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Abstract: The Reconquista River basin is located in an urban area where 2.5 10° inhabitants and 4,242 industries
are settled. The confluence with the Morén stream shows the largest anthropogenie impact. The effect of the
Morén stream on the water quality of the Reconquista River was evaluated in relation to is organie, mineral and
metal contribution. Bimonthly samplings were carried out in the Reconguisia River upstream (GOR), and
downstream (SMT) from the confluence with the Morén stream and in the latter (MOR). Dissolved oxygen, ptl,
conductivity, temperature, transparency, nutrients, major ions, suspended solids, particulate and total organic carbon,
Kjeldahl nitrogen, total phosphorus and heavy metals were determined in water samples. Discharge ratios between
the Beconquista and Mordn streams were estimated based on chloride concentrations. The samplings were ordered
from the Principal Component Analysis in: GOR, SMT and MOR according to a growing gradient of organic and
mineral contamination. This gradient hag a spatial component {related to the discharge point of the Morén stream)
and one related with the flow of the Reconquista River. Mean levels of heavy metals were higher than the thresholds
for aquatic life protection. The most important were: lead, zinc, copper and mainly chromium, all of ther related to
industrial activity. Their concentrations responded to an irregular and intermittent discharge. Sometimes, metal
ievels at SMT and GOR were higher than at MOR, indicating other sources of contamination besides the Morén
stream.
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The Reconquista River basin has a surface of
1.67 10° hectares 72,000 are occupied by
agricultural areas, mainly located in the upper
basin, and 95,000 are urbanized, mostly located
in the middle and lower basin. The discharge in
the study area ranges from 86,362 to
143,591 m® day! (Thames Water Consultancy
Service, 1979) in agreement with the
precipitation pattern. The basin comprises 14
districts with more than 2.5 10f inhabitants, that
represent 8% of the Argentine population (Saltiel,
1897a). Olson et al. {1998) consider that the Re-
conguista basin is comprised within a critical area
with regard to the conservation status of
freshwater ecoregions of Latin America. The
main course and its tributaries receive running
waters from landfills and cultivated lands as well
as domestic and industrial effluents (from foed,
textile, rubber, chemical industries, and
tanneries). Thus, there is a large contribution of
organic matter and pollutants as heavy metals

among others {Castafé ef al., 1998; Garcia ef al.,
1998), that determine a high to very high degree
of contamination in the middle and low basin
(Arreghini ef ol., 1997).

The largest population in the basin
concentrates in Tres de Febrero, San Martin,
Morén and ex Gral Sarmiento districts. The mean
density for the whole basin is 36.4 inhabitants
hectare, reaching 88.5 inhabitants hectare’ in
San Martin. Only 16% of the population of the
basin has sewers, and 37% has potable water
(Saltiel, 1997h}. The biggest spillage of industrial
efffuents are located in San Martin, Morén, ex
Gral. Sarmiento and Tres de Febrero districts,
mainly corresponding to rubber, textile,
mechanics and food industries (Pescuma &
Guaresti, 1992) (Table 1). In the nine more
polluted districts, the total number of industries
with polluting potential is 4,242 which
produce an organic load equivalent to a
populaticn of 2,467,866 inhabitants, similar to
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Fig. 1. Area of study (@ sampling sites}

Table 1. Industrial activities of the area (Dats obtained from Peseuma & Guaresti,

1992},

Volume of spilied effluents (m® day '}

in Reconquista River* in Morén stream

Cattle slanghter, meats 925 1.712
Milk and derivatives - 187
Cereals, flower and derivatives 1 -
Alcohol and alcoholic beverages 1.029 71
Other foods - 2.387
Textile 988 47507
Hides and skins - 1.803
Celiulose, paper and graphical material 3 1.323
Rubber 8.472 3.097
Chemicals 441 369
Cement and stones - 38
Shipyards and mechanic workshops - 3.126
Steel metallurgy 95 521
Electrical apparatus and material 142 41
Metallurgy 48 275
Ice factory 74 -
Photographic articles and related material - 5
Varicus manufactures 20 295
Car wash (cattie trucks excluded) 80 -
Non industrial facilities 1.165 -
Laundry 36 -
Total 13.519 20,127

