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In this lecture we assemble data on intake of air, water, milk, and other foodstuffs

as a function of age. Although these data may be from sources which are not always typical

of a particular local population, the results may suggest the type of studies to be made.

This also suggests the general theme of these lectures—namely, every environmental program

should be accompanied by a strong monitoring program which will search out the significant

pathways of radionuclides in the environment that lead to humor sxposure. Modeling of

the environment is in too precarious a state to dispense with monitoring, and this applies

to monitoring people as well as the pathways leading to man. Thus this lecture cannot

reasonably be expected to result in a listing of important factors you may expect to find

in your particular local situation. It will suggest some age dependence of intake which

has been found and some pathways which have been found to be important. Then you will

have to study your local environment and population to determine the important pathways

for them.

Some of the data on intake greatly favor the younger individual who generally does

not take in as much aht water, and food as does the adult. Thus these factors partially undo

the general increase ©f doc* rat* p<o? fiCi pfosonf Sri fhe bodies ef fhe yoongar members
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of the population as compared with adults which was developed in the preceding lecture.

However, there are exceptions, as will be seen, and one cannot expect that there will be

cancellation in all cases. The only safe method if to estimate the intake and doses as

accurately as possible and be guided by the result.

In Table 1 is displayed the amount of air breathed per day as a function of age. You

will note there is almost a factor of 30 between the newborn and the adult. This data is

from the Report on Reference Man, but much of it goes back to The Biology Data Book

(Airman and Dittmer, 1964). No differences in deposition and elimination are known,

and thus the model for retention remains essentially age invariant.

The total intake of water per day, excluding water of oxidation, is displayed in

Fig. 1, and for comparison the consumption of tap water, i.e., drinking water, is indicated.

These data are from the Report on Reference Man and from Walker e i j j L (1963). However,

these data wil l vary widely depending on the ambient temperature and, to some extent, the

composition of the total intake, i.e., the portions of intake allotted to milk, to tap water,

and to other sources of intake may differ rather widely from this pattern. In Table 2 is

displayed a breakdown of water intake included in the Reference Man Report, but this

is only for illustration and is suggested for a temperate cHmate and an industrial-type-of-

living situation.

Milk consumption remains fairly constant with age except during the first year of l i fe.

This is shown in Fig. 2. The data are from a variety of sources which are indicated in the

Report on Reference Man. However, these data are from North American, Western European,

or Australian sources; you should have data o,; /our local population.
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The composition of the total diet for other foods shows even greater variations In

some cases. This is illustrated in Table 3 which is quoted from Hollingsworth and Hobson

who, in turn, quote it from Sukhatme (1961). Differences by factors of 3 are frequent,

and some entries differ by factors of 5 or more. You must know the population you are

to protect. These data do not represent variations due to age. For example, the infant

generally consumes little meat and leafy vegetables during his first year of l ife, and what

he does consume of these will likely be in the form of canned homogenated material, at

least this seems to be true in our modern industrialized society. You must determine this

for your population, that is, the population close to the reactor or the population you are

studying. In Fig. 3 (Cook and Snyder, 1968) is displayed a breakdown by age of several

items of diet which was assembled some years past in a study of exposure to '^ Cs.

Clearly, i t makes a great difference in intake if one knows that only milk is contaminated

or that leafy vegetables is the pathway by which the radionuclide reaches man. Thus,

when an emergency situation exists, one should establish, by monitoring, which foodstuffs

and other items of intake are contaminated and by how much. In the early period, one

may have to take action on the basis of preplanning data, but one would hope this might

be a short period and that later estimates would be based on reliable data.

The dose from a cloud of radioactive emitter is one of the commoner sources of

population exposure. The problem is considered here because it is the consequence of a

particular pathway, but it might equally well have found a place in the first lecture.
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The problem is generally treated in the semi-infinite cloud approximation, that is,

a uniform cloud, limited only by the surface of the earth, is assumed, and this may not be

a particularly bad assumption if the concentration is averaged over many wind patterns

and directions. The energy spectrum of the photons striking the body will not be the

original energy spectrum of the photons provided by the decay scheme of the radionuclide

but will contain scattered photons as well. In a truly infinite cloud, this energy spectrum

can be computed easily since photons are followed only in energy space, and Dill man (1970)

has provided a computer code for this purpose. For illustration, the energy spectrum of

photons produced for a monoenergetic source photon of 0.5 Mev is shown in Fig. 4. This <•

corresponds to an intensity in air of 1 u.Ci/g of air, and the spectrum of secondary electrons

is shown also. This is almost the energy of the photon emitted by °^Kr, so this will serve

to illustrate the point that it is not only the photons of the original energy which strike

the body. The angular spectrum is assumed to be isotropic, and a factor of 1/2 is used

because of the presence of the ground. With these approximations one has the energy

spectrum of the photons which strike the body. These spectra have been calculated for

monoenergetic photons of twelve energies ranging from 0.01 to 4 Mev.

