
Table 1. Analyses of some silica- and iron-accumulator plants (arranged in order of 
decreasing silica content, dry weight). 

SiO2 Ash We'ght percent in ash* 
(% dry (% of 
wt.) dry wt.) SiO2 Al203 Fe5O0 MgO CaO Na2O K20 P20O SOl Cl 

Giant reed, Arundu donax (leaves) t 
9.5 12.5 76.9 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 

Common gromwell, Lithospermnum officinale+ 
8.11 29.30 27.68 n.d. 0.28 3.15 59.01 0.77 6.17 2.17 0.77 n.d. 

Water chestnut, Trapa natans? 
5.53 19.62 28.00 n.d. 26.51 6.36 16.28 2.06 6.47 n.d. 2.63 0.55 

Giant horsetail, Equisetum telmateja (Ehrh) 11 
5.40 17.39 31.08 0.96 23.39 2.20 13.50 1.41 9.26 1.26 8.95 6.12 

Giant reed, Arundu donax (stems)t 
3.9 5.5 70.8 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 

English rye grass, Lolium perenne L.# 
3.46 12.12 28.51 n.d. 1.04 2.34 10.15 1.26 37.80 9.64 5.78 5.57 

Bluegrass, Poa maritima$ 
3.23 6.81 47.48 n.d. 4.58 2.99 4.28 10.05 11.37 4.42 1.75 11.09 

China laurel, Antidesma pulvinatum (Hil.) ** 

2.97 4.26 69.72 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 

Palm, Calamus rotang$ 
2.15 3.16 67.96 n.d. 0.33 11.81 16.97 0.56 0.65 0.29 0.76 n.d. 

Field horsetail, Equisetum arvense (L.) 
0.37 6.05 6.19 n.d. 37.35 6.90 19.80 7.72 4.26 2.87 6.78 5.49 

* n.d., not determined. f Collector and analyst, C. G. Engel, U.S. Geological Survey, Pasadena, Calif., 
Feb. 1958. + E. T. von Wolff, single analysis (7, pp. 110, 111, 121). ? E. T. von Wolff, av. of two analyses 
(7, p. 133). 1[ G. Mariani, individual analysis (8). # E. T. von Wolff, av. of 11 analyses (7, p. 121). 
** L. E. Wise, wood samples from Hawaii (9). 
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cumulator vegetation would require 2.5 x 

(2000-475) years or about 3800 years to 
convert 1 acre foot of fresh basalt to 1 
acre foot of this lateritic soil if silica 
were removed solely through the agency 
of these plant accumulators. 

Not all the silica moving into plant 
accumulators would be lost. Neverthe- 
less, whether the silica is present in the 

plant as opal, as fine-grained quartz, as 

inorganic compounds, or as organic com- 

pounds, it would be highly vulnerable to 
chemical and physical erosion while the 

plant matter was decomposing. In areas 
of high rainfall where a tropical down- 

pour equivalent to several inches of pre- 
cipitation may take place in a few hours, 
much of the organic debris could be 
washed into the nearest drainage chan- 
nel. The reality of such a process is evi- 
dent in the high organic content of the 
brown and black waters so common in 
the tropics. 

Some of the silica-and other ele- 
ments-in forest litter is recycled, and 
some of it is dissolved and enters ground- 
water circulation; under favorable con- 

ditions, however, substantial quantities 
of silica must be pumped out of the 

ground at depth, spread over the surface 
in organic debris, and then swept off by 
erosive agents. 

Although I have taken silica as an ex- 
ample, it is, of course, evident that the 
accumulator plants that select aluminum 
in preference to silica would tend to de- 

plete the soil of this element and leave 
the ground enriched in silica. Hutchin- 
son (5) has described many aluminum- 
accumulator plants, several of which 
would apparently be competent to 
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change materially the ratio of alumina 
to silica in the soil if the plant com- 
munity contained a preponderance of 
them and a dearth of silica accumula- 
tors. The quantitative aspects of the 
process suggested above must remain 
speculative until field studies are made 
in suitable areas, but the entire geobio- 
chemical history of silica-and of other 
elements taken up by accumulator plants 
-is one of great interest and seems 
worthy of further investigation (6). 

T. S. LOVERING 
U.S. Geological Survey, 
Denver, Colorado 
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Long-Lived Cobalt Isotopes 
Observed in Fallout 

It has generally been assumed that the 
long-term radiological hazards due to 
fallout from a nuclear detonation depend 
primarily upon the long-lived fission 
products. However, other radioactive 
products which are not derived from fis- 
sion reactions may be present in fallout 
and may contribute to the hazard. These 
latter products would be created by neu- 
tron activation of elements in the imme- 
diate vicinity of the detonation. The pres- 
ence of one such product, Co60, has been 
indicated by analyses of fallout material 

(1) and of biological specimens recov- 
ered from fallout areas (2). 

