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ABSTRACT

Bulk precipitation was daily collected and individual pH measured at the Trachypogon
savannas, Venezuela, over a consecutive 3-year period. The volume-weighted mean pH as
calculated, were 5.8, 5.6 and 5.8 for 1981, 1982 and 1983, respectively. The annual variation of
pH ranged from 4.9 to 6.9: 4.8 to 6.3 and 5.4 to 6.8 units in 1981, 1982 and 1983, respectively.
However, in this savanna area, which is relatively remote from heavy sources of industrial
pollution, the annual proportion of daily rains with pH < 5.0, occurring mainly at the onset and
end of the wet season, were 2.0, 3.0 and 0.0% for 1981, 1982 and 1983, respectively.

1. Introduction

Lowland Trachypogon savannas are a major
ecosystem of northern South America, traditionally
used for stock-raising activities (San José et al.,
1985). Studies on photosynthetic functions of these
savannas (San José and Garcia-Miragaya, 1981)
indicate the presence of strong environmental
constraints, some referred to physical and chemical
soil characteristics. Special emphasis has been laid
on rainwater as an alternative source of mineral
nutrients for this ecosystem.

A serious potential drawback has recently arisen
as a result of the intensive petroleum activities
carried out in the Trachypogon savannas, where
the petroleum belt covers an area of 82,000 km?
(25 % of the total area) of the Orinoco Llanos. As a
result, studies on the environmental impact of these
activities are now in course, with special attention
paid to the acidity of precipitation, as previously
reported for similar situations (ESSO Resources
Canada Limited, 1979).

The present study involves daily measurements
of precipitation pH in the Trachypogon savannas
of the Orinoco Llanos, for 3 consecutive years. At
present, the selected location is relatively remote
from sources of heavy industrial pollution (~200
km to the nearest main industrial area).

2. Material and methods

A permanent plot (1 ha) was located at the
Biological Station of the Plains (8°56'N;
67°25' W), at Calabozo, Venezuela (Blydenstein,
1962).

Rain was collected with polypropylene collector-
devices designed as follows: a 2 | polypropylene
bottle (NALGENE), 21.0 cm high, was cut 5.0 cm
from the top. This portion was used as a funnel
(9.0 cm @) and attached to the remaining 16 cm of
the bottle to form a collector device. The neck of
the funnel was stopped with a plug of glass wool to
prevent the passage of large particles. 3 of these
polypropylene devices were placed in an open field,
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on posts 1.60 m above the surface of the grass and
spaced at 10 m intervals, delimiting the vertices of
an equilateral triangle. A standard rainwater gauge
was placed in the centre of the same.

The containers were kept open throughout the
study period and due to the low durability of the
material under the savanna climate, they were
changed twice; midway during the wet season and
at the beginning of the following wet season. pH
was measured in a suspension formed by rain and
dry fallout; a mixture referred to as bulk pre-
cipitation (Whitehead and Feth, 1964), which was
collected and measured in each of the 3 poly-
propylene collectors, on every rainy day from May
1981 to November 1983. In order to prevent
build-up of a microbial coating on the walls of the
vessels, these were scrupulously washed after each
sampling, with iso-propyl alcohol, followed by 3
portions, 200 ml each, of distilled water. In addition,
the glass wool plug was changed after each
sampling, with no apparent effect on pH measure-
ments, according to the laboratory test.

Daily, the 3 collected samples were taken to the
laboratory, stirred, and on quiescent conditions, pH
was measured in each (meter Broadley J. Corp.
Model 5, accuracy +0.05 pH units) using an
Ag-AgCl glass electrode. Before and after each set
of measurements, the pH meter was standardized
with pH 4.0 and pH 7.0 reference buffer solutions
(Orion Research Inc.) and with a primary reference
standard solution of acetic acid. It was also
periodically checked with another pH meter, with 2
different pH electrodes (Orion Research model
20-digital with accuracy of +0.01 units). Quality
control evaluations were performed with standard
solutions poured into the collector and subsequen-
tly analysed.

Volume weight mean pH (VWMpH) of the three
samples, was expressed as a concentration (uMI~)
by weighted mean, after applying the equation:

ZI(H*)(vol)l
Z(vol)

where: H* =puMI™!' of H* in the rain event;
vol = volume of rainwater per event. The averaged
values were then reconverted to pH units and these
data were used for cyclical trends using Noether’s
(1956) test, a free distribution non-parametric test.
Precision was obtained by repeating the pH
measurements on each of the 3 containers in field
conditions, and accuracy was evaluated with the

VWMpH =
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dilute acetic acid solution of known concentration.
The pH results indicate a precision and accuracy of
less than +10 %.

