
other properties is necesary to provide 
a more detailed picture of the liquid. 
Measurements of the viscosity and 
thermal conductivity at very low tem
peratures would provide useful informa
tion. The predicted unusual behavior of 
sound propagation in the liquid at very 
low temperatures is of particular inter
est, and measurements of high-frequency 
sound propagation and attenuation at 
extremely low temperatures would be of 
great value, together with possible ex
periments on scattering of light. The 
fact that many of the critical experi
ments involve measurements at temper
atures reached only by magnetic cooling 
provides a technical challenge which is 
being taken up today in many institu
tions specializing in low-temperature 
physics. 
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Oxygen Transport through 

Hemoglobin Solutions 

How does the presence of hemoglobin in a wet membrane 
mediate an eightfold increase in oxygen passage? 

P. F . Scholander 

Evolution from single cells to or
ganisms is linked intimately with the 
development of a circulatory system. 
Without this, both size and activity 
would be severely limited by the slow
ness of diffusion. But even with a cir

culatory system, oxygen transport 
would be hampered by still another 
"unfitness of the environment"—name
ly, the very low solubility of oxygen in 
water. This difficulty was overcome by 
the evolution of oxygen-carrying pig

ments, which when circulated to the 
tissues could carry many times more 
oxygen than can water alone. 

Oxygen-carrying pigments appeared 
not only in blood, however, but also 
in a vast area where visible means for 
transport of the pigment is lacking— 
namely, as myoglobin in the muscle 
system. Here it is found within the 
muscle cells, providing, so to speak, 
the last leg of the supply line to the 
oxygen-needy contractile machinery. 
But how could this myoglobin enhance 
oxygen transport unless it were circu
lated within the cell? Simple diffusion 
could hardly be aided by the pigment. 
It is true enough that the increased 
oxygen capacity could help to smooth 
out a fluctuating demand, as demon
strated by Millikan ( / ) , but could it 
possibly also be that the pigment might 
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serve as a specific conveyor belt for 
oxygen, enhancing its rate of delivery? 

If we turn from a nornlally aerated 
environment to habitats of low oxygen 
tension we find that many animals 
develop high concentrations of oxygen- 
carrying pigments. One may mention 
mud-dwelling worms or  insect larvae 
(chironomids) , certain crustaceans in 
stagnant pools (Daphnia), intestinal 
nematodes and maggots (A~car is  and 
Gastrophilus), and many n ~ a n ~ m a l s  ex- 
posed naturally or experi~uentally to 
high altitudes. And again we are drawn 
to the fundamental question: Is it pos- 
sible that an oxygen-carrying pigment 
can enhance oxygen transfer through 
a stationary solution? 

A great deal of penetrating experi- 
mental and theoretical work has been 
done to elucidate the kinetics of situa- 
tions where oxygen, carbon monoxide, 
and other gases load and unload hemo- 
globin solutions (2). Unfortunately, 
however, this approach is not so suit- 
able if one wishes specifically to study 
what happens in a pure steady-state 
s~tuation, since the capacity factor can 
easily obscure the steady-state events. 

The primary aim of the investiga- 
tion under discussion has been to find 
out what happens when air diffuses 
through human hemoglobin solutions. 
Coinplications from oxygen capacity 
or storage have been eliminated by ad- 
hering strictly to steady-state condi- 

tions. It is shown below that the rate 
of oxygen transport may indeed be en- 
hanced by the presence of hemoglobin, 
and a few preliminary experiments on 
myoglobin and other pigments indicate 
that the phenomenon may have wider 
applications (3). 

Methods 

Principle. Moist air at various pres- 
sures is diffused through a Millipore 
membrane charged with a hemoglobin 
solution; on the other side of the mem- 
brane a lnoist vacuum is maintained. 
When a steady state is reached, the 
amounts of oxygen and nitrogen gas 
co~ning through the membrane in a 
measured time interval are analyzed. 
With the nitrogen values as a base line, 
the oxygen transport can be calculated. 

