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Photoacoustic/dynamic chamber method
for measuring greenhouse gas fluxes in hydroreservoirs
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Introduction

In the last vears hydroslectric reservoirs have been
highlighted as anthropogenic inducers of global cli-
matic changes by emitting greenhouse gases (GHG)
to the atmosphere, Due to the great vanance in flux
data (Movo & Tuwms 1994, DucHesin at al, 1995,
DucHEMIY et al. 2000, Sr-Lowms et al. 2000, Liaa
2005), an appropriate study ought to consider the dy-
namical behavior of GHG fluses. The present article
deals with this perspective to evaluate GHOG fluxes al
the water-air interface of reservoirs in the Brazilian
Cerrado.
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Study sites

The hydroclectric reservoir Serra da Mesa 15 located
at the head of the Tocantins River basin in an arenite
area. The multiple purpose reservoir Manso s
formed by the confluence of the Casca (sand area)
and Manso (arenite area) rivers. The Serra da Mesa
reservgir has an average depth of 30m, and some lo-
cations can reach deeper than 100 m. Manso reser-
wvorr has an average depth of 17 m and & maximum
depth of 65 m.

Material and methods

Flux sampling and quantification

Measurements were made in an arenite area of Serra
da Mesa (13%47°317 5, 487187187 W) and in & sand
area of Manso (147377347 5, 554537247 W), Fluxes of
CHa, C0 and Mo at the water-air interface were de-
termined based on open dynamic chambers (Fang &
MomcrIEFF 1998, Fawg & Mowcriere 2001). Four
rubber cylindric chambers adapted with floating col-
lars were placed at four different water dapths, from
near the shoreline toward desper locations, Water
depths were 5.6m, [4.8m, 25.5m, 32.5m in Serra da

Mesa, and 0.7m, [4m, 2.1m, 3m in Manso, A
gquick-connection valve was Dtted in the top plate to
pump shoreline atmospheric air into the chamber,
with a chimney allowing exit air to flow ashore to
measuring instrumentation, Such design allows con-
tinuows girflow inside the chamber, minimizing tem-
perature (inerease] and pressure (decrease) effects,
Two Charles Auvsten Capex-V2 pumps connected to
four 40-m nvlon tubes were wsed o drive shoreline
atrmospheric air inte the chambers at a constant fow
rate of ca. 0.3 L min™". A photoacoustic trace gas an-
alveer (TGA: Innova 1312) was used o determine
trace gas concentrations. The instrument was cali-
brated, including a correction for water vapar (which
was also measured) and appropriate cross interfer-
enee calibrations. Accuracies in concentration analy-
sis were =2.07%, 200.37% and £0.09% for CHa, CO2
and N20, respectively, for a sample integration time
of 3 5. A multisampler {Inneva 1309) automatically
switched the outler (inlet) aw from the chambers
through other 90-m nylon tebes 1o the TGA, The gas
flux was calowlated by @ = (C, — O3, where A cor-
responds to the gas exchange water surface area, O
and O to the outler and inlet concentrations {ppm),
respectively, and Fto the molar air flow given by ©
w22 4273 52733+ p/ T013.2, where v is the air
flow (L min~"), ¥ the temperature {°C) and p the at-
moapheric pressure (mbar), Constant values of Tand
powere assumed in the calculations,

Results

GHG flux dynamies in Serra da Mesa during
two consecutive days in the middle of March
2004 are illustrated in Fig | A, Because the
multisampler failed, sampling was conducted
every 4 hours, for a 1.5-hour duration, by man-
uzlly switching the wvalves, Fluxes were highly
variable for the three gas species, somelimes
negative (sink) and in other fimes positive
(source). CO: fluxes were positive, especially
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Table 1. Greenhouse gas fluxes at the water-air interface in Serra da Mesa and Manso reservoirs ac-
quired in March 2004, Presented data are mean = standard deviation, minimuom and maximum values in
parenthesis, and the number of samples. Data were stratified according to measured depth and time pe-

riod.
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during daytime and in shallow areas (Table 17,
Nz showed pronounced negative  fluxes
arcund midday and positive or slightly negative
in the other periods (Fig. 1A), NaO fluxes
showed small differences with respect to the
water column depths (Table 1), CHs fluxes,
however, were predominantly positive, except
during midday, and tended to decrease on aver-
age with increasing depth from 4.8 o 32.5m
{Table 1).

