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Abstract: The ENSO event of 1997-1998 triggered one of the largest floods of the 
Paraná River since the beginning of its hydrological records (in 1884). The concentra
tion and transport of p�rticulate nutrients and metals of the river were assessed during 
the flood, and compared with the available information for normal periods. Suspended 
matter (SM) concentration decreased during the ENSO flood. The present data also 
suggest a decreased SM transport, likely related to a sedimentary retention by the 
floodplain. The content of carbon, Cu and Zn in SM was higher during the rising limb 
of the hydrograph of the ENSO flood, counterbalancing the decrease in SM concentra
tion, and resulting in an increased transport during this period (41, 33 and 24 %, 
respectively). On the contrary, the content of Cd remained below detection limits dur
ing the incre_asing phase of the ENSO flood, to regain figures similar to the pre-ENSO 
period in the receding phase. During the ENSO period, the transport of particulate Cd 
showed an overall drop of 41 %. The N content in SM did not show any discernible 
pattem. The transport of particulate N, P, Cr, and Pb showed a decrease during the 
ENSO flood (24, 30, 36, and 59 %, respectively), suggesting a retention of these ele
ments by the floodplain marshes, thus counterbalancing anthropic inputs to the basin. 

Key words: Metals, nutrients, floodplain river, extreme flooding, Paraná river. 

lntroduction 

In terms of global mass transport, rivers are the major sediment suppliers to 

the world ocean (roughly 90 % ) (DEPETRIS 1996). South America is the largest 

contributor to the world's runoff because of its physiographic and climatic fea

tures (BAUMGARTNER & REICHEL 1975, as quoted by DEPETRIS & PAOLINI 
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1991). This landmass is drained by six large fluvial systems that deliver about
8,000 km ' yr " of fresh water to the Atlantic Ocean. The three largest basins of
the continent (Amazon, Orinoco and del Plata) contribute 13 % of the total sus-
pended solids delivered by a11rivers to the oceans (MILLIMAN & MEADE 1983,
as quoted by DEPETRIS& PAOLINI 1991).

The removal of sedimentary materials from the continents is often per-
ceived as occurring in a pulsing manner. Unusually intense climatic anomalies
may playa major role in removing the bulk of the sediment load from the con-
tinents to the oceans (DEPETRIS 1996). This is the case in sma11 to median-
sized drainage basins, where occasiona11y intense events can transport more
sediments than normal erosive processes do during years or even decades. On
the other hand, the response of large river systems is not well documented yet.

Major global climate anomalies can modulate natural systems (DEPETRIS &
KEMPE 1993). Strong episodes of the El Niño/Southem Oscillation (ENSO)
event are believed to produce important impacts on different regions of the
world (floods, droughts). DEPETRIS et al. (1996) observed that a significant re-
lationship exists between ENSO warm events and wet episodes in the southem
region of South America.

Special features of many large rivers include extensive floodplain-river in-
teraction, which results in a significant modification of water chemistry (VIL-
LAR et al. 1998). This fact has been increasingly recognised, especia11y for
large rivers (JUNK et al. 1989, HAMILTONet al. 1997, VILLAR et al. 1998). Sig-
nificant changes in the water composition have been reported by BONETTO et
al. (1994) and VILLAR et al. (1996, 1998) for the lower stretch of the Paraná
River in relation to the flooding of the deltaic system. The 1982 and 1998
EN SO events triggered exceptional floods in the Paraná River basin, which
significantly altered the biogeochemical functioning of the river (DEPETRIS &
KEMPE 1991, 1993, VILLAR& BONETTO 2000).

The present research pro vides information on the composition and trans-
port of suspended nutrients and metal s in the Lower Paraná River during the
exceptional 1998 flood, and compares it with data on previous periods. This
paper also aims at describing temporal variations in concentration and trans-
port of particulate nutrients and metals in this river, and their relationships to
the cycle of inundation and drainage of the floodplain.

