Problem 4-1 Explain the biological effects of radiation which are categorized
as follows:

- somatic effects

- . the effects on somatic cells of exposed individual itself

- hereditary effects

- - the effects on germ cells and the effects appear on one’s descendants

- in-utero effects

- - the effects on fetus/embryo cells and they are not hereditary effects even
though the effects appear on one’s descendant but rather a special case of the
somatic effect

- acute effects

- - the fast responses due to mostly high radiation exposure

- delayed (or chronic) effects

- . latent effects.

- stochastic effects

- : probabilistic effects with no threshold and proportional to probability of
occurrences

- deterministic effects

. non-stochastic effects and proportional to the severity of the effects with

threshold.

- detrimental effects

- : harmful effects of radiation

- hormesis effects

. - peneficial effects of radiation, mostly from low level exposure
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Problem 4-2 Compute ALl and DAC of I-131 through inhalation

data: SEE(thyroid « thyroid) = 10 MeV/kg/t (controlling)
fiy = fractional uptake to the thyroid after inhalation (= 0.2)
radiological half-life of 1-131 = 8.05 days
biological halflife of iodine in the thyroid = 138 days

solution:

Tr=8.05days Ts=138days
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weighting 2 2339

Wiy - H s gy = 0.03%3.0% 1077 =9.0x107°[Sv/ Bq]

1) limit on effective dose equivalent(5rem/year)

ALI (stochastic) = 0'053}9}/” =5.6x10°[Bq/ yr]
9.0x107° Sv/yr
- pac =—2___23333B9/m’
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2) limit on organ dose(50rem/year)
0.58v/yr

=1.7x10°Bq/ yr
3.0x107"8v/Bq 7'

ALI(non — stochastic) =

. DAC = AL = 694.4Bq/ m’
2.4x10
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Problem 4-3  Explain the adaptive responses of low-level radiation on the
activity of the DNA damage control biosystem.

Solution:

The activity of the DNA damage control biosystem is decreased by high-dose
radiation (e.g., >30 cGy) radiation, but adaptively responds with increased
activity to low-dose radiation (e.g., <30 cGy). The efficiency of this biosystem is
increased by the adaptive responses to low-dose ionizing radiation.

The operative effect of reducing metabolic mutations by the adaptive response
of the DNA damage-control biosystem to low-dose radiation is the critical factor,
not reduction of the relatively negligible number of mutations produced by low-
dose radiation. This critical factor must be considered in order, “to judge the
balance between stimulated cellular repair and residual damage.” Assuming a
20% increased efficiency of biosystem control in response to a tenfold increase
of annual radiation from 0.1 cGyly to 1 cGyly, radiation mutations would indeed
increase from 1x10~ /cell/d to 8x107 /cell/d, but metabolic mutations would
decrease from ~1/cell/d to ~0.8/cell/d. “The balance between stimulated celluiar
repair and residual damage” is a 20% decrease of mutations from an average of
~1 mutation/cell/d (Figure 1) to ~0.8 mutation/cell/d (Figure 3). The biologic
effect of radiation is not determined by the number of DNA mutations it
creates, but by its effect on the biosystem that controls the relentless
enormous burden of oxidative DNA damage. High-dose radiation impairs this



biosystem with consequent signiticant increase ot metabolic mutations and
corresponding risk increments. Low-dose radiation stimulates the DNA damage-
control biosystem with consequent significant decrease of metabolic mutations
and corresponding risk decrements .

Problem 4-4  BF3 counter which is filled with 99% enriched B'°F3 gas. The
pressure is 20 mmHg at 20°C. When a thermal neutron counting is 500 counts
per minute, what is the thermal neutron flux? The absorption X-section of B-10
for 0.0253 eV neutron is 4,010 barns.

Solution:
237 Fo4 QA ROEBE note & Fustel #7E AT

# of B-10 atoms in the counter

2 -3
J U x20)A0 ) 20, 273 ¢ 5 10%)(0.99) = 4.99x 10” atoms

22.4] 760" 273+ 20

The average absorption X-section of B-10 is,

N 293

(20°C)————( )”2(4010b) 3553b

The total reaction rate becomes,
No ¢ =(4.99x10")(3553 x107*)¢ = 8.33counts/ sec

. ¢ = 46.98neutrons [ cm” sec

Problem 4-5 5 measurements taken. Gross for 5-minute and background for
20 minutes for each measurement. Measurements are as follows:

Measurement | Gross counts Background
counts
1 230 220
2 229 210
3 228 200
4 227 190
5 234 230

Find the net count rate (cpm) with standard deviation.

Solution:



1
(230+229+228 + 227 +234)=229.6

ngzg

n, = l(220+ 210+ 200 +190 + 230) = 210
5

rn -_———
5 20

. = (45.92 + 10.5) _312
5 0

N R X 35.42+3.12[cpm]



