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ABSTRACT

Dielchanges of several chemical variables were measured on three ocassions during 1986 in Orituco
River, Venezuela. Dissolved oxygenwasthe only variableto show aregular diel variation. Sodium, dissolved
reactive phosphorus, nitrite, nitrate and ammoniumshowed irregular variations of some magnitud butnot
statistically significant. Calcium, magnesium, and potassium did not show any fluctuation in their diel
concentrations.
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RESUMEN

Lasvariacionesdiarias de varios parametros quimicos fueron cuantificadas en tres ocasiones 1986 enel
RioOrituco, Venezuela. Eloxigeno disuelto fué lainica variable que mostré una variacién regular. Sodio,
fosforo disuelto reactivo, nitritos, nitratos y amonio presentaron fluctuaciones irregulares de cierta magnitud
perono estadisticamente significativas. Calcio, magnesioy potasio no mostraron fluctuaciones diarias.

Palabras Claves: cambiosdiarios, concentracion, hidroquimica

INTRODUCTION

Several chemical variables have been used to
quantify and characterize seasonal variations in
aquatic systems. Onthe other hand, diel changes on
dissolved oxygen,pHand alkalinity hasbeenrelated
to diurnalbiological activities. Therefore, measure-
ments of photosynthesis and respiration of the
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whole aquatic biota have beenused as estimators of
community metabolism (Bush and Fisher 1981,
Odum 1956, Verduin 1956, Wylie and Jones 1987).

Ithaslongbeen recognize that water chemistry of
riversare an expression of the environmentthrough
which they are flowing (Hynes 1975). Then, their
temporal variation should reflect their geological
nature or could be associated with climatic processes
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suchassnow accumulation which afterwardsmelts

resulting in changes in the water chemistry (Lewis
and Grant 1979, Lorangerand Brakke 1988). How-

ever, diel fluctuations are more difficult to be

associated with a particular process. First, they

couldreflect internal activities, mainly metabolic,

such as diel changes in oxygen which are pro-
nounced and common in tropical and subtropical
waters but few have been reported (Whitton and
Rother 1988). Second, they mightbe the product of
activities external to the systemsuch as human use
ofthe watershed through logging, agriculture and
farming. Then, monitoring the fluctuation incon-
centration of chemical variablesaround 24 h-cycles
couldincrease ourunderstanding on the functioning
of aquatic systems as well as aim to implement
sound managementpractices.

The Orituco river hasbeen subjecttoacompre-
hensive study since 1983 and routinely sampled
during day light hours. Therefore, it was important
to determine if any daily periodicity in the stream
chemistry doesexistand should have been of con-
sideration in the design of a regular sampling
program.

The objective of this study is to report diel
changesin water chemistry variables, the degreeand
importance ofthis irregular variation, and the rela-
tionship between the variablesmeasured.

Study Site and Methods

Three twenty-four hour studies were undertaken
in the Orituco river on the following dates: January
25-26, 1986; April 15-16 and April 29-30, 1986.
The sample taken in January represent conditions
underrainy seasonsince precipitation for thatmonth
(306.7mm)washigherthatthe meanaverage forthe
mainrainy season for the area(May-August 197.1
mm). The other two sampling dates correspond to
the dry season (Cressa and Senior 1987). The
sample site wasthe Hacienda Uverito (Fig. 1) where
the riverhad anannualaverage mean width, depth
and water velocity 0of7.05m, 0.22 mand 1.08 m/sec,
respectively. The substrate is uniformwith cobbles
ofapproximate 6 cm mean diameter. Preliminary
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dataonthe chemistry is given in Cressaand Senior
(1987).

The water-chemistry analysisusedare described
in Cressaand Senior (1987, 1990) with the follow-
ing exceptions. Dissolved oxygen wasdetermined
withanoxygenelectrode(OrionModel 97-08). The
electrode was tested by two procedures: (i) several
daysbefore the experimentseveral samples of water
were taken, to one batch the concentration of oxygen
was determined with the electrode and the other
batch wasprocessed according to the Winklermeth-
od (Wetzeland Likens 1979), (ii) in the laboratory,
againstdetermination of dissolved oxygen concen-
tration by the Winkler method the day beforeitsuse
on the field. Ammonia was determined with an
electrode (OrionModel 95-12). Calcium, magnesi-
um, sodium and potassium were determined by
atomic absorption.

