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The differentiation in the quality of the Amazonian
waters is closely related to the geological, geochemical and
petrographic aspects of the headwaters of the major rivers
(Furch, 1984). The Xingu River is one of the main right
bank tributaries of the Amazon Basin and is characterized
by having clear and transparent waters. The Xingu basin
drains 509,685 km? of land with basic geological features
related to the chemical composition of the water (Stallard
and Edmond, 1983) that present clear, transparent, with a
small amount of suspended solids, pH between 4.5 to 7.0.
The Xingu River has its origin in pre-Cambrian land and
drains crystalline rocks of the Guiana Shield and the
Central Plateau of Brazil. The aim of this study was to
assess the ionic characteristics of the water in different
compartments of the Xingu River in the area of the future
UHE Belo Monte during the hydrological periods of flood
and drought.

Thirty seven sampling stations were selected in the
Xingu River Basin for monitoring the water quality.
One sampling station was selected in the upstream portion
of the future reservoir; 12 in the future Xingu Reservoir;
5 in the future Intermediary Reservoir that, at this moment,
are tributaries of the Xingu River, mainly igarapés; two
stations in the Bacaja River; 13 sampling stations in the
Volta Grande do Xingu and 4 stations downstream the dam
and the Volta Grande do Xingu. All stations were located in
backwaters sites and near-shore regions, where conditions
are regionally more representative and homogeneous.
The water samples were collected during three annual
hydrological cycles as part of the “Basic Environmental
Project” (PBA) of the Belo Monte Hydroelectric Power Plant
(UHE Belo Monte). Two field campaigns were analyzed in
each cycle in the following hydrological seasons: March
2012 (flood), September 2012 (dry), April 2013 (flood),
October 2013 (dry), April 2014 (flood) and October 2014
(dry). All procedures for sampling, preservation and
transportation of the samples were performed according
to the APHA (1998). The water samples were analyzed
for the dissolved ions concentration (fluoride, chlorine,
bromide, nitrate, sulfate, sodium, ammonium, potassium,
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magnesium, calcium) using liquid chromatography
(DIONEX model DX-80), and for total Kjeldahl nitrogen
and total phosphorus concentrations using methodologies
described in APHA (1998).

The surface water quality in the Xingu River basin
showed high spatial heterogeneity, being influenced by
the conditions of the surroundings and the areas drained
by the water bodies analyzed. In fact, it has long been
recognized that aquatic ecosystems are strongly influenced
by the landscapes through which they flow (Allan, 2004).
The results of the ionic composition of the waters of the
Xingu River and its tributaries showed variation between the
dry and rainy season (Table 1). In the future Intermediary
Reservoir section, formed mainly by streams being barred
and Bacaja River, which has a different contribution basin
were the sites that had the highest concentrations of fluoride,
chloride, sulfate, sodium, potassium, magnesium and calcium
in the dry season. The nitrate concentration was higher in
the dry period only in the region of the future Intermediary
Reservoir (112.52 + 88.59 ugN.L"), probably originated
from the decomposition of organic matter accumulated
in the streams after receding waters of the flood period.
The concentrations in the remaining stretches were higher
in the rainy season (170.55 = 102.30 ugN.L"! in Bacaja
River). The concentrations of the major ions (Na*, K, Mg*
and Ca") in the Xingu River were very similar between
the dry and the rainy season and the largest differences
were observed in the area of the future Intermediary
Reservoir and Bacaja River. The total Kjeldahl nitrogen
concentrations varied between 0.71 and 1.10 mg.L" in the
dry season and the highest concentrations were observed
in the Bacaja River and the Xingu Reservoir, in the latter
mainly by the contribution of streams that run through
the city of Altamira (Table 2). In the rainy season the
concentrations were slightly higher in the Xingu River,
mainly in the downstream (1.14 mg.L"), indicating that
the organic nitrogen supply to the main body originates
from the flooded areas and from the soil leaching of the
drainage basin. On the other hand, the total phosphorus
concentrations were slightly higher in the dry season,

