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earlier investigators (8, 9) ,  the density 
gradients that drive convection result 
from composition gradients rather than 
temperature gradients in the fluid. 

In either case, a density difference, 
Ap, is created between the top and bot- 
tom of the fluid. If Ap exceeds a critical 
threshold value, convection occurs. The- 
ory shows that the threshold is deter- 
mined solely by the value of the Rayleigh 
number 

Here g is the acceleration of gravity, p is 
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the viscosity, and D is the diffusion con- 
stant with which density gradients are 
dissipated by diffusion processes in the 

Rayleigh-Benard Convection in an Electrochemical Redox Cell fluid (for example, for thermally induced 
convection D is the thermal diffusivity). 

Abstract. Damped voltage oscillations occur when current steps are applied to a Convection begins when Ra exceeds a 
cell consisting of a thin layer of ~ e ' ~ ' / ~ e ~ '  electrolyte sandwiched between horizon- critical value, Ra,, calculable at the out- 
tal, parallel, platinized platinum electrodes. The upper electrode must be the anode, set; for our boundary conditions, 
and the magnitude of the current must be larger than a threshold value. The Ra, = 1707.76. Testing our observations 
oscillations signal the onset of convection in the juid. The experiment provides a against this prediction, we conclude that 
new method for investigating transient convection processes. convection in our experiments cannot 

be thermally driven. All thermoelectric 
We report here what we believe are in sign and equal in magnitude (to ~ 0 . 5  effects that are possible (10) would 

previously unobserved phenomena in mV) at all times, even during the oscilla- produce small values of Ap and Ra << 
a simple, well-studied electrochemical tions. Ra,. 
system, the ferrous-ferric redox cell. We Convection in the fluid was observed To perform the same test assuming 
used horizontal, platinized platinum when 0.79-~rn latex polystyrene spheres that convection is composition-driven, 
electrodes, 5.1 cm2 in area, spaced a were added and they were viewed with we must first deduce values of Ap and D 
distance, d,  0.94 to 3 mm apart (1). The scattered light, with the observer looking to be inserted in Eq. 1 in that case. 
electrolyte was 0.05M FeC12, 0.05M through a telescope in a direction parallel Several features of the electrochemistry 
FeC13, and 1M HC1 in water (2). Steps of to the electrodes (4). The spheres moved simplify this analysis. Reactions at the 
constant current, i, were applied, and the continuously when the anode was up and platinized electrodes are fast. Overall 
voltage, V(t) ,  was measured as a func- i > i,, otherwise not at all. Those mov- kinetics are limited by transport of Fell 
tion of time. ing in planes normal to the line of sight, and Fel". Because the electric field in 

When the top electrode was negative thus staying in focus, were seen to exe- the electrolyte is negligible ( l l ) ,  the 
or when it was positive and i was small, cute square-shaped, closed orbits. Their transport of these ions occurs by diffu- 
V(t) exhibited the monotonic transients orbital periods were close to the period sion (if there is no convection) or by 
that one expects (3) for diffusion-con- of the voltage oscillation that had oc- diffusion plus convection. We deter- 
trolled kinetics (the dashed curve in Fig. curred when i was first applied. When i mined (12) the diffusion constants of  el' 
1). Interesting effects (the solid curve in was turned off, the particles executed and ~ e ' "  and found them to be the same 
Fig. 1) occurred only when the top elec- half an orbit more and then came to within experimental error, D = (6.2 1 
trode was positive and i was larger than a rest. 0.5) x lo-'' m2/sec at 25°C (13). The 
threshold value, i,. Then V(t)  followed These phenomena manifest Rayleigh- equality of the diffusion constants means 
the diffusion transient at first but sudden- Benard convection ( 5 4 ,  a process that that double-diffusion effects (7) do not 
ly fell away, executed a series of damped occurs in nature when a fluid is heated appear. 
oscillations, and came to a steady value from below. It customarily is induced in It also simplifies the way in which 
less than that with the cathode up. When laboratory experiments in the same way. electrolysis affects composition and 
i was turned off, V(t)  rapidly reversed The following arguments suggest that in hence Ap. A fraction of the FeC12 imme- 
sign and then decayed slowly. our experiment, as in those of a few diately adjacent to the anode is replaced 