I~~s t ru r~~e t~ ta t io~z .  The diffusion ap- 
paratus (Fig. 1) consists of a diffusion 
chamber which tnay be divided into 
two compartnients by a wet Millipore 
filter. The nlenibrane rests on a stain- 
less-steel grid. The upper compartment 
is connected to a vacuum gauge and a 
glass-stoppered vent tube (D)  : the 
lower compartment, to the vacuunl 
chamber by ineans of a taper joint. 
Each compartment is kept ~noist by a 
piece of wet filter paper. 

The vacuum chamber is a 300-1111 
mercury reservoir connected through a 

Fig. 1.  Apparatus for steady-state diffusion. 

gas trap and stopcock to the leveling 
bulb. The chamber has one wide-bore 
(5-mm) stopcock ( A )  to the diffusion 
chamber and a regular one of narrower 
bore (B) to the vacuum line. The up- 
per end of the vacuunl chamber ter- 
minates in a 1-mm-bore capillary and 
cup which can be closed under mer- 
cury by inserting into it a polyethylene- 
tipped wire plug. The capillary carries 
a lnovable nlillin~eter scale to meas- 
ure the total amount of gas. 

Gas is transferred to the i~iicro gas 
analyzer by means of a micro syringe. 
This is made from a glass tube of 2 n ~ n ~  
Inside diaineter fitted with a fine poly- 
ethylene tip and a wire plunger. The 
latter is made airtight by means of a 
piece of polyethylene tubing which is 
flared at the end by heating shghtly. 
This micro syringe is filled with mer- 
cury, and the gas is always protected 
by mercury during handling. From this 
pipette the gas is introduced into the 
micro analyzer (4). 

The Millipore membrane (HA 
grade) holding the hemoglobin solution 
has a porosity fine enough so that air 
pressure of 1 atm will not break the 
capillarity. This filter, which is 0.15 
mm thick, has about 80 percent space 
for the liquid. 

Procedure. The basic data were ob- 
tained fro111 heparinized human blood. 
The cells were washed twice in 0.9 
percent saline and heniolyzed by re- 
peated freezing and thawing. The ox- 
ygen capacity of the hemoglobin so- 
lutions was determined by the syringe 
method ( 5 ) .  

To saturate the dry Wlillipore mem- 
brane with the hemolyzed cell solution, 
it is placed on top of the solution until 
it is soaked through, whereupon 
it is submerged. It is then blotted on 
both sides and placed on the grid of 
the lower half of the diffusion cham- 
ber, which is kept moist by a ring of 
wet filter paper. The upper half, also 
carrying a wet filter paper, is screwed 
vacuum-tight onto the lower half with 
the wet membrane in between. A wide 
rubber band prevents evaporation fro111 
the crack. The chamber is put on the 
taper joint of the vacuum chamber, 
which is stoppered by the plug, and 
evacuated through B. B is closed, A 
is opened momentarily, and the cham- 
ber is again evacuated through B. This 
process is repeated twice, and the air 
pressure on the membrane is adjusted 
to the desired level through screw 
clamp C and vent D. 

SCIENCE. VOL. 131 



Diffusion of gases now proceeds 
from the upper air conipartnlent 
through the membrane and into the 
wide-bore channel to the vacuum cham- 
ber. The  time of diffusion is clocked 
by means of a stop watch, and the 
amount of gas which has moved 
through the membrane is periodically 
checked by closing off the diffusion 
chamber at  stopcock A ,  letting the 
mercury rise, and measuring the 
volume of the gas bubble in the capil- 
lary. Twenty cubic milli~neters of gas 
suffice for an accurate determination 
of the quantity as well as the compo- 
sition. 

