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Tritium Geophysics as a 
International Research Projec 

The presence of artificial tritium on the earth's surfal 
provides unique opportunities for environmental researc 

Hans E. Suc 

It was fortunate that tritium pro- 
duced by cosmic rays was discovered 
before the development of the hydrogen 
bomb. This discovery in 1949 by 
Faltings and Harteck (1) and indepen- 
dently by Libby et al. (2) made it pos- 
sible to derive at least an approximate 
value for the production rate of natural 
tritium. Evaluation of the data obtained 
at that time, and more recent measure- 
ments of samples dating from before 
1952, indicate a rate of cosmic ray 
production on the order of 30 atoms 
per square centimeter of the earth's 
surface per minute (3). A few years 
later, and especially during 1961 and 
1962, quantities of tritium greatly in 
excess of those naturally present were 
released artificially into the atmosphere. 

The amount of tritium added to the 
atmosphere by the testing of hydrogen 
bombs can be estimated, from the ob- 
served tritium content of precipitation 
and of the surface water of the oceans, 
to be of the order of 105 grams. This 
corresponds to a total of 1021 tritium 
disintegrations per minute for the whole 
earth, or about 300 disintegrations per 
minute per square centimeter of the 
earth's surface, a figure about ten times 
larger than that for the natural tritium 
produced by cosmic rays. Since 1964, 
because of the moratorium on atomic 
bomb testing,: artifieial tritium has not 
been added in noticeable amounts. The 
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present time with the half 
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tritium, which was orig 
in the atmosphere, is grad 
by the vast water masse 
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international projects of a type which 
could be carried out only by an inter- 
national organization. The projects had 
to be of a direct benefit to the member 
states, and particularly to those in the 
developing areas of the world. In this 

Ln respect the study of tritium in the 
natural environment appeared particu- :t larly appropriate, and this led to the 
establishment of the joint project now in 
operation with the World Meteorologi- 

ce cal Organization (WMO). 
lh. The seed for this project was sown 

by Begemann and Libby in their paper 
(4) which was presented to the Confer- 

:ss ence on Radioisotopes in Research or- 
ganized by UNESCO in Paris, in 1957. 
Henry Seligman was the first to propose 
that this work be followed up on a 
global scale, and the planning was car- 

icreases at the ried out under his direction and with 
-life of tritium the help of consultant groups coming to 
same time the the IAEA. The project concerns not 
Yinally present only the measurement of tritium, but 
lually taken up also of the stable isotopes of hydrogen 
s of the deep and oxygen in precipitation from all 

parts of the world. It commenced oper- 
>gen, tritium is ation in 1960 and has continued as a 
form of water. result of harmonious collaboration of 

the chemical meteorological services of many coun- 
I ordinary hy- tries and a number of environmental 
proportionally isotope laboratories. 
leuterium and The sampling network was set up in 
nations caused collaboration with WMO, which invited 
)e neglected in the various national meteorological 
the geochemi- services to take part in this survey. 
is concerned. Thus the machinery for collecting the 
present on the samples was made available, but pro- 

the form of vision for the analyses had to be made. 
?here, of cloud At that time the IAEA did not have 

river- and laboratory facilities for these analyses, 
surface water so that the initial work depended very 
Iwith a mea- much upon international collaboration 
m. This situa- with existing laboratories capable of 
iique opportu- making these analyses. The following 
)r of water of laboratories have participated, or are 
nnection with still participating, in this program: 
t scientific or Chalk River Nuclear Laboratories, 

Canada; Tata Institute of Fundamental 
be best used Research, Colaba, Bombay, India; 
a worldwide, Weizmann Institute of Science, Reho- 

ult to initiate voth, Israel; Institute of Nuclear Sci- 
rational basis. ences, Lower Hutt, New Zealand; 

development Radioactive Dating Laboratory, Stock- 
in 1958, the holm, Sweden; University of Calffor- 

nergy Agency nia, La Jolla; and University of Cali- 
-d to include fornia, Los Angeles. 
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Insofar as stable isotope analyses 
were concerned, there were at that time 
relatively few laboratories equipped to 
carry out the many analyses required; 
IAEA contracted them to the Physical 
Laboratory II, H. C. Oersted Institute, 
University of Copenhagen, Denmark. 

