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Hazards from radiation S or wee&s

Stochastic effects = random with no threshold; depend on total dose,
not on the dose rate

Fatal Cancers (all): 0.05 Sv' (no “signature” cancers)
Non-fatal cancers: 0.01 Sv"!
Hereditary effects: 0.01 Sv'!

«  background radiation for a 75 year life span @ 0.001 Sv/yr
~ 75 yrx0.001 Svlyr  —>0.075 Sv
—> fatal cancer probability ~ 0.004

This is 0.4% of all mortalities; total cancer death rate = 0.25

Radiation workers: ICRP recommendation for maximum lifetime
exposure = 1 Sv—> 20 mSv yr"' for a 50 year maximum working life
for the maximally-exposed individual.

lifetime fatal cancer risk:

=0.02 Sv yr’ x 50 yr x 0.05 Sv'' = 0.05
annual fatal cancer risk:

=0.02 Svyr' x0.05Sv'=0.001 yr'

Compare these values:

«  total fatal cancer risk of ~0.25 in North America

«  manufacturing industry: risk of accidental death =1 in 40,000 per
year (Vennart, 1991); 0.001 over 50 yr.

General Public: maximum additional exposure <1 mSv yr”', adding
another 0.004 (maximum) to the lifetime fatal cancer risk (not
distinguishable epidemiologically)
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Dilemmas implicit in the ICRP approach (all worst case scenarios)
rf‘}k rz&io
+  The standard to protect yddiation workers adds an excess fatal
cancer rate of 0.05, which is ~ 20% of the prevailing rate for the
population at large (RR = 1.2). It is much higher than the risk of
accidental death in industry (estimated ~ 1 in 40,000 in North
American manufacturing).

«  These standards are very different from those used to regulate
chemical toxicants (e.g., the arbitrary standard of 10 extra fatal
cancers per lifetime).

So: Is the standard for regulating chemical carcinogens too strict?
Or: Is the standard for regulating tonizing radiation too lax?
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The case of radon

Radon: naturally-occurring noble gas formed through decay of
natural uranium and thorium. Chief isotope of concern is *’Rn, t,, 3.8
days, o emitter, 5.587 MeV.

Energy per disintegration:

=5.587 MeV x (1.6x10" ] MeV™)

— -13 -1 (70\/
=8.9x 107" JBqg (o’)r'f“\o

U.S. data indicate a quarterly limit of 18 LCi of radon breathed (72
ILC/yr): CRC Handbook of Chem. and Physics, 1993 ed.

Different countries have set "action levels" for radon (ICRP Publication
60, para 217).

Estimated volume of air breathed: 2x10* L day™ = 7x10° L yr

U.S. action level:
4pCiL'=0.15BqL'=1x10°Bqyr' =30 uCiyr'
Canadian action level:
20pCiL"' =0.74BgL" =5x10°Bqyr' = 150 pCi yr”

Canadian effective dose rate: (¢ radiation has W, = 20):

E = (5x10°Bq) x (8.9x10"3 J) x 20

1 yr 1 Bq
=4x10°J yr’

Assume 2 kg of lung tissue —> 2x10° Sy yr'' —> 2x10™* Sv fora 75
year lifetime —> fatal cancer risk of 1x107
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Solubility of gases in water: Henry’s Law
. concentratmn d1ssolved o partial pr Csure of the gas

C345 "\‘1,} = H ?349 Aas, solveuk>

N wore A PO‘-Q
K (units mol L™ atm™") = Cyx/ Py oo Uf)tel.@a
e - gor X(g} <— X(GOL\ Ll Cocqs ow H20

Large K,; means high solubility; K,; always decreases with T;
gases less soluble at higher T (all gases, all solvents)
Wk 5 — S\" N’\ boWa —ve (5o ew\‘kas nue.;) Rub & T e TOS {'zrw\ca
\ore - A ﬁ e.
Henry’s law constants a l@ K,inmol L™ atm™ from ases
Seinfeld and Pandis, Atmospheric Chemistry and Physics, 3 .
b

Wiley, 1998 p. 341; values do not include subsequent ]
reactions of the dissolved species, such as acid dissociation. | W@ es

Y ‘}

substance Ku L“M substance Ky
0, 13x107 T NO S 1.9% 107
NO, 12 %1077 O, 1.13 x 107
N,O 2.5%x 107 CO, 3.4 %107
H,S 0.12 SO, 1.23
CH,ONO, 2.6 CH,0, 6
OH 25 HNO, 49
NH, 62 CH,0H 220
CH,O0H 230 HCl 730
HO, 2000 CH,COOH 8800
H,0, 75,000 HNO, 200,000

Note:  Environment Canada quotes K, in the reverse
direction (escape from water): units Pa m’ mol™',
hence large K;; —> low water solubility.
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Alkalinity of water 1s a measure of the concentration of all

bases in the water, not 1ts pH, which 1s determined largely by

the strongest base present: text pp. 140-142
Ke weoak carbouatp LaseS are wore abund aut Heau OH
HCDZI, ’s hAQ Pr-eD{OM\MQM/{" es -

Alkalinity 1s measured by titrating the water against
standard acid = moles/concentration of H™ needed to
neutralize the bases

Phenolphthalein alkalinity is the amount of acid needed to
reach the phenolphthalein endpoint (pH 8.5)
remembering that titration is from high to low pH
Total alkalinity 1s the amount of acid needed to reach the
methyl orange endpoint (pH 4)

If there are no other bases present (as in e.g., industrial
waste water), the phenolphthalein endpoint measures
mostly CO,*"; the methyl orange endpoint measures

Nete:

fraction of species

CO¥ +HCO;

for wost V\GLLGJ'O/Q LMEQ/"C’APH 6~ g‘€>-

Hiya 5.5 /Hcg‘% s H»ﬂ, «—CO42~

1 V‘-"lV‘
0.9 4 By FFS S.tels
0.8 4 H,CO4 HCO,
07 pH :
0.6 A
0.5+ ~4 L....,‘f...._._......_..,m...._.....__..,.
0.4 - ;
0.3 s :
02 coZ; phenolphthalein  methyl orange HLCQS
0.1+ bndpomt\ endpoint >

0 = La T I _

4MO 5 é }7 3 @ 9 1|0 Volume of acid

g?@t—\ﬂi—lot/\ (-Q,\)&ﬁ.h\'\O\A) 0‘? H—LCOS HCOB —(-‘:%ai'iom curul ‘JP WC&'QT'

Cogi- wd’k PH Okgaiu.‘s'(' e

Two measurements to determine both CO,*” and HCO,:

both total and phenolphthalein alkalinity or
one of the above plus pH —> ratio [CO,* J/[HCO, ]