The gas transfer is executed with the 

I 
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AIR PRESSURE IN ATM 

Fig. 2. Diffusion of air through hemoglo- 
bin solutions of three concentrations. 
Curve 1/1 represents oxygen capacity of 
22.9 volumes percent; the other curves 
represent oxygen capacity of Y2 and Y4 
this amount, respectively. Horizontal line, 
02 /N2 ratio through plasma; lower diag- 
onal line, rate of oxygen diffusion through 
plasma; three dashed parallel lines, rela- 
tive rates of oxygen transport calculated 
from the corresponding 0 2 / N ,  data; 
shaded area, water-vapor tension. 

gas pressure in the capillary slightly 
below atnlospheric pressure. The  plug 
is removed and quickly replaced by the 
mercury-filled transfer pipette. T h e  gas 
is drawn up into this and is followed 
by mercury, whereupon the pipette is 
removed and replaced by the plug. The 
gas sample is now transferred to the 
cup of the analyzer containing alkaline 
citrate, and the oxygen and nitrogen 
are determined by absorption in the 
conventional way (4 ) .  

Successive samples are analyzed un- 
til the 0 2 / N 2  ratio becomes constant- 
that is, until the oxygen content of the 
filter is constant. Under the least favor- 
able conditions (high pressure and high 
hemoglobin concentration) the nlem- 
brane contains initially, a t  most, some 
14 to 20 m n ~ '  of oxygen, but diffusion 
then proceeds so quickly that some 6 
to 8 times this amount goes through 
before final sampling. At low pressures 
the membrane holds less than 1/20 of 
the anlount analyzed. 

Results 

Diffusion of  air tl~rough n mentbrane 
charged with water. The rate of simple 
gas diffusion through a membrane is 
proportional to the pressure difference 
and solubility of the gas and is in- 
versely proportional to the square root 
of the molecular weight. When air dif- 
fuses through a layer of water, the 
steady-state ratio of oxygen to nitro- 
gen should accordingly be 49.0 per- 
cent a t  24°C and 48.7 percent a t  26°C. 
In actual fact, our figures for air dif- 
fusing through water held in a Milli- 
pore filter o r  a dialyzing membrane 
come out as 56 2 1 percent a t  all pres- 
sures. The reason for this quite sub- 
stantial deviation from the theoretical 
value is not known, but it may be that 
a slight diffusion through the membrane 
substance itself and its 30 percent o r  
so of bound water would favor the 
oxygen. The oxygen-nitrogen ratio was 
unchanged by charging the filter with 
a lampblack suspension or  by using the 
VF grade Millipore filter; both of these 
procedures give a higher filter-to-water 
ratio. The same figure was also obtained 
by diffusing air through blood plasma 
and methemoglobin solutions (see Figs. 
2-4).  

In  all cases, the total (and partial) 
a ~ n o u n t  of the gases diffusing through 
was proportional to the pressure (Fig. 
5 1 .  

Oxygen trclnsport througll hetnoglohin 
solutions. Typical curves for  oxygen 
transport through hemoglobin solutions 
are given in Fig. 2. The  basic curve 
( 1 / 1 ) was obtained from a hemoglobin 
solution with an oxygen capacity of 
22.9 volu~iles percent. It  will be seen 
that the O J N 2  ratio at  air pressure of 
1 atm is 95 percent instead of 56 per- 
cent as it is in water o r  plasma. The  
ratio increases rapidly with lowering 
of the air pressure, reaching over 400 
percent a t  I /  12 atm. But when the rate 
of nitrogen diffusion is calculated from 

AIR PRESSURE IN ATM 

Fig. 3. Diffusion of air through two he- 
moglobin solutions of the same concentra- 
tions (02 capacity, 15.8 volumes percent) 
but with different pH's. Horizontal line, 
O,/N, ratio of diffusion through a met- 
hemoglobin solution; lower diagonal line, 
rate of oxygen diffusion through water; 
two parallel curves, relative rates of oxy- 
gen transport calculated from the O,/N, 
values; shaded area, water-vapor tension. 
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the total gas volume and the OI./N2 ratio, 
we find that it is always proportional to 
thc prcssure (Fig. 5).  Two things fol- 
low: ( i )  the increased 0 2 / N 2  ratio is 
exclusively caused by an increased rate 
of  oxygen transport, and (ii) thc oxy- 
gen transport is proportional to the 
product of O J N :  and A p ,  where Ap is 
the diffusion prcssure. 