Results and Discussion

A summary of the descriptive analysis on the
three sampling dates are presented in Table 1. In
general, all variables tested have a coefficient of
variation less than 50 %, except for soluble reactive
phosphorus(PO,-P).

Diel fluctuations in oxygen and pH are expected
since both parameters are linked to the metabolic
activity of the biota. Thus, in this case the interest
was centered on the magnitud of those fluctuations.
Thedielchanges fordissolved oxygenare presented
in Fig 2. Itis evident from the figure thata higher
concentration ofdissolved oxygen was found during
lighthours. Furthermore, the range of diel fluctua-
tions was greater during the dry season that forthe
rainy seasons (8.6-5.0mg/Lcompare with 7.6-5.5
mg/L). The smaller variation observed on April 29-
30(6.9-5.3 mg/L)could beexplained becauseitwas
acloudyday.

Comparisons with othersystems are difficultto
made since data are scarce for the tropicsas well as
forthe temperate region. However, some analysis
couldbe worthwhile with the dataathand. Bushand
Fisher (1981) reportedadiel variation of 8.7 mg/L
ofdissolved oxygen(17.3 - 8.6 mg/L) for Sycamore
Creek (USA). The diel changesondissolved oxygen
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Figure 1. The Orituco river watershed showing the sampling station.
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Table 1. Mean (X), Standard deviations (SD) and Coefficientofvariation (CV =SD x 100/ X) for the four24-h sampling

series.
Date NO,.N NO,N NH-N PO,P 0, pH Alkalinity Ca™ Mg™ Na* K
gl) (ugl) (ug/l) (ug/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
(CaCO,)
25-26January1986 X 149 74.51 23.53 346 6.51 115 NN 12.97 6.61 497 037
O 05 15.69 7.38 143 0.69 0.10 6.37 0.98 1.07 042 0.07
CV 139.60 21.06 31.37 99.25 10.55 128 37 1.56 16.19 845 1894
15-16April 1986 X 432 401.86 21.66 9.50 707 790 %6 2260 10.33 9.03 1.7
S 092 13544 381 413 1.12 0.17 470 1.10 0.50 0.89 0.12
Ccv 213 33.70 1759 4350 1588 214 509 487 484 994 690
29-30 April 1986 X 6.63 200.00 93.43 18.78 5.88 8.1 88.76
D 26l 2478 30.23 417 0.55 0.13 1.85
CV 3940 12.39 1236 2221 927 1.64 2.08

forthe Oritucoriveraresmall (the highest was3.6
mg/L) when compared with Sycamore Creek. Nev-
ertheless, the small variation found on the Orituco
river is surprising since the determination were
made atlow water level (dry season) when 85 % of
the riverbed was covered with algae (Cladophora,
Cloniophoraand ahigh density of periphyton). The
systematthistime ofthe year should have its highest
metabolic activity which in turn should produce the
greatestdiel fluctuation. Therefore, it will be inter-
esting to pursue thisinvestigationin orderto deter-
mine not only oxygen diel fluctuations but also
primary production and see how they compare with
temperateregions.

Dielchangeson pH were low, rarely exceding 0.5
units (Fig. 2). It is interesting to note that the diel
changes duringthe cloudy daysare markedly differ-
entfromthe otherswhichcorrespond with low daily
variation on dissolved oxygen.

Total alkalinity (Fig. 2) also showed some de-
crease during night hourshowever, the coefficientof
variation is low and do not follow a particular
pattern. The major ions Ca**, Mg**, K* (Fig. 3)
showed very slight variations thatcannotbe consid-
ered significant. Since the concentration of these
ions are mainly product of weathering it is not
surprising to find these results because there isno
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reason to have a different rate of weathering ona
daily basis. Itissurprising that Na* does not follow
the same patron and an explanation for this differ-
ence isnot possible atthe moment.

