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During the GTE/ABLE-2A campaign in Manaus, systematic samples
of raimwater were collected downtown Manaus and in the Ducke Forest Reserve
under and above the canopy. Water samples of the igarape Barro Branco and
samples of surface soils in the forest were also taken. The sampling period
(07/13/86 - 08/08/85) corresponds to the dry season in the region. In these
samples, Na', ca’ ', K, Mg"*, ¢1", S0, NO, and NH. concentrations were
determined and pH measurements were effectuated.

Results show a natural acidity in Amazonian environment, and
lower ion concentration in rainwater above the canopy; an enrichment in
all ion contents of the rainwater, falling through the vegetation, was
observed except for NO,. These ions seem not being lixiviated by draining
water, but probably being recycled by the forest itself. The rainwater samples
obtained in downtown Manaus show higher contents of NO,, SOs and Ca' ',
compared to results obtained in the forest, probably due to anthropogenic
contribution. .
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RAINWATER CHEMISTRY OF CENTRAL AMAZONIA
(DRY SEASON 1985)

L. M. Moreira Nordemann, M. C. Forti and C. M. Espirito Santo

Instituto de Pesquisas Espaciais — INPE
Ministério da Ciencia e Tecnologia
C.P. 515 - Sao Jose dos Campos - 12201
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During the GTE/ABLE-2A campaign in Manaus, systematic
samples of rainwater were collected downtown Manaus and in
the Ducke Forest Reserve under and above the canopy. Water
samples of the igarapé Barro Branco and samples of surface
soils in the forest were also taken. The sampling period
(07/13/86 - 08/08/85) corresponds to the dry season in the
region. In these samples, Na*, ca*t, k7, Mg*T, C17, SO% , NOj
and NH: concentrations were determined and pH measurements
were effectuated.

Results show a natural acidity in Amazonian environment,
and lower ion concentration in rainwater above the canopy; an
enrichment in all ion contents of the rainwater, falling
through the vegetation, was observed except for No;. These
ions seem not being lixiviated by draining water, but
probably being recycled by the forest itself. The rainwater
samples obtained in downtown Manaus show higher contents of
NO,, SO, and ca’®, compared to results obtained in the

forest, probably due to anthropogenic contribution.
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INTRODUCTION

The Amazonian region has been investigated more thoroughly
during the last 15 years, by Brazilian and foreign scientists.
These studies gave birth to a great number of publications in
almost all branches of science. The main preoccupation of the
scientific community is to quantify the changes induced by
the human occupation of the region and its influence
on the equilibrium of several biogeochemical cycles which
exist today.

The chemical composition of the rain water of the
Amazonian forest is not well known. However, this region is
one of the few places in the world which offers the
possibility of establishing reference standards for the
composition of rain water without  or almost without
anthropogenic interference., Research groups have been
studying the rainfall in the Amazonian area, whith the
primary purpose of determining the hydrological cycle of the
region. Franken & Leopoldo (1984), Santos et al. (1981),
Salati et al. (1979), Stallard & Edmond (1981), Franken et al.
(1982), are among the fewer works concerning the rainwater
chemical composition.

The purpose of this work is to show the results obtained
from the analyses of the samples taken during the July-August
85 campaign of the GTE/ABLE program. Details of this field
experiment is given by Harris et al. (1986) in this issue.

Systematic sampling of rain water were collécted in the city of
Manaus and in the forest; under and above the canopy. Samples
of water from the igarape Barro Branco and samples of surface
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soils in the forest were also taken. The concentration of Na ,

+

K", Mg++, catt

, NH,, C1”, NO, and SOy were determined in
these samples and results are presented in this report.

The analyses and discussion  presented here are
considerations about the most evident behaviour of these
ions, with some speculations about their geochemical cycles.
A more comprehensive data set is needed before conclusions
about the origin, distribution and content of these ions

and their role in the geochemical cycles involved are reached.