During this time the agency was set- 

ting up its own laboratory facilities, and 
it was logical that these should include 
a capability for measuring tritium. The 
establishment of a tritium laboratory by 
the agency was important not only from 
the viewpoint of being able to provide 
service analyses of samples coming 
from member states, but also by virtue 
of its international character it was 
possible to organize comparisons of 
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measurements to ensure that all lab- 
oratories were working toward a com- 
mon standard. The U.S. Atomic Energy 
Commission support2d the early stages 
of this project under a research con- 
tract [AT(30-1)-3162]. 

As an additional incidental result of 

having established its own tritium labo- 
ratory, the agency now receives re- 
quests from member states for advice 
and assistance in establishing similar 
laboratories. Thus the existence of an 
IAEA laboratory provides first-hand ex- 

perience of the different techniques and 
typ?s of experimental systems used. 

The IAEA laboratory now has facil- 
ities for electrolytic enrichment of the 
tritium, together with four gas-count- 
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Fig. 1. (A and B) Tritium content of precipitation at Vienna and Stuttgart (aver- 
age) 48?N, Adak (Alaska) 52?N, Midway Island 28?N, and Johnston Island 17?N; 
for the years 1962 through 1968. The tritium content shows annual oscillations which 
are due to the "spring leak" of the tropopause. (C) Tritium content of surface ocean 
water at Adak and Johnston Island. Tritium values are according to measurements 
by the IAEA laboratories and the laboratory at La Jolla, California (15). The values 
are given in tritium units (T.U.) = 10-8 T/H. 
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ing systems which use ethane as a 

counting gas (5). The potential ana- 
lytical capacity of the laboratory is 
about 150 low-level tritium samples per 
month. The data are published peri- 
odically by the agency. In addition, the 
laboratory also has a carbon-14 count- 
ing system used solely to measure nat- 
ural carbon-14 in groundwater samples. 
The IAEA-WMO precipitation sampl- 
ing network comprises about 100 sta- 
tions which supply the laboratories 
with samples representing monthly 
precipitation averages (6). 

All in all, the IAEA laboratory for 
the measurement of environmental 
tritium contributes in a threefold 
manner to the obligations of the 

agency: (i) by measuring the tritium 
in these samples, it obtains data needed 
in connection with a variety of hydro- 
logical investigations; (ii) it facilitates 
technical assistance to developing coun- 
tries; and (iii) it helps in the recruit- 
ment of qualified personnel. The scien- 
tific results that can be derived from 
the combined observations are re- 
viewed here. 

Tritium Meteorology 

A most significant meteorological 
discovery derived from observations of 
artificial radioactivities in nature was 
that of the so-called "spring leak." The 
tritium content in precipitation shows 
this phenomenon in a most conspicu- 
ous way. 

The series of high-altitude tests of 

hydrogen bombs, carried out in 1961 
and 1962, introduced large amounts 
of tritium into the stratosphere at high 
northern latitudes. The present tritium 
flux from the stratosphere maintains a 
near steady-state concentration of tri- 
tium in the troposphere, although the 
tritium in the troposphere is washed 
out by rains at a relatively rapid rate 
within a few weeks. The tritium flux 
from the stratosphere, however, is al- 
most one order of magnitude higher in 

spring and early summer than in the 
fall and winter. For this reason, the 
concentration of undisturbed tritium in 

precipitation of the Northern Hemi- 

sphere shows characteristic annual 
oscillations (Fig. 1). The amplitudes of 
these oscillations decrease from the 
north to the south because most of the 
tritium was introduced into the strato- 

sphere at high northern latitudes. The 
tritium concentration gradient with lat- 
itude is usually greater over the con- 
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tinents and is much greater in the 
Northern than in the Southern Hemi- 
sphere. Except for high tritium that 
results from local tropospheric injec- 
tions, the maximum tritium content in 
precipitation occurred in the spring 
and early summer of 1963. Figure 2 
shows mean concentrations of the 
tritium content in precipitation at that 
time. As an all-time high, concentra- 
tions of up to 10,000 tritium units 
were observed in summer 1963, in rain- 
water of northwestern Canada. Such 
concentrations correspond to one dis- 
integration per second per milliliter of 
rainwater. Since then the amplitude of 
the annual oscillations has been de- 
creasing with time. 