Braz. J. Biol., 2015, vol. 75, no. 3 (suppl.), p. S30-S33



Tonic characterization of the water of the future UHE Belo Monte

LT €FT T90 680 8LT 85T ¥S0 OLT S0 L'l 600 SI'0 0SHE THI8 TYST vI'ST ¥I€E TTET SI'EC €06y  Aurer

WEeANSMO
7'l L8T 050 9L0 +v€CT vyl 8Tl Tvrc €€C 0T CTI'0 0C0 88TII 9¥'66 60L <TC6 656l 6I'I1 SS8Y ¥T¥S A1p a
OI'T II'€ SS0 LET #P0 9L1 880 CTI'S 0L0 €T L0O0 0£0 0€TOL SSOLI TL'S 06 LPTE LTOE 9879 LLv6  Auter AT
06T ILY L60 86T 980 €TCT 6TCT 8L9 OVL $T€ SO0 +$T0 9S8T ISHT OLT 091 LE€9 TSTL 8T8 606k  AIp vleoeq
3
880 681 TS0 LLO THO €CTT L8O 061 SSO 680 LOO <TI0 TTEY9 ST96 9THT 8TI9I €1°0T OLT1 +9'¢y €09S  Aurer op QW:MWW
P80 6L1 €S0 6L0 P00 980 6€1 €I'c LI'T €€ $00 €10 98¢k 88TE 0OV0C L60C vv'E TC¥ P$EI9 8I'19 Aip BIOA

90'T TI'E 0F0 6I'1 SE0 IS8T TE0 €0E€ T80 88T 6£0 €0 0L8E +0'8S 960 01'6T €0°6T T9TE €L6k1 4G5I Aurer JIOAISSOY
LLE 06S SS0 SLT 9I'l LOE 9ST #8S SHT 60F 001 +#S0 6588 <TSTII S8SL 9F'€S TSOI 6LFCT 86°LLE STO8T Aip  Arerpauuoyug
850 8T 0TO 850 9€0 960 080 LLT ¥TI 6T1 810 LIO 0v89 0F60l 9v'€E THIT SE0T 99v1 €TOF 1S€S  Aurer JIOAISSoY

9L'0 IL'T 610 +¥90 6L0 6L0 €TT 681 6¢€1 SV 970 <TCO0 S089 ¥8ES PTE9 LTTE 0601 €18 €€LY 6605 A1p ngury
0AIOSO
€90 ¥TT €C0 9Y0 950 LLO €80 S8TI 8TO0 990 900 600 6£SE $968 19L $TII 89Fy €T9¢ 909¢ 109F  Aurer o \MwSM

TTO 65T TO0 €90 €10 8.0 O0V0 95T LSO 60 100 110 6LTI S9Iv €S1T ¥8LI LL'T THT 6S¥E 998y  AIp weonsdn
ASF U\ (SF UBN (SF UBIIA (SF ULIN (SF UBN (SF UBAN (SF UBN (SF UBIN (SF UBN (ST UL\ UOSEIS
(- 1°8w) (- 1°8u) (/1°3u) (- 1°8w) (18w) (. T/0S3w)  (.TN3M) (- T'N-31) (. 1°8M) (. 1°8M)

€

o) ) B JeN o) 208 fON JHN ag A

“(Y10T-€102-21027)
S91949 [89130]0IpAY 221y} SuLInp uiseq I9ARY n3ury ay) ur xo[dwiod AUOA o[eg FH[ JO siuowIedwod JUSISIP J& SUOT PIAJOSSIP JUSISHIP JO ((S) UONRIAD( PIepPUR)S PUEB UBIA *] J[qEL

31

Braz. J. Biol., 2015, vol. 75, no. 3 (suppl.), p. S30-S33



Sidagis-Galli, C. et al.

ranging from 22.30 pg.L! in the upstream of the Xingu
Reservoir up to 82.74 pg L in the Intermediary Reservoir.
These concentrations in the area of the future Intermediary
Reservoir were also observed in the rainy season, probably
as result of increased particulate P input by resuspension of
the sediment caused by the changes in the river flow and
by the runoff of the basin soil into the streams. To highlight
the relevance of rainfall or the local lithology in the ionic
composition of the waters of the Xingu River and its

tributaries was used the Gibbs diagram (Gibbs, 1970).
Figure 1 shows the ratio (by weight) Na/Na+Ca and the
ratio (by weight) CI/CI+HCO, to the total dissolved salts
in the water. It can be seen that precipitation is the major
natural mechanism controlling surface water chemistry.
The Bacaja River and the future Intermediary Reservoir
have a little influence of rock weathering.

