
F. S. Hammett, Growth 3, 211 (1939); H. S. 
Burr, Yale J. Biol. and Med. 14, 580 (1942). 

4. E. J. Lund, Bioelectric Fields and Growth 
(Univ. of Texas Press, Austin, 1Q47). 

5. Applied Physics Laboratory, Johns Hopkins 
University, "Tumor regression by means of an 
external electrical source: announcement of 
preliminary findings," C. E. Humphrey, E. H. 
Seal, M. C. Garbow, 18 Dec. 1958. 

6. This research was performed in part under the 
auspices of the Applied Physics Laboratory and 
in part under Public Health Service grant CY 
3739. Appreciation is expressed to Dr. Ander- 
vont and others of the National Cancer Insti- 
tute for their valuable help, to Drs. Darden, 
Armbrecht, and Rubacky of Georgetown Uni- 
versity Medical School for their help and his- 
tological analyses, to Dr. Lester Harris of 
Washington Missionary College for temporary 
laboratory space, and Dr. S. N. Stein of the 
Naval Medical Research Institute for labora- 
tory space and helpful suggestions. 

22 April 1959 

X-ray Dosimetry and Contact 

Microradiography with Color Film 

Abstract. The effect of x-rays at various 
voltages and intensities, with monochro- 
matic and polychromatic beams, on Ekta- 
chrome daylight and artificial-light film 
was investigated. The colors were rated 
according to the Munsell color system and 
ranged over all the spectrum except red. 
The color in terms of hue, value, satura- 
tion, and chroma was a function of wave- 
length as well as intensity, and thus the 
method may be useful in dosimetry as well 
as in radiography. Microradiographs of 
metals and wood were remarkable in 
showing detail not obtainable with con- 
ventional black-and-white photographic 
emulsions. 

For some time prior to recent reports 
of the use of color film to distinguish 
between radioactive isotopes (1) and for 
registration of electron micrographs (2) 
we have been interested in investigating 
the possibility of increasing the informa- 
tion provided by contact microradio- 
graphs registered on color film beyond 
that derived with the conventional fine- 
grained, black-and-white photographic 
emulsions. Also, in the course of our in- 
vestigation there appeared a paper by 
Blum (3), describing two types of sen- 
sitive coatings which permit registration 
in arbitrary colors of the action of x- or 
y-rays of different wavelengths or of ion- 
izing particles of different energies. 

It is the purpose of this report to 
summarize briefly our experience with 
Kodak Ektachrome daylight and arti- 
ficial-light film which we could process. 

The action of x-ray beams of varied 
spectral quality or wavelength distribu- 
tion (in some instances essentially mono- 
chromatic) generated at 40 kv by cobalt, 
chromium, copper, and molybdenum tar- 
get tubes on the film alone was studied. 
Copper and molybdenum radiation at 
30, 20, 10, 7, and 5 kv, and at 35 and 30 
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system. Colors ranging from blue, blue- 
green, green, yellow, yellow-red, and 
purple-blue to gray were obtained. Red, 
however, was not obtainable. 

The reproducibility of the colors un- 
der similar exposure conditions was 
shown-that is, the reciprocity law holds 
for color film. However, the method of 
film storage before exposure, as well as 
change in x-ray tubes having the same 
target, seems to have affected the colors 
somewhat. The artificial-light film pro- 
duced more saturated colors than the 
daylight film. For the same value of E, 
the same voltage yielded the same color, 
while a different voltage yielded a dif- 
ferent color. The hue varied more from 
one target to another at the same voltage 
and E value in daylight film. The hue 
remained the same after exposure to 
radiation from any given target for one 
kind of film. It was easier to overexpose 
daylight film than artificial. The color 
property of value decreased with de- 
creasing E. There were greater shifts in 
value and chroma with decreasing E. 
Sometimes even a change of hue was 
evidenced. Herein lies the key to the use 
of color film in the evaluation of x-ray 
dosage. 

With a newly designed camera, x-ray 
beams from copper and molybdenum 
targets were transmitted through various 
metal and wood specimens in contact 
with color film, and the resulting shadow 
images were examined for color and 
resolution of the fine structure of the 
specimen. 

Artificial-light film brought out the 
phase structure of metals at several of 
the higher voltages, especially with the 
copper radiation, with remarkable clar- 
ity and with differentiation of com- 
position far beyond that in black-white 
images. Softer radiation was needed to 
bring out the structure in the wood 
specimens. Specimens containing ele- 
ments of large atomic number seemed 
to render the film more sensitive in re- 
solving structure when higher voltages 
were used. 

Green and blue-green images were ob- 
tained for metal specimens on daylight 
film, while blue was obtained for metal 
and wood specimens on artificial-light 
film. 

The processing time is the same as 
that required in the conventional method 
of microradiography on black-and-white 
film, although more manipulation is nec- 
essary. Because of the rather large grain 
size, extensive enlargement of the color 
microradiographs is not feasible. How- 
ever, the use of these transparencies as 
slides is very convenient. 

Because of the complex nature of the 
film and the fact that the formulation 
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must be answered with conjecture. Thus, 
it is possible that the radiation may have 
destroyed the dye or its carrier. Further, 
it is also possible that variations from 
one emulsion lot to another may have 
been responsible for certain variations in 
color which were unexplainable. The 
balancing necessary because of the 
greater saturation of the yellow dye 
which is used may also be a contrib- 
uting factor. 

Besides producing encouraging results, 
indicating interesting and valuable ap- 
plications in radiography and dosimetry, 
and even for Laue diffraction patterns 
made with polychromatic x-radiation, 
this investigation has opened new areas 
of research in the field of radiation 
chemistry and may perhaps contribute 
to the development of new color-film 
formulations more specifically adapted 
to radiation in the x- and y-ray ranges 
of the electromagnetic spectrum. 
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Chromosomal Translocation in 
Domestic Fowl Induced by X-rays 

Abstract. The cytological appearance 
and behavior of an x-ray-induced recipro- 
cal translocation between the first and 
second chromsome of the domestic fowl is 
described, and its relevance to the further 
definition of linkage studies in the fowl 
is observed. 

Although there are possibly better or- 
ganisms among the vertebrates for cyto- 
logical and genetical investigations than 
the domestic fowl, economic considera- 
tions have led to its frequent utilization, 
especially for genetic studies, and a large 
amount of breeding data has been ac- 
cumulated. Five autosomal groups and 
one sex-linkage group, with a substantial 
number of genes in each group are 
known (I). The cytology of fowl, how- 
ever, has been said to be less well known 
than that of other vertebrates (2), and 
the chromosome complement has been 
variously estimated to be between 40 
and 80, with the mode near the latter. 
If these estimates were correct, the pros- 
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genetic data would be indeed dim. But 
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