METHODS

During the period of 07/13/85 to 08/08/85, rain water
samples were collected at three different places. One sampler
was located on the roof of the Hotel Central, downtown Manaus;
another one was placed at approximately 10m above the canopy
of the forest, on the top of a 45m high meteorological tower
erected in the Reserva Ducke, 26 km to the north-east of
Manaus; the two others were placed under the canopy in the
neighbourhood of the tower. These two samplers were not
mantained in a fixed position but were moved randomly after
each sampling, to assure the representativeness of these

samples. Two types of samplers were used:

- a 52 cm diameter acrylic hemisphere protected with a nylon
screen, linked to a 1 liter polyethylene bottle. It's
sampling efficiency is about 757;

— a 30cm diameter polyethylene funnel also protected with a
nylon screen, with a 1 liter polyethylene bottle. It's

sampling efficiency is about 20Z%.
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Each sampling was made daily, by collecting individual
rains; just two samples are accumulated rains. Special care
was taken to avoid evaporation and contaminations. Being
the dry season period, only few samples were obtained, but
sampling were effectuated for all events.

In addition seven surface forest soil samples and two
igarapé water samples were collected. The igarape (typical
amazonian natural channel of the surface water system) 1is
also located in Ducke Reserve at approximately 1km from the
tower.

In order to study the hydrochemical balance of the region,
it is necessary to know the soil retention of the rain water
ions. These water—soluhle ions are removed from the soils
by leaching.

The soils were sifted and two fractions with granules
equal or smaller than 250 um were obtained for each sample;
25g of this sifted soil were added to 250 ml of deionized
water and the misture was stirred by 30 minutes in a magnetic
_stirring.Aftervards, the mixture obtained was spun in a
centrifuge at a speed of 4,500 rpm (centrifuge spin limit)
during 15 minutes. The resulting solid mass was separated,
triturated, added to 250 ml of deionized water, stirred again
with a magnetic stirring and spun in a centrifuge. This
process was repeated producing for each s0il sample three
leaching water, containing the soluble soil ions in solution.
The three soil leachings are for assuring that nearly all
water-soluble ions were made soluble. This experiment was

repeated for every sample in order to test
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the reproductibility of the results, which were found to be
within 15% for all the elements measured.

The rain water and igarape water samples were sealed and
stored in a refrigerator at 4°C until the analyses began. No
acid or other product was added as preservative. The soil
leaching solutions were analysed imediately after
centrifugation.

The ions concentrations of rain water, igarape and soils
were obtained by potenciometry (c17, NH3) liquid
cromatography (o, , S0, and C1 ) and atomic absorption

+ ++ .
, Ca ). The accuracy of the methods, 1s

(nat, K, Mg"
generally better than 10%, depending upon the concentration
value (near detection limit). Concentrations of Cl~ were not
reported here because the values obtained were under-estimated,
and results determined by ion cromatography did not agree
with the ones obtained by potenciometry.

Pluviometry — Manaus, as well as the entire Amazonian
region, shows a rather high pluviometry all over the year. In
spite of this, it can be said that there is a dry season and
a rainy one. The former comprises the months of June until
November, when approximately 30% of the total annual
precipitation is recorded, while the latter comprises the
months of December until March, when 300 mm montly mean
are registered.

Taking into account the pluviometry of Manaus INEMET
(Instituto Nacional de Meteorologia) and the Reserva Ducke
INPA (Instituto Nacional de Pesquisas da Amazonia) stationms,
it is observed that, during the last years the rainfall in

the Reserva Ducke (2500 mm/year) has been higher than in
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the city Manaus (2100 mm/year), the difference being not
remarkable for the rainy season. However, the months of July
and August show averages of 210 and 101 mm rainfall totals
for the Reserva and Manaus respectively. From this point

of view the sampling months of this experiment, were quite
tipical with a 213.3 mm in the Reserva Ducke and 116.4 mm
rainfall total in Manaus. Figure 1 shows the pluviometry of
the Reserva Ducke (91.5 mm) and Manaus (84.5 mm) for the
sampling period (July 13 - August 8). During the GTE/ABLE
experiment meteorological parameters were measured by the

NASA-INPE staff on site.
RESULTS

pH — A natural acidity in the environment may be noticed,
after data showed in table I, for soils, river water and
rain water samples, mainly above the canopy. |

The distilled water in chemical balance with atmospherical
carbon dioxide has a pH value equal to 5.65, this being taken
generally as standard value for rainvaters. As it can be seen,
the samples collected on the tower; above the canopy, are the
ones that show lower pH. This acidity is attenuated by the
incorporation of ions into the rainwater as it falls through
the vegetation, and the pH values obtained under the canopy
tend towards the standard value. It is interesting to mnote
the stability of the values obtained, with a deviation of
only * 4% of the mean value.

