
278 mis, with shoulders at 284 and 290 
mj. There is a suggestion of a compo- 
nent at 260 mrt. The visible and near- 
infrared spectra show no peaks from 
340 m,u to 1000 mx. The optical den- 
sity at 278 m.u follows Beer's law 
(Fig. 1) throughout the concentration 
range tested. The absorption coefficient 

Elt cm is 11.4. The absorption spec- 
trum of a sample of mucoprotein pre- 
pared according to the method of Tamm 
and Horsfall is found to be identical 
with this. 
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Artificially Induced Circulation 
of Lakes by means of 
Compressed Air 

Abstract. Turbulence induced by air 
bubbles causes circulation in small ther- 
mally stratified lakes. Tests were made 
under summer and winter (ice-cover) con- 
ditions. Homoiothermal conditions; isomet- 
ric concentrations of phosphorus, and in- 
creases of dissolved oxygen were achieved, 
at various rates of treatment. The appli- 
cation of the technique for lake manage- 
mcent and in studies of lake dynamics is 
suggested. 

Stratified lakes in the Temperate Zone 
present certain problems. (i) They ac- 
cumulate astonishing amounts of phos- 
phorus in their lower regions. At the 
same time they exhibit a dearth of this 
element in the euphotic zone (1). (ii) In 
some there is no vernal circulation, as 
there is in typical dimictic lakes. (iii) In 
the winter some tend to have serious oxy- 
gen deficits under the ice cover, often 
resulting in the winterkill of fish fauna. 
These problems appear to be rectifiable 
by some means of induced circulation 
(2-4). The actual circulation of lake 
basins with water pumps has been dem- 
onstrated (3), and other techniques, such 
as the use of the turbulent effect of com- 
pressed air, offer promise. 

Compressed air is used in natural 
waters, chiefly for reoxygenation (5) or 
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by some means of induced circulation 
(2-4). The actual circulation of lake 
basins with water pumps has been dem- 
onstrated (3), and other techniques, such 
as the use of the turbulent effect of com- 
pressed air, offer promise. 

Compressed air is used in natural 
waters, chiefly for reoxygenation (5) or 
to remove the ice from water surfaces 
(6). It was the purpose of the study de- 
scribed in this report to test the effect of 
air-induced circulation in stratified lakes. 
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In tests under summer conditions, 
compressed air was used to bring hypo- 
limnetic water up into the euphotic zone. 
A small experimental lake, Sawmill 
Pond, with a maximum depth of 7.1 m 
and an area of 1250 m2 was used. Air 
was delivered through small perforations 
spaced along the length of an air con- 
ductor, suspended just above the bottom. 
The daily rate of flow was 101 lit. (1 
atm, 20 ?C) per cubic meter of lake 
volume. The effect was immediate and 
pronounced. An almost homoiothermal 
condition was observed after 4/2 hours 
of treatment (Fig. 1). The concentra- 
tions of soluble phosphorus became iso- 
metric with depth. Prior to treatment 
they exhibited the typical high concen- 
trations in the 2- to 3-m zone. It was 
observed that the absolute content of the 
total phosphorus in the upper 2 m was 
higher in every case than the mean of 
the pretreatment values. 

In an experiment conducted in Tub 
Lake (0.7 hectare) in which lower daily 
rates of treatment (5.6 lit. of air per 
cubic meter of lake volume) were used, 
it was shown that radioactive phosphorus 
which had previously been placed in the 
hypolimnion could be brought to the sur- 
face (7). In this case the thermocline 
was lowered, but it retained its identity. 

The amount of work theoretically re- 
quired to compress the air to the neces- 
sary hydrostatic pressure (and hence to 
expand the rising bubble) was compared 
with the change in volume of the epi- 
limnion resulting from the treatment. 
This was done in order to provide a basis 
for comparison of treatments in lakes of 
different sizes. The values obtained 
ranged from 8.17x 102 g cm to 19.4x 
102 g cm for the work applied to each 
cubic meter of lake volume for each 
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cubic meter of increase of the volume of 
the epilimnion. 