The basin

The Río de la Plata watershed is roughly 4,000 km long, and drains a basin of
3.1·106km2. It is the second hydrographic system in South America, after the
Amazon River. It has a mean water discharge of 24,000 rrr' S-l. The Upper Pa-
raná drains a tropical hilly landscape covered by humid evergreens and decid-
uous forests. The headwaters are located in a sandstone region belonging to
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the old Precambrian Brazilian Shield. Downstream, the river drains iron-rich
lateritic soils developed over Jurassic-Cretaceous basalts. About 1,000km up-
stream from its mouth, the Paraná River joins its main tributary, the Paraguay
River, to form the Middle Paraná stretch. The Paraguay River drains the huge
Pantanal wetland, a depressed marshy environment of 105 km2 that extends
from southem Brazil to northem Paraguay. About 150km upstream from its
confluence with the Paraná, the Paraguay River receives its main tributary, the
Bermejo River, which drains the arid and semiarid Chaco plain, the oriental
slope of the Andes and the Puna highlands.

Both, the Paraná and Paraguay Rivers are fringed by a 10 to 50-km wide
floodplain, roughly half of which is occupied by a complex network of lentic
habitats, and the rest covered by marshes and riparian forests. About 400 km
upstream from its mouth, the Paraná River separates into several branches de-
limiting a delta of approximately 15,000km2

, which develops over the north-
em and uppermost part of the Río de la Plata Estuary (Fig. 1). The hydrologi-
cal regime of the river is characterised by a summer flood, with maximum dis-
charges in March and a low water phase from late winter to spring (Sep.). The
combined effect of land use and damming has modified the historical hydro-
graph of the Upper Paraná River: seasonal pattems have been dampened and
sudden discharge peaks are now common throughout the year (VILLARet al.
1999).

During the 1998 flood, the valley of the Lower Paraná River was com-
pletely flooded by over a meter of water, covering levees, channels and ponds,
as observed by DEPETRIS& KEMPE(1993) during the 1982 ENSO event. The
increase in the water level produce the overbank flow of large volumes of wa-
ter that traverse the flooded marshes and retum to the river downstream
(Fig.l).

Material and methods

The Paraná River was sampled on six occasions from November 1993 to April 1995,
trying to cover a wide range of depths. Two samplings were performed during the
floods of Nov. 93 and Apr. 95, three samplings at mean water level (Feb., Jun. and
Dec. 94), and another one at an unusually low water phase (Sept. 94). Seven samplings
were later perfonned in coincidence with the ENSO flood, from Dec. 97 to Dec. 98.
Samples were taken at Brazo Largo (Paraná Guazú River, left arm) and Otamendi (Pa-
raná de las Palmas River, right arm), located 50 and 40 km upstream from the river
mouth, respectively. Samples representing the floodplain marsh were a1so taken at
Brazo Largo, about 500m away from the river bank (Fig. 1). Continuous flow was ob-
served from inside the marsh to the river throughout the ENSO flood periodo The
marsh was covered by a dense stand of emergent macrophytes, dorninated by Cyperus
giganteus and Schoenoplectus californicus.
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Fig.l. Map of the Lower Paraná River and location of the study sites.

Analytical procedures

Subsurface water samples were taken in the navigation channel, Suspended matter
concentration (SM) was determined as the weight difference after filtration through
Whatman GF/C filters. The filters were heated to 550°C for two hours before use. Par-
ticulate organic carbon (POC) was deterrnined after GOLTERMANet al. (1978) by diges-
tion of the filters used for SM deterrnination. SM was obtained at the laboratory by de-
canting river water in 25-litre polyethylene containers (10-15 days). The supernatant
was discharged by siphoning and the concentrated sediment dried in the oyen at 60°C.
TP in river SM was measured by acid digestion after heating al 550°C (ANDERSEN
1979). N in the SM was determined through the Kjeldahl method (APHA 1998).