Above the canopy, results agreed with those obtained for

the same region by Brinkmann and Santos (1973), by Stallard
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and Edmond (1981) and with the value of 4.58 calculated by
Talbot et al (1986, this issue)

Studies performed in the Amazoﬂian region of Venezuela
(Galloway et al, 1982; Ishizaki, et al. 1986) show that this
environment is naturally acid. After these authors, this
acidity is due to a misture of compounds, weak organic and
strong inorganic acids, and is also due to the lack of
neutralizing agents such as NH; and CaCO,.

The rainwater pH in the city of Manaus appears to be more
basic than the observed ones in the forest and tower
rainwater, and these pH values obtained oscillates within
+ 20% about the mean value. This tendency towards neutrality,
as well as the large variatibn in the pH values, could be an
indication of anthropic interference in Manaus, if the

values obtained in the forest are considered normal.

IONS. The rain plays a fundamental role in washing the
atmosphere; taking away practically all the soluble elements
contained in it. In rain water, the concentrations of these
natural or artificial elements are intimately linked to the
frequency and the quantity of the rainfall, and ionic
contents vary for element to element.

In order tominimize the effect of the frequency and the
quantity of the rain on the ion concentrations, these are
weighted against the corresponding rainfall totals thus
reaching mean weighted values. These calculations were
effectuated for all the available rain samples and for all
the analysed elements, which generated Table II, where the

maximum, minimum values and the arithmetic means are given.
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There were some difficulties in obtaining the pluviometry
for collectors situated under the trees. Furthermore, as the
samples were always collected in pairs for each event, the
mean of the ionic concentrations were taken for both
collectors, weighting them with 837 of the pluviometric
value obtained on top of the tower which represents the
quantity of precipitation non intercepted by the forest,
according to the data obtained before (Moliom, L.C.B.,
personnel communication, 1985; Shuttleworth et al., 1984).

Despite of having been collected in the dry period, the

L A ++ .
, K' and Mg concentrations

mean values of the Na+, Ca
obtained in the tower are relatively low, and much lower
than the ones determined by Nortcliff and Thornes (1978)
during the campaign effectuated at the same place, between
March and May, 1977. Mean values obtained for Na+, Mg*+, and
SOI_ concentrations are also slightly lower than the mean
ones determined by Stallard and Edmond (1981) for the Amazon
basin, but agree quite well with results obtained for
terrestrial precipitation in the middle basin, by the same
authors. Ca’ © and K® concentrations obtained in this study
are similar to the ones determined by those authors and NO,
is slightly higher.

It can be verified in Table II; that there is great
variability in the maximum and minimum values obtained; with
the exception of K*. It can be also noticed that there
is an equilibrium between cations and anions and the ratio
between them 1s one.

The ionic concentrations under the forest are higher than

the ones determined at the tower top, which confirms the
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enrichment of the water in traversing the vegetation. This
enrichment is greater in cations than in anions and the ratio
between them is greater than 2. Among the cations the K is
the most enriched ion, while ca*™ is the one that presents
less variation of concentration. In the case of the anions
the greatest enrichment observed was in SOy . The No;
contents does not suffer any variation at all during the

fall through the vegetation.

This enrichment 1is, certainly due to the washout, by the
rainfall, of elements originating from the dry deposition,
leaf exudation and transpiration and from the gases in the
forest environment. These contributions were not measured
separately; for this season the throughfall sample content
represents the wet and the dry deposition altogether.
However, Talbot et al. (1986 this issue) carried out aerosols
measurements, during the same period, in the boundary layer,
obtaining a concentration distribution which obeys to the
following sequence: NH; > K - 5037 > NO, (for the fine
particulate) and NH: > K' - NO, > S0%” (for the coarse
particulate). It can be seem, from Table II, that in the
rainwater, over the canopy (tower), the sequence for the same
ions was: SO%™ > NHj ~ NO; > K. These results suggest that
the prevailing ions are NH: and K' in the dry deposition and
are SO% and NHt in the wet deposition this rough estimation
points out the importance of these two components
separately. Studies performed in decidous forest (Lindberg
et al. 1986) have shown similar results; these authors have
found predominant SOi_ and NHt in the wet deposition and K+

dry deposition.