GHG flux dynamics in Manso during ap-
proximately three successive davs in the end of
March 2004 are illustrated in Fig 1B. Al this
time the multisampler was fixed and continu-
ous data were acquired. Al about midday fluxes
notably drop to negative values for all gases.
Fluxes of CO; presented both negative and pos-
itive values, increasing on average from .7 m
to 2.4 m water depth, and falling o -4.8 mg-
COam*d ™! at 3m depth {Table 1), Mean CO:
fluxes were often positive during the nighttime,
while carbon dioxide absorption was common
place throughout the sampling period (Table 1).

Daylight ™20 fluxes were considerably nega-
tive and became more nepative as depth de-
creased (Fig. 18]

Methane fluxes in Manso were typically pos-
itive, with an unclear relation to water depth
(depth range was perhaps negligible). Even so,
CHs fluxes tended o be elevated during the
daylight time (Table 1), where emissions
greater than ca. 15 mgCHsm™2d~! were certain-
Iy mediated by episodic bubble events. The
shallowest site (.7 m) presented bubble fluxes
with values as high as 250 mgCHam 2d-!, Note
also three large bubble methane fluxes cceur-
ring at a relative constant time mterval of 18
howrs (Fig. 1B}, a possible result of gas super-
saturation under continuous methanogenesis,
followed by sediment disruption due to the ex-
cess of a certain bubble-size threshold within
the flooded sand soil.

Differences between the two reservoirs may
rely essentially on the depth range of measure-
ments (less than 3 m at Manso and 33 m at Ser-
ra da Mesa), and on the drainage basin struc-
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Fig. I. Continuous GHG fluxes measured at the water-air interface at four distinet depths from Serra da
Mesa (A} and Manso (B) reservoirs. Gray levels in the legend correspond to measurements over a spe-
cific water depth. The discontinuity in Serra da Mesa was due to multisampler failure.

ture. In arenite areas, methanogenesis may be
lower (no bubbles were observed by disturbing
the bottom of the reservoir) than in sand arcas
{many bubbles were verified), making bubble
and diffusive methane fluxes greater in Manso,
particularly in the shallow areas of the Casca
River. The CO; absorption in Manso might re-
Iy on photosynthetic processes or on the prefer-
ential methane production via OOz reduction,
while CO: emissions verified in Serra da Mesa
may result from oxidative processes taking
place within the aquatic ecosystem. Nonethe-
less, it is very difficult to generalize if these
reservoirs behaved as a sink or source of COx to
the atmosphere due to the grear flux variability
in a time scale of minutes and also to the small
spatial coverage. Measurements of dissolved
nitrogen species with a Yellow Spring Instru-
ment 6200 sonde showed that nitrate and am-
monia concentrations in the water of hoth
reservoirs were below detection limit of the

ion-selective probe. Consequently, the prevail-
ing M2 absorption (negative fluxes) in the two
reservoirs may result from simple ditfusion due
to very low concentration of dissolved nitrogen
species and/or from an intense bacterial metab-
olism in the water column under very nitrogen-
demanding waters,

Concluding remarks

The first results of GHO Nex wsing pholoacoustic
TGA and dynamic floating chambers illustrate the
potential increase of the knowledge regarding the un-
derlying GHG flux dynamics at the water-air inter-
face of aquatic ecosystems. For the measured period,
Serra da Mesa Reservoir behaved as a sink of mitrous
axide, a small source of methane and a considerable
source of carbon dioxide. On the other hand, Manso
Feservoir acted as a sink of both carbon diexide and
nitrous oxide and 2 sowerce of methane,

Thas experiment showed & convenient way to eval-
vate trace gas flux dynamics in the water-gir interface
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using a TGA and dvnamic chambers. The methane
flux data presented a large water vapor influence be-
cause correlations of water vapor versus CHa concen-
tration were bevond 0.93. Using nafion®™ tubes for
drying gas samples prior to TGA analvsis, another
study verifiad that only methane concentration meas-
urement is affected by humidity (unpublished re-
sults); therefore, an unavoidable recommendation 15
using & gas dryer previeusly to TGA anzlysis. An ad-
ditional suggestion is to use a single and sufficiently
large dead-volume between the pump and the cham-
ber inlets for decreasing inler air concentration fluc-
tuaticns.

Recent data acquired in other Cerrado Reservoir
(Corumbd) with TGA and dynamic chambers also
suggest that the observations of large flux varnances
may result from natural complex fluctuations, more
specifically exhibiting multifractal behavior (Lisa et
al., in prep.). Dynamie chambers and TGA are thus
fairly suitable for studying and evaluating GHG flux
dynamics in the water-air interface of aquatic envi-
ronments instead of raditional technigues such as
static chambers and funnels, which provide only a
glimpse of the whole process, as can be noted by
comparing data ebtained in Serra da Mesa (under-
sampling, fragmented data) and Manso {continuous
sampling) reservoirs,
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