Each of these twelve energy spectra has been normalized to a source strength of

1 uCi/rrr and has been programmed to strike the surface of the anthropomorphic phantom

described earlier. In rhis way not only a dose rate to skin but also dose rate to the internal

organs has been computed. These estimates of dose rate are comparable to the dose per

from
yCi-day / internal sources described in the first of these lectures. Within a year we expect
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to publish a compendium of these values. In these Monte Carlo calculations, the dose to

some organs is not determined because of statistical uncertainties. This happens generally

for small organs or for organs that are remote from the source. However, the phantom also

contains a regular grid for recording of dose, and by plotting these values, one can usually
curve,

determine the trend of the dose/ One can easily design a computer code which wil l use

the photons produced by a decay scheme and so by summation obtain the dose rate corre-

sponding to any given concentration in the cloud.

Diliman has also written a computer program which calculates depth dose within

skin from a semi-infinite cloud of electrons or beta rays (1971). This program essentially

depends on the point source kernels published by Berger (1971). In Fig. 5 we show the

depth dose in skin corresponding to *"Kr which, as you know,, has a number of beta rays.

Finally, as you know, the noble gases and some other radionuclides are soluble to

some extent in body fluids. Thus, the radionuclide is deposited throughout the body.

Data on the extent of this absorption is sparse, and most of the values obtained are from

in vitro experiments. If a person is immersed in the cloud long enough for equilibrium

to be reached, the tissues should show concentrations comparable to those obtained in the

in vitro experiments. Not all tissues absorb equal concentrations, fatty tissue being

especially high. In fact, K i r k (1972) has suggested that the concentration in tissues

should be composed of two components, one representing the concentration due to the

amount of fat or lipid in the tissue and the other being for a tissue nearly devoid of fat,

for example, blood. Using this procedure, one can calculate a dose rate per unit concen-

tration in air which includes the dose from the radionuclide absorbed in body fluids as well

as that present in air. These values are shown for ' ^ X e in Table 4.
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On this basis one can calculate a dose rate due to this absorbed material present in the

body, and this will include both dose from photons and dose from electrons and beta rays.

Finally, one can scale this dose rate to arrive at a dose per unit of time of exposure to the

cloud. This seems to be an indirect way of arriving at those long-term components of

retention in the body which for these noble gases are very difficult to estimate. Usually

they only amount to a faw percent of the inhaled activity, but since they reside in the

body for a long time, the pCi-days accumulated is often not so insignificant. In Table

inhalation of ] uCi of
1 are listed dose rates (rad/day) f o r / ' ^ X e , and it is gratifying to be able to report that

following one case of medical exposure, the presence of l ' M Xe in the body v/as indicated

out to 3 days postexposure (Webb, 1972).

85
In the case of Kr, there is only one photon of very small yield—0.0041 Mev, in fact—

and then this internal deposition is of considerable importance because of its contribution

to the genetic dose. In Table 5 the contributions to the dose rate of all these sources are

indicated, and it is clear that even in this case the contribution of these internal sources is

not negligible although certainly not large. The contributions to the dose rate from these

internal sources are computed by the methods of the previous lecture, and both photons and

beta rays are included.

Whenever electrons move through matter, they produce bremsstrahlung which, as you

are aware, consists of photons with a wide spectrum of energies. Here, again, Dill man

(1973) has devised a computer program which produces the energy spectrum of these photons.

Since this varies somewhat with composition, the computer produces these spectra for air,

soft tissue, skeleton (bone plus marrow), and fat. In addition, when the electrons impinge
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on the surface of the body and move through skin, they produce bremsstrahlung which is

somewhat different,since these electrons do not all have the full energy with which they

were emitted. In Fig. 6 these energy spectra are shown. Their contribution to dose from

85the cloud of Kr is included in Table 5, but, as you see, it is quite small.

All of the above calculations are for the adult; what about the infant or child? For

photons of higher energy, the body of the adult is irradiated fairly uniformly, and this

appears to happen for photons of energy greater than 0.1 Mev, as is illustrated in Fig. 7.

Here the minimum dose is greater than half the maximum for photons, and if this is true for

the adult, it will also be true for the child. For low-energy photons, the dose at the central

axis of the body of the adult can be an order of magnitude or more below the maximum, as

is indicated in Fig. 8, where the trend of depth dose within the body of an adult is shown.

