
lae which had not been expelled. It is 
not known whether there was reinfec- 
tion of the bleached corals by motile 
zoospores such as those described by 
Freudenthal (7) for Symbiodinium 
microadriaticum. Even in those colonies 
that lost only part of their zooxanthel- 
lae, as shown by their light yellowish- 
brown color, return to normal took 
between 6 and 10 weeks; if turnover 
rates are of the order postulated by 
Odum and Odum (8) regeneration of 
the zooxanthellae should have occurred 
in less than 2 weeks. 

The effect of wholesale depletion of 
zooxanthellae upon a reef community 
is difficult to evaluate, for the func- 
tional relationship of these algae to 
their coelenterate hosts differs from 
group to group and in most cases is still 
imperfectly understood (9). Among 
the reef-building Milleporidae and 
Scleractinia, all of which are carnivores 
specialized for feeding on plankton 
(10), the most important consequence 
of the loss of zooxanthellae would be 
a general lowering of the skeletal calci- 
fication rate in the affected zones of 
the reef. It has been shown (11) that 
the calcium deposition rate of reef cor- 
als is much greater in bright light than 
in darkness, and that this effect occurs 
only in the presence of zooxanthellar 
photosynthesis. In the absence of the 
zooxanthellae, the calcification rate of 
reef corals falls to very low levels and 
becomes independent of the light in- 
tensity (12). 

The possible consequences of zoo- 
xanthella depletion on the Actiniaria 
(for example, Stoichactis) and the 
Zoanthidea (Palythoa and Zoanthus) 
are a matter for speculation since there 
is little information about the function 
of the zooxanthellae in these noncal- 
careous forms. No signs of starvation 
were noted in bleached Stoichactis and 
Palythoa even 4 to 6 weeks after they 
had lost their zooxanthellae. Indeed I 
often saw such individuals actively 
feeding, the former on small fish 
and pteropods, the latter on smaller 
zooplankters. Evidently, like the reef 
corals, these two forms do not depend 
on zooxanthellae for the bulk of their 
nutritional requirements. On the other 
hand, Zonathus sociatus was the only 
form that could retain most of its zoo- 
xanthellae even when exposed to an 
osmotic stress so severe as to kill all 
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offered to it. This evidence supports 
the suggestion that Z. sociatus may be 
nutritionally dependent on the photo- 
synthetic products of its zooxanthellae. 

The most probable cause of the 
large-scale bleaching in the Port Royal 
reefs was contact with low-salinity sur- 
face water, but as yet nothing is known 
of the concentration range necessary 
to produce expulsion of zooxanthellae 
from millepores, corals, zoanthids and 
actinians. According to Wells (13) the 
optimum salinity for reef corals is 
about 34 to 36 per mil; salinities as 
low as 27 per mil are tolerated, but 
influxes of fresh water for even short 
periods of time are said to be fatal. 
The extreme rapidity with which zoo- 
xanthellae were extruded in the inun- 
dated parts of the reef suggests that 
exposure to reduced salinity under con- 
trolled conditions may constitute a 
practical method for speedy production 
of healthy bleached colonies for ex- 
perimental purposes. 

THOMAS F. GOREAU 
Physiology Department, University of 
the West Indies, Kingston 7, Jamaica 
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Silica and silicates form a major 
portion of the mineral matter of most 
soils. Although soil minerals have been 
extensively studied, confusion and un- 
certainty exists concerning the forms 
and properties of silica in soil. Mc- 
Keague and Cline (1) have reviewed 
the extensive literature on silica in soils. 
They concluded that the silica in soil 
solutions exists almost entirely as mono- 
silicic acid (H4SiO4). Furthermore the 
source of the silica was presumed to be 
a disorganized surface layer on quartz 
and perhaps other silicates. This study 
was undertaken to secure more definite 
information on the solubility of silica 
in soils. 

