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BACKGROUND PAPER 9
RADIATION EFFECTS ON THE ENVIRONMENT
AND PEOPLE OF NEW ZEALAND
by
Peter Roberts
with major contributions from Keith Lassey

Institute of Nuclear Science, DSIR

This is one of a set of background papers prepared in consultation with the

Nuclear Impacts Study Team for a study of the impacts on New Zealqnd of a major
nuclear war. Along with other sources the papers comprised the basis o[ the l?ook
New Zealand After Nuclear War by Wren Green, Tony Cairns qnd Judith Wright,
published by the New Zealand Planning Council, 1987. The asumptions that the stu_a'y
was based on are explained in Background Paper 1, note partzcular{y the_' ass:_zmpnon
that New Zealand is not a target, and the variable assumption involving an
electromagnetic pulse (EMP - for an explanation, see Background Paper 5).

OVERVIEW

August 6th 1945 brought new dimensions to the inhumanity of &zri.e:{asiglt;ﬁl:l;_?ﬁ
fallout were experienced on a large scale. Images of burnt sciou’sness e
people, deformed babies and a legacy of cancer entered our cozts e te;rifying’
bigger bombs are available in ‘overkill’ numbers. The prosp;se e initiai
and have led to a general notion that after 2 larg;:-scda of radioactivity, or
survivors would be wiped out wit}_lin weeks by a deadly clou

succumb eventually to cancers or birth defects.

arth’s surface
This notion is incorrect. Radiation levels °v§{r li:rgecr a;saes; ?:t\./e;hcla:ger areas the
: war. Oow ’ 2
woul r a period after a : ivity. This would be
domi(rjxagtt3 iitrgzlt ig hurr‘:an survival would not be radioactivity

because the released radioactivity quite rapidly:

*disperses and dilutes

*deposits on the surface
*decays

mbs, people in regions
This behaviour means that even for the most phO\:'/lerlf;)%lO iom a\;/ar;) B
remote from any explosion (approximately more tha ituation, the long-term health
doses that are lethal in the short-term. In this SI ,
effects are surprisingly small.

i no prior
This is not to con-:de that the long-term effects are ur:;??fnr;lizxt'sorrn;};atgivepless
planning$wonldaibesinceded: tardocs explainfiv ey polea}rl war than most people
attention to the radiation-related consequences of “ucd demanding problems. This
believe warranted. There are likely to be more urgent an
issue paper examines why.



EXPLANATORY NOTES

Radiation is energy which can be transferred across empty space. It ip
radiowaves, radar, micro-waves, ultraviolet and v1_31blc llght,. and X.r

paper radiation is taken to mean jonizing radiation. As this form of ra'! ‘_his
passes through matter, it disrupts the structure of atoms and mOlecules, : ]l.a‘}On
chemical bonds and leaving electrically-charged fragments called i0nsD1ttng
these initial ionizations arise the eventual biological effects we discuss, + Frop

Cludeg
ays, p A,

Nuclear weapons produce blast, heat radiation and 1oplzing radiation by e

rapid fission or fusion processes. Fission (atomic boxl}bs) involyes tthe
splitting of the nucleus of an atom into 2 or more nuclei. Fusion (},ydmthe
bombs) involves the amalgamation of small nuclei. Both processes releage enegen
which in weapons would be measured in megatonnes (Mt). One Mt woulg be :ﬁy
explosive equivalent of one million tonnes of TNT. ¢

Neutrons and gamma-rays are important types of radiation which are releageq in
the explosion. Neutrons are one of the two principal particles of nuclei (protops
are the other). Neutrons have no electric charge and penetrate long distances 7
air or deeply into tissues. Gamma-rays are electro-magnetic waves, like light,
lacking mass and charge. They also penetrate air and tissues.

Over 300 different types of atoms are produced during fission. Many of these
fission products emit radiation, which can be of three types. One type would be
a gamma-ray discussed above. Since gamma-rays pass right through the body,
gamma-ray emitter is a hazard from both outside and inside the body. It exposes
the whole body to radiation. A beta-ray is a fast moving electron which can
penetrate only a few millimetres into tissue (skin-deep). Beta-emitters threaten
only those tissues with which they are in contact (e.g. the skin or an organ in
which they localize). The heavier alpha-ray is an ionized helium atom which can
penetrate only 0.05 mm into tissue. An alpha-ray is absorbed within the outer

layers of skin, and are only a hazard when alpha-emitters are taken into and
retained in the body.

Fission products which spontaneously emit radiation are said to be radioacti’e
and are often called radioactive isotopes. Since radioactive fission DTOd“?ts
dominate the long-term effects of weapons, it is important to know the ;.'is.fw"
fraction of a weapon, the fraction of the total energy (Mt) produced by fissio®
In an H-bomb the remaining energy is provided by fusion.

Each radioactive fission product emits radiation with a characteristic encrgy a:g
rate. This rate is expressed as a half-life, the time taken for hal_f ;00
original radioactivity to disappear or decay. For example, if the half-lif¢ 1 %
day_s tl‘}el.l that radioactive isotope will have lost (by decay) hal in 8
radioactivity in 200 days, half of the remainder (a quarter of the original lha“
further 200 days and so on. The half-lives of fission products vary from 168 0
a second to thousands of years. As a rule of thumb, for this issué pap,

3 7 e it
multiplying the half-life of a radioactive isotope by 10 will show hoV i:f“y,
takes for the radioactivity to diminish to an insignificant level. Chemiz s

rad@oact%ve i§ot9pcs behave identically to the corresponding stable elen}ent také:
radioactive iodine behaves like normal, or stable, iodine. Thus their 11?315 the

retention and removal from tissue and the movement in eco-systems pard
uptake or movement rates of the stable element.

: 1enish by . o130
Some important radioactive isotopes in the environment are jodine-131, c€si®™



,ntium=-90 and plutonium-239,
stre

131 emits both beta and gamma-rays. It h

ortance for only 2-3 months (g Pt IOas an 8-day half-life and SO is

a A ! . It co : .
inhalation Or 1ngestion. Strontium-9¢ is a bet:-cee;g?::s 1Ir: the t}}yr01d
. remains a

[()Lii”é"
of imp
‘ter : :
;;zard for many years (half-life is 28 years). It
i after ingestion locates in bone, from which it is

sium-137 has a 30-year half-life but is 2 amma-em; -
tchee whole body when present cxternally or intefnally%1 sv?::tr:e;kletn cxlfxltt)vi;se ‘iﬁif t‘?
distributes throughout most tissues, especially muscle, but is excreted from ythl
puman body in 1-2 years. Plutonium-239 has a half-life of 24,000 years. It is ag
a]pha-emittpr.(non-penetratmg) and is hazardous only when,ingested and then
retained within the body. The lung, liver and bone are the main tissues in which
it is found, and in which it is retained for many years.

Radiation causcs.biological damage when its energy is absorbed in tissue. The
absorbed energy 1s measured in RAD (0.01 Joule/kg). Different radiations deposit
this absorbed energy with differing degrees of concentration at the microscopic,
cellular level. The practical unit for biological effects must account for this.
The measurement unit used is the REM. For simplicity we can take | rad = 1 rem
for the beta and gamma-rays mentioned here. However alpha-rays and neutrons have a
ten to twenty-fold greater effect per rad. For these radiations 1 rad = 10-20 rem.

New units of radiation dose are now in use. The gray (1 Joule/kg) is 100 rad,
and the sievert (Sv) is 100 rem. As people are more familiar with thg older
units, rem is used here. 1 mrem will be one-thousandth of a rem. The_rem is more
properly called a unit of dose equivalent, but we shall simply call it a unit of

dose.