Tests under conditions of ice cover 
were conducted with essentially the same 
physical installation. Daily additions of 
3.4 and 1.9 lit. of air per cubic meter of 
lake volume were applied in two con- 
secutive years on Katharine Lake (6.1 
hectares). These applications maintained 
areas of open water continuously and 
concentrations of dissolved oxygen at 
about 7 and 2 parts per million, respec- 
tively. It should be emphasized that, 
under normal conditions, levels of oxy- 
gen concentration in this water are less 
than 3 parts per million and are peri- 
odically less than 1 part per million. It 
was noted that average water tempera- 
tures were reduced to as low as 0.7?C at 
the higher rate of treatment. 

The force of the wind, exerted on the 
surface of a stratified lake, has a rela- 
tively small effect. An example of this 
is presented by Hutchinson (8) for Lins- 
ley Pond, where the thermocline of the 
lake was little affected by the hurricane 
of September 1938. By contrast, con- 
trollable forces, when applied in the man- 
ner described in this report, act from 
within the basin with, figuratively speak- 
ing, tornadic effect. 

It is suggested that for the experimen- 
tal limnologist the "air-lift" procedure 
can serve as a tool in the study of lake 
dynamics. He can achieve homoiother- 
mal or isochemical conditions down to 
any contour level or can establish a ther- 
mocline in a desired position. 

The technique affords a means of "in- 
trafertilization" under certain conditions. 
Whether or not this effect is translatable 
into sufficiently large amounts of desir- 
able end products-that is, increased zoo- 
plankton or fish production-cannot be 
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Fig. 1. The effect of air-induced turbu- 
lence on a thermally stratified lake (Saw- 
mill Pond, August 1956). The shaded 
portion of the time axis indicates the 
period of treatment. 
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ascertained from these experiments. 
However, artificial circulation offers 
other possibilities for the management 
of lakes. One possibility is the assurance 
of the vernal circulation of "spring mero- 
mictic" lakes, in which trout could not 
ordinarily be held during the summer 
period. 

This technique can be used to prevent 
winterkill in ice-covered lakes. However, 
many details, particularly with reference 
to the effect of low water-temperatures 
on the fauna, remain to be examined (9). 

WILLIAM R. SCHMITZ 
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Department of Zoology, 
University of Wisconsin, Madison 
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Thermocouple for Vapor Pressure 
Measurement in Biological and 
Soil Systems at High Humidity 

All biological systems depend upon 
water regimes that are often delicately 
balanced with respect to the physical 
condition of the water. Water binding is 
determined by forces associated with 
bodies ranging upward in size from in- 
dividual solute molecules, through col- 
loidal particles, and on up to the larger 
solid surfaces bounding the system. The 
effect of binding energy on biological ac- 

tivity is expressible in terms of a collig- 
ative property of the water, such as va- 

por pressure. In addition, the effect of 

binding-energy gradients on the move- 
ment of water in biological systems is of 
immediate interest. 

For example, the uptake of water by 
plant roots is restrained by forces asso- 
ciated with solute particles in the soil 
solution and also by forces based in the 
soil matrix which hold the water films on 
the soil surface. Both of these binding ac- 
tions depress the vapor pressure of water 
in soil, and it has long been supposed 
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that a measurement of this vapor pres- 
sure would give a good index of the suc- 
tion that must be developed in the plant 
root to effect water intake. Unfortun- 
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ately, the range of relative humidity of 
soil air that has agricultural significance 
lies above 99 percent and presents con- 
siderable difficulty with respect to meas- 
urement. Wet-junction thermocouples 
with adequate sensitivity (1) have been 
available, but problems connected with 
calibration and sample handling were 
not solved. The thermocouple-sample ar- 
rangement shown in Fig. 1 has evolved 
from tests of various designs and now 
makes possible precise relative-pressure 
measurements near saturation for a va- 
riety of sample materials. The method 
is based on the temperature difference 
between dry and wet junctions in the 
sample chamber. The dry junction fol- 
lows ambient temperature, and the wet 
junction, through evaporation effects, re- 
sponds to ambient vapor pressure. 

