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visible Plexiglas door by means of echo 

ranging. The selection of the open door- 
way took place, moreover, while the ani- 
mals were passing through a net of Y8- 
inch steel wire, which they also avoided. 
The location and discrimination of sub- 
merged objects by reflected sound sig- 
nals is without doubt a necessary and a 
fundamental perceptual avenue for these 
cetaceans. 

References and Notes 

1. D. R. Griffin, Experientia 7, 447 (1951); J. 
Acoust. Soc. Am. 22, 247 (1950). 

2. M. P. Fish, Office Naval Research Tech. Rept. 
No. 49-30 (1944); B. Kullenberg, Nature 160, 
648 (1947); A. F. McBride, Nat. Hist. 45, 16 
(1940); W. E. Schevill and B. Lawrence, Sci- 
ence 109, 143 (1949). 

the porpoises avoided the solid but in- 
visible Plexiglas door by means of echo 

ranging. The selection of the open door- 
way took place, moreover, while the ani- 
mals were passing through a net of Y8- 
inch steel wire, which they also avoided. 
The location and discrimination of sub- 
merged objects by reflected sound sig- 
nals is without doubt a necessary and a 
fundamental perceptual avenue for these 
cetaceans. 

References and Notes 

1. D. R. Griffin, Experientia 7, 447 (1951); J. 
Acoust. Soc. Am. 22, 247 (1950). 

2. M. P. Fish, Office Naval Research Tech. Rept. 
No. 49-30 (1944); B. Kullenberg, Nature 160, 
648 (1947); A. F. McBride, Nat. Hist. 45, 16 
(1940); W. E. Schevill and B. Lawrence, Sci- 
ence 109, 143 (1949). 

3. W. N. Kellogg, R. Kohler, H. N. Morris, 
Science 117, 239 (1953). 

4. H. N. Morris, R. Kohler, W. N. Kellogg, 
Electronics 26, 208 (1953). 

5. R. Kellogg, Quart. Rev. Biol. 3, 174 (1928); 
M. Yamata, Sci. Repts. Whales Research Inst. 
8, (1953); F. W. Reysenbach De Hann, Acta 
Oto-Laryngol. Suppl. No. 134 (1957). 

6. F. C. Fraser, Nature 160, 759 (1947). 
7. A. B. Howell, Aquatic Mammals; Their Adap- 

tations to Life in Water (Thomas, Springfield, 
III., 1930). 

8. W. N. Kellogg and R. Kohler, Science 116, 
250 (1952); W. N. Kellogg, J. Comp. and 
Physiol. Psychol. 46, 446 (1953). 

9. W. E. Schevill and B. Lawrence, J. Exptl. 
Zool. 124, 147 (1953). 

10. These investigations were made possible by 
successive grants-in-aid from the National 
Science Foundation (grants No. G920 and 
G1730) and by additional financial and ma- 
terial assistance from the Research Council, 
the Oceanographic Institute, and the depart- 
ment of psychology of Florida State Univer- 
sity. The porpoises were furnished through the 
kindness of F. G. Wood, Jr., curator of the 
Marine Studios at Marineland, Fla. Under- 

3. W. N. Kellogg, R. Kohler, H. N. Morris, 
Science 117, 239 (1953). 

4. H. N. Morris, R. Kohler, W. N. Kellogg, 
Electronics 26, 208 (1953). 

5. R. Kellogg, Quart. Rev. Biol. 3, 174 (1928); 
M. Yamata, Sci. Repts. Whales Research Inst. 
8, (1953); F. W. Reysenbach De Hann, Acta 
Oto-Laryngol. Suppl. No. 134 (1957). 

6. F. C. Fraser, Nature 160, 759 (1947). 
7. A. B. Howell, Aquatic Mammals; Their Adap- 

tations to Life in Water (Thomas, Springfield, 
III., 1930). 

8. W. N. Kellogg and R. Kohler, Science 116, 
250 (1952); W. N. Kellogg, J. Comp. and 
Physiol. Psychol. 46, 446 (1953). 

9. W. E. Schevill and B. Lawrence, J. Exptl. 
Zool. 124, 147 (1953). 

10. These investigations were made possible by 
successive grants-in-aid from the National 
Science Foundation (grants No. G920 and 
G1730) and by additional financial and ma- 
terial assistance from the Research Council, 
the Oceanographic Institute, and the depart- 
ment of psychology of Florida State Univer- 
sity. The porpoises were furnished through the 
kindness of F. G. Wood, Jr., curator of the 
Marine Studios at Marineland, Fla. Under- 

water acoustical equipment used in some of 
the observations was loaned by the Office of 
Naval Research (contracts No. Nonr531 and 
Nonrl502). I wish to thank Richard Durant, 
superintendent of the Marine Laboratories of 
the Oceanographic Institute, and Robert 
Kohler, Jr., electronics engineer, for invalu- 
ab'e assistance. I should also like to acknowl- 
edge the helpful cooperation of the university 
administration and the aid of numerous grad- 
uate students and graduate assistants who 
worked at different times on these experi- 
ments. This paper is contribution No. 106 
from the Oceanographic Institute of Florida 
State University. More detailed analyses of the 
individual experiments are in preparation. 