Finally, radioactivity and radiation are not solely p.rodugts of technplogy.
Everyone is exposed to cosmic radiation and naturally radioactive element.s in the
soil. rocks. food and our bodies. This natural background provides an

unavoidable annual dose of about 0.2 rem.



SECTION ONE

BACKGROUND INFORMATION

1. SOURCES OF RADIATION EXPOSURE

ses our eco-system to increased radiation levelg fr
ntil thousands of years afterwards. For convenje L
either initial ~or  residual  radiation

A nuclear detonation €Xpo
instant of the explosion u
radiation  is .classed as
radiation is experienced within
exposure occurs at longer times, an

nce, the
1 minute of the explosion; residual radl'nit.ial
d is mainly due to radioactive fallout. lation

1.1 Initial radiation

The fission/fusion process causes the emission of a mixture of radiations. Gap

rays ar}d neutrons are important to initial radiation levels since they can tran;a-
long distances in air. Lethal doses can occur over distances of a few kilomet el
from the explosion centre. e

Only about 5'% of the e)splosion energy results in initial radiation. Twice as much
energy goes 1;1to the residual radiation. Most of the energy goes into blast (50%)
?'nd hf:at. (35%). As a re.sult, t.he area covered by lethal initial radiation levels
elfzexghli latrhg_er areas in which blast and heat are lethal (Table 1*). A minor
ion to this oc i i :
e curs with very small weapons of about 1kt (kilotonne) (IMt =

1.2 Residual radiation (fallout)

Al : 3
W;icﬁuglveeanrtuz(lplosxons result in fallout or particles produced by the explosion
radiation. T ich sbettle to carth. Fallout contains radioactive isotopes which emit

- Typ ombs produce a total of about 300 radioactive isotopes of some

36 different elements (T iati i
N (Table 2). The radiations emitted are alpha, beta and gammd

The ; . " .

depenrc?:ll:):grtll‘;:ge%socmted with fallout, and when and where it is deposited
S on t}rllergy and height above the ground of the explosion. Whether the
burst’), large quante.t_ground or not is 'critical. If it does (called a ‘surface
elements in this de:)rl_cs of ground debris are sucked into the fireball. Some
Ve e L gder is fgre_ made radioactive, increasing the total radioactivity:
e and,c ed ission produgts, which are initially gases, cool as e
etrEls ?n cx;se onto particles of debris. Many of these’ particles s
el Jase: ew hundredths of a millimetre) and gravity brings the™

to 48 hours. This constitutes early or local fallout. o

If the fi
radioactivcret?)izgondoesant touch the ground (called a ‘high air-burst); the
products condense into far smaller particles. These can remall

suspended in th m
fallout. ¢ atmosphere for several years. This is delayed OF glob”l

___/

o :
Tables and figures follow at the end of this paper



ime at which the fallogt réturns to the
The radioaCtivc 1sotopes  emit radiatiop (de
he the consequences decrease. The deca ;
hc“c’dously- However, the decreage iny

trtisfaCtOrily by a simple rule. For each

radioactivity decreases tenfold (Table 3),

ety : ace js a.lso Critical, Ag
Ve r:c;{il radloactivity and
: 10active isotg :
y T pes var
Scigh%actlw.ty can be estimatec)il
nfold Increase in time total

13 Early fallout

A near-surface explqsion usually deposit 0

fallout. In tl.leory, 1t spreads out oscr 4818 aﬁﬁﬁ;s 5i(r)l/oa Ogi ;}rl?hfauout vy
practice, particle size, wind speed, local terrain and graiifall)lcd dpattem. i
pattern. Early fallout can cover a wide, but not unlimiteda o et
illustration, the fallout within 24 hours from a surface burst inv’olva'rea.lAS of
fission may require evacuation from an area roughly 300 x 60 km (ll%gOOO e gf
Lethal doses can be received over about 100 x 40 km (4,000 kmz) , S

As a result of radioqctivc decay and dispersion, 90% of the dose that can be
acﬁumulated at any point would be received within 3 days if no countermeasures are
taken.

1.4 Delayed fallout

Fallout remaining in the atmosphere beyond 48 hours returns to earth after
spending time either solely in the lower atmosphere or troposphere (tropospheric
fallout) or in the upper atmosphere or stratosphere followed by the troposphere
(stratospheric fallout), as depicted in Figure 1. The troposphere extends for 10
to 17 km above the earth’s surface. It contains the phenomena we associate with
"weather" clouds, rainfall and wind patterns. Tropospheric fallout returns to
earth via gravity or with rain within a few weeks. It is deposited within the

hemisphere of origin, mostly within a 30° latitude band.

The stratosphere extends above the troposphere. In the low.rcr.region, exchange of
material between the hemispheres takes many years. Within 1-2 years, lower

. ith rain over a
str t re-enters the troposphere and comes down .w1t
atosphericiias o here of origin. Fallout in the higher stratosphere

i emis
lczrrfebepr:::l::nogt:sdogcttlvlveec?l thephemispheres and experiences a longer delay befo.re
reaching the troposphere. This is truly global fallout and would be the main
source of fallout in New Zealand after a northern nuclear war. High stratospheric
fallout is most likely with large weapons explodmg. high above Fh; target. Rogghly
75% of stratospheric fallout would fall in the hemisphere of origin, the remainder
in the other hemisphere.

15 Nuclear reactors as targets:

: i ts in a war. Most are
Ve i nuclear reactors could be strategic tar.ge Vc
Civil and military countries and they contain large quantities of

: 5 : combatant : 7 e
sited in likely A nuclear industry also requires associated facilities to

> . terial. ; :
radloact‘c;’%a:??ve spent fuel and a few reprocessing plants. These involve less
StoreMEac, than the reactors themselves.

massive shielding
A comparison of the possible contribution to fallout from weapons and demolished
c



) d their associated facilities worl.d-.wide i
actors is difficult. Reactors an 00 and 60,000 Mt of fission . Miy
2231““‘1137 equivalel:;l thS) fi\liougtrealt%ro than current nuclear al’fsenals. H‘::\?:s
oL imaged ThT37tofrom weapons dominates the C.Onsaqu‘;'nces1 0 delayed, gOb;i
whereas cesium- sclear  facilities would contribute larget}: .to..earl, iy
fallout, targeted bn also extremely unlikely that all nuclear facilitieg Woulg |
fauom't;ttv:zglciad?oactivity in any single facility would be completely g; ¢
hit or tha

SDCTSQd
into the air.

—_— its most obvious impact in a war g,
Targeti'ng un}eaC; fsclslé;;‘;s ¥}(1):Illd£2v;umbcr of lqthal effects .f.ro.m early fa“\;m
otherwise limite tld by -the fallout originating In the§e facilities ang not p
would be dlcl)mltna Cln a large-scale war an increase in the long-term healg
weapons fa 01; ‘some two-sixfold has been predicted.f'or mid-Northern Hemisphe,
consequences a° result of releases from nuclear facilities. The cffect. on Southery
i::itﬁgzz ?ss very speculative. It would be much less than the two-sixfold quoteq
above, but may not be negligible.

2, RADIATION EFFECTS
2. Human health effects
There are four ways in which fallout exposes people to radiation.

a) Externally as the ‘cloud’ of fallout material envelops people in its
path. Alpha-emitting isotopes are unimportant as the alpha partlc_les
do not penetrate. Skin ‘burns’ can be produced by beta-rays, which
can penetrate only a few millimetres. More damage would be produced

by gamma-emitters, since gamma-rays are penetrating and expose the
whole body.

b) Internally by inhalation of radioactive isotopes in the cloud. T::;
whole body would be irradiated by inhaled gamma-emitters; alpha-2

beta-emitters expose mainly the lungs and organs to which they
migrate.

