fundamental particles may bear upon a
variety of geological problems. For ex-
ample, the diagenetic conversion of
smectite to illite is an important geo-
chemical reaction commonly observed in
sediments with increasing depth, or in-
ferred depth, of burial (/8-21). In the
currently accepted transformation mech-
anism, smectite layers are converted to
illite layers by substituting aluminum for
silicon and sorbing potassium ions within
fixed layer sequences to produce an I-S
series of increasing illite content (22).
The sequence is randomly interstratified
until there is more than 50 percent illite
layers, at which point, for some unex-
plained reason, the interstratification se-
quence becomes regularly arranged.

Using our concept of interstratified
clays, randomly interstratified I-S would
be composed primarily of populations of
elementary illite and smectite particles.
During diagenesis, smectite particles be-
come unstable and dissolve, while illite
particles are formed. When smectite par-
ticles are no longer present the popula-
tion becomes one of elementary illite
particles and, possibly, other thicker il-
lite particles which, when examined by
XRD, appear to be regularly interstrati-
fied I-S with 50 percent or more illite
layers.

As diagenesis continues, the thickness
of the fundamental illite particles in-
creases within the population. When the
particles become sufficiently thick to
produce diffraction maxima with a 10-A
series the clay material is identified by
XRD as conventional illite.

We have shown that diagenetic illite
with no detectable expanding component
is made up of particles 20 to 160 A thick,
with the average being 70 A (15). Thus,
the diagenetic conversion of smectite to
illite may actually be a recrystallization
phenomenon where smectite dissolution
and illite precipitation occurs within a
population of extremely small phyllosili-
cate crystals.

Our interpretation also suggests a so-
lution to the currently enigmatic thermo-
dynamic status of interstratified clays
(23, 24). Although randomly interstrati-
fied, I-S would be regarded as two
phases, smectite and illite, regularly in-
terstratified I-S could be regarded as a
single phase, that is illite 20 to 50 A
thick.

P. H. NADEAU
M. J. WIiLsON
W. J. McHARDY
J. M. Tart
Department of Mineral Soils,
Macaulay Institute for Soil Research,
Craigiebuckler,
Aberdeen AB9 2QJ, Scotland
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Ground Water Redox Reactions: An Analysis of Equilibrium

State Applied to Eh Measurements and Geochemical Modeling

Abstract. Computer modeling of 611 high-quality analyses of normal ground
waters from diverse geographic areas reveals that aqueous oxidation-reduction
reactions are generally not at equilibrium. Multiple redox couples present in
individual samples yield computed Nernstian Eh (redox potential) values spanning
as much as 1000 millivolts. The computed Eh values do not agree with each other,
nor do they agree with the single “‘master’”’ value measured in the field with a
platinum electrode. Because of internal disequilibrium, the use of any measured Eh
value as input to equilibrium hydrogeochemical computer models will generally yield
misleading results for normal ground waters.

The concept of oxidation-reduction
potential (Eh) is used extensively in
many scientific fields. However, some
investigators have recognized problems
associated with the measurement and
interpretation of Eh (/-4).

Of the thousands of Eh measurements
reported for natural waters, only a few
have been successfully interpreted on a
quantitative, Nernstian basis. Some Eh
measurements have been related to the
reversible Fe>*/Fe3* couple in acid mine
drainage waters (5) and to various dis-
solved sulfur couples (6). In laboratory
studies, relatively concentrated solu-
tions of manganous ion saturated with
respect to Mn(IV) precipitates yield Eh
values in agreement with the Nernst
equation (7). However, most natural wa-
ters have low concentrations of redox
elements and are poorly poised, with
exchange currents too low to establish a
Nernstian Eh during potentiometric
measurements.

" Most investigators of Eh have empha-
sized techniques of measurement of Eh,
but the most serious problem in applying
the concept of Eh to natural low-tem-
perature aqueous systems is the lack of
internal equilibrium (/-4). The redox po-
tentials observed in natural waters are

usually mixed potentials, which are im-
possible to relate to a single dominant
redox couple in solution.

One can test the redox equilibrium in a
single sample of water by analyzing for
the dissolved species of multivalent ele-
ments, correcting the concentrations to
activities, and calculating a theoretical
Nernstian Eh for each analyzed couple.
If all the computed Eh values agree,
redox equilibrium probably obtains in
the sample. Disagreement among the
computed Eh values suggests that the
system is at disequilibrium and that there
is no single master Eh value.

Few investigators have examined nat-
ural water chemistry to determine the
extent of redox equilibrium (5, 8-10).
Papers by Stumm (/) and Morris and
Stumm (2) are noteworthy for presenting
arguments for the lack of redox equilibri-
um in natural waters. However, our re-
sults apparently represent the first com-
prehensive investigation of the degree of
reversibility of oxidation-reduction reac-
tions in a large number of ground waters.