11. A. F. McBride and D. 0. Hebb, J. Comp. 
and Physiol. Psychol. 41, 111 (1948). 

12. The entire porpoise facility has been described 
in more detail in W. N. Kellogg, J. Gen. 
Psychol. 46, 97 (1958). 

13. F. W. Reysenbach De Hann, Acta Oto-Laryn- 
gol. Suppl. No. 134 (1957). 

14. D. R. Griffin, Listening in the Dark (Yale 
Univ. Press, New Haven, Conn., 1958). 

15. D. R. Griffin and A. D. Grinnell, Science 128, 
145 (1958). 

water acoustical equipment used in some of 
the observations was loaned by the Office of 
Naval Research (contracts No. Nonr531 and 
Nonrl502). I wish to thank Richard Durant, 
superintendent of the Marine Laboratories of 
the Oceanographic Institute, and Robert 
Kohler, Jr., electronics engineer, for invalu- 
ab'e assistance. I should also like to acknowl- 
edge the helpful cooperation of the university 
administration and the aid of numerous grad- 
uate students and graduate assistants who 
worked at different times on these experi- 
ments. This paper is contribution No. 106 
from the Oceanographic Institute of Florida 
State University. More detailed analyses of the 
individual experiments are in preparation. 

11. A. F. McBride and D. 0. Hebb, J. Comp. 
and Physiol. Psychol. 41, 111 (1948). 

12. The entire porpoise facility has been described 
in more detail in W. N. Kellogg, J. Gen. 
Psychol. 46, 97 (1958). 

13. F. W. Reysenbach De Hann, Acta Oto-Laryn- 
gol. Suppl. No. 134 (1957). 

14. D. R. Griffin, Listening in the Dark (Yale 
Univ. Press, New Haven, Conn., 1958). 

15. D. R. Griffin and A. D. Grinnell, Science 128, 
145 (1958). 

Dosimetry of 

Radioisotopes 

A nomogram permits the estimation of the radiation 
dose delivered by 30 isotopes of biological interest. 

A. J. Bertinchamps and G. C. Cotzias 

Dosimetry of 

Radioisotopes 

A nomogram permits the estimation of the radiation 
dose delivered by 30 isotopes of biological interest. 

A. J. Bertinchamps and G. C. Cotzias 

The statement that radioisotopes are 

being used with increasing frequency 
both in biology and in medicine need not 
be defended here. Indeed the entire 

problem of irradiation from internally 
received radioisotopes is assuming in- 

creasing importance. Nevertheless, obser- 
vations are often reported merely in 
terms of counts per minute or of milli- 
curies without cognizance of whether the 

isotope provides simply a weak signal or 
a substantial source of energy. Results 
so reported are of little quantitative 
meaning in the evaluation of the degree 
of change to be anticipated in a biologi- 
cal (or other) system. 

A more definitive additional specifica- 
tion, such as the dose rate, is often not 

reported because of the discouragement 
caused by the necessary calculations, 
even when the distortion of a biological 
system is the primary concern. There- 

fore, we have developed a simple nomo- 

gram (Fig. 1) which permits direct read- 
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ing of the dose rate for numerous radio- 

isotopes of biological and medical inter- 
est (1). The use of this device in our 
center has improved the planning of two 

types of experiments-namely, tracer as 
well as radiobiological work. Its use has 
developed the habit of thinking directly 
in terms of the forces at work rather 
than in terms of a partial datum which 
happens to appear on a luminous dial. 

The nomogram permits the reading 
of beta plus gamma dose rate or either 
one alone for the center of a cylindrical 
or of a spherical system. Conversely it 
aids in choosing isotopes for the delivery 
of desired dose rates of radiation. The 
classical dosimetric assumptions (2) 
were employed in constructing it: 1 
microcurie is immediately and homo- 
geneously dispersed per kilogram; the 
system has a density of 1 and behaves 
like water vis-a-vis irradiation; the entire 

1-particle energy is absorbed by the sys- 
tem, and the gamma rays have a linear 
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absorption coefficient of 0.03 per centi- 
meter. 

The energy due to conversion electrons 
is included with the e3 energy; brem- 
strahlung is neglected, while x-rays due 
to k capture are not accounted for. 

Use of the Nomogram 

The formula on which the nomogram 
is based is the classical one 

D2 v- =51.2 E,- n +I. G n 

where De+v is the dose rate in millirad 
per day at the center of a cylinder or 
sphere due to 3 and y emission; E is 
the average energy in Mev of the beta 
emission; Iy is the dose rate in rad per 
microcurie per day at 1 centimeter due 
to the gamma emission from a point 
source; G is the geometry factor handling 
variance in size and shape of the system 
[its values were calculated from Marin- 
elli, Quimby, and Hine (3)]; and n is 
the concentration of radioactivity in mi- 
crocuries per kilogram at the onset of the 
observation. 