* Considering only San Martin, Tres de Febrero, Mordn and ex Gral. Sarmiento districts.

the total population of the basin (AGOSBA, upstream from the mouth of the latter. Kuezynski
1991). (1994} analyzed some physical, chemical and

The Morén stream flows through Tres de Fe-  microbiclogical variables during the decade of the
brero, Morén and San Martin districts until its  80s, and recorded extremely high organic and
confluence with the Reconquista River, 17 km  bacterial loads (COD=703 mg 1" and coliforms
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were occasionally higher than a million and a half
ind . At low flow conditions, the Mordn
discharges are 52,000 m® day' (Thames Water
Consultancy Service, 1979), depending on both
precipitation and spifled effluents. Ite longitude
is roughly 16 km, of which the upper 4.5 km are
t1bed.

The ohiective of the present study is to assess
the impact of the Mortn stream on the water
guality of the Reconquista River in relation to
organic and heavy metal contamination.

MATERIALS AND METHCDS

Surface water samples were taken at three
sites: Gorriti {GOR), and San Martin (3MT), on
the Beconguista River located 18 km upstream
and i km downstream respectively from the
confluence with the Mordn stream, and the
Mordn stream (MOR) at the bridge of Route 8
{Fig. 1}. Five samplings were carried out in June,
August, October and December 1996 and
February 1997.

Dissolved oxygen (DO), pH, conductivity,
temperature and transparency {Secchi depth)
were determined in situ. Water samples were
filtered through Whatman GF/C filters, and
carried in ice to the laboratory. Dissolved
nutrients were determined in the filtrate. Solu-
bie reactive phosphorus (8RP) {(molybdate-
ascorbic), nitrates (N-NO ) (reduction with
hydrazine sulfate), nitrites (N-NO,) (diazotation)
were determined after Sirickland & Parsons
{1968), Ammonium (N-NH,*) (indophenol blue)
was measured according to Mackereth ef al,,
(1978). Calcium (Ca?) and magnesium (Mg?)
(EDTA titration), sodium (Na*) and potassium
(K*} (flame photometry), bicarbonate (HCO,)
(Gran titration), sulfate (30 (turbidimetry)
and chloride (Cl) (silver nitrate titration} were
determined following APHA (1992). Dissolved
inorganic nifrogen (DIN) was calculated as the
sum of ammonium, nitrates and nitrites. Suspen-
ded matter (8M) was determined as the weight
difference after filtration. Particulate organic
matter {POC) was determined after Golterman
et al. (1978) previous digestion of the filters used
for SM determination. Total organic carbon
{TOC) (Golterman et al, 1978}, Kjeldahl nitrogen
(NKj) and total phosphorus {TP) (APHA, 1992)
were determined in unfiltered water samples
fixed in the field with sulfuric acid.

The mesn concentration of Kjeldahl nitrogen,
ammonium, total phosphorus, soluble reactive
phesphorus and discharge were used to estimate
the daily loads at each sampling site. At low flow,
discharge values estimated were 86,362 and
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143,591 m® day! in the Reconquista River near
GOR and downstream from the confluence,
respectively, and 52,000 m® day? in the Mordn
stream (Thames Water Consultancy Service,
1979}, The Mordn value corresponded to a daily
discharge average, and the rest was estimated
from a mathematical model.

Total concentrations of metals (manganese,
iron, coppet, chromium, zine, cadmium and lead)
were performed according to APHA (1992} in
ubflitered water samples fixed in the field with
nitric acld. The determinations were carried out
by inductive coupling plasm atomic emigsion
spectrophotometer (JCPAKS).