A request was made to the National
Water Data Exchange NAWDEX) (/1)
for a search of the entire WATSTORE
data base, which contains water data
collected by the U.S. Geological Survey.
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Table 1. Redox couples and plotting symbols
used in the construction of Figs. 1 and 2.

Symbol Redox couple

Fe’*/Fe?*

03 2o/H,0
HS/SO5~
HS_/Srhombic
NO;/NO3
NH;/NOj
NH;/NO;

CH, .o/HCO5
NH{/N; a4
Fe?*/Fe(OH)s ()
Field-measured Eh value

ZOX+D>ARDOOCO

We retrieved analyses for ground waters
for which field measurements of Eh and
pH were available, with data for major
ions and at least one redox couple per
sample. We used the WATSTORE data
base to ensure that procedures of the
U.S. Geological Survey had been fol-
lowed in collecting and analyzing the
ground waters. Approximately 150,000
ground water sampling sites were exam-
ined, yielding approximately 700 accept-
able ground water analyses.

We examined the resulting analyses to
eliminate incomplete analyses, time-se-
ries data, and analyses out of charge
balance by more than 12 percent (milli-
equivalents of cations minus anions di-
vided by the sum of cations plus anions).
We also searched the geochemical litera-
ture for additional high-quality analyses.
Of the final total of 611 analyses, 507
came from WATSTORE and 104 came
from the literature. The mean tempera-

ture was 14.0°C; we did not investigate
any thermal waters, in which equilibrium
might be more closely approached.

The program WATEQFC (/2) is an
equilibrium model for natural waters,
derived from WATEQF (/3). We used
WATEQFC to model the equilibrium
aqueous chemistry of the waters. A use-
ful feature of WATEQFC is that it com-
putes Nernstian Eh values from analyti-
cal data for more than a dozen redox
couples. Activity coefficients were com-
puted from the extended Debye-Hiickel
or Davies expressions (/3). (The mean
ionic strength of the 611 samples was
0.014, with a standard deviation of
0.024.) We corrected the equilibrium
constants for temperature, using the
Van’t Hoff expression (/4), with a con-
stant enthalpy or a polynomial from WA-
TEQF (13).

Figure 1 presents a summary of com-
puted Nernstian Eh data versus field-
measured Eh values. (Couples and sym-
bols are summarized in Table 1.) The
dashed line in Fig. 1 represents the ex-
pected locus of points if all computed
redox couples were at internal equilibri-
um and if each computed Nernstian val-
ue of Eh were to match the field mea-
sured Eh. The profound lack of agree-
ment between the data points and the
dashed line shows that internal equilibri-
um is not achieved. Further, the comput-
ed Nernstian Eh values do not agree with
each other.

The data points in Figure 1 fall into
several diffuse vertical bands, each cor-
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Fig. 1. Diagram showing ten computed Nernstian Eh values versus field-measured Eh values
for the same samples measured with a platinum electrode. The dashed line is discussed in the
text. Symbols and couples are summarized in Table 1.
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Fig. 2. Comparison of measured and comput-
ed Eh values in 30 ground waters as a function
of pH. Symbols and couples are summarized
in Table 1. Points connected by a vertical line
are derived from a single water sample.

responding to the Nernstian Eh for a
particular redox couple analyzed for the
water samples. The horizontal positions
of the vertical bands in Fig. 1 chiefly
reflect the standard E° (electrode poten-
tial) values in the Nernst equation for
each couple. The breadth of each verti-
cal band reflects the variation in the
reported ratios of the oxidized and re-
duced species in each couple.

We next selected a representative sub-
set of 30 ground water analyses, for
which multiple redox couples were re-
ported. Following Carpenter and Stoufer
(9), we connected the Eh data represent-
ing individual samples by vertical lines
and plotted these values as a function of
pH in Fig. 2. The symbol ‘“M’’ marks the
field measured Eh, and all other symbols
represent computed Nernstian Eh values
corresponding to the analyzed couples
listed in Table 1.

Figure 2 demonstrates that none of the
30 representative waters exhibits inter-
nal redox equilibrium. A wide range of
computed Nernstian Eh values coexist,
up to as much as 1000 mV. The broad
span of computed Eh values reflects the
near-complete lack of internal thermody-
namic redox equilibrium within individ-
ual samples of water.

Delays in chemical analysis and inade-
quate sample preservation probably led
to some postsampling shifts in the redox
species in our samples. However, we
believe that such factors are unlikely to
invalidate our conclusions, because the
computed Eh values in Fig. 2 are depen-
dent chiefly upon the E° value in the
Nernst equation and not upon the ratio
of activities of the dissolved species. A
change of 1000 in the ratio of SO}~ to
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HS™ results in a change of only about 20
mV in the corresponding computed Eh in
Fig. 2, whereas the total vertical range
exceeds 1000 mV. The same argument
applies to the computed activity coeffi-
cients; any realistic change in activity
coefficients results in a trivial change in
the distribution of computed Eh values.