The phenomenon of the "spring 
leak" has also been observed by numer- 
ous measurements of other artificial or 
natural radionuclides in air, such as 
strontium-90, cesium-137, and beryl- 
lium-7 (7). The annual decrease of 
about a factor of 2 of the amplitude 
of tritium, as well as of those other 
radionuclides in rains of the years 
1963, 1964, and 1965, indicates an 
apparent residence time of about 2 
years for water vapor and dust par- 
ticles in the stratosphere (8). The 
change in the tritium amplitude, how- 
ever, appears to become smaller after 
1965, and this indicates that at least a 
fraction of the total tritium is contained 
in the stratosphere at a level for which 
the residence time for mixing into the 
troposphere is considerably longer than 
2 years (9). Observations of this type 
are particularly important in connec- 
tion with possibilities of stratospheric 
air pollution by high-flying aircraft and 
its possible effects on global climate. 

Other factors, such as the annual 
changes in the amount of precipitable 
water in the troposphere, can cause 
annual oscillations of the tritium in pre- 
cipitation. Differences in the tritium 
content of continental and marine air 
masses introduce irregular variations, 
such as those observed by many 
stations. 

For many stations in the Northern 
Hemisphere, much more regular vari- 
ations in the tritium content were 
found after the bomb moratorium than 
had been observed during the earlier 
years (Fig. 1). In the Southern Hemi- 
sphere, however, the observed varia- 
tions are quite frequently irregular, 
which indicates more than one tritium 
maximum annually. A recent release 
of tritium in the Southern Hemisphere 
has undoubtedly changed the situation 
28 MARCH 1969 
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Fig. 2. Tritium content of precipitation at the time of its maximum in July 1963, ac- 
cording to data for samples from the IAEA-WMO network as published in the IAEA 
tritium lists (15). 

there. New, prolonged series of mea- 
surements will be necessary to recog- 
nize possible basic differences in at- 
mospheric mixing patterns of the two 
hemispheres. 

Variations of the tritium content of 
precipitation can be used for the study 
of a variety of localized meteorological 
phenomena. The steady-state tritium 
concentration over continental land 
masses is considerably greater than that 
of marine air. This is caused by the 
longer storage time of moisture over 
land areas, with the result that tritium 
reaches higher concentrations over land 
than it does over the oceans, where the 
relative humidity is higher and where 
tritium is deposited not only by precipi- 
tation are due to varying contributions 
with the surface water. Irregular fluctu- 
ations of the tritium content of precipi- 
tation are due to varying contributions 
of marine and land air masses, and to 
variations in the length of time an air 
mass has persisted over a continent. 
For these reasons the tritium content 
of rainwater has been found to be 
related to air-mass trajectories, to radar 
height of precipitation formation, to 
rainfall intensity, duration, and other 
observations characterizing the meteo- 
rological situation (10). In this connec- 
tion, the work carried out in Canada 
[for example, Heer-Amissah (11)] is 
of particular importance. The most 
promising work of this type is probably 
that of Ostlund on hurricane tritium 
(12). The tritium distributions in the 

precipitations accompanying hurricane 
Hilda in 1964 and of hurricane Betsy 
in 1965 show that the tritium content 
in the eye of a hurricane is lowered by 
the admixture of seawater vapor and 
that the air is well mixed vertically. 
Quantitative treatment of the data gives 
valuable information on general fea- 
tures of hurricane dynamics. 