: : . al
¢) Externally via gamma-emitters deposited on the ground (exter?
dose).

. ion of
d) Internally from ingestion via the food chain, or via inhalatiof

material re-suspended from upper soil layers.

Doses received from the cloud (a and b) predominate in areas receiving e::g
fallout. At later times, external dose from the ground (c) assumes grﬁo”_
importance. Areas receiving only delayed fallout are spared the effects of urés
lived radioactive isotopes. This reduces the importance of external €XP%°
which becomes comparable to that from the contaminated food chain.

It is the total dose accum

that
_ ulated, and the time over which it accumulates
determines the health ef]a

cts observed.



High doses and dose rates

a:ilt pelow 200 rem to the whole body, byt

¢ ; increases i
he dose in P pIUly S

be almost certain,

ividuals vary considerably in their susceptibilit iati

g::t would be on average, lethal to 50% of g largeyp:)c:)uliz(tjilc?r:lo(rll,'Dg(})l)e i;ioaSe lctYel
yardstick, It .would be .al?ou.t 350-4§0 reéms normally, but in conditions ofus}::' uhl
cress and with other injuries (as in combatant countries) lower values i lﬁ
“sgior of 259 rems may be let.hal. Death would be protracted at doses nelar; :he
LD50. A period o_f nausea, vomiting and diarrhoea (2 days) would be followed b\ef
apparent normality for perhaps several weeks. However, the radiation has
sterilized the bone marrow, and this eventually results in critically low levels
of white blood cells and platelets. Death occurs in 4-8 weeks via widespread
infection. Doses well above the LD50 result in a different pattern of health
problems, with death inevitable and more rapid.

LD50 levels are higher when the dose accumulates over longer times which gives the
bone marrow the opportunity to recover. The relationship between LD50 and
protracted doses would be uncertain.

2.1.2 Low Doses and Dose Rates

When the accumulated dose is insufficient to cause death via bone marrow failure,
health appears normal, or is restored to normal over a few months. There are
suggestions of greater susceptibility to disease and to a general ageing effect,
but these are tenuously based. The long-term health effects are dominated by the
induction of extra cancers, genetic abnormalities and birth defects.

Cancer

There is clear evidence in humans that radiation increases the ri§k of cancers of
nearly all types. ‘Natural’ and radiation-induced cancers are indistinguishable.
Radiation simply increases the probability that an individual will contract
cancer. Since the frequency of cancer in thg popula}thn is normally high, attempts
to detect radiation-induced disease are statistically difficult.

The statistical problems, the limited populations exposed to radiation that can be
studied. and imprecise dose estimates in those populations mean that any
Y is highly uncertain. Risk clearly increases with increasing

assessment of the risk 1 : s L ¢ ; .

dose (Figure 2). There is evidence that the risk increases in direct proportion to
the dose and that there is no ‘safe’ dose (that is, even the lowest doses carry
albeit small, risk). This proportionality is usually assumed in assessing

some, Y
dose range of interest, although most data comes from

risk over the whole
exposures greater than 25 rem.

Various estimates of the risk from exposure of the whole body span a fifty-fold
range. Exposures involving only part of the body, or even a single organ, involve
risks known with even legs certainty. The age and sex of those exposed also help
to determine the risk incurred. For the purposes of this issue paper we



simplification.

ed is that 1 rem to the whole body of every N?W Zealander "
1d lead to 1000 extra cancers. These cancers involve the 3

: : s
pes. Given normal medical attention only about 300 o ti::l
e

ld p,

The risk estimate Us
million people) wou

cancer ty : :
?gsgugta Ofixtal. The extra cancers, representing 0.03% of the population, shg,

compared with 2 ‘normal’ incidence of about 20%. 33sspnmfgg the risk i
proportional to dose, dose of 100 rem leads to 1?1 lo lthCl e}rllce of radiatjg,.
induced cancers. Even doses approaching those let a 11n ebs ort term do i
involve cancer as an inevitable outcome. (The doses likely to be received i New
Zealand (less than 3 rem) are discussed in Section Two.)

The extra cancers would take many years to develop and appear. Leukemias anq bone
cancers appear between 2 and 25 years after exposure. Other cancers occur betwee,
10 and 40 years after exposure.

Genetic Disease

Genetic diseases are health disorders seen in the descendants of those exposed to
radiation. There is no direct evidence for radiation-induced genetic disease in
human populations. However the evidence from tests on animals is so convincing
that its existence is not doubted. General comments about genetic disease are
similar to those for cancer induction. Even the eventual number of extra genetic
diseases is comparable to the extra cancers for the same dose to the population.
There is one crucial difference: the extra genetic cases occur oOver many
generations. This dilutes their impact, which is why they are so hard to detect.

Effects from in utero exposure

Exposure while in the womb deserves special mention. This is a special case of
exposure at a sensitive stage of development (the embryo or foetus). The effects
caused are not genetic defects as they are not inherited. Again radiation causes
an increase in the frequency of health effects that are seen normally. A recent
estimate suggested that two extra health problems would occur in every 1000

newborn children who had been exposed to one rem before birth. This compares With
60 similar effects per 1000 children found normally.

A wide variety of health effects are possible, including pre-natal death, deféect

of the. skeletop, mental retardation, leukaemia and other cancers. Some effects
are obvious at birth but many are only recognised in later life.

g::)v?é?s,a;fd can}::er risk in_ch-ildren exposed in utero is well established, and
most the only convincing human evidence for radiation-induced cancer

low doses in the region of 1 . ble
Bl e b rem. For other health effects the evidence availd:

There is strong evide f 2nd estimates at low doses are probably t00 high
abnormalities, that nec:r;osor effects such as mental retardation and some grO™.
5 3 ure : .

s In the first 3 months after conception



ENVIRONMENTAL EFFECTS
; pirect effects
3.

Radiation

human p(.) . . .
the SPECIES most easily killed by radiation (Figure 3). Seve

is (including  the amount of chromosomal materia] frequency of cell

to thi . s
division, degree of cell differentiation, age, nutritional condition) but the size

and complexity of the chromosomes (DNA) are particularly important

is generally considered to present 2 lesser risk

The second reason 1s that we judge individuals to be of little importance i
numan populations. Ir} contrast, individual humans are highly valued. For l;l i
other than huma.ns, 1t 1s population survival that counts and the individx?:flci:
;;xpclndable, provided the breeding population does not fall below replacement
evels.

Plants and an.in}als in water would be further protected because fallout would be
diluted by mixing with large bodies of water. Water also absorbs radiation, and
cxtefnal r_adlati.on effects would be minimal. Most radiation effects on aquatic
species arise via absorption/adsorption of radioactive isotopes by plants or by
ingestion of contaminated food by animals.

On land, the greater resistance to radiation of non-human species would result in
the areas covered by radiation levels lethal to such species being smaller than
ic areas lethal to humans. The environmental destruction within or near areas
involving lethal effects would be severe. However, some plant communities can
withstand quite high doses (Table 4), and some seeds can survive doses as high as
60,000 rem. Thus plants would probably re-establish quite rapidly in the regions
around nuclear explosions. However, the eco-systems would not be the same as in
the pre-war environment. Radiation-resistant species and species that grow or
reproduce rapidly would be favoured. Predator-prey relationships would be
disrupted. Many insect species would be more successful than usual. Those insects
that are ‘pests’ could cause additional damage by spreading unchecked through
areas which, though not devastated, had been stressed and weakened.

