudal vein of reciplanta. Control
snimali received OMC fram animal unaxposad to HTD while anothexr group of
animals received only 0.2 ml MEM to Berve a6 baso-lins. After injection
animuals wore housed in the ssme enimml house, Survivors wera killed on the

ninth day, spleans removed in Douin's fixative, und swerficial colonies waras
counted,

drinking water at & dose rate
re, Indie) and standard mouse psllet
reise generationa by litter-mating

Lhip Unwinding Teschniqua

The mathod followsd was sems as described by Rydberg (1975) with minor modifi-
cations. 6.25x10° BMC in 0.5 ml of PBS: (pH 7.2) (CSIR Cantre for Biochemicals,
Indie) wes forcefully emptied into 1,0 ml of alkaline solution (pH = 11.6 and

! = 0.98) and incubated for 60 min, in dark et room temparature, 1t was
neutralized by 1.0 ml of HCl (0.D34 M),: sonicated for 60 saec at 12 M anplitude
by exponsntial probe in MSE Ultrasonicetor snd finally 505 was addad to get
finual concentration of 0,4%. Five columns (0.7 cm x 4,U cmj volume 1.5 ml
from Bio Had, USA) were packed simultansously with Hydroxyapatits DNA grade
Bio-Gel HTP (Bio Rad, USA) and equilibrated at 62°+2°C in an oven., A hydro=
static preseure of 20 cw column heiyht was applisd and finally single strand
DNA (es DNA) end double strand DNA (du DNA) wers collacted in 3.0 ml each of
125 wM end 250 mM Potessium phosphute buffer (pH 6.8=6.9) rospectively. Totasl,
38~ 6nd dé DNA contenls wore determined by diphenylamine method (Burton, 1968)
en Shimadizu Recording Spectrophotomster UV=240 (600 nm),

RESUWTS AND DISCUSSION

The results shuw drastically reduced colony forming sbility in fy mice BMC
which recovers a little in f, and acquires & steedy stete loval till Fy
generation (saes Tebls 1). On plotting survival fraction (percent of contraol)
for BHC againat generdations of mice, the platoau 4e found around 50% survival
(sse Fige V). This clearly indicetes that chronic exposure to HTO st low-dose
(the total dose was celculsted egcording to Dobeon end Coopar (1974) and
Brookes and co-worksrs (1976) end. wae estimsted to be 7 43 mGy fur F, snimsls
and 7 92 mGy for other generations) has e tendancy to recover or ucc:all.n-tlz.
to certuin extent, However, the damage to survivel ie not fully sliminsted
and ie carxried thraough the succeasding genurationus,



IABLE 1

Donor 4 of aimsls/ # of Coloniss CFU/10*BMC* Suszvival
Group sot(Survivors per Spleesn+ Fractione
an Ninth Dey)

Bese line 13°42) 0 3 - -
Control 16 (5) 15,40%1,03 \3.03:0.20 1.00$0.06
B 15 (7) 4,83£0,79, ' 0.9620.15 0.31:0,050
Fy 15 (6) 7.50£1.08 1.50£0.12  0.49% 0,04¢
ry 07 (5) '7.0041,03 1.4040.12 0.45% 0,04
£ 10 (2) 8,001 .00 1.60:0,14  0.5230.06

*4oan t SEM; O Significent as compared to F, , F,, and Fs i and
f Not eiynificantly different from F, and Fy.

It is proposed, at this point, to test the role of DNA in colony forming
apility of BMC. The result is ehown in Fig. 2 bolaow.
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Fige 1. BMC Survivel fraction Fig. 2. Contents of DNA @8 calculated
syeinet gonoretionu of mice an by DNA unwinding test wund plotted
tevenled by CFU=S techniqup. againot genoratione of micae,

It 8hows minimum deamage to DNA in F, which goes on increasing upto F; unlike
survivel (Fig. 1) whare demage to BMC is maximum at F; and survival or celony
forming avility increases in Fy; . However, latsr from F, through Fy damags
te DNA partislly correspond to survival or colony forming ability. This
clearly indicates that, at leaat, Lnitial impairment of cloning abllity is
not DNA depandent but related to wome other factor(e). Moreover, strand
broake in DNA by *H cun ba cuused only by transmutation eaffect. By F,
genoration enough *H is likely to be incovrporsted to cause strand breuk by
tranumutation snd hence incrodaved domags to DNA (Fig., 2) from F, to F,.

The result shows ruopair of [NA demage to a greater extent but sucvival remains
svspntlially wbout 50%K. Since thers is no report to directly correlate DNA
strend bresks with suxaryotic cell survivel (Leenhouts and Chadwick, 1978)

1t wopwy reasonable to propose that HTU is anitiully effectiny ractory likae
snzywes snd/or membrenes to ceuse reduction in homing wuility of EMG. Also,
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cloning or homing of exogenous BMC in host spleen is primazily a phenomenon
related t0o membrene or membrsne-bound factors, Since the survival remsins
Buppressed upto Fy while damuge at DNA level, espuciaslly ds DNA, recovars
sufficiently it is likely that at this low dose of irradiation DNA is not
the primary target. After an intial recovery from ‘fo to F; the survivel

fraction essentimlly remains epproximately 50% below control till the end
of experiment which may be grouped as irrspairsble demage tg BMC.

Fow
Ques tions which wrise now are (1) wWhat i8s the taxget which is getting damaged
af this low=-doss of radiation? (ii) Cun thers be eny redistion dose which = ay
be callsd ‘safe'?
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