Samples were prepared for metal analysis as follows: SM samples (0.5 g DW) were
digested with a hydrofluoric-nitric-perchloric mixture in a CEM Microwave Sample
Preparalion System MDS-2000, in advanced composite vessels. Extreme care was
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taken during sample manipulation to avoid contamination. Sediment solutions were di-
luted to 50ml. The labware was careful!y cleaned and analytical grade (ACS specifica-
tions) reagents were used. Standard curves were constructed using Merck certified
stock solutions. To overcome matrix interferences, al! reagents used to treat the sam-
pies were added to the working standards in the same proportions. Every time a set of
samples was digested, a procedural blank was made to correct sample readings. Total
Cd, Cu, Zn, Pb, and Cr determinations were performed by atomic absorption spectro-
metry (Shimadzu AA650I) with a graphite fumace atomiser (Shimadzu GFA6000),
following BETTlNELLIet al. (1989). Detection limits were expressed as 3 s for the
blank signal. The obtained values were: Zn 0.2I1g/l, Cu 111g/l,Pb 511g/l,Cr 111g/l,and
Cd 0.2I1g/l, with a variation coefficient of 2 %. Precision expressed as %RDS, n = 10
was better than 2 % in all measurements. The traceability of heavy metal s was assessed
by using certified reference estuarine sediments (SRM 1646a, NIST), and the obtained
results were in close agreement with the certified values.

Estitmates of SM load were based on subsurface samples. Owing to the uneven
distribution of SM in the water column, we may have underestimated its total loado
Larger grain sizes (sands) increase with depth, attaining higher concentrations towards
the bottom, while wash load (fine silt and clay) show minor changes within the vertical
profile (GUY 1978).The Bermejo River provides most of the SM load of the Lower Pa-
raná River. The lower Paraná River SM is dominated by fine silt and clay, being these
fractions always higher than 66 % of the total. Fine SM ranged between 92 and 97 %,
from April to June, in coincidence with the flood of Bermejo River (DRAGO& AMSLER
1988). Therefore, only a small underestimation might be expected in our suspended
load estimates during the 1998 flood. As particulate nutrients and metal s transport are
largely determined by adsorption to clay particles, transport estimates for nutrients and
metal s are believed to be more accurate than those on total SM transporto Subsurface
samples allowed a comparison with previous estimates based on samplings carried out
in the same way (VILLARet al. 1998, VILLAR& BONETTo2000).

The discharge of the Paraná River was obtained at Rosario, from daily stage height
record s and empirical curves relating water discharge to stage height provided by the
Argentine Institute ofWater and Environment (lNA). Since there are not important trib-
utaries between Rosario and the sampling sites (Brazo Largo and Otamendi), no sig-
nificant discharge variations were expected within this stretch.

Discharge weighted average concentrations were calculated by linear interpolation
of concentrations between sampling dates, summation of the products of discharges
and concentrations over al! days of the study period, and division of the sum by the to-
tal discharge of the evaluated period (LEWlS& SAUNDERS1989). Mass transport per
year (ton./y) was calculated by multiplying the concentration by the daily discharge,
and then by computing the summation for the study periodo Although reported figures
are only approximations, they are important in arder to illustrate the order of magni-
tude of changes in mass transport between normal and atypical periods.

Statistical analysis

To study the covariation of the different compounds measured in the SM and the
grouping of samples, a Principal Components Analysis (PCA) was performed. Pear-
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son's correlation coefficients were calculated between the sample groups forrned
within the ordination space described by the first two factors and the river discharge.
The statistical software utilised was STATISTICA (1993).