Areas with severe environmental damage would be widespread in cpmbatant countries.
However, the majority of the land and occans_would_ be supjected to }evels of
radiation that are raised above normal.but .nog _1mmedxatc1)f life-threatening. This
would add a further stress on their viability at a time of several other,
probably greater, Stresses. In particular, increased .radxatlon exposure would
result in more frequent mutations. Only a few mutations are beneficial. Indeed,

radiation would be a useful technique in plant breeding - but post-war conditions
ow advantage to be taken of this. Most mutations are ‘bad’,

are unlikely to all : ; . :
onditions disappear from the population over a few generations

and under normal ¢
(that is, they are selected out).

3.2 Movement of radioactive isotopes

321 On land

Fallout would be deposited initia!ly on plant and ground surfaces. Subsequent
movement into the root-upper soil system would be dependent upon rainfall.
particle size and the roughness of the plant/ground surface. Thereafter, movement



: i h radioactive ;
: | properties of eac iSotop,
dictated by the chemica : i G iy
Woul::irtibees are identical to the stable, no'n-radm;‘cstcl:iininated aogf;li;he ele ent_e;;
?}Ix.zpstablc form is soluble or highly mobile or di St by tissues
then so is the radioactive form.

: 4 . of delayed fallout on land. 44
Thrcc_isotopgs gorg:::_t:mit:ltzr,prt(;ll;errgil;fseeking) would be important'fofd;net'olu
(half-hfef8 :)}(, losions, after which time it would have d;cayed'to 1nSignifiCan
o ter'tiorrl) on pa’sture results in ingestion by domestic grazing animalsa
midonlivm S ntamination of milk. Longer-term and more general cnviro“memal
subsequcnte;:ostem from cesium-137 (half-life 30 years, g.amma-emxtter,. who

zigf;?xlrl:?cfrom external or internal sources) and strontium-90 (half-life »g

Ody
Yearg
beta-emitter, bone-seeking).

Chemically, cesium resembles dthe es.slertl)t.ilajltl mtl;n;?atntpsOtZ:Sdlur:l’liz;?:t:j?;e;gz s

i i nt and availability : i
::ifllfirlr; gr?grupr;?v::ilf and vegetation characteristics. For exsalrp]ple, high rainfy)|
would tend to wash cesium to soil regions pclow.root areas. Soils n:ay C;)lln_teract
this by retaining cesium. Humus and clay-rxc_h soils rctalp cesm:r;sts ricl)lng y.lm the
upper soil region. Availability for uptake mtq'plants is dgrea o 'SOlsplthat
are sandy, and low in clay, potassium and ability to bind positi ?1 10nS. Plants
that are deficient in potassium tend to absorb more cesium from the soil.

embleg

The ability of species to concentrate or discriminate against cex:tam nsot9pes is
critical to their movement in the environment. The Ievel.s found in afspceicxes can
be greater or less than measured in its immefhat.e _env1.ronment or foo soyrcn:-.
Concentration is usually more important than dlscr{mmatlon. Ifor cxamp}c, c;e;;ut
137 would be taken into cells with potassium, with the rat.lo.of cesium- “3
potassium usually constant within a species. However, the ratio is a'bout tlfre? (:)d
greater in favour of cesium-137 in most species when comparcfi with their “oof
This can occur at each level in a food chain leading to "bioaccumulation

cesium-137 in complex chains of hundredfold or greater. Such bioaccumulation would
be less significant for strontium-90 than cesium-137.

32D In freshwater

: ; ; sited
Freshwater lakes and rivers can be contaminated by fallout par.tlcles dflpi‘c
under gravity or in rain, by surface runoff and by slower percolation thro agrticles
sub-soil. Insoluble radioactive materials or those trapped in larger P

A 2 4 ia Slow
settle onto sediments. They can become available to plants and animals V!
solubilization or via plants or animals whic

5 1 entsn
h ‘graze’ or live in the sedim
and which form the basis of a food chain.

Cesium-137 and strontiu
Bioaccumulation occurs
found on land. Th
10,000 times greate

. _:pieanct
m-90 are the radioactive isotopes of greatest sxgmf:’Ci d
and at each level of the food chain is usually greaté up 1
¢ concentration of cesium-137 in fish, for example, can b
r than in the water itself (Table 5).

3.2.3 In the sea

The consequences of rad
and estuaries than in

ioactive contamination would be greater in Coas.tal i
densely-populated and hig

the deep ocean. Coastal regions are rich in
hly interdependent species.



Fa 100 m). Subsequent behaviour jip
t0

ili i : S is Poorly understooq It
spends upon solublhty., particle S1ze and, Particularly, on the complex ks
df jarge Water masses in the various oceap layers. At least movements
0

jantic, cesium-137 and strontium-90
A:,eral years. Plutonium-239, however,
;f;comcs incorporated rapidly in sediment

eventually by the action of sedimentary s

would be usually in

S. A Surprising amount may be remobilized
becies and the food chain.

The ratio of th_e concentrations of cesium-137
the concentrations in the water are usuall
species. High salt concentr'fltxons (e.g. sodium,
salts) in the sea cause this. As a result,
plutonium-239 take on more importance in th
very high ratios, with 10,000 being com
sediments and for filter feeders (Table 5).

Or strontium-90 in marine species to
y less than found for freshwater
potassium, magnesium and calcium
insoluble radioactive isotopes such as
€ marine environment. They may exhibit
mon for species living in the bottom

3.3 Human exposures via the food chain

Humankind is inseparable from the living environment. Our cursory examination of
environmental effects has revealed many complexi_tics and unknowns. Among these are
the movement and reconcentration of radioactivity along the food chain (e.g. grass
to cows to milk to people).

Human populations are at the end of many fooc} .chains. Esnmgtes of ?dlaztix&r;cd(;e;
to be received via diet depend on the composition gf the diet, }:)nbt. ecgumulation
amount of radioactive fallout causing the.cont.amu}atlon and on t et'nizz:e Sl
and retention in tissues of several radioactive 1sotope-s.‘A_Anly :(Sjilation ot s
crude. For westernised countries, in areas away f1:om mmc';l er ey
fallout, a useful estimate is that diet would contrfxbltllte ta dizst R
externe{l radioactivity. In areas exposed to early fallout,

contributor to the dose.

; : i lying such a rough estimate are
Sxamplcs showinghth‘z cct?:;m::d r:ggffitil: ci)r:lr:iiytiois, lighen obtai_n ar113_;mluilézlisl
numerops. In har:_s ;rients direct from the air and rfunfall. Cesmr'n-‘ . i’ood
proportion of their nu hese lichen. Reindeer graze the lichen as a prmglp S
Qs umfsuall.y bigh oingd TS spring. Some human populations .(c.g- Laplan ers.ndee,..
arid el g Z‘of protein source. At each stage in th;: llchetg-rse(; it
;:g lfcarcnllali.flmg:;i;;slg7mlci/els increase. Finnish Lapps have levels up

p s 3

greater than non-reindeer-eating Finns.

i i not dissolve into
Pl : 239 1d not be a major dietary hazard since it does
utonium- wou

bioaccumulation would be

i e excreted. However, g

the blood easily and would .mosst(l))l'ltg Fales mill seaweed to produce a bt’;:: I:h:
great in seaweeds. People in L oanibe et llktine: graster

gate Tlutonimmylguel i;l suc'gl exposures are known; many may be unknown.
. ecl
average. Other examples:of sp

ur diet. Water drawn from deep groundwater

i i ination.
: f quite high surface contami
. ven 1n areas o j . = .
fo-tces shonldibedsafe t(f)- d;m:ng sub-surface soils to retain r:géoagc;;\éeuallsotoorr:::
The ablltl}:yt olf tl;?ngsu;n?;: groundwaters would be long-term .
ensures that leachi