The water quality index (ICA, Berén, 1984;
was calculated in each site and sampling date,
considering dissolved oxygen, percentage of
oxygen saturation, ammonium, chlorides and
temperature. The correlations were carried out
using the Spearman correlation index, The
Kruskal-Wallis test was used to compare the
observations between sites and sampling dates
for each variable, and when significant
differences were obtained, analysis of multiple
comparisons was applied (Daniel, 1878). Princi-
pal Component Analysis (PCA} was carried out
on the correlation matrix of the variables:
dissolved oxygen, Kjeldah! nitrogen, ammonium,
nitrate, nitrite, total phosphorus, particuiate
organic carbon, total organic carbon, calcium,
magnesium, sodium, potassium, bicarbenate,
sulphate and chloride. Only those components
leading to clear conclusions and accounting for
more than 10% of total variance were considered
{Pla, 1986).

RESULTS

The relative discharge at SMT with regard to
MOR (Table 2), was obtained from the general
dilution equation {Jolankai, 1997):

(QGcr *Cl‘(}or) + (QMM*Gi -Mor) = {Q(}m + QMM)*C}SMT’
considering Qg = Qo Qe

Such an approach assumes steady state
conditions in the water courses and
instantaneous full cross-sectional mixing, and

Table 2. Relative discharge of Re-
conquista River at SM'T.

June " Qu= 2579 Qe
August Qo= 2.544 Qo
October Qarer= 2985 Quop
December Qo= 3637 Quon
February Qoyer™ 5.208 Qo
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relies on chloride behaviour as a conservative and
mobile ion,

' The concentration of dissolved oxygen (Table
3} differed significantly among sites (p<0.05) and
average values at SMT were 18 times lower than
at GOR, becoming occasionally anoxic at SMT
(June and December). MOR showed values of
dissolved oxygen ranging from 0.1 to 0.6 mg 14,
the maximum being attained in coincidence with
the lowest temperature (June), The temperature
did not differ significantly among sites, and it
followed a seasonal behavior, excluding thermal
econtamination. Water pH was alkaline.

Conductivity (Table 3) showed significant dif-
ferences among sites (p<0.001), the higher val-
ues being in MOR, (June and February). In Feb-
ruary the conductivity at MOR was very high
(3,090 u5 cm!). However, at SMT the conductiv-
ity was approximately the same as at GOR. The
highest relative discharge at SMT with regard to
MOR was obtained in February {Table 2).

SBecchi depth (Table 3) diminished 38% and the
suspended matter increased 130% at SMT with
regard to GOR, presenting a significant inverse
correlation (r=-0.74; p<0.05;: n=9).

Suspended matter was correlated directly
with particulate organic carbon (r=0.73; p<0.01;
n=13) and total organic carbon (r=0.59; p<0.05;
n=13).

Table 3. Physicochemical variables measured.
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The average of Kjeldahl nitrogen and
ammonium (Table 3) increased 42% and 53%
respectively at SMT regarding GOR. Both varia-
bles showed significant differences between sites
{p<0.001), registering the highest values at MOR.
The average of Kjeldahl nitrogen at SMT was
approximately half of that at MOR. However, in
December, Kjeldahl nitrogen and ammonium at
SMT were similar to those at MOR related with
smaller relative discharge at SMT with regard to
MOR. Ammonium represented on the average
from 85 to 97% of the dissolved inorganic
nitrogen, the highest percentages being at SMT
and MOR. Nitrates and nitrites (Tabie 3) showed
significant differences among the sites (p<0.001,;
p<0.01, respectively) registering the highest
values at GOR. Nitrates were correlated
positively with dissclved oxygen (r=0.82;
p<0.001; n=15), the highest levels of nitrates and
nitrites being in coincidence with an important
increment of dissolved oxygen at GOR, in
Decermnber. At SMT the concentration of nitrates
was six times lower than at GOR.