This trend would be expected to be somewhat higher in the infant, and thus, again, the organs

of an infant may receive doses which are larger. We are working now at Oak Ridge to

quantify this excess. However, it does not appear that this will generally be a large effect

since most radionuclides wiil emit photons of a number of different energies,and for the more

energetic of these, the correction is not large as we have seen. For beta rays emitted from

the radionuclide present in the body, there appears to be no great difference since the

activity absorbed in the tissue will be proportional to the mass. Fat probably will be the

tissue re eiving ths highest dose from this source.
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Table I.. Breathing Rate and Total Dose (urads) to Various Organs and Tissues of the Body
133

from Inhalation of 1 pCi Xe

Breathing rate
(mVday)

Target organs

Adipose tissue

Skeleton

Red marrow

Ovaries

Testes

Lungs*

Skin

Other organs
(range)

Newborn

1.8

6.67

1.50

2.67

0.94

0.83

1.3

0.72

0.83-1.0

l y

3.4

3.53

0.79

1.41

0.50

0.44

1.3

0.38

0.44-0.53

Age

5 y

12

1.0

0.23

0.40

0.14

0.13

1.3

0.11

0. 13-0.15

10 y

18

0.67

0.15

0.27

0.094

0.083

1.3

0.072

0.083-0. TO

15 y

20

0.60

0. 14

0.24

0.085

0.075

1.3

0.065

0.075-0.090

20 y (adult)

20

0.60

0, 14

0.24

0.085

0.075

1.3

0.065

0.075-0.090

Dose from in air spaces of lung.



TABLE 2.

WATER BALANCE FOR REFERENCE ADULT MAN

GAINS (ml/day) LOSSES (ml/day)

Total fluid intake 1950 1400 in urine

milk 300 100 in feces
tap water 150 OCA . ., , .

.r , , - « 850 insensible lossother 1500
i r J -rnn 6 5 0 i n sweatIn food 700

By oxidation of food 350

TOTALS 3000 3000

WATER BALANCE FOR REFERENCE ADULT WOMAN

GAINS (ml/day) LOSSES (ml/day)

Total fluid intake 1400 1000 in urine

milk 200 90 in feces
tap water 100 ,__ . . . . ,
.r nAA 600 insensible loss

other 1100
» , . ,cn 420 in sweatIn food 450

By oxidation of food 250

TOTALS 2100 2100



Table 3. Per Caput Estimates of Food Supplies (g/day)

by Geographical Region (ref. 255, p. 68)

Food Groups

Cereals*^
(2)

Starchy roots

Su9ar<3>
(4)ftjlses and nuts

Vegetables and
fru?rs(5)

Meat (6 )

Egas(7)

Fish(8)

Mi.k ( 9 )

Fats and oils

Far
East

404

156

22

56

128

24

3

27

51

9

Near
East

446

44

37

47

398

35

5

12

214

20

Africa

330

473

29

37

21,5

40

4

16

96

19

Latin
America

281

247

85

46

313

102

11

18

240

24

Europe

375

377

79

15

316

1)1

23

38

494

44

North
America

185

136

113

19

516

248

55

26

850

56

Oceania

243

144

135

11

386

312

31

22

574

45

In terms of flour and milled rice.
2

Includes sweet potatoes, cassava, and other edible roots.
3

^Includes raw sugar; excludes syrups and honey.

Includes cocoa-beans.

In terms of fresh equivalent.
Includes offal, poultry, and game expressed in terms of carcass weight, excluding

slaughter fats.

8

10

Fresh egg equivalent.

Landed weight.

Excludes butter; includes milk products as fresh milk equivalent.

ftire fat content.

( \



Table 4. Dose Rate (rad/day) to Various Organs and Tissues of Adult Man

from Immersion in an Infinite Cloud of Xe at a Concentration of 1 pCi/ml

Target Organ

Adipose tissue

Skeleton

Red marrow

Ovaries

Testes

Lungs

Skin

Other organs

Source
Skeleton, Adipose

y

4.5xlO~7

5.3xlO"7

7.7xlO"7

5.5xlO"7

4.0x i0" 7

4.5xlO~7*

8.6x10 '

2. lx lO" 7

3.8xlO~7to

7.0xl0"7

t Tissue and Total Body
P

1. ix lO"5

2. )4xlO"6

4xlO"6

1. IxlO"6

l . l x lO" 6

1.1x10-6*

2.5x10 b

l . lxlO"6

l . lxlO"6

Air

4.2xlO"4

8.4x)0'4

7.7x10"4

2.lx!0"4

4.7xlO"4

3.7xlO"4

6.3xlO"4 y

1.8xlO"4 avg p

4.8xlO"4

Dose from '33Xe absorbed in body tissues
* *

Dose from ' ^ X e in air spaces of the lung .
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Fig. 1.
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