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RADIOLOGICAL PROTECTION AND THE BLOOD COUNT

by

Ionizing radiations produce blood changes in animals and man. At
sufficiently high exposure rates, the blood changes are progressive and
if exposure is continued a critical stage is reached, beyond which pro-
gression continues despite cessation of exposure. The process is then
irreversible, progressive and leads to a fatal issue., Nor is it amenable
to therapy. It is important in radiological protection of the individual
to ensure that a progressive change is dcteeted carly so that a critical
stage will not be reached. Whilst a similar picturc is scen with acutce
exposure, only chronic occupational radiation cxposurc nced be considercd
with rcgard to radiological protcction and the blood count. Following an
accidental acute high cxposure, furthcer blood counts of the individual may
yiecld valuable prognostic aid - possibly scrve as a therapcutic guide -
but do not constitutc a protective mcasurc cxcept insofar as they shed
light for future guidancc on thc association between radiation dosage and
blood count rcsponsc. However great the cngincering skill cxcreiscd;
howcever complete the precautionary mcasurcs appcear to be; human falli-
bility is such that complctc intrinsic saf'cty is difficult or impossible
of achicvcment,

If the ratc of occurrcncc and degrec of change in blood count com-
ponecnts in man could be linked with radiation cxposurc levels with somc
certainty; then it would be feasible to lay dovm some arbitrarily dcter—
mined safcty factor to take carc of uncertaintics in mcasurcment and
possiblc rclatively small supceraddced accidental cxposurc. The standard
of radiological protcction rcqguircd is that in which "a person will not
rcecive aporecilable bodily injury at any time during his life time".

This rcquircs study of thc individual, that an apprecciation of the presence
or abscncc of cffect should be made, and a judgment formed of whether the
effect can be considered of no pathological significancc at the time nor
likely to devclop into bodily injury at any time in the futurc during his
life. I, with continuous cxposure, at the mesimum permissible rate it

is impossible to detcet any cffcct, then no such appreciation is called
for., If the safety factor is such that no effect is scen with small
additional accidental exposurcs, again no cvaluation is requircd.

An assessment of thc technical crror in the blood count and co=-
efficient of variation of whitc cells duc to physiological cauvscs has
becn made., If the cxpceted variation duc to radiation dosage is lcess
than this, no information for protectivc measurcs can be gleancd from a
white cell count, On this account, it is considcred that the variation
in the white ccll count from radiation dosagec is so small in the casc of
workers who rcceive a surface dosc of less than O.l r. per weck that the
significancc of a blood count is very doubtful at this exposurc ratc,
There is now considerable human cxpcricnce in support of this, Possibly
this may be truc for a highcer dosage ratc, but there is less human data
linked with higher cxposurc rates, sincc in the large Atomic Encrgy plants,
the average cxposurc has been less. It is opportunc to scc how much light
can be thrown on the problcem of the value of blood counts by examining tho
results of animal cxperimentation, despitc the undoubted limitations of
the method.

The most comprehensive animal cxperimcnts arc those of Lorenz. He
says "It is known that the blood picturc of man responds to acute as well
as long continucd irradiation in a manncr similar to that of the guinea
pig although therc arc no data as to dosc rate and total doscs except in
acute cxposurcs", and he beclicves "The hacmopoictic system of nan may have
a scensitivity to chronic irradiation similar to that of the guinca pig".
The specics variations arc very great. Since the considerced opinion of



Lorenz is that his guinen pig oxperinents throw nost light on the humon
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problern, it is only thc guinca pilg results that «will be reviared.

) FlYC groups of guinca plgs werce continuously irradicted throughout
thelr life span, at cxposurc rates of 0,11 re, 1.1 re, 2.2r., L r., ond
8.8 r./8 hr. day and the blood picturc continuously obscrved.

Effcct on loucocytes

L decreasc in the total leucocytc count occurrcd a fow wecks after
the start of the cxperinent in cach of the five irradinted groups. The
degrce of total lcucocyte depression varicd with the exposurc level and
was significant. In the two groups at lowest cxposurc rate, the rcduction
was causcd by a decrcasc in lymphocytes: In the other three groups, at
higher eoxposurc roates, the rcduction was pertly from this cause but
principally by a more significant rceduction in hetcrophils.

In the two lowest cxposurc groups (0.1l r. and 1.1 r./day) the fall
wes not progressive. The dnitial lymphocyte depression persisted through-
out the cxperiment; the pre-cxposurc level was not rcgeincd and once
cstablished the slightly lower lynphocytc count was sustained and there-
after remeinced constant., Nonc of the animels dicd as a result of blood
changes.

In the threc groups, at higher cxposurc ratc (2.2 re, Lok r., and
8.8 r./day) a steady statc was not cstablished, but the reduction pro-
gressively increcascd, until in cach group fatalitics occurrcd. hany of
the animals cxposcd to 2.2 r./day, clmost oll cxposcd to Lok r./day, and
all thosc cxposcd to 8.8 r./day devcloped o terixinel pancytopenie.

Anacria

In the 4wo groups at lowest cxposurc rete (0.11 r. and 1.1 r./day)
no anacmia of significancc wes produced, and therce was no terminal
anacria,

In thc 2.2 r./day group the males devcloped moderate anacria; at
approxinatcly 79 wecks after the start of cxposurc. In five out of ninc
aninals in this group, this progresscd to o tcerminal anacrie. The femalces
had a questionablc rcduction in hacmoglobin: but five cut of ninc dicd of
a tcrninal pancytopenia.