Soluble reactive phosphorus represents 41.5
to 67.1% of total phosphorus. The highest val-
ues in soluble reactive phosphorus and their per-
centages with regard to total phosphorus were
registered in October and February, reaching
100% at GOR. The concentrations of soluble re-

GCR MOR SMT

dJun  Aug  Oct Dec Feb Jun  Aug Oct  Dec Feb Jun  Aug Oct Dec Feb

96 86 86 96 o7 96 96 26 96 a7 96 96 96 96 97
DO (mg I 1,2 04 06 718 44 06 04 03 01 0G4 00 02 0,2 00 04
Temp, (°C) 13 13 21 29 22 16 17 25 30 23 14 15 23 30 23
pH 81 80 78 84 8¢ 78 84 75 76 1B 77 81 80 15 19
Cond. (S emty  1.270 839 - 1.217 1677 3115 2.295 - 2143 3090 2,125 1285 - 1.923 1.550
Secchi () 0,69 0,15 (56 040 0,48 - - - - - ¢54 011 625 012 (40
SMimg I'h - 74 17 19 31 169 - 110 54 82 50 156 64 64 44
NEj{mgl? 22,7 1540 10,82 10,08 1596 51,80 55,72 44,52 25,76 49,00 22,68 2548 21,28 2404 22,68
N-NH, (mglh 16,3 828 6,71 8,25 10,31 13,24 13,50 18,76 17,31 34,31 10,98 945 13,87 22448 20,06
N-NQ, (mg 1) 1,03 161 023 3,03 9,94 0,08 0,12 000 0,14 0,04 0,24 032 09 020 002
N-NO, (mg 1% 0,73 038 048 0,59 0,00 0,22 G04 0,00 6,03 0,02 0,04 1,16 000 003 0,01
DIN (mg 1) 12,00 10,27 741 11,87 11,35 1354 13,66 16,76 17,28 34,38 1126 10,03 13,76 22,69 20,10
TP (mg 1) 268 205 2,12 250 2,830 373 353 4,16 261 2,83 345 194 231 246 2,59
SRP {mg I} 1,25 1,32 202 0,85 2,24 1,15 77 2,63 673 180 165 0,97 2,16 0,73 2,19
POC {mg ') 16 4,6 0,7 25 2,5 13, 171 198 98 202 533 223 10,3 60 87
TOC {mg I'H 293 33,7 10,56 154 1958 120,6 323,0 226,1 62,3 1389 74,7 BO8 358 728 54,9
Ca* (mg 1) 27,1 29,1 24,2 268 204 80,4 709 769 510 657 54,9 44,5 44,7 49,0 418
Mg (mg ') 183 135 12,9 154 136 34,4 295 423 193 258 23,1 165 17,7 23,7 1538
Na* (mg '} 2298 1455 1549 192,7 178,2 699,0 4242 406,9 3440 3558 2940 2086 226,3 2771 2304
Kt {mglh 146 14,8 127 159 14,1 2177 1163 1166 29,2 695 30,0 334 23,1 53,7 197
HCO, (mg 1} 721.8 549,86 514,2 610,89 632,1 849,1 757,1 T00,5 5873 §23,2 V18,2 5342 566,01 5779 6651
B0 (mg ) 24,2 229 41,0 138 374 92,5 1398 1778 68,2 1368 90,6 685 94,2 71,0 T4,1
Clt{mglt} 86,4 56,8 497 675 1124 4083 3639 4319 3018 4449 2112 1775 179,9 210,68 176,3
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active phosphorus and total phosphorus did not
register an impertant increase between GOR and
SMT.

The levels of particulate organic carbon and
total organic carbon showed significant
differences among sites (p<0.01 and p<0.001
respectively), presenting the highest values in
particulate organic carbon at SMT and MOR and
the highest levels in total organic carbon at MOR.
These variables increagsed 3 and 4 times at SMT
with regard to GOR, indicating an important
matter discharge from the Mordn stream.

