
teriochlorophyll may withdraw one 
electron from cytochrome at -170?C 
as well as at 30?C (6), the primary con- 
version of electronic excitation energy 
to useful chemical free energy may in- 
volve the oxidation of Chromatium 
cytochrome c (Eo' = +0.01 volt) and 
the simultaneous formation of a power- 
ful reductant. If the hypothetical re- 
ductant has a redox potential around 
the level of the hydrogen electrode at 
pH 7 (-0.41 volt), the thermodynamic 
efficiency of energy conversion from 
the lowest excited state of bacteriochlo- 
rophyll (32 kcal) would be about 30 
percent (7). 
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Cerium-144 in Food 

Abstract. Small amounts of cerium-144 
have been found in samples of food and 
animal bone obtained from lbaraki, Japan. 
The highest level of radioactivity was de- 
tected in clams (Schizimi, Corbicura sp.) 
harvested from Hinuma Marsh. In view 
of the widespread occurrence of cerium- 
144 in tested samples, it is assumed that 
the presence of this radionuclide is due to 
fallout. 

The predominant fission product con- 
tributor to total radioactivity 0.85 to 3 

years after detonation is Ce'4. (Pr'44) 

(1). Because Ce'4 is abundant in fall- 
out, it is reasonable to expect that food 
will be contaminated by this radio- 
nuclide. 

Recently Van Dilla (2) reported that 
although grazing animals ingest large 

teriochlorophyll may withdraw one 
electron from cytochrome at -170?C 
as well as at 30?C (6), the primary con- 
version of electronic excitation energy 
to useful chemical free energy may in- 
volve the oxidation of Chromatium 
cytochrome c (Eo' = +0.01 volt) and 
the simultaneous formation of a power- 
ful reductant. If the hypothetical re- 
ductant has a redox potential around 
the level of the hydrogen electrode at 
pH 7 (-0.41 volt), the thermodynamic 
efficiency of energy conversion from 
the lowest excited state of bacteriochlo- 
rophyll (32 kcal) would be about 30 
percent (7). 

JOHN M. OLSON* 
Johnson Foundation, University of 
Pennsylvania, Philadelphia and 
Department of Biochemistry, Brandeis 
University, Waltham, Massachusetts 

References and Notes 

1. L. N. M. Duysens, Nature 173, 692 (1954); 
B. Chance and L. Smith, ibid. 175, 803 (1955); 
J. M. Olson and B. Chance, Arch. Biochem. 
Biophys. 88, 26 (1960); L. Smith and J. 
Ramirez, ibid. 79, 233 (1959). 

2. M. D. Kamen and L. P. Vernon, Biochem. et 
Biophys. Acta 17, 10 (1955). 

3. J. M. Olson and B. Chance, Arch. Biochem. 
Biophys. 88, 40 (1960). 

4. R. G. Bartsch and M. D. Kamen, J. Biol. 
Chem. 235, 825 (1960). 

5. R. G. Bartsch, private communication. This 
value of Ae.423 - A6470 is per unit heme of 
which there appear to be three per protein 
molecule. 

6. B. Chance and M. Nishimura, Proc. Natl. 
Acad. Sci. U.S. 46, 19 (1960). 

7. This report is Publication No. 140 of the De- 
partment of Biochemistry, Brandeis University. 

* Present address: Department of Biology, Brook- 
haven National Laboratory, Upton, New York. 

27 July 1961 

Cerium-144 in Food 

Abstract. Small amounts of cerium-144 
have been found in samples of food and 
animal bone obtained from lbaraki, Japan. 
The highest level of radioactivity was de- 
tected in clams (Schizimi, Corbicura sp.) 
harvested from Hinuma Marsh. In view 
of the widespread occurrence of cerium- 
144 in tested samples, it is assumed that 
the presence of this radionuclide is due to 
fallout. 

The predominant fission product con- 
tributor to total radioactivity 0.85 to 3 

years after detonation is Ce'4. (Pr'44) 

(1). Because Ce'4 is abundant in fall- 
out, it is reasonable to expect that food 
will be contaminated by this radio- 
nuclide. 

Recently Van Dilla (2) reported that 
although grazing animals ingest large 
amounts of Ce'44 and other radionuclides 
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Table 1. Results of CeT4l and Sr90 analysis of different environmental samples. 