- i from surface
 ation would be also lpng term. Supphes e
present, howeyer, coult:m;)t;a contaminated immediately following ar
water reservoirs wou

. . 0
Drinking water is an essential part of
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d on the amount of radioactivity
risk would obviously depen ;
£a11,out;o;l'sh zubject only to delayed (global) fallout, such as N:w ﬁe
In ’%gc an immediate risk to life, but would provide ax: :,lx ra dietary
::c:xoactwe material. This radioactivity and its potential dose to 00__
however, be estimated.
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SECTION TWO

IMPACTS OF NUCLEAR WAR

A ion one-third of the i
this sect10 available nycle
Ined. This involves some 5000 Mt, with about haar arsenals are presumed to have been

. lf . .
:capoﬂs are used in surface bursts and half jp airbu:’sf;sthls provided by fission. Half the

1 War limited to the Northern Hemisphere

In this scenario, New Zealand is at such a distance from th

P cae & ¢ war zone that i
be.affectled atl?tyerull)lt'lal ;z}dlatlor} or early (local) fallout. Radioactive fallltos(t)utiog?c;
arrive on y : eing diluted .1n_the atmosphere, and after substantial depletion and
decay in transit. Therefore, radiation doses would remain far below those required to

cause death within a short period (200 rem) or even sick ; _
effects would occur. ickness. No immediate health

New Zealand would r.eceive stratospheric fallout and the resulting doses and long-term
health effects from this are estimated as follows.

1.1 Dose estimates

Several estimates are available of the dose in New Zealand from delayed fallout as a
result of a Northern Hemisphere war. All involve a total dose of less (some
considerably less) than 2 rem, accumulated over 50 years. However because of the
uncertainties involved we choose to use a pessimistic value of 2 rem. This accumulated

dose would be made up, very approximately, as follows:

1 rem from cesium-137 deposited on the ground (‘external dose’). About
half of this dose would be received in the first 10-15 years;

1 rem from diet over 50 years, mainly from cesium-137 and strontium-90.

The dose-estimates available used several approaches. Cesium-137 external doses were

estimated from:
aland from weapons tests (which totalled

) fallout in New Ze s :
measurements of 0% fission yield);

550 Mt total energy, approximately 5

models of atmospheric circulation and calculations on fallout

distribution.

The dietary component was estimated from:
tion that in areas subject only to delayed fallout, eventual
3 a suggesti .
dietargf doses pre comparableitostie external dose;

expected cesium-137 and strontium-90 levels in milk, based

- calculations on
t data.

on models using fallou
onsiderable uncertainties must be acknowledged
The results agree well, although ¢ t to which the effects of smoke and soot

(Section 5). One uncertainty would be the exten

13



i ier to transfer of mater;
spheric barrier 4 ial
can destroy the usual tropo ’ 4 tropospheric’ £l : ety
: ncrease posp out i ee
hemispheres. Destruction woqld lead to 1 ht.to be smalll'znddisen N Ny, Zen h
The resulting small increase in dose is {hqug O Rl Oweq Bo, .a|:
estimate. "Hot spots" - areas where deposition wou Y high . are , M,

A . nO[ li%
to occur in this scenario. .,
Some comparisons to illustrate the likely lmport?clince gf tt:er:g;;lffor aCt:_CUmulate &
2 rem are useful. New Zealanders aré €Xpose no o n from Varietse"f
sources, both natural and technological. Our current €xp : 0 such SOUres my°f
to 10 rem over 50 years (Table 6). Natural radiation exposgr: can vary frop lazun“
place. Twofold variations are common and far greater vasrola 10ns are knoyy 0ve,c["‘
Thus, delayed fallout under this scenario would, over a 50-year period, depog; Yy

gl ty
20% of the natural fallout expected over this time. boy

Health authorities regulate exposure of the publlc. to human-gem_arated Soure
radiation to 0.5 rem in any year or 0.1 rem annually if thc? exposure is prolop
countries have set guidelines for doses which, when likely to be receiv
emergency, trigger a specified countermeasure such as cv-acuatxo_n or th_c impo
milk supplies. In the UK, countermeasures would be considered if the situatig
first 14 days could lead to an accumulated whole body dose of 10 rem. Count
would definitely be expected if accumulated doses of 50 rem were predicted.

g
ged. §,

ed in 1
Unding
N over y,
Crmeagyy

1.2 Health effects

Such comparisons suggest that the number of health effects would not be overwhelmingj
the event of a war restricted to the Northern Hemisphere. For the risk of can
induction, we use the estimate that 1000 extra cancers would occur for every ra
accumulated in the current New Zealand population. For accumulated fallout doses of !
rem over 50 years, we therefore estimate about 2000 extra cancers in New Zealand. The
would be distributed among the common cancer types. Because of the long delay befi
these cancers would actually appear, say 20 years on average, their impact is mt
accurately measured over a 70-year period. Thus the radiation dose will be estima_ted
over 50 years, the human effects over 70 years (Table 7). Provided present med_lt_‘ll
standards are maintained, only about 700 of these cases would be fatal. Mortali
would rise if medical care were to fall. Currently, the rate of new cancer cases in N¢
Zealand is about 10,000 annually. The 2000 extra cases would, therefore, be swamped !
the 700,000 cases expected normally over 70 years. A similar calculation indicates

10,000 of the expected 700,000 cases might be due to existing natural backgro!
radiation.

: N7 )
Extra genetic abnormalities could be comparable in number to the extra cancers (2-000

: "
but are more likely to be somewhat less. They would be spread over several genc{aﬂo

. . H (a‘
On the_ basis of current birth rates, population size and genetic abnormality esnn,];o“‘
over five gencrations more than half a million babies would be born with sponté
abnormalities similar to those induced by radiation.

. g
The dose delxlvered to pregnant women would be unlikely to exceed 0.05"’“}:2 gis
}p;reg(;xancy., This  could lead to one extra health problem in each 10,000 bl

undred similar problems would be €xpected normally in this number of births:

2% War expanded to Southern Hemisphere

if
The most serious situation short of a direct would aris“;)'
cities or installations in ct attack on New Zealand west?

south-eastern Australia were hit. A prc:domi"“"ntly

14



Lther pattern for this region could result ;
wee

W olifs: This situ.ation would involve i
" ld involve the highest possible doses tg ¢
o

regions of Australia have either

winds. Fallout from these
from other, patterns or very

; Africa) would b o o Benthern
ing on New Zealand, | delayed atmospheric fallout

21 If Southeast Australia is not a target

The impact would depend on the scale of Southern Hemi

. ot emisphere att

estimate we have assumed 15 Mt (50% fission fraction) has been u acciksi‘ Loh te e
1% of that assumed to be used in the north. Shositn | Sab0s

Estimates of the dose from Southern Hemisphere detonations can be m

approximate assumptions: g Ceuntvery

* Stratospheric fallout can be estimated in the way used to calculate
fallopt originating in northern latitudes. Allowance is made for the
relative Mts used in each hemisphere and the fact that 75% of
stratospheric fallout would be deposited in the hemisphere of origin.

*

All tropospheric fallout originates and deposits within the 300-50° S
latitude band. Models used in global studies can then be applied to this
special case with the further assumption that the bombs are used equally
in surface and air bursts.

We conclude on this basis that the Southern Hemisphere contribution to the 50-year
accumulated dose would be about 10% of that calculated for the Northern Hemisphere
contributions, or 0.2 rem. There may be radioactive ‘pot §p9ts’ in areas where there
would be heavy rainfall at the time when clouds of radioactivity are over New Zealand,
particularly on their first pass around the globe. To allow for hot spots we treble the
estimate above. Therefore, we assume Southern Hemisphere explosions excluding Southeast
Australia would add about 0.6 rem and 600 extra cancers to the values calculated for

the Northern Hemisphere contribution. This is an increase of 30%.