This enables us to calculate the rela- 
tive rate curves for oxygen transport 
in Fig. 2. It will be seen that the trans- 
port rates through hc~iioglobin in all 
three dilutions are parallel to the dif- 
fusion rate through watcr-that is, 
numerically the oxygen transport is the 
result of two additive processes, the 
one, plain diffusion through the water, 
the other, a spccific transport mcdiated 
by the hemoglobin. T h e  latter rate re- 
mains constant over a large gradient 
of oxygcn pressures. This sinlple re- 
lation holds quitc prcciscly for all cases 
investigated, with various conccntra- 

Fig. 4. Diffusion of air through ( i )  whole 
blood ( 0 ,  capacity, 21 volumes percent) 
hemolyzed by HA membrane, and (ii) 
washed cells smeared on the under side 
of a dry VF Millipore filter. Horizontal 
line, 0 2 / N 2  ratio through water; lower 
diagonal curve, rate of oxygen diffusion 
through water; parallcl curves above this, 
relative ratcs of oxygen transport cal- 
culated from the 0,/N2 data; shaded area, 
water-vapor tension. 

tions of  hemoglobin or diffusing 
through intact red cells (Figs. 2-4). 

Figure 3 shows the effect of p H  on  
the same hemogtobin solution. The  only 
significant diffcrence appears at the 
vcry lowcst pressure-namely, 1 /12  
atm where the transport drops off 
in the acid sample but keeps on un- 
diminished in the alkaline sample. 

As would be expected, the henio- 
globin concentration has a marked ef- 
fect on the oxygcn transport. In Fig. 2 
the decrease in specific transport was 
proportionately lcss than thc dilution 
of the hemoglobin. At  half strcngth 
the rate of  transport was rcduced to 
62 percent and at quartcr strength, to 
39 pcrccnt. When the concentration 
was doubled there was a marked in- 
crease in viscosity and a decrease in 
the rate of oxygen transport. The rate 
of nitrogen difI'ilsion through this SO- 

lution also dropped, and this finding 
irnplicatcs the high viscosity as the 
cause (2,  6). 

The retarding efiect of incrcascd vis- 
cosity was denionstrated by adding 10 
pcrcent of gclatinc to the henioglobin 
solution, which was enough to make it 
solidify. This al~iiost halvcd the specific 
rate of oxygen transport by the hemo- 
globin but hardly affectcd thc nitrogen 
diffusion. 

Oxygen transport throiagh red cells. 
In these experinients the washed red 
cells wcre smcared on either thc upper 
o r  the lower sidc of the finest Millipore 
filter ( V F  grade). It will be seen from 
Fig. 4 that the oxygen transport was 
almost doubled at pressure of % atni. 
When this procedure was ,tried on a 
regular H A  filter, the capillary forces 
in the filter ruptured the blood cells 
and the hemoglobin solution came 
through on the othcr side. This did 
not happen on a V F  fil~ter, and when 
the filter was soaked afterward in iso- 
tonic saline there was little, if any, 
evidence that heniolysis had taken 
place. It is therefore indicated that the 
transport effect displayed by hemo- 
globin solutions is also operative in 
the intact red cell. 

Oxygen trcinsport tkrouglz nzyo,qlobin 
and other pigments. A preliminary 
study was made on oxygen transport 
through a myoglobin solution. This 
was prepared from the very dark pec- 
torals of a California sea lion. Thin 
slices cut across thc fibers were re- 
peatedly washed in isotonic saline so- 
lution and wrung in a dry towel. T h e  
amount of blood left after this pro- 

cedure is very small compared to the 
high concentration of niyoglobin. The 
slices were passed through a meat 
grindcr and repeatedly frozen and 
thawed, and the macerate was ground 
under a few milliliters of water in 
a mortar and centrifuged. The fluid 
was passed through an H A  Milliporc 
filter. 

This solution at an air pressure of 
95 atm gave initial 02 /N2 ratios of 
100 percent and 87 percent-that is, 
there was a substantial oxygen enhance- 
ment. After a few hours, and contrary 
to the finding for hemoglobin solutions, 
the ratio dropped to that of water. Al- 
though this is a n  unstable prcparation, 
it demonstrates that myoglobin in vitro 
is capable of iniplemcnting a potent 
steady-state oxygen transport. 