Silica was determined colorimetrical- 
ly in solutions extracted from saturated 
soil pastes prepared in a standard man- 
ner (2) with silica-free distilled water. 
Extraction was performed in a pressure 
extraction apparatus at 7.0 kg/cm2 
(gage) in a temperature-controlled water 
bath at 5?, 15?, 23? (room temperature), 
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40?, and 55?C. Samples were placed in 
the bath in sealed containers for 16 
hours and then transferred to the ex- 
tractor, which was placed in the water 
bath for at least 20 minutes to return 
the samples to the bath temperature. 

Table 1. Heat of solution of silica computed 
from silica solubility in soil saturation pastes. 

Heat of 

Soil type Great soil solution 
group (kcal/ 

mole) 

Unnamed loam* Sierozem 4.2 

Unnamed loam Sierozem 4.2 

Unnamed silt loam Sierozem 4.0 

Placeritos silt loam Alluvial 4.2 

Humboldt silty 
clay loam Humic-Gley 4.2 

Carson clay* Humic-Gley 5.0 

Carson clay Humic-Gley 5.2 
* Virgin site, all others irrigated fields. Samples 
represent the top 6 inches of the soil in all 
cases. 
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Silica Source in Soil Solutions 

Abstract. Heat of solution of silica in soil saturation pastes was calculated 
from silica solubilities and agreed with values for solid silicic acid. The imme- 
diate source of silica in soil solutions apparently is solid silicic acid. The solution 
of silica from soils exhibited three stages of constant silica solubility. 
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Plastic laboratory ware was used for 
all solutions except that the colorimeter 
tubes were glass. Silica standards were 
prepared by gravimetric analysis (see 
2). 

In preliminary trials it was found 
that after 16 hours, silica content of 
soil saturation pastes had reached stable 
values. Silica solubilities (logarithm of 
molal silica solubility) at the five tem- 
peratures were plotted against the re- 
ciprocal of absolute temperature. Each 
value plotted was the average of tripli- 
cate determinations. Straight lines were 
obtained for each of seven soil samples. 
The slopes of the lines were determined 
by the method of least squares. 

In Table 1 are presented the heats 
of solution of silica, calculated from 
the slopes of the curves. The three un- 
named Sierozem soil samples, all from 
Nevada, were taken in a recently set- 
tled area north of Winnemucca. The 
Placeritos and Humboldt samples were 
from the flood plain and delta deposits, 
respectively, of the Humboldt River 
near Lovelock. The Carson series re- 
cently developed from shallow lake 
deposits near Fallon. The reason for 
the higher values of heat of solution of 
Carson samples is not immediately 
evident. It may be related to the origin 
of the parent material of the soil. Ir- 
rigation apparently has not modified 
the silica of either the unnamed loam 
or the Carson clay sufficiently to change 
heat of solution. 

Heats of solution of silica in water 
have been calculated (4) on the basis 
of thermodynamic values for silica 
forms. The following heats of solution 
were reported: Amorphous silica: + 
2.65 kcal/mole; quartz: + 7.34 kcal/ 
mole. For solid silicic acid the heat of 
solution was computed as approximate- 
ly 4.5 kcal/mole. The values obtained 
in this study are in good agreement with 
this heat of solution. Therefore it is 
highly probable that the immediate 
source of silica in saturation-paste ex- 
tract of soil is monosilicic acid. As sug- 
gested by McKeague and Cline (5), 
the monosilicic acid is probably ab- 
sorbed on the surfaces of soil silicates, 
including quartz. 