22 If Southeast Australia is a target

. . -oeic situation for a total of 3 Mt (50% fission fraction)
Werdi e con51der¢;d baurgtessst)nrlllsglocutheast Australia. All the early fallout and half the
droppediel e talling 75% of the fission products) would be regarded as
delaye.d fallout (lto ?or early deposition on New Zealand. Meteorological data suggests
potenties 'avallabfc40% of this might actually be within an air mass which crosses Ne‘.'v
thatiapmpaits 030 hours on average for air masses to cross the Tasman Sea. In this
Zealand.. It faxes uld be depleted as the particles settle under gravity. However, it
time (thesfa OB :0 letion due to rain does not occur over the Tasman Sea. .All the
is assumed that th:pNew Zealand coast is then assumed to be completely and uniformly
fallout rea?hmg-n over the whole country. In practice all the fallout would not be
depos§ted s l-mvc:r the weather pattern and rainfall would combine to produce hot
depOSltC.C;- Ivi(});?cch the local deposition could be perhaps 10 times greater than the
spots’, 1

average.
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ine-131
22.1 Fission products other than Iodine-13

cesium-137 no longer .

of the fallout, ' i
Fission products with shorge, Nate, ,
ns from non-iodine sources jp the 2y, ¢
37 external dose. The accumulated iey a:g
¢

; id arrival _
Because - of the rapl e
external dose due tO ground (jc‘:cl)o:::itll)?.ltio
contribute to the dose (Table 8).

he cesium-1
: ed as comparable o t ; m external so 1
zciliiénwr:fliirdbe about 0.45 rem; 90% of this would be fro vrors abOuth Yy

which would be received within about 1 month from short-lived fission products_ qu

.o tra cancers in the T

coge typified by about 450 ex Whol hi
dose indicates hcaltl;dcf;)fecctisn ;’gdition, 2 dose delivered to thq lung, via inh:la' &
Zealand. There wou til. However this would be about 20 times less than ¢ ton

the fallout comes to €ar 3 Wha:

body dose from external and dietary sources. H

222 Iodine-131 contribution

lodine-131 would be produced in relatively large quantities during fis§ion_ In i )
its 8-day half-life, this yield makes it a doquant fl.ssmn product in the Bl 1.
months after a war. It localizes in the thyroid which would be the only OHJ
significantly exposed to the beta-rays. The pathway of importance to people would 4
via deposition on pasture, and thence to COWS and milk.

The thyroid dose from iodine-131 would far exceed the whole body dose from cesium.|;
via milk. This thyroid dose could be 15 rem. Doses from strontium-90 to the bone y;
from cesium-137 to the whole body under this scenario would each be about 0.006 ry
over 50 years. The thyroid disorders expected in the New Zealand population from such;
dose would be about 400 fatal cancers, 3600 non-fatal cancers and 12,000 benigp
tumours. These would occur between 10 and 40 years after exposure.

At this level of exposure serious consideration would be given to the impounding o
milk supplies for 2-3 months. Alternatively, distribution of potassium iodate pill
could be considered. The pills reduce uptake of iodine-131 if taken before or shortl
after exposure. In the UK, distribution of pills would be considered if thyroid doss
were projected to reach 5 rem and certainly implemented at doses of 25 rem.

In total, therefore, a 3 Mt attack on Southeast Australia could add a further 450 nor
I‘h:'rlmd cancers, and 1.6,000 thyroid tumours of which 4,000 would be cancerous and 40
n?u:t. ll:;hl{l: tco(;xld be impounded for up to 3 months to avoid the thyroid disorders It
ol oted again, however, that such effects would be an overestimate, Siic a
istically high proportion of fallout has been assumed to land in New Zealand.

3. Summary

The doses accu .o
mulated over 50 . ing over'
years and the resulting extra cancers appearing g of

years for various ;
> scenarios are su i : veé
medical care, about one-third of themxﬁirlied v ot Under presen! 1; the
-thyroid cancers and less than one-tenth =y

thyroid cancer
tHeifimpaot W;ufgebcfzgzléicgth%rl hlealth effects from radiation would also 06"

rably less than that of ext
ra cancers.
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SECTION THREE

POST-WAR ADJUSTMENTS

and diarrhoea in this period would be a
to traditional causes. The answer to
reﬁensive monitoring of radioactivity and
ding radiation concerns people’s inability
that instruments exist in New Zealand to

levels quite easily.

the§e.questions and problems lies in
radiation levels. Part of the mystique
to observe it. They must be assured,
detect and measure radioactivity and

com
surrOUﬂ
radiatlon

The National Badiation Laboratory (NRL) in Christchurch has operated a fallout
nonitoring service for:

* continuous air and rainwater beta-emitters (5 Pacific and 4 New Zealand sites)

* strontium-90 in rainwater plus a cesium-137 assessment (9 New Zealand and 2
Pacific sites)

¢ strontium-90 and cesium-137 in dairy milk (9 regions in New Zealand).

This programme has been reduced since 1985 to 3 sites (though the sensitivity of the
equipment has been increased), as fallout levels have become very low since atmospheric
tests ceased. However, surplus equipment could be reactivated if required. In addition,
since the Chernobyl disaster, NRL has expanded its ability to detect radioactivity in
general foodstuffs. These programmes, provided they could be expanded and not swamped
by trivial requests, could form the basis of a good post-war monitoring programme.
Local health inspectors, the armed forces aqd the universities also hold equipment
capable of assisting with preliminary monitoring. DSIR, which runs a limited fallout
monitoring programme for Pacific and New Zealand seawaters, could also provide useful

assistance.

i : long-held fears many people have of fallout it should be
?el!ocgnni;:g :‘;:::sz;::ﬁn:n?mjusfificd concerns about fallout levels should be a h.igh
priority task. The need for information on local' fallout levels and' possible
disruptions to communications would mal'ce adequate regional responses essential. If the
war were restricted to the Northern Hemisphere there would be. several w.eeks to .months
before significant fallout arrived in New Zealand. However, if Australl'a,_ partxcularly
eastern cities, were targeted, then only a few days would .elapse. The initial greatest

¢ dine-131, and monitoring the contamination of pasture and milk

hazard goile et t;golto spots in high rainfall areas would need identification. This

would begeriticls _ordination between NRL and meteorological services.

would require effective cO

3 attacked, iodine-131 levels could approach levels at which
If- Southese APStrgllllraxld:ie;cnder peacetime rules. Essential needs for milk could be met by
T Yvould bg 1.21(;3 pre-war milk, providing distribution. were possible, or from areas
su.pplxes of r: deposition levels. Contamination from iodine-131 could be countered by
with th.c lovl;,esmilk into dried powder or cheese, forms which could then be stored for 3
processssl tmeorc pefore use. Strontium-90 and cesium-137 would pose a lesser threat.
months or could be altered in time to concentrate dairying in areas of low

i atterns ; s s 3
zg;glmnignar;ion or cesium and strontium uptake, if the risk were considered unacceptable.
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A variety of methods can be used to reduce the conscquengfs of radioactiy;

fallout in foodstuffs. These include simple washing of vegetables and fruijt With Cron
from deep groundwaters, avoidance of certain foods .(;i‘axry producc,- freshw
using stored pre-war food and animal feed, water purl iers (cqmmer01gl or h
and deep ploughing. This information woulq be requlrcd.and might be lmplementedmadﬂ
significant fraction of a concerned public. Such actlons-would not reduce Yq
large fraction. As the overall risk would proby Very

radiation exposures by 2 : ; 1 bly
great, the priority assigned to such actions in the post-war world would be “nlik:lt be
y tQ

be high.

ater w.atef
f]sh
Me. )

period would require a greatly expanded progr,
f unknowns in the movement of radioactive i
hain in particular.