A marine sand-dwelling worm, Thor- 
acophelin, when cut into pieces and 
ccntrifugcd, yielded a deep red solu- 
tion with an oxygen capacity of 5.3 
volumes percent. This mixture of blood 
and body liquid yielded large amounts 
of CO2, together with oxygen and 
nitrogen, but nevertheless showed sonic 
12- to 15-percent enhancement of the 
oxygen transport when n~casured at 
air pressures of 1 / 6  or 1 /  12 atm. In 
view of the loss of oxygen in the mem- 
brane, these are clearly minimum 
figures. 

Hemolyzed red cells from fish blood, 
-mackerel, with an 0. capacity of 12.1 
percent and yellowtail (Serioln dor- 
.mlis), with a higher O2 capacity- 
showed an cnhanccnient of 100 per- 
cent at air pressure of % atm in the 
mackerel and 110 percent in the yel- 
lowtail. 

Discussion 

We have observed a steady-state rate 
of oxygen transport which can be at- 
tributcd to the added effects of two 
~iniultaneous processes: one, a diffu- 
sion through the solvent; the othcr, a 
transport specifically dependent upon 
hemoglobin. The latter procccds at a 
constant rate over a wide range o f  
pressures and depends upon the kinet- 
ics and oxygen-binding properties of  
the henioglobin molecule. 

It  therefore secnis that when a tension 
gradient of oxygen is i~iiposcd upon a 
henioglobin solution, oxygen niolecules 
are  handed down from one henloglobin 
nlolecule to  the next in a chain or 
"bucket-brigade" fashion. Provided the 
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"buckets" are enlpticd at one end and 
filled at the other, a steady-state system 
is set up  which results in facilitation of 
oxygen transport through the chain (see 
Fig. 6).  

The steady-state situation requires 
that the oxygen tension at any level 
between the upper and lower surfaces 
of the membrane remain constant. 
Above, it is near the tension of the gas 
phase; below, it is near zero. The oxygen 
saturation at various levels is deter- 
mined by the oxygen dissociation curve, 
but the exact relations are here imma- 
terial as long as conditions remain con- 
stant. One may tentatively assume that 
a linear tension gradient exists and that 
the henioglobin loses is first oxygen at 
air pressure of approxinlately Y3 atm, 
its second at atm, and its third at 
I /  12 atm. Near the lower surface only 
the fourth molecule remains attached 
to the henloglobin (Fig. 6 ) .  This is the 
one which jumps off into the vacuum 
and which is then replenished from the 
hemoglobin chain above. The maximum 
rate at which the chain can keep the 
oxygen moving evidently depends upon 
the constant kinetic motion of the 
henloglobin molecules, for the rate of 
oxygen transport via this route is con- 
stant and independent of the oxygen 
gradient. 

That a rate-limiting factor is located 
at the vacuum end of the chain is indi- 
cated by the p H  effect. It was found 
that an increased affinity for oxygen- 
that is, a high pH-is able to maintain 
the transport unimpaired at very low 
pressures, whereas lowering of the p H  
slowed it down. A glance at the last 
column of Fig. 6 will show that at low 
pH and a pressure head of I/r, atm, the 
lower half of the chain gets increasing- 
ly disrupted by conlpletely r c d ~ ~ c c d  
hemoglobin n~olecules, and we may as- 
sume that as a consequence of this the 
delivery slows down. 

If the head of pressure is only 1 / 12 
atm to begin with, one would expect a 
great number of void (unoxygenated) 
molecules in 'the lower part of the chain, 
even at high pH;  nevertheless, oxygen 
was delivered at full rate. This seems to 
weaken the explanation of the p H  effect 
just mentioned, unless possibly another 
factor entered-namely, back pressure 
of oxygen. From the lower surface of 
the membrane into the .vacuum cham- 
ber is a long way for oxygen to go, 
and this simple diffusion depends, of 
course, upon a concentration gradient. 
Tt is possible that the oxygen back pres- 

9 
10 MIN. 