The meteorological significance of 
the extensive data on tritium precipi- 
tation obtained by the IAEA sampling 
network over the past years, in particu- 
lar since 1964, has not yet been fully 
evaluated (13). Undoubtedly, a general 
picture of the tritium content of pre- 
cipitation, as derived from the IAEA- 
WMO network measurements, will be 
of great value for investigations of this 
type. 

Tritium Oceanography 

Most of the surface of the world's 
oceans is covered by a thin layer of 
warm water that floats like a film of 
oil on the cold main water mass. This 
so-called "mixed layer" is about 50 to 
100 meters deep. Immediately below it 
is a region where the temperature de- 
creases rapidly with depth, namely, the 
so-called thermocline. At latitudes above 
60?S, and also in the Atlantic at lati- 
tudes higher than about 60?N, this 
warm layer is missing. The thermocline 
stabilizes the mixed layer against mix- 
ing with the deep water, and, except for 
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Fig. 3. Unusual tritium profile in the Pacific Ocean (19?28'N and 116?02'W) taken in 
May 1965, showing a tritium maximum at about 50 meters of depth (16). 

regions of high southern or northern 
latitudes, downward mixing and up- 
welling through the thermocline is slow. 
The time constants involved in such 

mixing appear to be of the order of 10 

years, but unfortunately they are not 
well known. The rate of interchange 
of water through the thermocline, how- 
ever, is a most important oceanographic 
quantity in connection with several 

outstanding problems that still have to 
be resolved. (i) In many areas, the 
surface temperatures of the oceans de- 

pend on upwelling or downward mix- 

ing. It has been found recently that the 
ocean surface temperatures are decisive 
factors in the establishment of atmo- 

spheric pressure systems and, hence, of 
weather patterns. (ii) The interchange 
between surface and deep water is of 
crucial significance for the distribution 
of nutrients and for the food chain of 
marine life. (iii) The carbon dioxide 
content of the atmosphere is estab- 
lished by equilibration with the bicar- 
bonate dissolved in the oceans. The in- 

terchange of the surface water with 

deep layers has to be considered in the 
estimations of the rate of uptake of 
excess carbon dioxide released artifi- 

cially into the atmosphere by industrial 
combustion of fossil fuel (14). A 

knowledge of the rate of downward 

mixing is desirable in connection with 
all problems of ocean contamination 
and waste disposal. 

The pathway of radioactive fallout 
from the surface into the depth of the 
oceans has been studied in many in- 
stances. Of all the radioactive isotopes 
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introduced into the oceans, tritium is 
the most favorable one for the study 
of ocean-mixing processes because, as 
an isotope of hydrogen, it follows 

strictly the behavior of water without 

complications from adsorption, pre- 
cipitation, or other interaction with 

particulate matter. 
Measurements of tritium in surface 

and subsurface waters of the oceans 
were carried out by three laboratories. 
Two of them, the Heidelberg (Ger- 
many) and the Miami (Florida) labo- 
ratories, have investigated water from 
the Atlantic Ocean; the third one, the 
La Jolla tritium laboratory (Califor- 
nia), has been monitoring, since 1960, 
tritium in surface water from 12 island 
stations in the Pacific Ocean and one 
from the coast of the Caspian Sea 
(15). Measurements of tritium in sea- 
water are more difficult than those in 
rainwater because the tritium content 

is, in general, about ten times lower 
than in precipitation. 

As an example of results on tritium 
in surface ocean water, the tritium con- 

tent, as measured by the La Jolla labo- 

ratory at two stations in the Pacific 

Ocean, is shown in Fig. 1. The tritium 
content of seawater offshore Adak 

(Alaska) reflects in a conspicuous way 
the changes in the tritium content of 
local precipitation. Presumably the 
data reflect the tritium content of only 
a fraction, perhaps the top 10 to 30 

meters, of the mixed layer of the ocean. 
A mixing time of a few months, for 
the internal mixing of the mixed layer, 
can then explain the observed ampli- 