Results

Hydrology

The flood triggered by the ENSO event of 1998 was one of the largest since
the beginning of the records in 1884. It attained at Rosario a mean and a max-
imum discharge of 32,500 and 55,600 m3/s, respectively. The mean discharge
for the reported pre-ENSO period (1993-1995) was 19,130m3/s. The river dis-
charge reached roughly 1,040km3/yr during the ENSO flood that is 1.8 times
higher than during the pre-ENSO period (576krrr'zyr). In June 1998, discharge
measurements were performed from the bridge s of the road traversing the
floodplain between Brazo Largo and the northem border of the floodplain
(Fig. 1). As much as 5,300m3/s, representing roughly 10% the total discharge,
was estimated by the INA. The road at Brazo Largo acted as a dike, forcing
large volumes of water back to the main channel. An unmeasured but high dif-
fusive overbank flux was also observed in the section between the southem
lirnit of the floodplain and Brazo Largo (Fig.1).

Variability of SM composition

Table 1 summarises the SM concentration as well as the e, N, P, and metal
content of the particulate material during the ENSO and pre-ENSO periods.
SM concentrations in the river and in the floodplain are compared in Fig. 2.
SM concentrations were generally higher in the Paraná de las Palmas branch,
attaining a maximum at the beginning of the rising water phase and lower con-
centrations at the flood peak. Concentrations within the floodplain marsh
ranged from 4.0 to 7.3 mg/l, with an average of 5.5 mg/l, being roughly 7 % of
the amount recorded for the nearby Paraná Guazú River at the maximum. SM
in the floodplain did not show any discemible seasonal pattem.

The peA probed to be an effective technique for studying the variability of
SM composition. The first two components comprised 64 % of the total var-
iance (Table 2). The relative position of each sample in the space determined
by the first two principal components is represented in Fig. 3. The first com-
ponent (pe 1) explains 43 % of the variance, having a strong positive weight
owing to the contributions of the e, e/N ratio, Cu, and Zn content of the SM,
whereas Cd and Pb content contribute to the negative weight (Table 2). The
samples with high positive scores correspond to the rising limb of the ENSO
flood (Dec. 97-May 98, group 1, Fig. 3). A more heterogeneous group with
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Table 1. Suspended matter (SM) concentration, and its carbon (C), nitrogen (N), phosphorus (P) and metal content during the ENSO flood
(Dec. 97-Dec. 98) and pre-ENSO period (Nov. 93-Apr. 95).

SM P N C C/N Cd Cu Zn Pb Cr
mg/l mg/kg mg/kg g/kg mol. rat. mg/kg mg/kg mg/kg mg/kg mg/kg

ENSO P. Palmas 4/12/97 16.5±0.5 913 1480 64.6±31.5 51 <0.03 76 300 63 98
18/3/98 51.4±8.5 713 970 19.5±6A 24 <0.03 45 216 54 77
5/5/98 67.9±6.1 636 1050 20.3± 1.5 23 <0.03 66 240 51 82

28/5/98 46.3± 1.5 664 1310 21.6±0.6 19 <0.03 52 203 49 84
4/6/98 59.8±5.0 720 1130 16.0± 1.0 17 0040 22 108 49 98

17/6/98 42.1 ±2.9 805 1310 16.5± 1.3 15 0.33 38 130 56 89
24/11/98 29.6±0.7 862 1060 19.0± 1.0 21 0.71 35 137 46 116

P. Guazú 17/12/97 36.0±4.6 706 1565 23.3± 1.1 17 <0.03 58 202 55 83
18/3/98 25.6±4.5 678 972 25.5±2.1 31 <0.03 81 220 69 87
5/5/98 45A±2.1 585 1380 22.7± 1.5 19 <0.03 47 193 50 94

28/5/98 34.9±2A 623 1051 21.3± 1.2 24 <0.03 53 194 48 84 s::
4/6/98 35.8±2A 700 1352 19.7± 1.2 17 0.11 23 123 42 92

III--17/6/98 29.8±4.9 645 14.1±2.5 0.22 27
CD

1356 12 109 47 85 ...•-17/12/98 29.8±0.7 694 1607 19.0± 1.0 14 0.69 38 124 35 130
...•
III:::J

Pre-ENSO P. Palmas 15/11/93 43 797 1900 19.0 12 0.36 32
en

86 123 119 "Co
14/2/94 161 700 800 6.5 10 0.07 26 108 157 154 ;::¡.