AIR PRESSURE IN ATM 

Fig. 5. Rate of nitrogen diffusion through 
various concentrations of hemoglobin. 
Curve 11 1 represents oxygen capacity of 
22.9 volumes percent; the other curves 
represcnt fractions of this amorlnt. Ordi- 
natc = vol/min. 

sure built up sutticicntly to keep the 
chain saturated to the very end. This 
raises a fundamental question: If the 
low-pressure side were raised dcliber- 
ately, would the transport system still 
work? The answer can be obtained 
only by the use of a different technical 
approach. 

What then, one Inay wonder, is the 
possible biological significance of this 
oxygen-specific, steady-state, enhanced 
rate of oxygen transport? 

It will be seen from the various cx- 

ATM. AIR PRESS. pH 8 7 

1 2 / 3  1/3 1/6 1/6 

----- 
MOIST VACUUM 

Fig. 6. Schematic presentation of possible 
mode of oxygen transport via hemoglobin 
molecules. Solid circles, oxygen mole- 
cr~les; open circles, hemoglobin molecriles. 

periments in vitro that the oxygen trans- 
port mediated by human henioglobin 
may dominate straight diffusion by a 
factor of 8 or more at low pressures 
and can at  full atmospheric pressure 
almost double the rate. The effect has 
also been demonstrated in  intact red 
cells, and it is possible, although this 
has not been demonstrated, that it plays 
a role in their normal gas exchange, 
even when the low-pressure side is not 
zero. 

More relevant, however, is the phys- 
iological implication of the role of 
enhanced rate of oxygen transport in 
the case of myoglobin. One may visual- 
ize a system which in addition to its 
storage function would grease, so to 
speak, the oxygen transfer from the 
blood in the capillaries into the meta- 
bolic machinery of the nluscle fiber. 
Such a transport would be enhanced 
even more if the myoglobin were mo- 
bile within the muscle cells, somewhat 
like water in a sponge, rather than held 
in a viscous medium. But whatever is 
the case, muscle contractions would 
undoubtedly favor the transport. 

It was found that sea lion myoglobin, 
indeed, enhances oxygen transport in 
vitro. The increase in hemoglobin and 
sonletimes in myoglobin observed in 
many high-altitude mammals fits well 
into this same line of argument, and 
the same holds true also for those 
larvae, worms, intestinal parasites, and 
other animals which live under low 
oxygen tension and harbor red hemo- 
globin-like pigments. A steady-state 
transport effect of the blood pigment 
from one such worn1 has indeed been 
demonstrated. 

Suniniary 

A s t~ idy  has been made of steady- 
state diffusion of air at various pres- 
sures through hemoglobin solutions. 
Whereas nitrogen diffused in proportion 
to the pressure, the rate of oxygen 
transport was greatly enhanced and 
seemingly proceeded by means of two 
processes which are additive. One is a 
regular diffusion through the solvent 
(water) ,  which is proportional to the 
pressure; the other is a specific trans- 
port mediated by the henloglobin mole- 
cules. The rate of the latter is constant 
over a wide pressure range, and the 
process may at  low tensions transport 
over eight times more oxygen than docs 
straight diffusion. Preliminary st~idics 
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have established that myoglobin and 
a few other pigments in vitro have the 
sanie property. 
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Changing Environment of 

Zoological Research 

The era of abundance in funds and transportation 
opens new vistas for research and exploration. 

H c r b c r t  Fr iedmann 

When an ecologist studies the rela- 
tions between the species of animals and 
plants in a given type of environment, 
he tries to  measure, as far as he can, 
the various external factors, but at the 
same time he  is aware of the fact that 
the degree o r  the speed of reaction to 
these factors varies individually within 
niore o r  less specific limits for each 
species. Obviously, the more responsive 
individuals will be either helped or 
harmed, by any external change, to  a 
greater degree than the less responsive 
ones, but, by and large, the ecologist 
comes to assume a niean response for  
each species and then proceeds to  treat 
all the individuals of that species as 
essentially alike. Similarly, in this at- 
tcnipt to  survey the present environment 
in which we work, I assume a n  average 
zoologist, if there be such a person, and 
pay attention to the environment in 
which he  goes through the niotions and 
activities inherent in being a zoologist. 