The greatest CV were obtained for dissolved
reactive phosphorus, NO,-N, NO,-Nand NH,-N
(Table 1). Fig. 4 depicts the waterchemistry changes
foreachofthese variableson each ofthe 24-h studies
and from it several conclusions could be drawn.
Firstofall, eventhoughsome fluctuationis evident
thisis small, not statistically significantand irreg-
ular. Second, on the sampling date where the dry
season is more pronounced a diel variation is ob-
servedonall variables. Itisparticularly interesting
to note the correlation between the variation on
dissolved oxygen,NO,-N,and NH,-N (Figs. 2 and
4). Finally, soluble reactive phosphorus showed the
mostpronounced and diel irregular-timed fluctua-
tion. Similar randomly timed irregularities were
obtained by Lewis et al. (1984) in his study on
several affluents of Lake Dillon (USA).

The descriptive analysis of the data up to this
point indicated that even though some variables
showed adiel fluctuation they wereirregularly timed
and apredictable pattern was non-existent. Further-
more, the average mean concentration obtained for
eachvariable during the sampling dates do notdiffer
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Figure2. Diel changes in dissolved oxygen, pH and total alkalinity (mg/L of CaCO,) in the Orituco River.
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Figure 4. Diel changes in nitrite, nitrate, ammonium and soluble reactive phosphorus in the Orituco River.
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significantly from the recorded seasonal variation
observed during the years of study in the Orituco
River (Cressa, in preparation). Therefore, it is
possibleto assume that the conditions prevalenton
the river atthe time of sampling are characteristic
and thus the result obtained should reflect the diel
changeson theriver. However, since the changes
werenotconstantamong sampling dates a question
arisestowhether diel variations were of significant

importance during a particular time of day. This s.

importantinthis case were the surrounding area is
farming land subject to fertilization and where
irrigation could significantly alterthechemical com-
position of the superficial runoffinputto the stream.

Inordertoanswer this question a Kolmogorov-
Smirnov (Sokal & Rolf 1981)test wascarried outin
two steps. Firstly, to determine if a statistical
difference does existbetween sampling hours fora
given date. Secondly, if a significant difference
between hours do exist, a test must be conducted
among sampling dates, foreach one ofthe sampling
hoursto distinguish which houris important fora
particular variable.

Theresults of the analysis indicate thata signif-
icantdifferencedoesnotexistin thediel fluctuations
forany ofthe variables. Therefore, eventhoughthe
datasetisnotlarge enoughitcanbeconcluded that,
with the exception of dissolved oxygen, the irregu-
larities observed do notfollow a particular pattern.

Nevertheless, the statistical analysis of the data
arisea troublesome question: How big the difference
inconcentration ofa particularvariable should be in
order that a statistical significant difference be
detected? Asan example we should look at the diel
variation of dissolved oxygen. Fromthe biological
point of view a difference does exist in dissolved
oxygenduringday andnightevenifthediel changes
do not fall under a 100 % saturation and as in this
casethediel fluctuationsare small. Dissolvedreac-
tive phosphorus is another variable whose diel
changes mustbe studied during alongerperiod of
time in order to determine if the diel changes
detected (Fig. 4) have any biological significance
which in turn could increase our understanding of
the dynamics of phosphorusinrivers. Furthermore,
since we are dealing with a mass of water in
movement, should be interesting tosample the river
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attwo sites according to the velocity of the water
(upstreamsite attime zero and downstreamsite at
the time matching the corresponding velocity) in
order to distinguish effects from non-pointsource
from thus due to biological activities carried out
inside the stream. Thisaspectis particularly impor-
tantin this riverwhere phosphorusconcentrationin
daily-hour sampling was determined to be low
(11.39 pg/L, Cressa in preparation) and thus we
couldhaveunderestimate itsconcentration andrecy-
cling.
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