
above. Experiments conducted in pres- 
surized culture vessels or in situ growth 
rate studies will have to be conducted to 
confirm this result. 

The uptake of 14C02 as a result of the 
assumed chemosynthetic oxidation of 
H2S was measured in situ. It was 
planned that an array of 200-ml syringes, 
precharged with the radiolabeled materi- 
al and filled by Alvin in situ, be deposited 
for a 4- to 6-day incubation period ap- 
proximately a meter away from the 
vents. Because of a mechanical problem, 
the scheduled recovery dive was can- 
celed and the samples were retrieved af- 
ter a 10-day delay. Since the recycling of 
the CO2 in a closed system will lower the 
values of carbon incorporation with 
time, the obtained data must be consid- 
ered conservative. In spite of this, they 
are considerably higher than in similar 
experiments conducted at the interfaces 
of H2S to 02 of the Black Sea and the 
Cariaco Trench (13). Of the 200 isolates 
obtained, those tested thus far show a 
considerable variability in CO2 fixation. 

Our preliminary results indicate a high 
production of metabolically active bacte- 
rial biomass in the water emitted from 
the investigated Galapagos hydro- 
thermal vents. Although complementary 
data on the stoichiometric transforma- 
tion of reduced sulfur, and iron and man- 
ganese as well, to a more oxidized form 
cannot be obtained in the presence of a 
substantial spontaneous (chemical) oxi- 
dation, we feel confident that the striking 
quantity of CO2 fixation observed is, in 
fact, bacterial chemosynthesis. This 
form of primary production represents 
the basis of the food chain sustaining the 
dense populations of higher organisms 
discovered around the vents. In view of 
the complexity of the entire vent system 
and the limited amount of sampling pos- 
sible, a useful quantification of deep-sea 
primary production is quite out of reach 
at this time. 
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Several years ago a monitory paper 
from the National Bureau of Standards 
(NBS) (I) reported the discovery of what 
was termed an "anomaly" in the weigh- 
ing at various altitudes of objects nomi- 
nally equal in mass but differing in den- 
sity (D). The reported effect emerged as 
a finding of a set of measurements car- 
ried out in several laboratories. Kilo- 
grams of low density (D - 2.7 g cm-3) 
appeared to lose mass at high-elevation 
sites and kilograms of high density 
(D - 16 g cm-3) seemed to gain, when 
compared to standard kilograms (D ~ 8 
g cm-3). The greatest departure, an ap- 
parent loss of I mg kg-', was recorded at 
an elevation of 1600 m above mean sea 
level. Because the observed anomalies 
appeared only in weighings which re- 
quired a substantial correction for buoy- 
ancy in air and because the magnitude of 
the anomalies was a function of air den- 
sity p, the source of the peculiar results 
has been sought in some aspect of the 
buoyancy correction. The reported ef- 
fect, if confirmed, would be of con- 
sequence in the determination of the fun- 
damental constants and in precise force 
measurements. 

The warning appearing in Science was 
the result of the analysis of three explor- 
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atory experiments. In these experiments 
the correction for the buoyancy of the air 
was made through the use of hydro- 
statically determined volumes of the arti- 
facts and through use of an algorithm, or 
equation of state, for calculating p. The 
algorithm used the pressure, temper- 
ature, relative humidity, and CO2 frac- 
tion of the air (2). The algorithm consists 
of the ideal gas law with small correc- 
tions for the nonideality of the constitu- 
ents of the air. Such calculations are usu- 
ally assigned an uncertainty of about 
0.04 percent, or less, of p. 

In these experiments, a failure of the 
algorithm to calculate p accurately under 
the various conditions would manifest it- 
self as apparent differences in mass. The 
data on weighings made at the different 
sites and under various conditions did in- 
deed yield an apparent variation in mass, 
about five times the maximum expected 
uncertainty arising from the calculation 
of p (1). The losses in mass, if interpreted 
as resulting from errors in the calculation 
of p, show the calculation to be in error 
by 1 percent per atmosphere of pressure 
change. 

Subsequent to the publication in Sci- 
ence, a careful recalculation of the equa- 
tion for the density of moist air was car- 
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Mass Measurement at the National Bureau of Standards: 
A Revision 

Abstract. In 1975, the results of a series of mass measurements undertaken by the 
National Bureau of Standards were published in Science. The inconsistencies report- 
ed seemed to depend on barometric pressure. An inference to be drawn from the 
report is that buoyant forces on objects weighed in air are somehow incorrectly ac- 
countedfor by the usual appeal to Archimedes' principle in which the density of air, 
p, is computed from an equation of state. The magnitude of the unexpected effect 
was estimated as approaching 1 milligram in 1 kilogram over a pressure range from 
0.5 to 2.0 atmospheres for objects having a volume difference of 200 cubic centime- 
ters. In a new experiment at the National Bureau of Standards, in which more elabo- 
rate and precise equipment was used, the calculation of air density from the atmo- 
spheric variables is confirmed to within 0.05 percent, hence within the uncertainty 
usually claimed for the air density and buoyancy calculations. 
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ried out at NBS (3). The recalculation 
differs from the previously extant equa- 
tions (4) at a level far too small to explain 
the anomalous results. In addition, a re- 
cent experiment which measured in vac- 
uum the mass difference between objects 
of differing D (5) has made it possible to 
determine p directly through Archi- 
medes' principle. No anomalous behav- 
ior was observed. 