The oscillation period increased with 
decreasing i and became infinitely long 

40 
as i approached i,, which made it difficult 
to determine i, precisely by observing 
whether oscillations occurred or not with Fig. 1. Voltage plotted as a 30 

a given i (a graphical method is described functlOn time. A wrrent Of 

1 mA was applied at 1 minute later). The oscillations decayed with a and removed at 30 minutes; 3 20 
time constant close to the rise time of the d = 1 ,,, The dashed curve 

' 
cathode-up curve, independent of i and was obtained with the cathode 

10 proportional to d2. In a few experiments UP, the solid curve with the 

the potentials of the platinum electrodes anode up. 
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Fig. 2. Steady-state i-V data plotted in the form suggested by theory. Values of Ra and J are computed from the observables i ,  d, and V as de- 
scribed in the text. (A) Linear plot of data for low Ra. The threshold for convection is at the intersection of the lines. (B) A log-log plot of all data. 
The anode-up data fit to J = k Ran with k = 0.286 t- 0.001, n = 1.272 -t- 0.006, in good agreement with analogous thermal convection results 
(15) .  

by FeC13, an equal fraction of the FeC13 
at the cathode is replaced by FeC12, and 
HCI is everywhere unaffected (approxi- 
mately). The maximum possible compo- 
sition (and density) difference is realized 
when [Fell] = 0 at the anode and 
[ ~ e " ' ]  = 0 at the cathode, that is, when 
there is 0.1M FeC13 and 1M HCI at the 
anode, and 0.1M FeC12 and 1M HCI at 
the cathode. We measured the specific 
gravities of these two solutions and 
found them to differ by 22 i. 2 x at 
25°C. The FeC13-rich solution is the 
denser, consistent with the observed 
convection effects. 

That datum is combined with V(t) in 

from the data in this manner are shown 
in Fig. 2. The form of these plots was 
chosen by dimensional analysis so the 
data for all d would fall on two curves, 
one for cathode up (no convection) and 
one for anode up (with convection). The 
abscissa is proportional to Ra,  the ordi- 
nate to the dimensionless current densi- 
ty, J = i d g ( d p I d c ) I ~ ~ p ~ 2 ,  where A is 
the electrode area. The point in Fig. 2A 
where the lines intersect is the threshold, 
which determines Ra, as 1350 * 300, in 
reasonable agreement with theory. 

Other results of this analysis are also 
reasonable. The ratio of the slopes of the 
lines in Fig. 2A is 2.33 * 0.19, in agree- 

half an orbit more and V(t) reverses sign 
before it decays away. 

We are surprised that effects so strik- 
ing in an experiment so simple have not 
been reported before. The prior work 
most comparable to ours was that of 
Baranowski and Kawczynski (9),  who 
applied current steps to horizontal cop- 
per electrodes and a cu2+-containing 
electrolyte. They also observed a de- 
crease in voltage at the onset of convec- 
tion but did not see oscillations or volt- 
age reversals. Perhaps these phenomena 
have been seen before by others but, as 
with us many years ago (17), only as 
minor side effects ignored in the pursuit 

the following way to estimate Ap. Let c, ment with theoretical prediction, 2.429 of more pressing concerns. The phenom- 
represent the mean concentration of ~ e "  (14), and with thermal convection re- ena may have a use, however. Large- 
and   el" (0.05M). Let Ac(t) represent sults (15). The linear dependence of J scale convection processes in the earth, 
the instantaneous increase in    el"] and on Ra continues up to Ra = 23,000, a the ocean, the atmosphere, and the sun 
decrease in    ell] at the anode caused by second known critical point (16). At can all be modeled by Rayleigh-Benard 
electrolysis, and also the equal and op- Ra > 100,000 we observed persistent, convection. Experimental simulation of 
posite changes at the cathode. The cell small (^-1 mV), semiperiodic oscillations them with electrochemical analogs 
voltage is given by the Nernst potential, in V that may evidence turbulence. would be easier than with thermal tech- 