Bicarbonate and sodium were the principal
ions in the river. The bicarbonates in the Recon-
guista River did notl increase significantly
downstream from the confluence with the Mordn
stream. On the other hand, calcium, magnesium,
sodium, potassium, sulphate and chloride
registered significant increases from 23% to 174%
at SMT regarding GOR, In December, the levels
of these variables at SMT were quite similar and
even: higher than at MOR, in coincidence with the
lower diluting effect of the Reconquista River
(Table 2). In February, when the diluting effect of
the Reconguista River was higher (Table 2), the
levels of all variables measured at SMT were lower
than at MOR.

According to ICA index, all samplings at SMT
and MOR, and at GOR in Qctober, presented
sewer level contamination, and GOR in the rest
of dates presented high contamination.

According to daily load balanee of the main
variables that reflect organic contamination
(Table 4), the highest values were found at SMT,
except for the total organic carbon.
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In the PCA, 72.8% of the total variance was
explained using two components. Component 1
accounted for 61.6% of the total variance and had
the following variables related to its positive ex-
treme: Kjeldahl nitrogen, total phesphorus, to-
tal organic carbon, particulate organic carbon,
calcium, magnesiun, sodium, potassium,
bicarbonate, sulphate, and chloride (Table 5).
This component showed a spatial gradient of
mineral and organic pollution along the stream.
Component I accounted for 11.3% of the total
variance and had dissolved oxygen related to its
positive extreme, Ordination of sites in $the I-11
plane (Fig. 2) showed spatial location of sites
along axis I. GOR sampiings were located in the
left extreme. In the other extreme, the samplings
of MOR were located, except December. In the
center were located all the samplings of SMT, and
December samplings of MOR., Decembar
samplings of GOR was separated by the second
axig, lying within the positive region.

The metal concentrations, except cadmium,
were higher on the average than thresholds pro-
posed for aquatic life protection by Argentine Law
of Dangerous Residues (N° 24,051) (Table 6). Ac-
cording to these mits, the more hazardous met-
als were: lead, copper, zinc and chromium. Lead,
zine and manganese levels increased to & times
and chromivm to 35 times at SMT regarding GOR.
In August, the levels of heavy metals at GOR and
SMT were higher than at MOR. In October, the
concentration of heavy metals diminished with
regard to the other samplings, the concentrations
of almost al]l the heavy metals being lower than
the levels for the protection of the aguatic life.

Table 4. Load balance of the main variables of organic

contamination.
NKj N-NH, TP SRP TOC POC
tkg dayh) (kg day?) (kgday') (kgday?) (kgday?) (kgdayh
GOR 1.318 791 2il 139 1.743 201
MOR 2.359 987 175 14 9.0587 838
SMT  3.118 2.007 360 209 8.211 1.363

Table 5. Variance explained and component loadings for PCA axes I-

11.
Component Eigenvalue % Total Cumulative % Cumulative
Variance Eigenvalue Variance
1 9,2 81,8 0,2 61,6
1X 1,7 11,3 10,9 72,9
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Fig. 2. Location of the samples in the plane defined by components 1 and Ii.

Table 8. Heavy metal concentrations and their respective levels
proposed  for protection of aquatic life by the Argentine Law of

Dangerous Residues (N°24,051),

Levels for protection

GOR MOR SMT of aguatic life
Mn (ug ) {64-123) (7-269) {7-299) 100
Fe (pgl*  (382-2,570) (16-2,275) (18-3,083) -
Cu {pg I*} (28-304) (2-142) {1-98) P
In (pgtH (46147 (28-472) (11-188) 30
Cr (pglh (2-8) {0.3-850} (0.1-561} 2
Cd (g 1Y {0.04-1) {0.01-5} {0.004-1) 0,2
Pb {ugth (13-114) {0.3-273} (0.2-136) 1
INSCUSBION was highest, the conductivity at SMT and GOR

Due to lack of flow data for the sampling da-
tes in the sampling sites, the estimation of relative
discharge of the Heconguista River at SMT with
regard to that of the Mordn stream, represented
a good indicator of a relative flow variation. The
average of the relative discharge estimations here
reported was roughly coincident with the Recon-
quista/Mordén flow ratio attained from the flow
data estimated by the Thames Water Consultancy
Service (1979).