Date AJuc /kg (wet wt.) Aic /g of ash 
Sample of 

sampling CeT4 Sr90 CeT' Sra? 

Soil(depth 0-10cm) Jan. 1960 (2670 59)* (130 - 20)* (2.76 = 0.06)* (0.13 0.02)* 
Spinach (leaves) Mar. 1960 49.1 3.4 21.2 2.1 2.50 - 0.17 1.1 - 0.1 
Radish (root) Mar. 1960 9.9 = 5.0 12.4 = 1.0 1.5 - 0.8 1.98 + 0.16 
Clams, muscle June 1960 68.0 = 3.6 2.8 - 0.8 15.4 ~ 0.8 0.65 0.19 
Cuttlefish (total) Feb. 1960 77 9.0 1.6 0.6 4.67 ~ 0.56 0.10 + 0.038 
Crucian carp bone Apr. 1960 31 : 10 705.8 - 8.1 0.30 = 0.10 6.937 - 0.081 
Mixed animal bone Jan. 1960 932 24 9293 - 60 3.10 0.80 30.98 - 0.20 

(cattle and horse) 
* t.Lc/dried sample. 
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ratory have revealed the presence of 
Ce'4 in a wide variety of substances, 
with prominent occurrence in animal 
bone and clams. 

Environmental substances, including 
some food, obtained from Ibaraki, 
Japan, during January to June, 1960, 
have been analyzed for Sr"' and Ce'4. 
Strontium-90 concentration was deter- 
mined by the "Method of Analysis for 
Radioactive Strontium," compiled by 
the Science and Technics Agency bf 
Japan. This is a method of fuming 
nitric acid separation. 

The method of Ce"4 determination is 
as follows: A sample solution was pre- 
pared from the ashes of about 1 kg of 
dried sample by hydrochloric acid ex- 
traction and alkaline fusion. After addi- 
tion of a cerium carrier solution to the 
sample solution, rare earths were iso- 
lated from the sample solution as hy- 
droxides. Oxalates were separated from 
the hydroxides and converted into ox- 
ides by ignition in an electric furnace 
at 600? to 700?C. The oxides thus 
obtained were dissolved in hydrochloric 
acid, and hydroxides were again pre- 
cipitated from this solution. This pro- 
cedure was repeated two or three times 
for removal of calcium, phosphate, and 
other cations except for rare earths. 
After being dissolved in concentrated 

hydrochloric acid, the hydroxides were 

passed through a column containing 
anion exchange resin equilibrated with 
concentrated hydrochloric acid. By this 

procedure iron, uranium, and plutonium 
are absorbed. The effluent was dis- 
solved in nitric acid solution (7.5M), 
and again passed through a column 
containing anion exchange resin equili- 
brated with nitric acid (7.5M). By this 

step thorium is absorbed. From the 
effluent, rare earths were precipitated 
as hydroxides. Cerium was isolated 
from other rare earths by the iodate 
method and finally prepared as oxalate. 
The radioactivity of each sample was 
measured under standard conditions 
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with a Geiger-Muller counter. The con- 
centration of Ce'4 was determined by 
the chemical yield of added carrier and 
by comparison with a standard sample 
of known concentration. 

The cerium fractions were combined, 
and the gamma spectrum was deter- 
mined by using a 13/4 by 2 inch Nal 
(TI) well-type crystal and a 256-chan- 
nel pulse height analyzer. The distinct 
peaks of the spectrum were consistent 
with that of the Ce'4 + Pr'4 standard 
sample. 

The Ce' + Pr'4 spectrum would be 
expected to show peaks at 0.134, 0.100, 
and 0.071 Mev due to Ce'44, and at 

2.18, 1.48, and 0.700 Mev due to Pr'4. 
The peaks due to Ce'14 are more than 
60 percent of the total gamma radiation 
of Ce'44 + Pr'44, but the peaks due to 
Pr'44 are only a few percent (3) of the 
total. 

Observed peaks on this spectrum 
were 0.134, 0.100, and 0.069, Mev. 
With our instrument, the ordinals lower 
than 0.100 Mev are not in correct pro- 
portion to the energy. The gamma 
radioactivity of the cerium fraction was 
so low that the peaks due to Prt44 could 
not be observed. From our data, the 
individual peaks due to Pr44 cannot be 
distinguished from the Compton back- 
ground. The maximum energy of beta 

rays, calculated from the beta-ray ab- 
sorption curve of the cerium by the 
method of Bleuler and Zunti (4), was 
2.92 Mev. The decay curve of the 
cerium fraction showed that the half- 
life was 282 days. 