(RTIF) ln([Fel l ] I [~e  "]) 
The damped oscillations when the cur- niques, especially if one wishes to inves- 

rent is first turned on arise in the follow- tigate transient effects. 
at the anode less than at the cathode, ing way. Before convection begins, the WILLIAM J. WARD I11 
where R is the gas constant, T is the ~ e "  and  el" concentrations are hori- OLIVER H. LE BLANC, JR. 
absolute temperature, and F is the fara- zontally stratified. After convection is General Electric Research and 
day. Expressing the concentrations at fully developed, they are organized in Development Center, 
the electrodes in terms of c, * Ac(t) and Benard cells of linear dimension =d. It Schenectady, New York 12301 
solving for Ac(t) yields takes a finite time, = d 2 i ~ ,  for the com- References and Notes 

position change from One the 1, The cell was a hollow Plexiglas cylinder, 2.5 cm 
= c0tanh[Fv(t)'4RTJ (2) other. But meanwhile, the fluid is turned inside diameter, into each end of which was 

Finally, Ap is estimated as upside down once each half cycle of the inserted a piston with a platinum foil electrode 
covering its end face. The spacing was fixed to a 

convective motion, and remnants of the few percent by including a small piece of glass or 
Ap = (dpldc) x hc(t) Teflon of known thickness. (3) initial composition profiles, while they 2.  The HC1 served as indifferent electrolyte and to 

where dpIdc = 44 x kgimol (as de- persist, are carried cyclically from one ~;e~~i,ahn,",~&~~~f;i~~~~f;i;fi~~~;; 
termined by the specific gravity mea- electrode to the other, making V(t) oscil- or I M  or 0 . 1 ~  KC] as indifferent electrolyte or 
surements). late up and down, when the current is none at all and with O.OSM ferrous and fer- 

ric sulfates or perchlorates and 1N H2S04 or 
Steady-state Ra values calculated turned off, the fluid motion continues for HC1o4, respectively. We use the nomenclature 
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Human T-cell Leukemia Virus (HTLV-I) Antibodies in Africa 

Abstract. Antibodies speciJic for human T-cell leukemia-lymphoma virus type 1 
(HTLV-I) were demonstrated in serum samples from various groups of people in 
South Africa, Uganda, Ghana, Nigeria, Tunisia, and Egypt. The samples had been 
collected for other purposes and were presumably selected without bias toward 
clinical conditions associated with HTLV infections. Regional differences in anti- 
body positivity were observed, indicating widely distributed loci of occurrence of 
HTLV on the Africah continent in people of both black and white ancestry. Two 
patients with high titers of antibody to HTLV-I had some signs of adult T-cell 
leukemia-lymphoma. In several groups a high frequency of false positive serum 
reactions was indicated when spec$c confirmation steps were included in the assay. 
Further characterization of these sera revealed highly elevated immunoglobulin 
levels, possibly due to polyclonal activation of immunoglobulin synthesis in these 
subjects. The possibility that related cross-reactive human retroviruses coexist in the 
same groups was not eliminated. 

The human T-cell leukemia-lymphoma 
viruses (HTLV) are a family of related 
retroviruses originally isolated in the 
United States from patients with T-cell 
lymphoma and cutaneous manifestations 
(1). A particular subgroup of the family, 
HTLV type I, is linked to the cause of 
these malignancies, which share clinical 
and epidemiologic features with the dis- 
ease called adult T-cell leukemia-lym- 
phoma (ATL) that occurs in certain re- 
gions of Japan (2, 3) and in persons of 
African ancestry in the Caribbean Basin 
(4) and in the southeastern United States 
(5). An atypical chronic lymphocytic leu- 
kemia in Nigeria is also suggestive of an 
association with HTLV (6), as is the high 
incidence of antibodies cross-reactive 
with HTLV-I in Old World primates 
captured in Kenya and Ethiopia and 
housed in West Germany (7) and the 
United States and Russia (8). Although 
the mechanism of transmission of HTLV 
is currently unknown, horizontal trans- 
mission is clearly implicated by molecu- 
lar and epidemiologic analyses (9, 10). 
HTLV seropositivity in regions endemic 
for ATL is elevated overall in the general 
population and further elevated among 

close family members of cases and in 
recipients of blood transfusions (11, 12). 