The Xingu River has a low ion concentration because
its waters are originated from the Central Brazilian Shield,

Table 2. Mean and Standard Deviation (SD) of total nitrogen Kjeldahl and total phosphorus at different compartments of
UHE Belo Monte complex in the Xingu River Basin during three hydrological cycles (2012-2013-2014).

Conductivity TDS HCO, NTK PT
(nS.cm™) (mg.L™") (mg.L™") (mg.L™") (ng.Lh

Season Mean +=SD Mean =+=SD Mean =+SD Mean =SD Mean =SD

Upstream dry 1700 436 1000 265 612 178 071 035 2230 22.00
fg;fruvoir rainy 1433 058 933 058 728 374 098 026 19.89  2.67
Xingu dry 2019 12.14 11.83 711 605 277 091 1.17 4061 32.62
Reservoir rainy 1542 289 981 205 913 451 066 049 2332  9.04
Intermediary  dry  66.14 46.66 40.07 2837 2020 973 080 035 8274 3818
Reservoir rainy  30.50 1054 19.00 639 1586 7.50 0.88 067 6625 36.55
Volta Grande ~ dry 2456 1739 1509 1344 832 604 075 055 3565 17.89
do Xingu rainy 1652 478 1021 3.08 866 454 084 059 2274 11.89
Bacaji River 0¥ 7367 1447 4367 845 2506 646 110 047 4746 1558
rainy  37.17  3.60 2333 225 1873 564 042 038 4814 724

Dowstream dry 2545 2383 1527 1393 763 533 076 034 3083  7.65
rainy 1525 627 1050 485  7.88 348 114 095 2682 1824
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Figure 1. Gibbs diagrams showing the most likely process responsible for hydrochemistry of the Xingu River Basin during
three hydrological cycles (2012-2013-2014). XR: Xingu Reservoir; UPS: Upstream Xingu Reservoir; VGX: Volta Grande
do Xingu; DWS: Downstream; IR: future Intermediary Reservoir; BR: Bacaja River.
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which is composed by geochemically poor Precambrian
rocks (granite and gneissin) and by the fact that the basin has
stable processes of erosion and sedimentation (Sioli, 1984).
The differences observed between the area of future
Intermediary Reservoir, the Bacaja River and the main
body of the Xingu River indicate that, although belonging
to the same basin, the different portions of the Xingu River
and its tributaries have different chemical characteristics,
influenced by both the lithology of the drainage basins and
the existing local anthropogenic impacts. Most sampling
stations monitored in the UHE Belo Monte complex on the
Xingu River and tributaries showed good water quality in
terms of ionic concentration and nutrients (TKN and PT)
due to the absence of major local impact and to the high
depuration capacity of the Xingu River. The results also
show the importance of the connectivity of the tributaries
of Xingu River with the main river. Tributaries collect
organic matter from the watersheds and the surrounding
forest contributing thus for the chemical composition
of Xingu River water (Tundisi and Matsumura Tundisi,
2013). Furch (1984), discussing the composition of the
Amazonian water bodies, emphasizes that only the waters
that originates from the geochemistry of the waters in the
west peripherical amazonian region such as the Solimdes
River and varzeas lakes are classified as carbonate waters.
The remaining waters such as Xingu River are on the range
of low carbonate. Also when compared with the average
ionic composition of river waters in different continents
(mg.L") (from Payne, 1986), Xingu waters shows very
low calcium ion composition.
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