3. Results and discussion

During the measuring period (from May 1981 to
the end of 1983), volume and pH of 453 rain
samples (3 individual samples taken on each of the
151 rainy days) were measured in a Trachypogon
savanna at the Orinoco Llanos. There were 74 days
in which the precipitation volume was below 0.5
mm, and therefore pH measurements were imprac-
tical. Total annual precipitation for 1981, 1982 and
1983 was 1185, 1124 and 1380 mm, respectively.
Rains were seasonally distributed between April
and October (Fig. 1).

According to Noether’s (1956) test, pH of the
bulk precipitation, measured during the study
period, did not show a cyclical trend (P, = 0.28
at o=0.05). In addition, Pearsons correlation
between daily precipitation pH and rain volume
during the 3 consecutive years was not significant
(r=0.03) as calculated according to Conover
(1980). The volume-weighted mean pH (VWMpH)
of bulk precipitation, varied within and between
years (Fig. 1). Thus, the annual VWMpH of bulk
precipitation was more acidic during :982
(pH=15.6) than in 1981 (pH=5.8) or 1983
(pH = 5.8).

Even though there is scarce global information on
the natural pH of precipitation, a pH < 5.0 seems
to be an indicator of the lower limits of the natural
mean pH of precipitation (Galloway et al., 1982).
Therefore, according to this pH reference value, the
total number of rains in the Trachypogon savannas
with pH < 5.0 was 2, 3 and 0% in 1981, 1982 and
1983, respectively. Nevertheless, although pH
values within the years ranged from 6.9 (July 9) to
4.9 (October 27) in 1981; 6.3 (June 18) to 4.8
(April 6) in 1982 and 6.8 (May 26) to 5.4 (April
18) in 1983, a comparison between the VWMpH
values obtained at the Trachypogon savanna and
the information available for other Venezuelan
areas, indicates that the acidity of the rains
analysed in the present paper, was less than that
reported for the cloud forest at Carbonera Mérida,
ranging from 3.8 to 6.2 units of pH with an average
of 4.6 (Steinhart and Fassbender, 1979); Lake
Valencia basin, ranging from 3.5 to 7.0 units in 2
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Rainfall 238 3 mm
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Fig. 1. Rainfall and volume-weighted mean pH in the Trachypogon savannas of the Orinoco Llanos, Venezuela.

years (no average was reported in this work) an average of 4.7 (Haines et al., 1983). Further-
(Lewis and Weibezahn, 1981) and San Carlos de  more, the range of annual pH variation was also
Rio Negro, Amazon Territory, from 4.0 to 6.7 and  lower (1.6 units) in the Trachypogon savannas as
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compared with the previously-mentioned localities
(2.4 units in Carbonera; 3.5 units of Lake Valencia
basin and 2.7 units in the Amazon Territory).

The high pH values found in this study are a
possible indicator that carbonic acid, in equilibrium
with the dissolved CO,, the latter released either by
natural processes or burning of the vegetation, may
be the major source of H*. In addition, neutralizing
agents such as ammonia (Montes et al., unpub-
lished data) could also be important. On the other
hand, rains with pH < 5.0 may be a result of local
vegetation burning, mainly at the onset of the wet
season, producing an increase in the loading rate of
nitrogen oxides, which in solution become nitric
acid, a major source of hydrogen ions (Montes et
al., unpublished data). This was also reported by
Lewis and Weibezahn (1981) and Lewis (1981), for
the Lake Valencia basin. Other possible sources are
weak organic acids (Galloway et al., 1982; Keene
et al., 1983; Keene and Galloway, 1984); locally
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recycling biological processes (Alexander, 1977)
and atmospheric pollution (Prospero, 1979).

Finally, long-term studies of this nature should
be carried out in the Trachypogon savannas with
the purpose of detecting changes in acidity and
chemical composition of rainwater before and after
petroleum exploration begins in the “*bituminous oil
belt” of the Orinoco River. This becomes a priority
when we consider the fact that this ecosystem
develops on oligotrophic acid soils.
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