The beta plus gamma dose rate (per 
hour or per day) is read as follows. 

1) Draw the diagonal corresponding 
to your isotope on scale A. 

2) Choose a cylindrical or spherical 
model, whichever fits your system best. 

3) Draw the vertical from the weight 
or radius of this model to the diagonal 
corresponding to your isotope. 

4) From the intercept draw a horizon- 
tal to scale B. 

5) Connect the new intercept on scale 

The authors are on the staff of the Medical Re- 
search Center, Brookhaven National Laboratory, 
Upton, N.Y. 
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B with your isotope on the average f3 
energy scale C. 

6) Read the dose rate on scale D. 
To read P dose rate only or in the case 

of pure (3 emitters use the nomogram as 
follows. Connect your isotope on scale C 
with the origin of B (at the intercept of 
B with the sphere's radius scale) and 
read dose rate on scale D. To read only 
the gamma dose rate, connect the inter- 
cept on B with the origin of C and read 
dose rate on D. 

Further calculations may be made as 
follows, if desired. 

1) To obtain the dose rate for n mi- 
crocuries per kilogram, multiply by n, 
which may be any number larger or 
smaller than unity. 

2) To obtain the "infinite dose," mul- 
tiply by 1.44 T eff. (effective half-life). 
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T eff. (physical T/2) x (biological T/2) 
(physical T/2) + (biological T/2) 

3) To obtain the cumulative dose after 
time t, multiply the infinite dose by 

1 - e0.693 t/Teff. 

Remarks 

The assumptions made in construct- 
ing this nomogram should always be kept 
in mind, particularly in reference to (3 
dosimetry: a highly energetic (3 ray (for 
example, K42) will not be totally ab- 
sorbed in a small volume (for exam- 
ple, a mouse). The unit of time for the 
dose rate should be chosen very much 
shorter than the effective half-life. The 
latter can be estimated with the above 
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formula if the biological decay either 
follows a single exponential or is negli- 
gible as compared to the physical decay. 
If this is done, this nomogram will not 
only lead to saving of time and mental 
wear and tear but, if properly used, it 
will also minimize the chance of error. 

Large working copies of this nomo- 
gram, which will be revised if so war- 
ranted by new data, are available. 
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The vast accumulation of biological 
data presents the ever-increasing prob- 
lem of filing these data in an easily ac- 
cessible manner. Since efficient methods 
of coding quantitative and qualitative 
data and the use of machine methods 
have proved their value in business and 
in the medical profession, it is time that 
more workers in the biological fields 
realized the advantages of a well-organ- 
ized coded system adaptable to machine 
sorting. 

The need for a uniform taxonomic 
code is becoming more evident with the 
increasing importance of coordinating 
work. Some workers are attempting to 
solve the problem of coding in their 
fields of special interest. G. Congdon 
Wood (1) compiled an unpublished list 
of 24 such people in the United States, 
Canada, England, Italy, and Africa. Of 
the 24 listed, there are 14 people, repre- 
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senting as many organizations, using a 
coding system for sorting data. We be- 
lieve that the code proposed in this arti- 
cle could serve the needs of all biolog- 
ical fields, including our own separate 
fields. 

One of the primary purposes of cod- 
ing biological information is to facilitate 
the sorting of mass data by a machine 
system. The increasing number of sub- 
jects to be filed has overtaxed filing sys- 
tems that use a cross-filing index as the 
only means of extracting data. The cod- 
ing of all biological entities would serve 
as a tool for extracting data and would 
not affect the present taxonomic nomen- 
clature. A uniform code would permit 
the rapid exchange of information be- 
tween organizations, and duplicate cards 
could be made available to workers in- 
terested in coded information. Mass sta- 
tistical data could be extracted from 
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these coded files by machine in a mini- 
mum period of time and with a high 
degree of accuracy. 

Since quantitative and qualitative data 
can be coded, the first problem is to de- 
cide what coding system would best meet 
the needs of biological workers. A cod- 
ing system permitting almost unlimited 
expansion within a category should be 
selected. 

A central clearinghouse for the coding 
of all biological entities should be cre- 
ated and supported by those interested 
in such an undertaking. This would 
necessitate the employment of a full- 
time staff of specialists, which would in- 
clude animal and plant taxonomists and 
trained specialists who would operate the 
machine system. For uniformity of cod- 
ing, the proposed clearinghouse should 
assign all code numbers, and these num- 
bers should be sent to those organizations 
working with the animals or plants, or 
both, that are being coded. 

Open-Ended Code 

The Entomology Department of the 
State Plant Board of Florida and the 
Statistical Laboratory of the University 
of Florida have adopted an open-ended 
code for the coding of all biological en- 
tities. This code may be described best 
as an "open-ended group classification 
code." The taxonomic coding of biolog- 
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