tude attenuation and the phase lag of 
the tritium of the surface ocean water 
relative to that of the precipitation at 
Adak. However, this mixing time 
within the mixed layer can be expected 
also to show a seasonal dependence. It 
is longer in summer than in winter, and 
this greatly enhances the observed sea- 
sonal variations in the amount of tri- 
tium in the surface water. No sea- 
sonal variations are observed in the 
surface water of the Pacific Ocean at 
low latitudes. During 1963 the tritium 
content of the ocean water offshore 
Johnston Island increased slowly by 
about 10 tritium units and has subse- 
quently decreased somewhat. It appears 
now to be practically constant. The 
actual time of mixing into deeper 
layers of the oceans cannot yet be de- 
duced from the existing data, and sev- 
eral more years of observations will be 
necessary before this will be possible. 
The data obtained so far by various 

investigators range from a few months 
to tens of years. The reason for this 

discrepancy is that the residence time 
varies greatly with geographic loca- 
tion, and that the concept of a resi- 
dence time in the case of the mixed 
layer is not well defined. 

One type of difficulty encountered 
in defining a rigorous residence time 
can be recognized from Fig. 3, which 
shows a tritium profile in the mid- 
Pacific from the surface down to 400 
meters (16). As generally found in 
middle and lower latitudes, the tritium 
introduced since 1962 has not pene- 
trated into depths greater than about 
100 meters, an indication that the 
residence time of surface water in 
these latitudes is certainly greater than 
2 years. Mtinnich et al. (17) have 
found, however, that in the Atlantic 
Ocean, in latitudes as low as 45?N, 
tritium can be found at depths greater 
than 500 meters in concentrations 

greater than 5 tritium units. 
The profile in Fig. 3, however, 

shows another most remarkable fea- 
ture-the tritium concentration reaches 
a maximum at about 50 meters. Such 
a maximum can be explained only by 
assuming horizontal movement of a 
thin tritium-rich layer from the north 
under a warmer layer with low tritium 
content. The occurrence of wind-driven 
movements of thin layers of water 
over large distances of some 100 kilo- 
meters is quite unexpected in view of 

generally accepted oceanographic con- 

cepts, and demonstrates the potential 
usefulness of tritium as a tracer in 

oceanography. 
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Tritium in Hydrology 

With a half-life of 12.26 years, en- 
vironmental tritium is of particular 
value as a tracer for groundwater of 
short turnover time and for movement 
of soil moisture (3). Hydrological in- 
vestigations often pose the question of 
whether local recharge by precipitation 
takes place. In view of the relatively 
high concentrations of tritium in pre- 
cipitation in recent years, the presence 
of tritium in groundwater indicates 
clearly the occurrence of some modern 
recharge. This fact can be established 
without a detailed piezometric survey 
which would be required for the con- 
ventional hydrological approach. Simi- 
larly, the presence of tritium can indi- 
cate whether or not a confined aquifer 
is leaky. Tritium has also proved very 
valuable in groundwater flow through 
fractures and tubular openings, such as 
limestone and volcanic areas, where 
flow can be very rapid. In such areas, 
and in studying the interrelation of sur- 
face and groundwater, the maximum 
benefit from tritium studies is obtained 
when they are made in conjunction 
with measurements of the stable iso- 
topes-deuterium and oxygen-of wa- 
ter. Since Urey initiated the study of 
the geochemistry of these isotopes 
about 30 years ago, there have been 
discoveries concerning the factors gov- 
erning their natural occurrence, such as 
the characterization of groundwater and 
whether open water bodies, such as 
lakes and reservoirs, contribute to 
groundwater or are the main source of 
supply to springs. 

For practically all hydrological 
studies, based on measurements of en- 
vironmental tritium in groundwater, ref- 
erence must be made to the basic data 
obtained from the IAEA-WMO pre- 
cipitation survey. The data provide the 
fundamental information on the varia- 
tion, both with respect to geographical 
location and time, of tritium con- 
centration in precipitation. The data 
from this global network of stations 
may be used for estimating with rea- 
sonable accuracy the history of tritium 
concentration in precipitation in areas 
for which measurements are not 
available. 