In an effort to reconcile the various re- 
sults, the Center for Absolute Quantities 
(CAPQ) undertook a reexamination of 
the matter. (The CAPQ is responsible for 
the maintenance of the kilogram mass 
unit and of the high-accuracy mass mea- 
surement capabilities at NBS.) The origi- 
nal data that were used to develop the 
Science report (1) were reviewed, and a 
new experiment was undertaken. 

In an analysis of his results after the 
publication of (I), Pontius became aware 
of a number of defects in the original 
work not initially obvious, the main one 
being a break in the chain of certification 
of the pressure-measuring devices at the 
high-elevation stations and another being 
a questionable pressure sensor in the al- 
titude and decompression chambers. 
Forewarned of these difficulties, we en- 
deavored to avoid whatever systematic 
errors might have been present in the 
original study by measuring the experi- 
mental parameters as accurately as pos- 
sible and by maintaining calibrations rig- 
orously traceable to NBS. 

Since the effect seemed to occur en- 
tirely between normal atmospheric pres- 
sure and 80,000 Pa, the findings should 
be confirmed if the experiments are re- 
peated in a well-equipped laboratory at 
an elevation of about 1600 m. Such a lab- 
oratory exists at Sandia Corporation, Al- 
buquerque, New Mexico. With the coop- 
eration of Sandia staff, CAPQ personnel 
repeated the experiment with all of the 
objects listed above and several other 
stainless steel kilograms with four times 
the surface-to-volume ratio of the stan- 
dards. State-of-the-art measurement sys- 
tems were used wherever possible (6). 

The comparisons conducted at NBS 
and Sandia show mass discrepancies be- 
tween weights with large volume dif- 
ferences which, if attributable to errors 
in the applied buoyancy corrections, 
would place an uncertainty on the p al- 
gorithm of less than 0.04 percent of p. 
This figure, if dependent on barometric 
pressure, would imply an error in the cal- 
culation of p of less than 0.2 percent per 
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unexpected systematic error crept into to the precision of the best kilogram 
the initial experiments. The difficulties comparators, about 1 ,ug. It is also true 
with pressure measurement mentioned that, in order to achieve even this accu- 
above, the less than ideal thermal condi-, racy, a substantial effort is necessary 
tions at the high-elevation laboratories, both to measure accurately the proper- 
and the apparent effect of vibration in the ties of air in the balance enclosure and to 
deep-sea decompression chamber all create stable conditions within the bal- 
seem possible sources for the in- ance case during weighings. 
troduction of systematic error. R. M. SCHOONOVER 

Even though the initial alarm con- R. S. DAVIS, V. E. BOWER 
cerning difficulties in comparing masses Centerfor Absolute Physical 
of different D now seems overstated, sig- Quantities, National Bureau of 
nificant problems still exist. There re- Standards, Washington, D.C. 20234 
mains, for instance, an uncertainty in the 
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gram comparators and which is a direct of observables, to within about 0.03 percent of 

p. The cause of the minor variations ranges from 
result of presently accepted uncer- minor errors in formulation (in one case) to the 
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Organic Carbon: Oxidation and Transport in the Amazon River 

Abstract. Spatial and temporal patterns in the organic carbon load (< I millime- 
ter) of the Amazon River indicate that oxidation was constant throughout the river at 
any one time but was much greater at rising water than at high water, whereas 
transport was constant. The total effective efflux, as the sum of oxidation plus trans- 
port in the river, was about 1014 grams of carbon per year. Estimates for other river 
systems suggest that global riverine carbon fluxes exceed 1015 grams per year. 
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The transport and oxidation of organic 
carbon in the Amazon River reflect, over 
long distances, upstream flooding events 
and the geologic and vegetative structure 
of the drainage basin (1). The sum of the 
transport and processing fluxes yields 
the amount of organic carbon effectively 
exported from Amazonia. The sum for 
all large rivers constitutes the riverine 
role in the global carbon cycle. This role 
is not yet defined. As far as we know, 
there are no published data for the trans- 
port of organic carbon in any major river 
that encompass the hydrologic year (2). 
Existing data on organic carbon from the 
Amazon are either from restricted reach- 
es or were taken at only one stage of the 
hydrologic cycle. 

We report results from two cruises of 
the R.V. Alpha Helix which assess for 
the first time spatial and temporal pat- 
terns in the organic carbon load of the 
Amazon River. Using these data as a 
model, we then estimate global riverine 
carbon fluxes. We test three hypotheses, 
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based on the work of earlier investiga- 
tors (3), concerning the sources, utiliza- 
tion rate, and downstream export of or- 
ganic matter. They hypothesized that 
changes in the input and utilization of 
dissolved and particulate organic matter 
should be predictable on the basis of riv- 
er size. For very large rivers (order 9 
through 12), the hypotheses are as fol- 
lows: 

(i) Swamp hardwood forests and flood- 
plains decompose fine particulate matter 
during periods of low water; this material 
is subsequently returned to the rivers by 
flooding water and surface runoff. 

(ii) The relative rates at which organic 
matter is utilized tend to be constant 
from the headwaters to the sea in an un- 
perturbed river system. 

(iii) The seasonally pulsed nature of 
organic inputs is damped by biological 
processes and retention, such that the to- 
tal exports of organic matter do not in- 
crease downstream. 
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