An initial high solubility of silica is 
frequently noted in studies of the solu- 
tion of silica from quartz and other 
forms of silica (6). This high solubility 
has been associated with an easily sol- 
uble layer that may be at least a part 
of the disorganized layer reported to be 
on the surface of quartz. An experiment 
24 JULY 1964 

was conducted to determine the extent 
of the easily soluble layer in soils. 
Duplicate 30-gram samples of Hum- 
boldt silty clay loam and Placeritos silt 
loam were placed in plastic bottles with 
150 ml of silica-free water. The samples 
were shaken on a wrist-action shaker 
controlled by an automatic timer to 
run 1 minute out of each 10 minutes. 
After more than 48 hours at approxi- 
mately 23?C (room temperature con- 
trolled by an air-conditioner), solid 
sodium chloride was added to the sam- 
ples to cause flocculation of the clay, 
the suspension was cleared by centri- 
fuging, 130-ml samples were removed, 
an equal volume of water was added, 
and the shaking was repeated. Silica 
was determined on the clear solution, 
and the quantity of extracted silica was 
calculated. 
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As shown in Fig. 1, the extraction of 
silica exhibited three readily separated 
stages in which the silica concentration 
of the solution was constant at the 
values noted in Fig. 1. Extrapolation to 
the ordinate of the straight lines formed 
by the data for the first stage of extrac- 
tion gave an estimate of the easily 
soluble layer of 180 ,ug of silica per 
gram for the Placeritos samples and 
150 /g/g for the Humboldt samples. 
Further extractions removed silica from 
the samples at lower yet constant rates, 
with mean solution concentrations as 
shown in Fig. 1. Extrapolation of the 
second and third slopes gave quite dif- 
ferent estimates of the easily soluble 
layer, in agreement with the data of 
Bergman and Patterson (7), who found 
that their estimate of the easily soluble 
layer of quartz depended upon the du- 

11 
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Fig. 1. Relation of number of 130-ml extractions to total SiO2 extracted from 30-gram 
samples of two soils. The concentrations shown are the mean concentrations of the 
extracting solution calculated from the slopes of the straight lines. 
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ration of the extraction considered. The 
intercepts can be used to estimate quan- 
tities of forms of silica with different 
solubilities in the samples. Placeritos 
samples apparently contain 180 ,g of a 

readily soluble form of silica per gram 
(H,SiO.,), 220 jug/g of a second form of 
silica of lower solubility, and 500 tzg/g 
of a third type. For the Humboldt silty 
clay loam, the corresponding figures are 
150, 240, and 860 jg/g. In comparison, 
the saturation pastes used to determine 
the heat of solution showed 19 /gg/g 
from Placeritos silt loam samples and 
25 tg/g from the Humboldt silty clay 
loam samples. Approximately one-tenth 
of the solid silicic acid on the surface 
of the soil samples was sufficient to 
produce an equilibrium level of silica 
in the soil paste. At least one more 
slope would be anticipated in the ex- 
traction curve, since the solubility of 
quartz, approximately 6 parts per mil- 
lion, had not yet been reached. Under 
natural conditions of much slower ex- 
traction by downward moving water, 
equilibrium could be expected between 
silicic acid and the second and third 
types of silica postulated here as well 

ration of the extraction considered. The 
intercepts can be used to estimate quan- 
tities of forms of silica with different 
solubilities in the samples. Placeritos 
samples apparently contain 180 ,g of a 

readily soluble form of silica per gram 
(H,SiO.,), 220 jug/g of a second form of 
silica of lower solubility, and 500 tzg/g 
of a third type. For the Humboldt silty 
clay loam, the corresponding figures are 
150, 240, and 860 jg/g. In comparison, 
the saturation pastes used to determine 
the heat of solution showed 19 /gg/g 
from Placeritos silt loam samples and 
25 tg/g from the Humboldt silty clay 
loam samples. Approximately one-tenth 
of the solid silicic acid on the surface 
of the soil samples was sufficient to 
produce an equilibrium level of silica 
in the soil paste. At least one more 
slope would be anticipated in the ex- 
traction curve, since the solubility of 
quartz, approximately 6 parts per mil- 
lion, had not yet been reached. Under 
natural conditions of much slower ex- 
traction by downward moving water, 
equilibrium could be expected between 
silicic acid and the second and third 
types of silica postulated here as well 