The present study, which is mainly 
descriptive, was undertaken to investi- 
gate the occurrence of antibodies to 
HTLV-I in various groups of people in 
widely distributed areas of the African 
continent. We studied serum samples 
that had been collected for surveys of 
diseases with no known association with 
HTLV-I and samples from hospital- 
based clinic patients. We used a highly 
sensitive enzyme-linked immunosorbent 
assay (ELISA) to detect antibodies to 
HTLV-I (13) (see Table 1). Because of 
the diversity of the test groups, our data 
cannot be used to make strict epidemio- 
logical comparisons, but can be used as a 
means to compare the distribution of 
virus antibody positivity with previously 
reported studies of exposure to the virus 
(2,12,14) in similar or analogous groups. 

The testing procedure was performed 
in two steps (legend to Table 1). In step 
1, all samples were screened to deter- 
mine quantitative levels of antibody 
binding to HTLV-I. In step 2, "candi- 
date" positive sera were selected and 
tested for specificity in one or more 

confirmatory steps. The screen-test re- 
sults are expressed as a ratio ( R )  to a 
standard reference normal serum to con- 
trol daily variations in test results (13). 
The threshold level, R a 2, was not ex- 
pected to exclude negative sera. The use 
of this cutoff for confirmation was based 
on prior experience with normal U.S. 
blood donors where samples with a 
screening ratio of <2 are negative in the 
confirmation assay. This reference nor- 
mal serum level and the threshold for 
detection of sera confirmed as being pos- 
itive for antibody to HTLV-I were de- 
rived from an analysis of 1210 U.S. 
blood donors (15). 

Specificity was considered confirmed 
when sera passed either one of the con- 
firmatory tests described in Table 1. The 
accuracy and precision of the antibody- 
blocking procedure was verified by mea- 
suring the fractional reduction of anti- 
body binding for mixtures containing a 
predetermined ratio of HTLV-positive 
antibodies to the reference normal se- 
rum. The results plotted in Fig. 1 show 
excellent agreement with the predicted 
results at low levels of positive antibody 
and deviation within acceptable limits 
due to incomplete blockade at the higher 
levels of human antibody. Of those sera 
failing confirmation by antibody block- 
ing, only three were confirmed by ab- 
sorption with virus-positive cells. 

The values for the numbers of sera 
from the groups exceeding the screen- 
test threshold and for the numbers of 
confirmed positive sera in each of these 
groups are presented in Table 1. The 
median values for screen ratio ( R )  within 
the groups were in most cases close to 
the median value of 1.17 found for U.S. 
donors (15). However, median values of 
R for samples from Tunisia and Ghana 
were two to three times higher. This 
reflected the absence of a simple correla- 
tion between the prevalence of con- 
firmed positive sera and the proportion 
of sera exceeding the screen threshold 
level ( R  3 2); for example, the propor- 
tion of confirmed positive donors in the 
Ugandan group (21 percent, which was 
highest of all groups) was two times 
higher, while the proportion of samples 
exceeding R 3 2 was only one-half that 
of the Ghanaian groups. 

We investigated some of the reasons 
for this apparent high rate of false posi- 
tivity. Among the Ghanaian samples, 28 
out of 67 with high ratios (R 3 6) were 
nonconfirmed. The mean and median 
immunoglobulin G (IgG) levels of these 
28 samples were, respectively, 130 and 
106 mglml compared to 9 mglml for the 
standard control serum (measured by 
ELISA with immunopurified goat antise- 
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