The water samples of the igarape (Table III) were collected
on August 5th and 8th. The first sample was collected after
a 6-day dry period and the second one day after a 3.6 mm
precipitation. Even so, the ionic contents found in both
samples were practically the same, showing a surprising
stability in the chemical composition of the water among the
samples. The ionic contents obtained for the waters of the
igarapé are very low, however, and agree with the results of
Nortcliff and Thormes (1978), and Franken and Leopoldo (1984)
except for S0, determinations. These authors also stress
the quick answer of the igarapé to the rainfall, what may
explain the stability of the chemical composition verified.
On the other hand, Franken and Leopoldo (1984) showed that
precipitation lower than 3mm are not important for the
igarapé discharge because these events do not increase the
level of the river; although 'small rains" (between O and
4.9 mm) represents 60% of all rainfall events, they yield
only 27% of the total rainfall.

In Table II, it can be noticed that Na+, Mg++ and N0;
concentrations determined for igarape water are approximately
equal to the weighted means obtained in rain water, above the
canopy (tower). NH; and K' contents in igarape are slight
higher, and S0,  and Cca” " concentrations are lower than the
weighted average of the tower rainwater. However, Franken and
Leopoldo (1984) determined that discharge of the igarape
Barro Branco corresponds to only 217 of the total
precipitation that falls into the basin. Also Molion (1976)
and Salati et al. (1978) show that about 507 of the rainfall

returned to the atmosphere through evapotranspiration. During
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the 1985 dry period (Molion, 1986), this value was higher and
reached 75%. Taking into account these results, and also the
ionic enrichment of rain water falling thfough the vegetation,
it would be expected to obtain higher ion concentrations in
Barro Branco igarape water! The increase in ionic contents
found in the throughfall water was not detected in the igarape
water samples. The forest probably is recycling these ioms.
Also, it seems that the input of elements by rainwater above
the canopy is equal to the output determined in the river for
Na®, Mg++ and NO;. This output were slightly higher for k' and
NH: and lower than the input for ca®™™ and s0;”.

The NH, and NO, gquantities that enter the forest through
the rain are equivalent; however, there seems to be slightly
higher NH; than NO, quantities in the water of the river.
These results do not agree entirely‘with the ones obtained
before (Salati et al., 1982), where N - NH: values 5 to 10
times higher than the N - NO, ones, in the rains as well as
in the rivers of the region were observed.

Table IV presents the ionic contents determined in the
lixiviation water of the soils. As can be seen, these contents
vary widely from sample to sample although the mean for Na+,
K' and Mg++ are equivalent. The ca’t content however is the
lowest among the cations. Taking into account the current
results and the low Ca & content obtained in the igarapé,
it leads to the conclusion that ca®t is not being
lixiviated, nor accumulated in the soils. This element might
be retained in the litter and in the vegetation, confirming

results observed for other tropical forest (Golley et al.



1978). The Ca'' ion belongs to the structural matter of
trees, mainly associated to the leaves and to the stems,
bound to insoluble organic salts and strongly adsorbed by
proteins.

The estimated budget shows that Mg++, Na® and NO, ions
are in equilibrium, suggesting that their ionic contents
found in the soils are the participating fraction of the
forest cycle itself. Probably Mg++ and Na© came from the
soils itself meanwhile, No; can originates from biological
activity.

The lixivation waters show high Cl™ and NH. contents, and
SO, in smaller quantities. Lindberg et al (1986) have
shown that the precipitation plus the washed-off dry
deposition filled 96% of the annual below-canopy flux,
suggesting little or no leaching of SOy, from the internal
parts of the plant. These results corroborates with the
hypothesis that SO, may be retained by the soil through
biologic activity in the soil surface-litter interface.
This fact explains the low S0, concentration found in the
river. Unfortunately results of Cl concentrations in rain
and river waters were not consistent, but it is possible
to reason that the input by rain water, and the output of
Cl” in river water, must be equivalent, and that c1~
content in soils are also being recycled by the forest.