8/6/94 69 700 1000 10.6 12 0.14 35 96 54 57
c.
!;¡

27/9/94 54 737 1200 11.5 11 0.34 27 123 110 75 :5"
21/12/94 46 657 1600 13.6 10 0.33 31 68 75 57 co

m
18/4/95 111 750 1200 10.1 10 0.12 21 85 43 38 z

(J)

P. Guazú 15/11/93 71 762 1600 17.0 12 0.38 28 98 179 133 O-14/2/94 223 712 900 7.5 10 0.20 26 104 130 202 O"
o

8/6/94 66 712 1100 11.8 13 0.12 27 123 21 67 c.

27/9/94 63 702 1300 11.8 11 0.53 29 108 84 56
21/12/94 54 723 1800 14.3 9 0.20 29 128 50 43 I~18/4/95 102 655 1000 8.1 10 0.22 23 108 54 29
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Fig.2. Hydrographic curve of the Lower Paraná River at Rosario, showing the dis-
charge during the El Niño 1997-1998 event and the suspended matter concentration in
the main Paraná branches and inside the floodplain .

N
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Factor 1
Fig.3. Relative position of the samples (peA scores) in the space detennined by the
fírst two principal components. Filled and empty dots represent ENSO and pre-ENSO
samples, respectively.

negative scores is conformed by samples taken during the receding phase of
the ENSO tlood plus the ones of the pre-ENSO period (groups 2, 3 and 4, Fig.
3). PC 1 is positively correlated with the river discharge (r = 0.47, n = 26,
p<O.Ol).

The second component (PC2), explains over 21% of the variance, exhibits
a heavy positive weight exerted by the P, Cr, Pb, and Cd content of the PM
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Table 2. Eigenvector coefficients, eigenvalues, total variance
and cumulative variance accounted for by the first two com-
ponents. Abbreviations as in Table l.

Eigenvector Factor 1 Factor 2
coefficients

P 0.2805 0.7493
N 0.0198 0.3944
C 0.9253 0.2399
CIN 0.9676 0.0646
Cd -0.4415 0.5831
Cu 0.8964 -0.1496
Zn 0.9372 -0.2013
Pb -0.2498 0.5938
Cr 0.0128 0.6185

Eigenvalue 3.8110 1.9137
Total variance % 42.6 21.0
Cumul. variance % 42.6 63.6

(Table 2), and is not directIy related to the ENSO flood. The relative positions
of the samples along this axis determine the formation of three groups (2, 3, 4,
Fig. 3) with different contents of metal and P, which are negatively correlated
with the river discharge (r = -0.39, n = 26, p<0.05).

The content of N in the SM did not show any discemible pattem during
both periods. The C/N molar ratio of the SM was higher during the ENSO
flood than during the non-flooded periodo During the ENSO flood the C/N ra-
tio changed as a function of time; the higher values were observed at the initial
phase of the flood, decreasing slowly thereafter, to achieve figures similar to
those observed during the pre-ENSO periodo

Concentrations and transport 01 suspended particulate nutrients and
metals

The discharge weighted average concentrations of all the measured elements
were higher during the pre-ENSO period (Table 3). If only the dilution effect
caused by the increased discharge of the ENSO flood would occur, the ex-
pected figures should have been roughly 1.8 times lower. Nevertheless, the
weighted average concentration of SM during the ENSO period was roughly
2.7 times lower, and similar results were observed for N, P, Cr, and Cd (2.4,
2.6, 2.8, and 3.0 times lower, respectively). The weighted average concentra-
tion of Pb showed even higher differences: it was 4.4 times lower during the
ENSO period, reflecting a higher Pb content in the SM during part of the pre-
ENSO period (Table 1, Fig. 3). The transport (ton y-I) of SM and particulate
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Table 3. Discharge weighted average concentrations (ug/l) and transport (ton/yr) of the Lower Paraná River during the ENSO flood (Dec.
97-Dec. 98) and pre-ENSO period (Nov. 93-Apr. 95). Abbreviations as in Table 1.