In the Lok r./day group, a noderate anaciia in both fomalcs and nalcs
developed: in this casc, within a period of 49 wecks of exposurc. In both
sexcs, the anaemia increased in severity; cight out of ninc melcs and
seven out of nine females succuribed with o terminal anacmia.

In the 8.8 r./day group, both fouales and malcs developed cnacmia
rapidly: within 19 weeks. Again this as progressive through 60 and
69 wecks, respectively, and all 18 onimals dicd with a torminal anacroia,

Terminal stage

The terminal stage was short with an cxceedingly rapid fall in rcd
ccll count; often a fall of a million cclls within a fow days during the
final critical period. After the red ccll count hod decroascd to approxi~
natcly 2.5 to 2,8 million, the animals lived for onc to two wecks.

Recovery proccsscs

In order to study rccovery processes, an cxperinent was plamned to
exposc enimels at the 8.8 r./day ratc and to ccasc cxposurc when the red
ccll count foll %o 2,8 nillion. This level was in o critical region.
Despite the tormination of cxposurc, 30 aninals dlod within 9 wecks, 10
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nade a partial recovery but dicd within 24 weeks, and 10 made a perimancnt

but slow rccovery., The level was critical in that at this stage the fall

in red ccll count was so rapid that in 15 of the aninals the count had already
dropped below 2.y millions before detection and hence termination of exposurce.
Thus for guinca pigs, a rcd ccll count bcelow the three nillion level, carrics
a poor prognosis and a high probability of o fatal outcome at this high
cxposurc ratc cven when cxposurc ils teririnated.

Lorenz notes that except for the crythrocyte count of the non-rocovery
group, thc othcer data on exposurc tinc accunulated dosc and ican blood ecll
counts show no corrclation with the datoe of the partial rccovery and per-
nanent rccovery groups. Hc states "This indicates that only the degrec of
the anacrmia and not the degree of pancytopenic detcermines whether or not an
aninal is likcly to rccover.!

Bone Marrow

The bone marrow of the guinca pigs developing terminal anscnla or
pancytopenia showed noderate to scverc atrophy: but the degrec of this
atrophy was not such, according to Lorcnz, as to cxplain thc fact of thc
sharp terminal decrcasc in red cclls below the three million level, He
advanced a theory to account for this dramatic phenomenon that an unknowm
agent 1s produccd in sufficicent anount in the blood strcan to produce
increcascd hernolysis,

Lorenz comparcd the cffects of chronic cxposurcs to guinca pigs at
8.8 r./8 hr. day with thosc for acutc single cxposures of 220, 260, 310,
360 and 420 r., and notes that the rapid decrcase of rcd-ccll counts is
very similar. In contrast to the very gradual rccovery aftcr chronic

exposurc, there is rapid rccovery aftcer acute cxposurc.

Lorenz stresses the rclatively ruch greater importance of the daily
dosage rate than the total accurmlated dose in the production of the
terminal condition. In the 1.1 r./day group, no terninal anacnmia was
observed although total accurulated doscs rcached 2000 r., At this exposurc
ratc, he considors thot repair processcs cen balance the injury; but nakes
the proviso that this might not be the casc in speeiles with a similar
sensitivity of the homopoictic systcen but with o considerably longer lifc
span.

It is of intcrest to comparc these oxXperimental results with those of
human cascs. Molc has citcd thrcc cascs of fatal aplastic anscria in
radiation workers., Thesc show a sinilar picturc - in onc casc the R.B.C.
count fcll to 2,7 millions and decath followed in 1% months; in another
348 nillions with death 1 nonth later; in the third 2.2 millions %-months
before deathe The critical stage had beon reached when the condition had
beeone progressive and irreversible., It would be of great value if rcopgular
routinc blood counts of these cascg from the beginning of cxposurc were
availablc. From the animel data, a progressive fell in other blood count
components would be cxpcocted before the onsct of anacmia, and a fall in rod
cclls and hacmoglobin would be progressive also, The absolute valucs of
any component arc of lcss inportance than the trend. Thus Hasterlik has
noted in cagecs after acute accidental cxposurc that "it is only through
rcpeated counts in comparison with previous basc line studics that the
trend toward diminution of the white count becomes apparcnt and indicative
of the overcxposurc" and "a white ccll count on any onc day following
irradiation was not strikingly significant.m

Blood counts arc not an altcrnative to physical nonitoring proccdurcs
in radiation protection: therce arc different parancters in cach casc. In
the onc casc an asscssnent of the action of an agent on an individual is
madc: in the other casc, an asscssnent of the causative agent, The assess-
nent of the causative agent does not nccessarily tell the whole story.




To quote Lorenz "It has been pointed out that the experimental data suggest
that an intensity factor in chronilc irradiation exists. The intensity factor
might cause more pronounced biological rcactlon when the same daily dose is
given in a very oh rt time (c.g. minutes) than when it is given over 8 hr,

The bulk of .purdence is with X and gearma radiation. There is little
clinical cxpericnce with other ionizing radiation, or with the c¢ffect fron
combined external irradliation and that from internal emitters.

If blood changes occur in o proportion of individusls exposed at any
particular exposure level, the individusls should be kept under revicw., If
no change occurs at the maximum permissible lcvel, only sufficient obscrva-
tions to establish the base line for the individual would be required, but
further counts would yield no additional information,
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