The radioactivity of the cerium frac- 
tion seems, therefore, to owe its origin 
to Ce'44 + Pr44. The Ce44 concentra- 
tions of representative samples are sum- 
marized in Table 1. This radionuclide 
was present in every sample tested. The 

higher levels of Ce'44 in clams, as com- 
pared with levels in the other biological 
samples, are not unexpected, in view of 
the findings of Goldberg et al. (5), who 
demonstrated that some marine organ- 
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isms such as mollusks concentrate 
metallic ions at levels many times 
higher than the levels found in the 
surrounding water. The concentration 
of Ce." in clams during April 1959 was 
about 7 X 102 /uuc per kilogram of 
clam muscle (wet weight). It had de- 
creased to 7 X 10 ItOc by July 1959. 

The gross radioactivity of surround- 
ing water during the time from August 
1958 to February 1959 was about 
3 - 3 AuAc per liter, but it increased 
to 21 + 3.2 ittc per liter in March 
1959. The radioactivity of the water 
has not been measured since April 
1959, but radioactivity in rain and fall- 
out in this region increased from March 
1959 and reached a maximum in April 
1959. Since August 1959, there has 
been less radioactivity in rain and 
fallout. 

It has been reported that the concen- 
tration of Ce'4 in the sediment of the 
sea in the year 1960 was 1 pq.c per gram 
of dried sample. This amount corre- 
sponded to that found in 5 liters of 
surrounding sea water. The concentra- 
tion of Ce'44 in sediment was about 100 
times higher than that of Sr"O (6). 

A clam is a marine organism that 
makes its home in brackish water, and 
thus can be found in marsh sediment. 
Since radioactive contamination in a 
marsh bed has its origin in fallout, it 
may safely be assumed that Ce"4 was 

deposited in the marsh bed by fallout 
and then absorbed by the clams. 

The concentration of Sr" was gen- 
erally at a higher level in bone than in 
other biological samples, whereas Ce'4 
was more concentrated in clams. Cattle 
and horse bone contained large quanti- 
ties of both radionuclides. The presence 
of Ce&4 in food was at a quite trivial 
level compared to the maximum per- 
missible concentration of CeT4 (1 X 10' 

t,uc per liter of water). 
N. NEZU 

M. ASANO 
S. OUCHI 

Ibaraki Prefectural Institute of Health, 
Mito, Ibaraki, Japan 

References 

1. H. F. Hunter and N. E. Ballou, Nucleonics 9, 
No. ll, c-2 (1951). 

2. M. A. Van Dilla, Science 131, 659 (1960). 
3. 1. Pullman and P. Axel, Phys. Rev. 102, 1366 

(1956). 
4. E Bleuler and W. Zunti, Helv. Phys. Acta, 19, 

375 (1946). 
5. E. D. Goldberg, Geol. Soc. Am., Mem. 67, 

isms such as mollusks concentrate 
metallic ions at levels many times 
higher than the levels found in the 
surrounding water. The concentration 
of Ce." in clams during April 1959 was 
about 7 X 102 /uuc per kilogram of 
clam muscle (wet weight). It had de- 
creased to 7 X 10 ItOc by July 1959. 

The gross radioactivity of surround- 
ing water during the time from August 
1958 to February 1959 was about 
3 - 3 AuAc per liter, but it increased 
to 21 + 3.2 ittc per liter in March 
1959. The radioactivity of the water 
has not been measured since April 
1959, but radioactivity in rain and fall- 
out in this region increased from March 
1959 and reached a maximum in April 
1959. Since August 1959, there has 
been less radioactivity in rain and 
fallout. 

It has been reported that the concen- 
tration of Ce'4 in the sediment of the 
sea in the year 1960 was 1 pq.c per gram 
of dried sample. This amount corre- 
sponded to that found in 5 liters of 
surrounding sea water. The concentra- 
tion of Ce'44 in sediment was about 100 
times higher than that of Sr"O (6). 

A clam is a marine organism that 
makes its home in brackish water, and 
thus can be found in marsh sediment. 
Since radioactive contamination in a 
marsh bed has its origin in fallout, it 
may safely be assumed that Ce"4 was 

deposited in the marsh bed by fallout 
and then absorbed by the clams. 