The conductivity at MOR was higher than at
other sampling sites on all dates. When the
relative discharge at SMT with regard to MOR

was similar. On the other hand, when the relative
discharge was lowest, the conductivity at SMT
was similar to that at MOR. The same effect was
observed for calcium, magnesium, sodium,
potassium and sulphate concentrations. The
increase of river flow would contribute to
attenuate the effect of the Morén stream at least
regarding to these variables.

Like in other streams of Buenos Aires (Lépez
et al., 1998; Mercado, 1999), bicarbonates and
sodium were the principal ions in this river.

The direct correlation between the suspen-
ded matter and particulate and total organic
carbon would indicate that this matter contains
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an iraportant organic component, contrary to the
WMatanza-Riachuelo River (Lopez ef al., 1988)
gupporting s;imilcxriy high poliotion loads.

The level of contamination at BMT was higher
than at GOR. At SMT, the high discharge of total
orgarde carbon and the low levels of dissolved
ouygen, arriving af levels of almost anoxia,
indicated important bacterial consumption.
Present results suggest that the high organic
matter load determines the oxygen depletion and
that nitrification is limiled by oxygen availability
These variables were very strovgly influenced by
the dischargs of the Mordn stream. Nevertheless,
this stream did not produce an increase in the
phosphorous concentrations, either soluble or
total, at BMT.

Aerording to the index of water guality, SMT
and MOR abwavs showed a contamination level
similar to & sewer effluent, while at GOR the
conditions were slightly better, indicating high
contamination. Thie index confers to ammonium
the highest relative weight.

The loads obtained for the different variables
indicated that the important organic
contamination of this river was due mainly to the
Mordn stream. According to load balance, we
found that BSMT loads corresponded
approximately to the addition MOR and GOE.

According to PCA, the sites were ordered fol-
lowing a growing gradient of organic and min-
eral contamination in GOR, SMT and MOE, In
December, MOR presented intermediate levels of
contarmination being located near the samplings
of SMT. Besides, the smallest diluter effect of the
Beconguista RBiver in this month preduced simi-
lar characteristics in SMT and MOR.

The levels of all metals analized wers, on the
average, higher than levels of protection of the
aquatic life, and the most dangerous were lead,
copper, zine and chromium. The increment of
lead, zinc, manganese and chromium at SMT res-
ponded to the industrial activity of the area,
where the predominant are textile, chemical,
tanneries and metallurgical. In August, the lovels
of heavy metals at GOR and SMT were higher
than at MOR, indicating important contributions
of toxic pollutants to the river besides the Mordn
strearn. The heavy metal concentration was not
related to the relative discharge at SMT and could
be attributed to an irregular and intermittent
gpillage of toxic effluents.

CONCLUSIONS

According to the variables involved in the
organic contamination, MOR was the site with

the most human impact, followed by SMT and
GOR.

The gradient of organic and mineral
contamination of the Reconduists River had 2
spatial component and another one related tv the
flow. The first component was given mainly by
the discharge of the Moron stream. The second
component was related to the dilution level of i
waters,

Considering the levals of heavy me
water, the tendencies were guite rreguiar ba
on occasions & higher toxic load at 8M7T ena u@m-
than at MOR. The toxic contamination by
metals depended mainly on the intermd
irregular discharge of the efftuents. Ir
the level of this kind of vorntamination would
depend on the fow,

In order to perform river resto
and to evaluate water guality it is indi
to keep in mind the value discharg
precipitation régime. Also, although th
stream is the main responsible for '%;“
deterigration of the Reconguista River, other
pollutant discharges exist in puncbual and diffuse
form that worsen this situation.
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