Miinnich et al. (17) have estimated 
the average annual groundwater re- 
charge by measuring the tritium con- 
centration of a soil profile and relating 
this to the concentration of tritium in 
precipitation during the months when 
precipitation is most likely to result in 
active recharge. Although this method 
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has not been widely applied, it is useful 
in arriving at a quick estimate of the 
average annual recharge over a given 
period of time. 

Analysis of the tritium content can 
provide a useful qualitative guide to the 
mean transit time and reservoir size. 
Tritium concentrations comparable to 
that of recent precipitation are indica- 
tive of a system with a relatively short 
turnover time, whereas low values, 
which exhibit little variation with time, 
point to a relatively long mean transit 
time and considerable reservoir size. 
These and similar observations are of 
importance in considering the extent of 
development of various sources of 
water, and have been applied in the 
study of the water resources of the 
volcanic island Cheju off the coast 
of South Korea. The work is being 
supported by an IAEA research con- 
tract. The isotope data indicate that in- 
filtration and subsurface flow are rapid. 
Groundwater discharges at high-alti- 
tude springs, but the main recharge is 
to a well-mixed reservoir of fresh water 
which discharges at springs near the 
coast and probably also through sub- 
marine springs. Observations of the 
variation of tritium concentration with 
time are being made in order to esti- 
mate the size of the reservoir. 

Deuterium and oxygen-18 have been 
used to establish the fact that certain 
lakes are not the principal source of 
supply to springs. Lake Chala-on the 
border between Kenya and Tanzania- 
a volcanic crater lake with no surface 
inflow or outflow, for example, was 
found not to be the major source of 
supply to springs in the area (18). A 
similar study in the Antalya region of 
Turkey proved that the lakes to the 
north of the Taurus mountains are not 
the principal feed to springs on the 
coastal plain (18). In Turkey, the rela- 
tive turnover times of the various lakes 
were determined from measurements 
of the variation of tritium in the 
lakes with time. In another problem 
of the same type concerning two lakes, 
groundwater, and coastal springs in 
Greece, however, the existence of a 
common hydraulic system was demon- 
strated. 

The environmental tritium has dem- 
onstrated the relative unimportance of 
local recharge in the Pedro Plains in 
the southwest of Jamaica (19). Anal- 
yses of deuterium and oxygen-18 con- 
firmed the hypothesis that groundwater 
has its origin outside the area. In Niger 
and Jordan, the existence of local re- 
charge has been shown on the basis of 

tritium measurements. Information of 
this type can be obtained easily from a 
few analyses and is very valuable with- 
in the overall context of a hydrological 
investigation. Estimates of groundwater 
velocity in a region require more de- 
tailed analyses over a longer period, 
and here the interpretation of the data 
is more difficult than where recharge is 
investigated, because of large time vari- 
ations of the flux of tritium which has 
been added from the man-made release 
of tritium. Several different groups are 
engaged in research on this important 
question of interpretation of isotope 
data-work which must be carried out 
in close collaboration with hydrologists. 

Isotope techniques are included in a 
number of sectors of the program of 
the International Hydrological Decade. 
One study is an example of interna- 
tional collaboration between the Hy- 
drological Research Institute in Prague, 
the University of Pisa, and the Inter- 
national Atomic Energy Agency. The 
snow hydrology of a small mountain 
basin in the Krkonose mountains of 
Czechoslovakia is being studied with 
both conventional and isotope meth- 
ods. Environmental tritium has con- 
tributed to the knowledge of the runoff 
mechanism of melting snow and has 
provided a method for estimating the 
relative amounts of snowmelt and base 
flow in the stream draining the basin 
(20). This study is a good example of 
what can be done with the use of iso- 
tope techniques, which would not be 
possible with any other approach (21). 