An improved method for measuring 
bone mineral in vivo, in which direct 
measurement is made of monochro- 
matic photon absorption, was de- 
scribed by Cameron and co-workers 
(1). Theoretically, the use of mono- 
chromatic radiation should reduce the 
large uncertainties of the absorption 
coefficients associated with polychro- 
matic x-ray beams used in other tech- 
niques. Use of a well-collimated radio- 
isotope source and a collimated 
scintillation detector both reduces the 
effects of scattering and eliminates the 
film errors of roentgenographic densi- 
tometry. The results of preliminary in- 
vestigations with Cameron's technique 
have indicated that the theoretical ex- 
pectations are justified and that ac- 
curate estimates of bone mineral con- 
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as with quartz. The origin of the second 
and third types of silica is not clear: it 
could possibly be amorphous silica of 
plant origin or perhaps from the vol- 
canic ash prevalent in northwestern 
Nevada. 

RICHARD 0. GIFFORD 

DIANA M. FRUGOLI 

Department of Agricultural 
Biochemistry and Soil Science, 
University of Nevada, Reno 
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Fig. 1. The I125 scan area on the flesh- 
covered forearm plotted against the ash 
weight (ASH) and the dry fat-free weight 
(DRY) of 1-cm sections of underlying 
bone (n - 35). 
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vivo are now being used in laboratories 
here and in other countries. The most 
common are those based on transmis- 
sion of polychromatic x-radiation as 
estimated by film densitometry. Several 
such methods were developed at the 
Pennsylvania State University (2), and 
have been shown to be accurate for 
excised long bones, but when bones 
with greater overlying tissue than the 
phalanges are used a substantial error 
is introduced (3, 4). This error is not 
eliminated by either statistical or ex- 
perimental control, and is apparently 
due to the polychromatic radiation, 
scattering, and film errors. The lack of 
accuracy restricts the use of the older 
densitometric methods for studies in 
vivo which might be of nutritional, 
gerontological, or clinical interest (3, 5). 

In the method developed by Cam- 
eron (1), a collimated I'1 photon source 
(27.3 kev) is passed across a forearm 
and the transmission measured with a 
collimated scintillation crystal, pulse 
height analyzer, and scaler. Transmis- 
sion counts are recorded from the 
scaler for 7-second periods at each 
1-mm interval across the forearm. Log- 
arithms of these counts are plotted at 
equal intervals on semi-logarithmic 
graph paper. The two smooth curves 
representing tissue absorption and bone 
absorption are drawn through the 
plotted points, and the area between the 
two curves is measured by planimeter. 
The scan area determined in this man- 
ner is theoretically proportional to the 
cross-sectional bone absorption and 
hence proportional to the mass of bone 
mineral in the line traversed during 
the scan. 

We have determined the areas for 35 
scans across the radius and ulna on two 
cadavers. Form-fitting pieces of tissue- 
equivalent material (Mix-D), of the 
same composition as previously de- 
scribed (1), were used as a bolus to 
maintain equal "tissue" thickness across 
the forearm. Overlying flesh was re- 
moved after the scans were made, and 
at each of the scan locations 1-cm sec- 
tions were accurately cut from the 
bone on a milling machine. These sec- 
tions were defatted in acetone for 
over 48 hours, dried to constant weight, 
and the dry fat-free weight was deter- 
mined. The sections were then ashed 
to constant weight (600?C for 12 hours 
or 400?C for 24 hours) and the weight 
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Accuracy of Bone Mineral Measurement 

Abstract. The use of nearly monochromatic radiation (125) for the direct de- 
termination of bone mineral absorption in cadaver materials indicates that under- 

lying bone components can be measured accurately on the flesh-covered forearm. 
The correlation of the bone mass, determined by this scanning technique, with 
actual bone weight is 0.96. The method is the most accurate yet demonstrated 
for bone with overlying tissue, and may prove suitable for these studies in vivo 
where it has not been possible to use previous roentgenologic techniques. 
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