The high NH: content found in the lixiviation waters of
the soils, may be related to the high biologic acitivity
exiting in the forest soils of the region.

A more complete soil study in the region will be carried

out in the next campaing, and this experience in lixiviation



of soils was just a first attempt to understand the ionic
absorption by soils.

Rainwater in Manaus: A comparison between mean ionic

concentrations obtained in the samples of the rainwater in
Manaus (Table II) and the ones at the top of the tower, show
an enrichment in all the contents obtained in Manaus,
specially Ca++, K+, MgT+, SO, and NO;. The great number of
civil constructions in the city, with the intense use of
concrete, may well be responsible for the enrichment in Ca++,
K and Mg++ in the rainwaters, as this material is essentially
rich in Ca0, as well as, in smaller proportions, in MgO and
K,0. This excess of Ca®™ in the rainwaters was also observed
in other brazilian cities (Tavares et al. 1983; Ferreira and
Moreira-Nordemann, 1985; Moreira-Nordemann et al., 1985).

The contents of nitrate in the city rain may be due to the
vehicles engines, which produce nitrogen oxides in large
quantities (specially NO,) and several hydrocarbons. A
fraction of the nitrite formed, is oxidized in the atmosphere,
forming nitrate (Junge, 1963). N0; contents are higher in
Manaus rainwater than in the samples obtained under the
forest canopy.

The sulphate is easily produced by the oxidization of SO,
present in the atmosphere. This is mainly produced by the
combustion of fossil fuels and wood. This combustion is quite
generalized in Manaus, mainly by the abundance of wood and by
the oil driven thermoelectric power plant. This fact may
explain the SO, contents in rainwater of Manaus city.

Finally, the effect of burning biomass was noticed during

the experiment in air and aerosol composition, but the
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results obtained for rainwater do not show clearly such an
influence. For the last rainwater sample collected it was
noticed the increase of ionic concentrations in the three
sampling locals due to the lack of rainfall during ten days

before the event.

CONCLUSIONS

A natural acidity was found in the Amazonian environment,
it was observed lower pH values in rainwater, river water
and soils of this region .

In spite of being collected in the dry season, the ionic
concentrations determined in the rains of the Amazon forest
above the canopy are low, lower than the ones obtained before
by other authors. There is a balance between the total cation
and anion quantities, and the ratio between them is equal to
one.

The rainwaters undergo and enrichment in the contents of
all ioms, specially in K" and SO, during the fall through
the vegetation, with the exception of NO, which had its
value unaltered.

Although the number of samples collected is very reduced,
it was found that the waters of the igarape have very low
ionic concentrations, thus confirming results obtained before.
A great quantity of Cl 1is being retained by the soils,
through adsorption, and in much lower proportioms, SOy . The
great biologic activity of this environment may be

responsible for the high NH: content absorbed in the soils.
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Apparently, ca*’ is neither being accumulated in the soils
nor lixiviated by draining waters.

The increase in ionic concentrations obtained by rainwater
during the fall through the vegetation, does not seem to be
released into the river, staying in the forest and probably
being recycled in it. But any conclusion on geochemical
balance drawn from these results must be considered
preliminary. A new campaign will be carried out during the
wet season, and might being evidence the variation of the
geochemical cycle in function of the meteorological factors
of the region. Attempts will be made to obtain samples during
a longer period, so as to determine a better and
representative geochemical balance picture of the ecossystem

of the Amazon forest.

ACKNOWLEDGEMENTS

The authors are in debt with Drs. A. da C. Reboucas and A.
Kimmelmann who helped us permitting the use of the
CEPAS laboratory to analyse nitrate and sulfate
concentrations in our samples; the financial support from

GTE/ABLE coordination is also acknowledge.

REFERENCES

Brinkmann, W.L.F. and A. dos Santos, Natural water in

Amazonia VI. Soluble calcium properties, Acta Amazonica,

3(2), 33-40, 1973.

= 15 -



Ferreira, C. and L. M. Moreira-Nordemann, Ocorrencia de ions
nas precipitacoes pluviais de Salvador, BA, Instituto de
Pesquisas Espaciais - INPE-3299-PRE/613, Rev. Bras. de

Geoctiencias, 3, 9-13, 1985.