The pH is important in determining the
distribution of points in Fig. 2. In fact,
the linear correlation among computed
pE (negative logarithm of the electron
activity) (or Eh) values reported in some
publications, for example, (8), for coex-
isting aqueous couples appears to reflect
an autocorrelation among the dominant
pH terms in the Nernst equations for
each of the couples.

There are published suggestions that
Eh measurements might be improved if
the values were computed from analyses
of ‘‘indicator’’ couples, such as I7/I03
(15) or As(III)/As(V) (16). Unfortunate-
ly, this approach does not circumvent
the fundamental difficulty that redox re-
actions in the waters are not at internal
equilibrium among themselves. There-
fore, an ‘‘indicator’’> Eh no more repre-
sents a master redox value for the water
than the usual Eh as measured by a
noble-metal electrode. Whitfield (4) has
suggested that Eh measurements may
still be useful as qualitative indicators of
the overall redox state of a water sample.
However, we believe that it would be
better to measure certain sensitive spe-
cies, such as aqueous oxygen, hydrogen
sulfide, or methane as qualitative guides
to the redox status of the waters.

The concept of Eh remains a valuable
tool for theoretical and pedantic pur-
poses. However, in the apparent ab-
sence of internal redox equilibrium, in-
vestigators should abandon the use of
any measured master Eh for predicting
the equilibrium chemistry of redox reac-
tions in normal ground waters. Our con-
clusions are most severe in the context
of predictive computer modeling of the
chemistry of natural waters and waste-
waters. In order to provide meaningful
redox input for such models, it may be
necessary to analyze the samples for the
dominant ions of every redox element of
interest. Wolery (/7) has suggested this
approach for testing the state of redox
equilibrium, using his EQ3NR computer
model. If any measured Eh is used as
input for equilibrium calculations, the
burden rests with the investigator to
demonstrate the reversibility of the sys-
tem.

RALPH D. LINDBERG
DoNALD D. RUNNELLS*
Department of Geological Sciences,
University of Colorado, Boulder 80309
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Homology of Genome of AIDS-Associated Virus with

Genomes of Human T-Cell Leukemia Viruses

Abstract. A T lymphotropic virus found in patients with the acquired immune
deficiency syndrome (AIDS) or lymphadenopathy syndrome has been postulated to
be the cause of AIDS. Immunological analysis of this retrovirus and its biological
properties suggest that it is a member of the family of human T-lymphotropic
retroviruses known as HTLV. Accordingly, it has been named HTLV-III. In the
present report it is shown by nucleic acid hybridization that sequences of the genome
of HTLV-III are homologous to the structural genes (gag, pol, and env) of both
HTLV-I and HTLV-II and to a potential coding region called pX located between the
env gene and the long terminal repeating sequence that is unique to the HTLV family

of retroviruses.

Human T-cell leukemia virus (HTLV)
was first identified as an infectious agent
etiologically associated with adult T-cell
leukemia (ATL) (/). A related but dis-
tinct retrovirus was isolated from a T-
cell variant of hairy cell leukemia (2).
These viruses, known, respectively, as
HTLV-I and HTLV-II, show a tropism
for human T cells, particularly OKT4"
cells, and have the capacity to immortal-
ize and transform normal T cells in cul-
ture (3), alter certain T-cell immune
functions in vitro (4), induce the forma-
tion of giant multinucleated T cells (5),
and, in some cases, selectively Kkill cer-
tain T cells (6). These properties and
data from epidemiologic studies of the
acquired immune deficiency syndrome
(AIDS), which is uniformly associated
with OKT4" helper cell depletion (7), led
us and others to speculate (8) that a
member of the HTLV family might be
the etiological agent of this disease. In
support of this hypothesis was the find-
ing that up to 80 percent of AIDS pa-
tients, but less than 1 percent of non-

AIDS patients from similar risk groups,
have serum antibodies that react with the
envelope protein of HTLV (9). Howev-
er, actual isolations of the known sub-
groups of HTLV (that is, HTLV-I and
HTLV-II) from AIDS patients were in-
frequent (10).

Recently, we reported repeated isola-
tions of a T lymphotropic retrovirus with
cytopathic but not immortalizing activity
from patients with AIDS (/7). This virus
can be grown in a previously immortal-
ized T-cell line (HT) that is relatively
resistant to the cytopathic effects of the
virus and can grow in the absence of T-
cell growth factor (interleukin-2) (/2).
Using the infected cells as well as puri-
fied virus particles in immunological as-
says, we found that the serum of 80 to
100 percent of AIDS patients and 70 to
80 percent of patients with lymphadeno-
pathy syndrome reacted positively (/3).
On the basis of its T-cell tropism, the
size and Mg?" preference of its reverse
transcriptase, the size of its major core
protein (24,000 daltons) (/4), some anti-
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