Weighted average concentrations (Ilg/l) Transport (ton/yr)

ENSO pre-ENSO ENSO pre-ENSO

P. Palmas P. Guazú Mean P. Palmas P. Guazú Mean P. Palmas P. Guazú Total P. Palmas P. Guazú Total

SM 48300 33900 38600 84600 102200 96300 1.715 107 2.348107 4.063107 1.661 107 4.014107 5.675107

P 37 22 27 6] 74 69 1.305104 1.551 104 2.856104 1.186 104 2.901 104 4.087 104

N 56 45 48 98 121 113 1.980104 3.111 104 5.090104 1.929 104 4.733104 6.662104

C 1250 709 883 1020 1170 1120 4.417 105 4.918105 9.335105 1.996 105 4.606105 6.602105

Cd 0.009 0.006 0.007 0.015 0.024 0.021 3.080 4.234 7.314 3.024 9.471 12.495
Cu 2.4 1.7 1.9 2.4 2.7 2.6 8.574102 1.181 103 2.038103 4.691 102 1.067 103 1.536 103

Zn 9.8 5.8 7.1 8.1 11.4 11.0 3.477 103 3.991 103 7.468103 1.579103 4.459 103 6.038103

Pb 2.6 1.7 2.0 8.1 9.0 8.7 9.197 102 1.206103 2.126 103 1.590103 3.539103 5.]29103

Cr 4.3 3.2 3.6 7.5 11.1 9.9 1.527103 2.212103 3.739 103 1.466103 4.375 103 5.841 103

1\)
Q)
1\)

o
;¡>

~
iil.....
~
~
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N, P, Cr, Cd, and Pb was lower during the ENSO flood (28, 24, 30, 36, 41, and
59 %, respectively, Table 3).

The weighted average concentration of C, Cu and Zn was only 1.3 to 1.5
times lower during the ENSO period, which is less than it would be expected
from the dilution effect of the flood exclusively. This fact was related to the
higher content of these elements in SM during the rising limb of the hydro-
graph throughout the ENSO flood (Table 1). Therefore, the transport of C, Cu
and Zn was higher during this period (41,33 and 24%, respectively, Table3).

Discussion

The ENSO-triggered flood caused significant variations in the time sequences
of changes in SM composition and transport in the Paraná River Basin. As
shown by the Paraná de las Palmas River (Fig. 2), a decrease in the SM con-
tent at the flood peak has already been reported for the other two largest South
American floodplain rivers (the Amazon and the Orinoco), where SM is stored
during the highest water phases (MEADE1994). This author has suggested that
such a seasonal pattem seems to be more related to the influence of water sur-
face slope (WSS) than to river discharge. DEPETRIS& GAIERO(1998) esti-
mated the WSS for the different Paraná River stretches during the 1983 ENSO
flood, showing a decrease of the WSS in the Lower Paraná stretch, where our
study site was located. DUNNEet al. (1998) calculated a sedimentary budget
for different stretches of the Amazon River, estimating an overall average an-
nual accumulation rate in the floodplain of approximately 14% of the sedi-
ment influx, in the stretch Sao Paulo de Olivenca-Obidos, mainly due to dif-
fusive overbank deposition. These authors also estimated that a further 24-
32 % of the remaining sedimentary flux past Obidos was retained in the deltaic
plains.

For the Paraná River, DEPETRIS& PAOLINI(1991) estimated a SM transport
that ranged from 40 to 100 106ton/yr, depending on the prevailing hydrologi-
cal conditions. DEPETRIS& KEMPE(1991, 1993) reported an overall drop in
SM transport from 66 106ton/yr in the 81-82 period to 53 106ton/yr during the
1982 ENSO event at Santa Fe (ea. 500 km upstream from the river mouth). In
spite of admitted limitations and constraints, our estimates showing a decrease
from 56 106ton/yr in the 93-95 period to 40 106ton/yr during the 1998 ENSO
flood, at Otamendi-Brazo Largo (close to the river mouth) are consistent with
the previous reports.