Franken, W.; P. R. Leopoldo, E. Matsui and M. N. G. Ribeiro,
Interpretacao das precipitacoes em floresta Amazonica de

terra firme, Acta Amazonica, 12(3), 15-22, 1982.

Franken, W. and P. R. Leopoldo, Hydrology of catchment areas
of Central-Amazonian forest streams, in The Amazon.
Limology and landseap ecology of a mighty tropical river
and its basin, p. 501-519, edited by H. Sioli, Drodrecht,

Netherlands, 1984.

Galloway, J. N., G. E. Likens; W. C. Keene and J. M. Miller.
The composition of precipitation in remote areas of the
world, dJournal of Geophysical Research, 87(11),

8771-8786, 1982.

Golley, F. B.; J. T. McGinnis, R. G. Clements, G. I. Child
and M. J. Duever, A serrapilheira, in CZclagem de
minerais em um ecosistema de floresta tropical umica,

p. 70-81, Editora Pedagogica e Universitaria Ltda., Editora

da Universidade de Sao Paulo, Sao Paulo, 1978.

Harris, R. C.; S. C. Wofsy, M. Garstang, L. C. B. Molion

(1986). The amazon Boundary Layer experiment.

Ishizaki, Ch.; I. Marti and M. J. Gomes, Preliminary
characterization of Venezuelan Environment with emphasis
in possible acidification problems. Part III Aquatic

Ecosystems Venezuelan Case Study - SCOPE-WORKSHOP.

- 16 -



Acidification in Tropical Countries. Venezuela 6-11 April,

1986.

Junge, C. E. The role of air pollution in air chemistry, in
Air Chemistry and Radioactivity, p. 353-365, J. Van
Miechen, edited, Academic Press, New York and London,

1963.

Lindberg, S. E.; G. M. Lovett; D. D. Richter and D. W.
Johnson, Atmospheric Deposition and Canopy interactions
of major ions in a forest, Science 231(4734), 141-145,

1986.

Molion, L. C.B., A climatonomic study of the energy and
moisture of the Amazonas Basin with considerations of
deforestation effects. Instituto de Pesquisas Espaciais -

-Brazil, INPE-923-TPT/035, Aug. 1976.

Molion, L. C.B. Personal Communication, 1985.

Molion, L. C.B., Micrometeorology of an Amazonian Rainforest.

In Geophysiology of Amaszonia: Vegetation and Interactions.
Ed. R. E. Dickinson John Wiley and Sons. Inc. (in press),

1986.

Moreira-Nordemann, L. M.; M. C. Forti, F. de Andrade and
C. M. Q. Orsini, Composicao ionica das Chuvas da cidade
de Sio Paulo, paper presented at the IV Simposio Brasileiro
de Hidrologia e Recursos Hidricos, Sao Paulo, nov. 11-14

1985.

Nortcliff, S.; J. B. Thornes, Water and cation movement in a
tropical rainforest environment. Acta Amazonica 8(2),

245-258, 1978.

- 17 =



Salati, E.; J. Marques, L. C. B. Molion, Origem e distribui
¢do das chuvas na Amazonia. Interciencia, 3(4), 200-205,

1978.

Salati, E.; A. Dall'Olio; E. Matsui and J. R. Gat, Recycling
of water in the Amazon Basin: an isotopic study, Water

Res. Reser., 15(5), 1250-1258, 1979.

Salati, E., R Sylvester-Bradley, R. L. Victoria, Regional
gains and losses of nitrogen in the Amazon Basin, Plant

and sotl, 67, 367-376, 1982.

Santos, A. dos, M. N. G. Ribeiro, J. S. B. Ribeiro and S. R.
B. Bringel, Hidroquimica da Amazonia Céntral III. Quimica
de agua de lavagem de floresta no ecosistema Campina
Amazonica (Stemflow), Acta Amazonica, 11(2), 335-346,

1981.