In summary, the post-nuclear war
environmental monitoring because O

. e g
. : i
through the environment In general, and the food ¢ SOtope,
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we assume that overall pre-planning includes the mean

The aim of

SECTION FOUR

PRE-WAR PLANNING OPTIONS

pre-nuclear war planning should be to:

Ensure accurate, comprehensive monitoring of fallout ip the environment

provide cohesive and coherent channels of informatj

] on for policy-makers and the
publlC.

S to obtain as much information as

possible on the extent of the war, and to provide that information to, in the first
instance, the Director of the National Radiation Laboratory or the deputy. The further
prc.planning options we recommend are:

X

Evaluation of the extra equipment and staff needed to provide an adequate and
effective monitoring service for all regions. Trained staff is expected to be
the greater problem.

Evaluation of the need for EMP-hardened equipment. The effect of EMP on current
monitoring equipment is unknown.

Possible disruptions to normal communications should be considered. Clearly
defined routes to transport samples to NRL in Christchurch in an emergency are
needed. Much of the monitoring programme depends on specialized equipment.hcld
only in Christchurch. Consideration could be given to pr_oviding duplicate
facilities in a North Island centre such as DSIR’s Institute of Nuglear
Sciences. Communication difficulties would increase the importance of regional

monitoring units.

Clear definition of levels of radioactivit:‘y' in the environment yvhich lea.d to
specified countermeasures. An agreed official statement on the risks associated
with the radioactivity and the risks and peneflts of the coupt;rmeasures. should
be part of this policy. The Chernobyl disaster revealed official confu§1on and
public exasperation and mistrust, 'thh a bevyxldermg v'?me.ty of actions and
rationales among the affected nations. A period of panic is not the time to
debate the differences between acute and long-term health effects or whether an
inability to detect health consequences equates to no health concern.

: usefulness of maintaining protected stocks of food,
Eval.uatllorll giiedth:milk and animal feed. Storage of potassium iodate tablets, a
pa;tlcu o yainst uptake of iodine-131 in the thyroid, could also be discussed. It
evzlfl?jcea::car that likely levels would not warrant their use and pre-war dried
milk would be the preferred alternative.

Identification of possible bathvyays leading to well-abov?-averagc exposures in
sections of the commuplty (equivalent to seaweed and reindeer meat consun?ers
overseas). ldentification _of such‘ 'pathway.s _Drotect§ those susceptible
communitics. It also provides a critical monitoring point capable of early
warning of wider problems.

Further examination of the regional properties of soils in relation to retaining
cesium-137 and strontium-90, and relating them to contamination of pastures and

19



crops. Such information would be useful for planning post-war agriculture gy

> 1§ 4 %
* ‘Consideration to extending still further the database on current f;
in New Zealand, although these are known to be very low in general.
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SECTION FIVE
UNCERTAINTIES IN THE ASSESSMENT

acertainties, as they relate to New Zealand, are in three maj
1n areas.

The ¢

s Dose assessment

Major uncertainties involve:

4 The actual nuclear war scenario - the total fissi

1ssion energy used, th i

small and lar_gc weapons angi of surface and air bursts would e;ll aeffmlx }?f
amount of radioactivity reaching New Zealand R

* Contribution to delayed, particularl i
on n 5 y stratospheric, fallout
civil and military nuclear reactors. e N

* 111srupt10n 1to normal aif-mass movements - if smoke and soot cause a breakdown in
the normal tropospheric barrier between the hemispheres, more early fallout
could reach New Zealand.

* Contribution of contaminated diet to the accumulated dose.

* Dose reduction due to shielding by buildings, rough ground and weathering of Cs-
137. These factors were ignored in our dose estimates.

* A contribution to the dose from carbon-14 has been ignored. Its contribution

would be low compared to that from other radioactive isotopes over 50 years.
However, it has a 5600 year half-life, and its contribution can affect many

future generations.

52 Health effects

ces are predicted only with considerable uncertainty. This is
mainly because doses far lower than those for which there would be direct information
are involved in our scenarios. The estimates also apply. to a myth.xc.al_ average
population. Groups that are especially susceptible due to inherent sensitivity or to
non-typical exposures due to ‘hot spots’ or behavioural patterns remain mostly

unidentified.

The health consequeéen

i he individual

i be scanty for health effects that are .less serious to the
fhwdcn:; ‘Zou:ﬁmted here (e.g. increased susceptibility to chronic illnesses  or
anan : )oslf they were to occuf, the cost to society (rather than the individual)
coslrgle:)e. considerable, particularly if our ability to provide modern standards of

health care was also impaired.

53 Environmcntal effects

The major uncertainties involve:

* Movement and availability of radioactive isotopes through the environment.

* Concentration of radioactive isotopes in parts of the food chain.
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* Effects on already threatened, or stressed, communities.

5.4 Summary W 44
The uncertainties are great, and the consequences olf nuclflag'w :r:rfas dePiQt'ed._u;

been under- Or overestimated. To some extent Wé a;:e ? or t.hxs b 1
essimistic assumptions in calculating e.xposu.res. T"ere 0;’_0, °V§Y°Stlmat-1gn "
ﬁmre likely, especially for a scenario involving fallout from Southeast
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SECTION srx

MAIN FINDINGS

s the scenarjos :
ye Stre ) Considered, p
\sing about one-third of the total weapons Stockpile, with Jess thaz:lmleol/y P
ucd rargeted on the Southern Hemisphere 0 of the weapons
us
;) Human health effects
In the absence of a direct attack op New Zeal ; :
1. and, there would be ng
short-term effects on human health from radioactive fallout. T
During the decades following the war

occurring normally, there is no way an individual would know whether or not his

or her cancer is radiation-related. However, the probable increase in cancers
would be fewer than 7000 cases over 70 years, or less than 1% of the cases
expected without a war. This increase would be undetectable.

Over half of the extra cancers would occur only if Southeast Australia were
attacked and would be thyroid cancers due to the ingestion of iodine-131 in
milk. These cancers could be avoided by impounding milk supplies for up to three
months and using stocks of pre-war dried milk.

We estimate that over 70 years fallout could lead to between 650 a_nd 1500 extra
deaths due to cancer. The remaining cancers would be curegi prov1d;d levels of
medical care equivalent to those existing now could be supplied. Dl(xjrmg thilsame
70-year period almost 400,000 deaths due to cancer would be expected normally.

inti i ith these estimates. Thus, the number
uncertainties associated wit s ]
gi!lecr:n?cr: cr:saer;yand deaths could have been undcrcsnm:ated. However, we belx:ve
that any underestimate would be unlikely to be sufficient for a far }llargcr tbearr;
Drzdizte};i numbers of cancers to occur. It would be more likely that the num

have been overestimated.

iti Iso increase in frequency, but the
i i bnormalities may a
Birth defects and genetic a iy
increase would be even harder to observe than for

radiation exposures are not expected to
}llzafa:vta:.hgxposures could approach or even gxciﬁg
ble natural radiation for a few months in
Southeast Australia. Over 50 years, ho;vevctr,
uld be considerably less than that due to

These findings arise from t
increase greatly due to nuc i
those experienced from unavoida
worst situation of attacks on 0842
radiation exposure due to the wa
background radiation. |
inties in the estimates of the health e”cchtiesrteisr;:;ttglig
Focre are Jany S untries. The numbers could be unde };
from s nncloax ESEIEE SN ent that a far larger number of extra healt

xt _
therefore, butinoti(n s‘igg aIrtl ;ould be more likely that the effects have been
effects should be expected.

overestimated.