Summary 

The unparalleled presence of arti- 
ficial tritium on the surface of the 
earth provides a unique opportunity for 
the study of a large number of prob- 
lems in environmental sciences. The 
environmental tritium can be used as 
a tracer for water vapor in the at- 
mosphere, precipitation, runoff, and 
groundwater on land, and for the vari- 
ous water masses of the oceans. To 
mrake most use of the opportunities 
presented by the situation, a worldwide 
and long-range program is needed. 
The extent of the program in time and 
space, as well as its multidisciplinary 
nature, indicates the necessity for 
broad-based international and interin- 
stitutional cooperation. Such a pro- 
gram is now in progress at the Inter- 
national Atomic Energy Agency in 
cooperation with national and univer- 
sity laboratories of several countries. 
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The program makes use of a sampling 
network for precipitation, organized 
jointly with the World Meteorological 
Organization. In addition to providing 
data as a basis for future studies, the 
work in progress is yielding immediate 
results in the field of hydrology of arid 
regions and in regard to problems of 
water supply and water contamination 
in developing countries. 
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DNA polymerases have now been 
isolated from a variety of bacterial and 
animal cells. These enzymes, including 
those produced specifically in response 
to virus infection, catalyze the addition 
of mononucleotide units to the 3'- 
hydroxyl terminus of a primer DNA 
chain. Synthesis therefore proceeds in 
the direction of 5' to 3' (Fig. 1) 
(1). There is an absolute requirement 
for a DNA template, and errors in 
copying the template are very infre- 
quent. The synthesis of DNA proceeds 
rapidly, at rates near 1000 nucleotides 
per minute per molecule of enzyme, 
with the production of chains several 
million in molecular weight. 

The polymerases are remarkable 
enzymes. A polymerase takes instruc- 
tions as it goes along to build a chain 
according to specifications by a tem- 
plate. Bacterial DNA polymerase will 
make animal DNA and animal poly- 
merase will make bacterial DNA. 
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The DNA polymerase from Escherichia 
coli has additional catalytic properties. 
It may degrade DNA progressively 
from either end (5' or 3) of the chain 
by hydrolysis to produce deoxyribo- 
nucleoside monophosphates. Or it may 
degrade a chain by pyrophosphorolysis 
with inorganic pyrophosphate to pro- 
duce deoxyribonucleoside triphosphates. 

Until recently we understood little 
about how this enzyme works because 
we did not know enough about its 
physicochemical properties. We knew 
very little because our supplies of ho- 
mogeneous enzyme were meager. Now 
with a simpler method for purification 
(2) and the invaluable use of the large- 
scale facilities of the New England 
Enzyme Center, we have had avail- 
able 600 milligrams of homogeneous 
DNA polymerase obtained from 200 
pounds (90 kilograms) of E. coli. The 

purpose of this article is twofold: (i) 
to assemble in a brief form the new 
physicochemical and functional obser- 
vations concerning the pure enzyme; 
and (ii) to attempt an interpretation of 
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these data in a model for the active 
center of the enzyme. This model is of 
course speculative, but it has helped 
us reconcile many hitherto confusing 
details and continues to suggest useful 
experiments. 

Physicochemical Properties 

The molecular weight of the homo- 
geneous polymerase, determined by sed- 
imentation equilibrium, is 109,000 (2). 
This large molecular weight and the 
presence of both polymerase and mul- 
tiple nuclease activities suggest a sub- 
unit structure. However, the molecular 
weight measured by sedimentation equi- 
librium under denaturing and reducing 
conditions (6M guanidine hydrochlo- 
ride and 0.3M mercaptoethanol) was 
found to be the same as that of the 
native protein. Optical rotatory disper- 
sion and velocity sedimentation studies 
showed that polymerase loses ordered 
structure in 6M guanidine hydrochlo- 
ride, and would therefore be expected 
to be fully dissociated in this solvent. 

More than 95 percent of the protein 
migrated as a single band on poly- 
acrylamide-gel electrophoresis at pH 
3.5, pH 8, and pH 11 (with or without 
7M urea at pH 3.5 and pH 8). This 
result is most consistent with a struc- 
ture composed of either a single poly- 
peptide chain or of two or more iden- 
tical subunits. However, the possibility 
of multiple, identical subunits is ruled 
out by the fact that polymerase con- 
tains, per 109,000 molecular weight, a 
single sulfhydryl group and a single 
disulfide group. The sulfhydryl group 
is probably not part of the active site 
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