Shuttleworth, W. J.; J. H. Gash; C. R. Lloyd, C. J. Moore;
J. Roberts; A. de Marques Filho; G. Fish; V. de P. Silva
Filho; M. N. G. Ribeiro; L. C. B. Molion; L. D. Abreu Sa;
J. C. A. Nobre; 0. M. R.Cabral; S. R. Patel; J. C. Moraes,
Eddy correlation measurements of energy partition for
Amazonian forest. Quart. J. R. Met. Soc., 110, 1143-1162,

1984.

Stallard, R. F. and J. N. Edmond, Geochemistry of the Amazon,

1. Precipitation chemistry and the marine contribution to
the dissolved load and the time of peak discharge, J.

Geoph. Res., 86(C19),9844-9858, 1981.

Talbot, R. W.; M. O. Andreae and R. C.Harriss. Regional
Aerosol chemistry of the Amazon Basin, Brazil, 1986. (This

issue).
- 18 -

P

.

.

e

[



Tavares, M. F. N.; B. M. Vieira and L. M. Moreira-Nordemann,
Analise quimica de ions em aguas de chuva de regioes
naturais. CorrelacOes com aerossois atmosfericos, Imstituto

de Pesquisas Espaciais - INPE-2856-PRE/395, 1983.

- 19 -



*potiad Buridwes ay3j 103 Lijsworanyd SAI9Sa1 @yONQ pue sneuey - | °81j

31va
S i0/80 0¢ Ge or4 Gl 2/l
| WS S NN W N N NN NN NN S SN SN N MU SR RN W N S U SN W SN R T SN S S |
\Olllllllllll
-0 /
L dniutubaiuin Sso /
l’. + v
18
1 2l
T9
3AY3S3Y INoNQ — = =—
T+ 02
SOYNYIN

(AW) A¥13KWOIANTd

20 -



- 21

- | 8°0F 8°€| 06°0F 68°G 0CZ'0F 7G'S LL'0F ¥E€'S  91°0F %8'% | ANTVA NV
60°S 6°¢€ Li'L 7L's £9°¢ L6°% ANTVA" XVH
70" ¢S v'g 16" gl'g €1°¢ LS"y HNTYA* NIR
AALYM _ _
— 108 SOVNVH g-1S7904 V-1SH¥04 YAMOL

*STI0S PUB 1331BM JII3ATI ‘sSneur) umojumop
‘Ldoued 2yl onoqe pue xapun sajdwes Isjemurel a9yl Jo soniea Hd - I ATIVI



TABLE II - Maximum and minimum values arithmetic (A. Mean) and
volume weighted (W.Mean) means in peq/l1  of the
analysed ions in Manaus, tower and forest rainwater
samples, and in river water (igarape).
Na K Mg*t catt NH, S0% NO
MAX.V. 73.9 56.4 139 740 51.7 116 89.8
MIN.V. 0.26 1.8 1.7 6.0 1.9 14.3 0.6
MANAUS gfiﬁgﬁRD 14.4 13.9 29.2 161 10.9 40.0 20.6
DEVIATION 29 .1 21.0 51.7 228 18.3 38.3 34.0
W.MEAN 5.2 5.1 10.8 56 5.8 23.7 9.7
MAX.V. 20.9 1.8 1.7 8.5 6.4 11.1 19.5
MIN.V. 0.87 0.9 0.8 0.5 2.2 3.4 1.3
TOWER é&ﬁﬁgﬁRD 5.2 1.0 3.3 3.5 3.9 5.8 6.3
. 0. . .0 . . .
DEVIATION 6.5 3 4.2 3 1.6 2.9 5.7
W.MEAN 3.0 0.9 1.9 2.7 4.9 5.2 4.8
MAX.V. 131.3 84.4 67.5 65.5 20.3 58.0 10.2
MIN.V. 9.1 7.4 9.2 4.5 2.8 10.2 1.5
FOREST giﬁﬁgiRD 45,7 22.8 22.5 16.5 10.0 24,6 4.5
DEVIATION 39.6 25.4 19.2 20.0 6.7 15.6 3.2
W.MEAN 34.4 17.2 16.7 11.0 7.2 21.5 5.0
TGARAPE 3.0 1.8 1.7 0.3 7.7 1.6 4.6
TGARATE 3.0 1.8 2.5 0.3 6.7 2.0 5.0
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