The old, traditional concept of the 

The author is head curator of the department 
of zoology, Smithqonian Institution, Washington, 
I1.C. This article is adapted from his vice presi- 
dential address, delivered before Section F 
(Zoological Sciences), during the Chicago meeting 
o f  the AAAS, 26-31 Dec. 1959. 
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scholar o r  the research worker is that 
of a relatively solitary individual, 
plodding along with his studies and 
only too glad t o  be left alone to pursue 
them. For  many years, for centuries 
even, in the early history of science, the 
scholar was considered to be possibly 
quite interesting, but neither a direct 
contributor to  the welfare of mankind, 
nor actually harmful. It was only when 
it began to be realized generally that no 
knowledge was without potential value 
that society began to pay an increasing 
amount of attention to the individuals 
engaged in extending the limits of 
knowledge. There is no need to trace 
the details of this historical change of 
attitude from the tinie of the Rcnais- 
sance, when scholars were still the 
protCgCs of powerful and enlightened 
princes and dukes and even of lesser, 
local VIP's, so we may junip to  the 
situation as it was in our own experi- 
ence a generation or  two ago, limiting 
the picture to  the zoological portion of 
the scientific panorama, and comparing 
that situation with the present one. 

The situation as it was then was far 
niore favorable for  the prosecution of 
zoological work than it had been at 

6. A. Klup, F. Kreuzer, and F. J. W .  Roughton 
[He lv .  Physiol. e t  Phurn~acol .  Acla 14. 121 
(1956)l exposed thin films (0.1 by 45 mm) of 
reduced hemoglobin solutions to oxygen pres- 
sure of 0.9 atm and studied optically the 
oxygenation rate. On comparing their findings 
with earlier determinations of nitrogen diffu- 
sion (diffusion into a system much less sensi- 
tive to errors from surface disturbance and 
convection), they estimated an oxygen en- 
hancement of 100 percent at low viscosity 
vanishing at high hemoglobin concentrations. 
This effect, attributed to  diffusion of oxyhemo- 
plobin, would at a pressure of 0.2 :ltm :mount 
to 450 percent. This is totally out of the range 
of our findings and the effect is seemingly, 
therefore, of a different nature. 

any previous tinie. There were literally 
hundreds of laboratories in our colleges 
and universities, not all equally well 
equipped or  of equal coverage, but still 
capable of training future zoologists and 
of providing, within very variable limits, 
the opportunity for  research. Most of 
our  major research museums were in 
existence, although their collections were 
far less conlplete than they are now, 
and library facilities, which have since 
increased greatly in scope and in com- 
pleteness, were generally adequate. 
There were some, but not many, or- 
ganizations from which research grants 
might be obtained, although most o f  
these organizations had established fairly 
definite perimeters to  their interests. 

Within this setting the hypothetical 
average zoologist went about his work, 
and the results, seen in the perspective 
of 30 years, were good. There was 
little need to d o  anything other than 
enlarge the facilities and provide oppor- 
tunities for a n  increasing number of 
people in the zoological field. T o  judge 
by present conditions there was a niore 
leisurely atniosphcre then than now. 

Urgency and Research 

At the present tinie we arc faced 
with a tension in the political atnios- 
phere that has unfortunately invaded 
the scientific environment to a danger- 
ous degree. We are expected to d o  
research, but with an urgency that has 
no place in research; we must d o  things 
without delay, lest the Russians antici- 
pate us; we are told that our survival 
depends on our  intensity and application 
in scientific work. While this unfor- 
tunate trend may o r  may not have some 
validity in matters of missiles and other 
defense developments, it has no place 
in niany areas of science, including 
zoology. The  preachers of urgency for- 
get that research is one of the most 
ennobling forms of hunian endeavor ant1 
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