The investigation discussed in this re- 
port, which was carried out to determine 
the amounts of Co60 in fallout samples 
from the 1956 test series, revealed the 
existence of two additional cobalt nu- 
clides, Co57 and Co58. The amounts of 
these nuclides were determined. To per- 
mit assessment of the relative internal 
hazards from the cobalt isotopes, deter- 
minations of Sr90 were made on the same 
samples. From these data the Co60/Sr90, 
Co58/Sr90, and Co57/Sr90 ratios were de- 
rived. Since all three cobalt isotopes emit 
gamma radiation, they would also con- 
tribute to an external hazard. The 
amount of this hazard was estimated by 
summing the photon energy release per 
unit time from the observed amounts of 
radiocobalt and comparing this value 
with similar values calculated for the 
associated fission products. 

Radiochemical analyses were carried 
out on three samples of fallout obtained 
after one detonation of the 1956 nu- 
clear weapon test series in the Marshall 
Islands. The samples consisted of large 
trays which had been exposed at various 
locations within the fallout pattern. After 
removal of the radioactive material and 
solution by acid treatment, aliquots were 
taken for strontium and cobalt analyses. 

After the addition of strontium carrier 
and Sr85 (used as a tracer for chemical 
yield determinations), the strontium was 
separated by precipitation with fuming 
nitric acid and determined finally as the 
oxalate (3). The oxalates were dried and 
mounted for beta counting. The Sr90 was 
determined by measurement of the 
growth of the daughter, Y90. The samples 
were quantitatively redissolved, and the 
chemical yield was determined through 
a gamma-ray spectrometer measurement 
of the remaining Sr85 tracer. After appli- 
cation of the usual corrections, the num- 
ber of Sr90 atoms present at zero time 
was determined; a half-life value of 
27.7 + 0.4 years was used (4). 

Cobalt was separated by adaptation of 
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Table 1. Ratios of abundance of cobalt atoms to abundance of Sr90 atoms at zero time. 

Item Co60/Sr9 Co57/Sr90 Co58/Sr90 

Sample A 0.323 + 0.106 0.051 ? 0.017 0.027 + 0.020 
Sample B 0.245 + 0.102 0.038 + 0.013 0.021 ? 0.015 
Sample C 0.255 + 0.090 0.040 ? 0.013 0.022 + 0.016 
Avg. values 0.274 0.043 0.023 
Avg. errors + 0.100 + 0.014 + 0.017 

was added (5). After a hydroxide scav- 
enging from an ammoniacal solution, the 
supernatant solution was treated with 
H2S. The resulting precipitate was ex- 
tracted with a Na2SO4-NaHSO4 solution 
to remove manganese. The cobalt was 
alternately precipitated several times as 
the hydroxide and cobaltinitrite. Chem- 
ical yield was determined by weighing 
the cobaltinitrite. 

The cobalt yields were dissolved and 
analyzed for gamma activities by means 
of a single-channel gamma pulse-height 
analyzer. The presence of Co60, Co57, 
and Co58 was established by identifica- 
tion of their respective photopeaks, by 
comparison with standards of known 
energy. 

The disintegration rate of each cobalt 
isotope was obtained by analysis of pho- 

topeak areas. After determination of the 
total pulse-height distribution, a stand- 
ard of Co60 was prepared to equal the 
magnitude of the Co60 photopeaks of the 
isolated cobalt. This Co60 pulse-height 
distribution was subtracted from the total 
distribution. This subtraction of the Co60 
Compton continuum permitted determi- 
nation of the Co57 and Co58. Their dis- 
integration rates were computed from 
experimentally determined gamma-ray 
efficiencies and consideration of their re- 
spective decay schemes (relative photon 
abundance, internal conversion, and so 
on) (6). Figure 1 shows the pulse-height 
distribution of the separated cobalt and 
the spectrum of the Co60 standard. The 
0.84-Mev Mn54 photopeak is shown as an 
energy reference. 

The quantities of the isotopes Co57, 

ENERGY (MEV) 

Fig. 1. Comparison of pulse-height distribution of separated cobalt sample with distribu- 
tions of reference standards. 

Co58, and Co60 and the fission product 
Sr90 (and its precursors) in each of the 
samples at zero time were in the order 
of 1010 to 1012 atoms. These values were 
used to compute the Co57/Sr90, Co58/ 
Sr90, and Co60/Sr90 ratios listed in Table 
1. The errors associated with these values 
are those produced by all determinate 
errors present in the calculations-that 
is, counting error, pipetting error, errors 
in chemical yield, and so on. The aver- 
age values show the average error of the 
three measurements. 

The ratios shown in Table 1 indicate 
that significant amounts of radiocobalt 
were formed relative to Sr90. Possible re- 
actions for the formation of the cobalt 
nuclides from environmental nickel and 
cobalt are: 

Co9 (n,y) Co' 
Ni? (n,p) Co6? 

Co59 (n,2n) Co68 
Ni8 (n,p) Co6 

t + 
Ni8 (n,2n ) Ni5 ---> Co57 

K 

The biological hazards resulting from 
fallout may be placed in two categories: 
(i) the internal hazard caused by inges- 
tion and inhalation of active material 
and (ii) the external hazard caused by 
penetrating radiation the source of which 
is external to the body. 