In Fig. 1, A is the assembly as installed 
in the thermostat, and B is an enlarged 
view of the thermocouple. The insulat- 
ing cover (1) helps to maintain the sam- 
ples at constant temperature in the li- 
quid bath (2). The masonite cover (3) 
supports a number of thin-walled brass 
test tubes (4). The thermocouple mount 
guides the couple into the sample con- 
tainer and makes it convenient to shift 
the couple from one sample to another. 
The mount consists of a cylinder of thin- 
walled brass (5) closed at the lower end 
with a disc of copper (8) and a copper 
tube (7) assembled with soft solder. The 
handle (6) is made of rigid plastic. The 
lead wires ( 11 ), have seven strands of 36- 
gage bare copper and have vinyl insula- 
tion of 0.1 cm outside diameter. The two 
lead wires make a tight fit in tube (7). 
The twisted strands extend a short dis- 
tance (12) below the vinyl and are re- 
duced to a single strand for an additional 
distance (13). Soft solder with low ther- 
mal electromotive force is used to join 
bare Chromel P (14) and Constantan 

(15) wire, 25 A in diameter, and to at- 
tach the silver cylinder (16), which is of 
0.185 cm outside diameter, with a wall 
0.018 cm thick and 0.051 cm high. The 
thermocouple resistance is 20 ohms. A 
standard-size water droplet is obtained 
in the silver cylinder by submerging the 
cylinder in water and then rapidly low- 
ering the vessel containing the water. 

Sample containers are made of brass 
tubing (17) with end caps (18) of brass 
or plastic. The caps have a square shoul- 
der and are prepared for use by dipping 
in hot universal wax. The fillet of wax 
thus left in the shoulder recess provides 
a vapor seal. Soil samples are prepared 
by filling the sample container with a 
closely fitting soil core and closing the 
ends with solid caps. Later, an end cap 
with a 0.9-cm hole is attached, and the 
container is supported upside down in a 
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the bath. Figure 1A shows a soil sample 
with the thermocouple in place. Vapor 
measurements of plant leaves are made 
by lining the sample chamber with leaf 
tissue. Measurements of aqueous solu- 
tions are made by supporting the solution 
on a filter-paper liner, including a paper 
annulus at the top of the chamber. 

After placement in the bath, the vapor 
seal for the sample is accomplished by 
means of a water bag made from a rub- 
ber finger cot and supported on a plastic 
mount similar to the metal mount for 
the thermocouple. The measurement is 
made by inserting the thermocouple in 
the sample container. A steady electrical 
reading is usually obtained in from 10 to 
30 minutes if the vapor condition of the 
sample is steady. A longer time is re- 
quired at higher relative pressures. The 
thermocouple output is measured to an 
accuracy of 0.01 [tv by means of the po- 
tentiometer arrangement described by 
Teele and Schuhmann (2). Precautions. 
given by these authors for avoiding ex- 
traneous electromotive forces should be 
closely observed. Measurements thus far 
have been made at 25?C, with tempera- 
ture fluctuations in the bath kept at less 
than ?+ 5 x 10-40C. 

The thermocouples were calibrated at 
five points, each point being the vapor 
pressure of KCl at known osmotic pres- 
sure in the range from 5 to 65 bars. Val- 
ues of osmotic pressure at 25?C for the 
standard solutions used in the calibra- 
tion described above were obtained by 
use of the factor 13.33 bars of osmotic 

pressure per degree centigrade of freez- 
ing-point depression. The electrical out- 
put of the couples was proportional to 
the osmotic pressure. Sensitivities of the 
four couples expressed as microvolts per 
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Fig. 1. Thermocouple and sample cham- 
ber for measuring vapor pressure. 

A i B ' 6 

Fig. 1. Thermocouple and sample cham- 
ber for measuring vapor pressure. 

1089 1089 

Ij Ij 