The decreased concentration and transport of SM during the ENSO events
suggest retention of sediments by the floodplain due to the enhanced interac-
tion between main stems and floodplain in the lower reaches. Both the trap-
ping effect of the floodplain vegetation and the slower velocity of the flooding
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water, determine the sedimentation of the riverbome SM. The e content of the
SM was higher during the rising phase of the ENSO flood (Table 1, Fig. 3),
suggesting a contribution of particulate organic matter by the recently flooded
valley. Resuspension of low-density leafy material originated in the floodplain
likely caused the enrichment in organic carbon of the river SM. According to
DEPETRIS & KEMPE (1991), high (>15), medium (8-15), and low «8) e/N ra-
tios suggest inputs of leafy material, soil detritus and algae, respectively. In-
creased e/N ratios (15-51, Table 1) during the rising limb of the hydrograph
suggests the input of leafy material from the recentIy flooded valley. This en-
richment in organic matter resulted in an increased transport of particulate e
during the ENSO flood (41 %, Table 3). During the receding phase, the e con-
tent of the SM decreased, as well as the e/N ratio; however, it was still higher
than during the pre-ENSO periodo This may probably reflect a shift from leafy
material inputs, during the initial phase of the flood, to soil detritus and algae
(that developed in marsh environment of low turbidity) during the receding
phase. During the flood period, the stems and leaves of macrophytes of the
flooded valley were completely covered by dense mats of filamentous peri-
phyton.

The contribution of leafy material from the floodplain may also explain the
opposite pattems of e, Cu and Zn versus ea SM contents (pe 1, Fig. 3). The
contents of the first three elements were positively correlated, being higher
during the rising limb of the hydrograph, while Cd remained below the detec-
tion limits until the receding phase began. Cd seemed to be related to anthro-
pogenic sources, and to be mainly adsorbed to the SM transported by the river
from upstream sites. On the other hand, the recently flooded floodplain would
be the main source of SM enriched with e, Cu, and Zn. The present results
suggest that during the ENSO-triggered flood, the SM enriched with Cd, Cr
and Pb entering the marshes is retained by the floodplain, thus counterbalancing
anthropogenic inputs. The resuspension of leafy material enriched with e, Cu
and Zn in the marshes increases the transport of these particulate elements.

Although the P content of the SM was roughly similar between the ENSO
and pre-ENSO periods (Table 1), the weighted average concentration was
roughly 2.6 times higher during the pre-ENSO periodo The decrease of SM
during the ENSO flood determines a significant decline of particulate P trans-
port during the extraordinary flood (Table3).

Conclusions

The ENSO flood caused a decrease in the concentration of all the determined
particulate compounds. This decreased concentration is counterbalanced by an
increased discharge, thus resulting in either decreased or increased transport,
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depending on the predominant process. Total suspended solids and particulate
organic carbon showed opposite transport trends: the former decreases while
the later increases. The overall effect of the floodplain during extreme flood-
ing involves two processes: a net retention of the heavier, allochthonous min-
eral compounds, and an enhanced contribution of the lighter, autochthonous
organic compounds of the SM. Cr, Cd and Pb showed the same pattern as total
SM, whereas Cu and Zn behaved like organic matter. It seems plausible that
adsorption to clays and later retention by the floodplain represent the domi-
nant processes for the former metals, while complexation to labile resus-
pended organic ligands predominate for the later ones. Particulate N and P
showed the same trend as total SM, thus implying that the floodplain repre-
sents a sink of nutrients, and also that its high productivity is sustained by the
contribution of riverine nutrients from the upper basin.
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