If material the ratios of whose atoms 
are those found in Table 1 were ingested 
or inhaled, the hazard due to the pres- 
ence of the radiocobalt would be negli- 
gible as compared to that from the Sr90. 
This is evident when, among other fac- 
tors, the biological half-lives (3.9 x 103 
days for Sr90; 8.4 days for Co60) (7) 
and the ionizing radiation emitted (P for 
Sr90; primarily y for Co57, Co58, and 

Co60) are compared. 
External hazard in fallout may be con- 

sidered to be that primarily due to 
gamma radiation. This hazard is a func- 
tion of photon energy, scattering, absorp- 
tion, and so on. The net effect, however, 
of these factors for fallout situations (ap- 
proximated by uniformly contaminated 
fields) is that the hazard is roughly pro- 
portional to energy release per unit time. 
Values of gamma energy released per 
second ([t,) of fission products resulting 
from 104 fissions have been computed for 
times up to 1.2 x 103 yr after time of 
fission (8). The values so obtained may 
be compared over the same time period 
with the energy released per second (It2) 
by the quantities of radiocobalt found 
associated with 104 fissions. This ratio 
I2/t1l, in percent, is found to be 0.14 at 
9.8 days, 31 at 1.20 yr, 149 at 2.6 yr, 211 
at 5.6 yr, and 26 at 25.7 yr. These values 
represent the analyses of a limited num- 
ber of samples from one detonation. It 
is evident, however, that radiocobalt pro- 
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d in the ratios given in Table 1 the terrapin (3), the bullfrog (4), and 
d constitute a considerable portion the teleost fish Scorpaenichthys (5). The 
e external hazard of fallout, particu- possibility that a developmental sequence 
at times greater than 1 yr. of at least two hemoglobins is charac- 

"TER 0. STROM, JAMES L. MACKIN, teristic of the vertebrates appears to be 
GLAS MACDONALD, PAUL E. ZIGMAN contradicted by McCutcheon's failure to 
Naval Radiological Defense find any difference between the hemo- 

~ratory, San Francisco, California globin of adult and fetal viviparous rays 
(3). However, McCutcheon states: "The 
lack of early stages in the collections 
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. M. Wiles and R. H. Tomlinson, Can. J. oviparous elasmobranch in individuals of 
sys. 33, 133 (1955).various ages (6). 

H. Shipman, P. Simone, H. V. Weiss, 
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. Way et al., Nuclear Level Schemes (Na- curves of adult, fetal, and embryonic 
anal Academy of Sciences-National Research 
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oxygen dissociation curve, and p50 de- 
termines the position of the curve. Fig- 
ure 2 shows the variation of these two 

ogeny of Hemoglobin in the constants as functions of pH for skate 
hemoglobin inside and outside the eryth- 

te Raja binoculata rocyte. From the information presented 
i all sufficiently studied mammals, in these figures it can be concluded that 

fetus has a hemoglobin that is bio- fetuses (wet weight 9 to 27 g) and adults 

nically distinct from that of the adult (to 100 kg) have hemoglobin with the 

Ontogenetic changes in the hemo- same oxygen equilibrium. 
in are found also in the chicken (2), This finding parallels the studies of 

McCutcheon on viviparous rays (3). 
However, the hemoglobin of three em- 
bryos (wet weight 1 to 1.6 g) possessed 
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from a 1.6-g embryo). 

Since the skate egg-case, in which the 
embryos and fetuses remain for 1.5 to 2 
years of development, is relatively iso- 
lated from the environment except for 
the diffusion of respiratory gases (the 
"cleidoic" condition) (8), it might be 
expected that hemoglobin with high oxy- 
gen affinity would be needed throughout 
not only the embryonic but also the fetal 
period, in contrast to observed results. 
However, observations on ten egg-cases 
indicated the egg-case is a "closed sys- 
tem" only during the first few months 
of development. When the egg-case is 
laid, a hole (2 by 4 mm) at each of the 
four corners is plugged with a very vis- 
cous mucus, which is gradually dissolved 
during development. In all fetuses with 
adult hemoglobin, the four holes were 
open; in the embryos weighing 1 to 1.6 
g, only two of the holes were still 
plugged. The oxygen tension [polaro- 
graphically determined (9)] inside these 

egg-cases was rarely less than half that 
of sea-water. The urea retention function 
of the skate egg-case (8) must take place 
only during the initial phases of devel- 

opment, although even small embryos 
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Fig. 2. Oxygen affinity (top) and heme- 
heme interaction (bottom) as functions of 
pH for the hemoglobin in solution and in 
erythrocytes for adult, fetal, and embry- 
onic skates. Conditions: 1.5 to 2 percent 
hemoglobin solution in potassium phos- 
phate buffer; final ionic strength, 0.267; 
erythrocyte suspensions in elasmobranch 
Ringer's solution; temperature, 10 to 
11?C. 
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