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Abseract: The Reconquista River basin is located in an urban area where 2.5 10C inhabitants and 4,242 induiitries 
are settled. The confluence with the Mor6n stream shows the largest anthropogenic impact. The effect ol' the 
Mor6n stream on the water quality of the Remnquista River was evaluated in relation to its organic, mineral and 
metal contribution. Bimonthly samplings were carried out in the Roconquista River upstream (GORj, and 
downstream (SMT) from the confluence with the Mor6n stream and in the latter (MORj, Dissolved oxygen, pH, 
conductivity, temperature, bansparencv. nutrients, maim ions, susuended solids. uarticnlate and total organic carbon. 

ibr aquatic life protection. The most imuortant were: lead. zinc. comer and mainly chromium. all of them related to 

stream. 
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The Reconquista River basin has a surface of 
1.67 10"ectares 72,000 a re  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 
t h e  s tudy a rea  ranges  from 86,362 t o  
143,591 m3 day-' (Thames Water Consultancy 
Service, 19791 i n  agreement  wi th  t h e  
precipitation pattern. The basin comprises 14 
districts with more than 2.5 108 inhahitants, that 
represent 8% of the Argentine population (Saltiel, 
1997a). Olson et al. (1998) consider that the Re- 
conquista basin is comprised within a critical area 
with regard t o  t h e  conservation s t a tus  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 food, 
textile, ruhher ,  chemical industr ies ,  and 
tanneries). Thus, there is a large contribution of 
organic matter and pollutants as heavy metals 

among others (Castaiib et al., 1998; Garciaet al., 
19981, that determine a liigh to very high degree 
of contamination in the middle and low basin 
(Arreghini et al. ,  19971. 

Tho largest  population i n  t h e  hasin 
concentrates in Tres de Fehrero, San  Martin, 
Morhn 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 
effluents are located in  San Martin, Morhn, ex 
Gral. Sarmiento and Tres de Fehrero districts, 
mainly corresponding to  ruhher,  textile, 
mechanics and food industrics (Pescuma & 
Guaresti, 1992) (Table 1). In the  nine more 
polluted districts, the total number of industries 
wi th  polluting potent ia l  i s  4,242 which 
produce a n  organic load equivalent to  a 
population of 2,467,866 inhabitants, similar to 
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Table 1. Industrial activities of the area (Data obtained from Pescuma & Guaresti, 
1.992). 

Volume of spilled emuents (rn' day-') 
in Reconquista River* in Mordn stream 

Cattle slaughter, meats 
Milk and derivatives 
Cereals, flowex and dcrivutives 
Alcohol and alcoholic beverages 
Other foods 
Textile 
Hides and skins 
Cellulose, paper and graphical material 
Rubber 
Chemicais 
Cement and stones 
Shipyards and mechanic workshops 
Steel metallurgy 
Electrical apparatus and material 
Metallurgy 
Ice factory 
Photographic articles and related material 
Various manufactures 
Car wash (cattle trucks excluded) 
Nan industrial facilities 
Laundry 
Total 

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

the  total population of t h e  basin (AGOSBA, upstreamfromthemoutholthelatter. Kuczynski 
1991). (1994) analyzed some physical, chemical and 

The Morbn stream Sows through Tres de Fe- microbiologicd variables duringthe decade of the  
brero, MorCln 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 I-'), At low flow conditions, t h e  Moriin 
discharges are 52,000 m"ayl (Thames Water 
Consuitancy Service, i979), depending on both 
precipitation and spilled effluents, i ts  longitude 
is roughly 16 km, of which the upper 4.5 km are 
tubed. 

'Fne objective of the present study is to assess 
:.he impact of thc Moriin stream on the water 

of the Reconquista River in relation to 
organic and heavy metal contamination. 

IUTERTALS AND METHODS 

Surface water samples were taken a t  three 
sites: Gorriti (GOR), and San Martin (SNIT), on 
the Reconquista River located 18 krn upstream 
and 1 krn downstream respectively fiom the 
confluence with the  Mordn strearn, and t h e  
Morbn stream (MOR) at  the bridge of Route 8 
(Fig. I). Five samplings were carried out in June, 
August,  October a n d  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  t h e  laboratory. Dissolved 
nutrients were determined in the filtrate. 5olu- 
hie reactive phosphorus (SRP) (rnolybdate- 
ascorbic), nitrates (N-NO;) (reduction with 
hydrazine sulfate), nitritcs (N-NO;) (diazotation) 

143,591 m-ay-' in the Reconquista River near 
GOR and downstream from the confluence, 
respectively, and 52,000 m" day1 in the  Mor6n 
stream (Thames Water Consuitancy Service, 
1979). The Moriin value corresponded to a daily 
discharge average, and the rest was estimated 
from a mathematical model. 

Total concentrations of metals (manganese, 
iron, copper, chromium, zinc, cadmium and lead) 
were performed according to APWA (1992) in 
unfiltered water samples fixed in the field with 
nitric acid. The determinations were carried out 
by inductive coupling plasm atomic emission 
spectrophotometer (ICPAES). 