The concentration of Sr" was gen- 
erally at a higher level in bone than in 
other biological samples, whereas Ce'4 
was more concentrated in clams. Cattle 
and horse bone contained large quanti- 
ties of both radionuclides. The presence 
of Ce&4 in food was at a quite trivial 
level compared to the maximum per- 
missible concentration of CeT4 (1 X 10' 

t,uc per liter of water). 
N. NEZU 

M. ASANO 
S. OUCHI 

Ibaraki Prefectural Institute of Health, 
Mito, Ibaraki, Japan 

References 

1. H. F. Hunter and N. E. Ballou, Nucleonics 9, 
No. ll, c-2 (1951). 

2. M. A. Van Dilla, Science 131, 659 (1960). 
3. 1. Pullman and P. Axel, Phys. Rev. 102, 1366 

(1956). 
4. E Bleuler and W. Zunti, Helv. Phys. Acta, 19, 

375 (1946). 
5. E. D. Goldberg, Geol. Soc. Am., Mem. 67, 

345 (1957). 
6. Y. Higano et al., Japan Radiation Research 

Soc., 3rd Meeting Mem. (1961), p. 20. 

19 October 1961 

12 JANUARY 1962 

345 (1957). 
6. Y. Higano et al., Japan Radiation Research 

Soc., 3rd Meeting Mem. (1961), p. 20. 

19 October 1961 

12 JANUARY 1962 

Distribution of Coagulation 

Proteins in Normal Mouse Plasma 

Abstract. Clotting factors in pooled 
mouse plasma, segregated by continuous- 
flow electrophoresis, show a distribution 
similar to those in human plasma, but 
the separation is more discrete. 

After the discovery of an acquired 
hemorrhagic disorder in certain inbred 
strains of mice, the mechanisms of nor- 
mal and abnormal clotting were in- 
vestigated. In normal mice, single- 
factor activities determined in titered 
assays, by using known single-factor- 
deficient human plasma, were compa- 
rable, regardless of strain or sex. The 
relative activity of certain factors was 
greater in the mouse than in man (1). 

A successful approach to the study 
of clotting factors and their hemostatic 
function was the assay of fractions from 
normal mouse serum obtained by con- 
tinuous-flow curtain electrophoresis in 
various deficiency systems. Since in mice 
with hemorrhagic diathesis a deficiency 
of factor X appeared earliest in the 
course of the disease or greatly in- 
creased its severity, a Stuart factor frac- 
tion from mouse serum was first pre- 
pared (2). This fraction, corresponding 
to the leading edge of alpha-1 globulin 
of serum protein, was rich in factor X 
with very little contamination by plasma 
thromboplastin component. Although 
X-deficient human plasma does not cor- 
rect for Quick time, prothrombin con- 
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version rate, thromboplastin generation 
time, or Rus'sell venom time, the mouse 
serum fraction was all corrective. 

In our investigation, we applied the 
technique of continuous flow curtain 
electrophoresis for studying the distribu- 
tion of various coagulation factors in 
normal mouse plasma (3). Forty C57 
BL/6J mice (20 male and 20 female), 
from 4 to 5 months of age, were bled, 
and plasma was obtained using 0.1 M 
sodium oxalate. We fractionated the 
plasma in a Spinco continuous-flow 
electrophoresis apparatus, employing 
Veronal buffer T/2 0.020, pH 8.6, 54 
ma, 720 volts for 18 hours at 11?C. 
Phenol red added to the plasma sample 
and migrating ahead of the albumin 
fraction served as a constant visual 
check of curtain stability (4). No varia- 
tion in the position of the phenol red 
front occurred during the collection pe- 
riod. Protein was determined for the 
contents of each tube by trichloroacetic 
acid precipitation at low temperature. 
Turbidities were read at 535 mju in a 
spectrophotometer against a Versatol 
standard. Protein was contained in tubes 
5 through 26. Clotting factors were 
identified by standard and specialized 
assays [substitution analyses (5)], by 
employing known single-factor-deficient 
human plasma (6). The distribution and 
relative activities of various clotting 
factors are shown in Fig. 1. The rela- 
tive factor activity contained in tubes 
is expressed in "units" as derived from 
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Fig. 1. Distribution of clotting factors in pooled C57BL/6J mouse plasma, expressed in 
units of relative activity. Fibrinogen is not expressed in units. 
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