6.2 Environmcntal effects

iati Is 1
Radiation leve
: environmental effects an

species.

d following the war would lead tq NS

lan ; ' : .

n New gcfvould not seriously threaten the exlstencC n(l)?cdlal.
othc‘

|

:active fallout in the environment
ment of radioac G !
2. s Bt m?jvfnust be monitored. The rgsul.ts of monitoring could mflueng%rly
understood an griculture by identifying regions in which crqp o pe'h‘
t

i -war a :
lanning of post cultu ure
gontamination could be minimized.

6.3 General
1 Comprehensive monitoring of fallout in New Zealand would be required, o

¢

The monitoring system must be independent .of possil?le ('iisrupt'iOn from ,,
electromagnetic pulse, and capable of operating despite immediate DOSteyy

confusion.

If the war were limited to the Northern Hemisphere there would be several Weeks
in which to initiate monitoring programmes. If Sf)uthcast Australla. WEre a targ
there could be as little as 48 hours before monitoring would be required.

4. Particular efforts must be devoted to identifying areas or groups of people iy
which the consequences of radioactive fallout could be well above average. Are
with well above average fallout levels - ‘hot spots’ - are most likely after
war involving targets in Southeast Australia and, to a lesser extent, othe
targets in the Southern Hemisphere. Groups of people could receive above averag
exposures via special dietary or behavioural patterns.

6.4 Conclusions

The individual health effects described are among the tragic consequences of a nucletr
war. However, if New Zealand were not a target then the radiation levels and effects it
this country would not be one of the more important consequences of the war. The socil
and environmental disruption depicted in other issue papers and their indirect effect
on human well-being, would be of far greater concern.
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TABLE 1

Areas of Lethal Damage from Blast,

Heat and Initial Ionizing Radiation (in km?2)

Explosive Yield *

o

"o tbalg

1kt 100 kt 1Mt
Blast 1.5 17.7 !
Heat I3 74.2 391
Radiation 2.9 1.1:5 22
* 1 Kt = 1000 tonnes of TNT equivalent
1 Mt = 1 million tonnes of TNT

s

equivaley

—



TABLE 2

Some Important Fission Products and Other Radioactive
Isotopcs_: Approximate Yield per Mt (fission),
Half-Lives and Principal Radiation Emitted

P

[sotope Half-life MCi (PBq)* Principle

(years) Radiations

Fission Products
Strontium-89 0.14 16 (590) Beta
Strontium-90 28 0.1 (3.9) Beta
Zirconium-95 0.18 25 (920) Beta, Gamma
Ruthenium-103 0.11 40 (1500) Beta, Gamma
Ruthenium-106 1.0 2 (78) Beta
Iodine-131 0.02 114 (4200) Beta, gamma
Cesium-134 0.04 0.91(32) Gamma
Cesium-137 30 0.16 (5.9) Gamma
Barium-140 0.04 127 (4700) Beta, Gamma
Cerium-144 0.78 5.1 (190) Beta, gamma
Other Isotopes
Carbon-14 5,600 3.4x104  (1.3x106) iclzta;l ?
Plutonium-239 24,000 0.003 (0.13) p

1 MCi = 10% Ci.
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TABLE 3

Explosion
from a Nuclear

i tal Dose Rates

Illustrative To

for Various Times After Detonation.

e of 1000 rem/hour after 1 hour

—uonll"

Assumes an initial rat

Dose Rate
Time (rem/hour)
(hours)
1
1000
1 400
13 63
23
24 _ 10
48 23
170 (1 week) 0.35
720 (1 month) :
TABLE 4
Radiation Doses Estimated to
Produce Damage to Plant Communities *
e
Dose (rem)
Community Type Mild Damage Moderate Damage Severe Damage
Con.iferous Forest 100 - 1,000 1,000 >2,000
Deciduous Forest 1,000 - 10,000 5,000 - 30,000 >10,000
Shrub , 1,000 - 5,000 5,000 - 20,000 >20,000
gopllcaldRam Forest 4,000 - 10,000 10,000 - 40'000 >40,000
rasslands 8,000 - 10 o i
Vil s 106%%% 10,000 - 100,000  >100,000

50,000 - 500,000 >200,000
* Whicker, F.W. and Schultz, V. (1982)




TABLE 5
Avcrage Ratios (with range) for the Concentrations of
Three Radioactive Isotopes in Freshwater and Marine Species

to the Concentration in the Water

S
Concentration Ratio

Freshwater Cesium-137 Strontium-90 Plutonium-239

Plants 1000 (80-4000) 200 (100-400) -

Molluscs 600 600 -

Crustaceae 4000 200 £

Fish (Muscle) 3000 (100-20000) 14 ( 1-100) =

Marine
Seaweed
Plants
Molluscs
Crustaceae

Fish (Muscle)

= - 3000 (1000-10,000)

50 (10-300) 20 (0.2-80) 1000

15 (3-28) 2 (0.1-10) 500 (300-2,000)
20 (0.5-30) 2 (0.1 -3) :

20 (5-244) 0.1 (0.1-1.5) 10 (1-30)




TABLE 6 \

Average Doses over 50 years to the New Zealand

i 1ati *
Population from Various Sources of Radiation

Dose gremz\

Source
Natural 8.3
Medical 2.5
Fallout 0.05
Air Travel 0.03
Occupational 0.01
Miscellaneous 0.01

*from information supplied by National Radiation Laboratory, Christchurcy

—_—



TABLE 7
accumulated Doses (50 years) and Cancer Estimates f or Different Scenarios

over 70 years |

/
Number of Cancers
scenario™ Dose (rem) Sub-Total Total Overall
(Approx)

0 Background 8.0 8,000

Technological

(Medical etc) 2.0 2,000

Sub-Total 10.0 10,000

Causes other

than radiation - 690,000 700,000
1 External 1 1,000

Diet b 1 1,000

Total 2 2,000 702,000
2A  External Dose 1.3 1,300

Diet 1.3 1,300

Total 2.6 2,600 702,600
2B External Dose 1.7 1,700

Diet 1.4 1,400

Total 3.1 3,100 703,100
2C  As per 2B As per 2B plus thyroid disorders of -

plus 15 rem 400 fatal cancers

thyroid 3600 non-fatal cancers

12000 benign tumours




I Cancers appear, on average,

about 20 years after the radiation doge hig

e
thy
extended time of estimating the number of cancers. h
*Scenario Description
No Attack, ie normal background and technolog-
|
: inputs Q)
5000 Mt on N. Hemisphere targets
1
Scenario 1 + 15 Mt on S. Hemisphere targe
= excluding S.E. Australia |
B Scenario 2A + 3 Mt on S.E. Australia il
; impounded immediately
2C Scenario 2B but milk not impounded

(All detonations have a 50% fission fraction. Half the weapons are used in surf,
bursts, half in air bursts.)

TABLE 8
Major Fission Products Contributing
to External Dose and the Resulting 50-year Dose after
3 Mt (50% fission) on South-eastern Australia
e
Radionuclide 50-year Dose
(mrem)
‘—/
Zirconium-95 108
Ruthenium-103 36
Cesium-137 47 -
Barium-140
150
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FIGURE 2:

Incidence rate of breast cancer per 1000 women per year
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Breast cancer incidence rate as a function of the average dose to bl
breasts 10-34 years after irradiation.
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