The water quality index (ICA, Berbn, 1984) 
was calculated in each site and sampling date, 
considering dissolved oxygen, percentage of 
oxygen saturation, ammonium, chlorides and 
temperature. The correiations were carried out 
using t h e  Spearman correlation index. T h e  
Kruskal-Wallis test was used to compare the  
observations between sites and sampling dates 
for  each variable,  a n d  when significant 
differences were obtained, analysis of multiple 
comparisons was applied (Daniel, 1978). Princi- 
pal Component Analysis (PCA) was carried out 
on t h e  correlation matrix of t h e  variables: 
dissolved oxygen, Mjeidahl nitrogen, ammonium, 
nitrate, nitrite, total phosphorus, particulate 
organic carhon, total organic carhon, calcium, 
magnesium, sodium, potassium, bicarbonate, 
sulphate and chloride. Only those components 

4 . .  ~ ~ ' r  

was measured according to Mackereth et al.; 
(19781. Calcium (Cazi) and mogncsium (MgZ') 
(EDTA titration), sodium Waf)  and potassium 
(Ki) (flame photometry), bicarbonate (HCO;) 
(Gran titration), sulfate (SO?) (turbidimctry) 
and chloride (C1-) (silver nitrate titration) were 
determined following APHA (1992). Dissolved 
inorganic nitrogen (DIN) was calculated as the 
sum of ammonium, nitrates and nitrites. Suspen- 
ded matter (SM) was determined as the weight 
difference alter filtration. Particulate organic 
matter (POC) was determined after Golterman 
et al. (1978) previous digestion of the filters used 
for SM determination. Total organic carbon 
!TOG) (Goltqrman et al, 19781, Kjeldahl nitrogen 
(NKj) and total phosphorus (TP) (APHA, 1992) 
were determined in unfiltered water samples 
fixed in the field with sulfuric acid. 

The mean concentration of Kjeldahl nitrogen, 
ammonium, total phosphorus, soluble reactive 
phosphorus and discharge were used to estimate 
the daily loads a t  each sampling site. At low flow, 
discharge values estimated were 86,362 and 

RESULTS 

The relative discharge a t  SMT with regard to  
MOR (Table 2), was ohtained from the general 
dilution equation (Joihkai,  1997): 
(Qoor*Cbh)+ ~ Q ~ ~ ~ * ~ ~ ~ M o ~ ~ = ~ Q o o , + Q M o ~ ) * ~ ~ w ~ ~  
considering Q,,= Qhr+Q ,er. 

Such a n  approach assumes steady s ta te  
conditions in  t h e  water  courses a n d  
instantaneous full cross-sectional mixing, and 

Table 2. Relative discharge of Re- 
conquista River a t  SMT. 

June Q3xT= 2.579 Q,.,, 
~uugust Qsm= 2.544 Qxox 
October Qsm= 2.935 Q,,, 
December Q,,= 1.637 QMon 
February Q,,,= 5.203 QXon 
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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<O.OS) and 
average values a t  SMT were 18 times lower than 
a t  GOR, becoming occasionally anoxic at  SMT 
(June and December). MOR showed values of 
dissolved oxygen ranging from 0.1 to 0.6 mg 1-', 
the maximum being attained in coincidence with 
the lowest temperature (June). The temperature 
did not differ significantly among sites, and i t  
followed a seasonal behavior, excluding thcrmal 
contamination. 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 a t  MOR was very high 
(3,090 WS cm-9. However, a t  SMT the conductiv- 
ity was approximately the same as a t  GOR. The 
highest relative discharge a t  SMT with regard to 
MOR was obtained in February (Table 2). 

Secchi depth (Table 3) diminished 38% and the 
suspended matter increased 130% a t  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 

Tho average of Kjeldahl nitrogen a n d  
ammonium (Table 3) increased 42% and 53% 
respectively a t  SMT regarding GOR. Both varia- 
bles showed significant diflerences between sites 
(p<O.OOl), registeringthe highestvalues at MOIL 
The average of Kjeldahl nitrogen a t  SMT was 
approximately half of that at  MOR. However, in 
December, Kjeldahl nitrogen and ammonium a t  
SMT were similar to those at  MOR related with 
smaller relative discharge at  SMT with regard to 
MOR. Ammonium represented on the  average 
from 8 5  t o  97% of t h e  dissolved inorganic 
nitrogen, the highest percentages being at  SMT 
and MOR. Nitrates and nitrites (Table 3) showed 
significant differences among the sites (p<0.001; 
p<0.01, respectivelyj registering t h e  highest 
values a t  GOR. Nit ra tes  were correlated 
positively wi th  dissolved oxygen (r=0.82; 
p<0.001; n=15), the highest levels of nitrates and 
nitrites being in coincidence with a n  important 
increment  of dissolved oxygen a t  GOR, i n  
December. 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 pcr- 
centages with regard to total phosphorus were 
registered in  October and February, reaching 
100% a t  GOR. The concentrations of soluble re- 

GOR 
Jun Aug Oct Dec Feb 
96 96 96 96 97 

DO (mg I '1 1,2 0,4 0,6 7,s 4 4  
Temp. (IC) 13 13 21 29 22 
PH 8.1 8.0 7,8 8,4 8.0 
Cond. (pS c m X J  1.270 839 - 1.217 1.677 
Secchi (m) 0,69 0,15 0.56 0.40 0,48 
SM (mi: I ')  - 74 17 19 3 1  

MOR SMT 
J w  Aug Oet Dec Fcb Jun Aug Oet Dee Feb 
06 96 96 96 97 96 96 96 96 97 

0,6 0,4 0,3 0,1 0,4 0,0 0,2 0,2 0,O 0,4 
16 17 25 30 23 14 15 23 30 23 
7.8 8.4 7,5 7,6 7,5 7,7 8,1 8,O 7,5 7,9 

3.116 2.295 - 2.143 3.000 2.125 1.295 - 1.923 1.550 
- 0,54 0,11 0 2 5  0,12 0,40 

199 - 110 54 82 50 156 64 64 44 
NKj ((nig 1') 22,7 15.40 10,92 10,08 15,96 51,80 55,72 44,52 25,76 49,00 22,68 25,48 2128 24,64 22,68 ,I, 
N-NH,'(mgli) 10.3 8,28 6,71 8,25 10,31 13,24 13,50 16,76 17,11 34,31 10,93 9,45 13.57 22,46 20,06 $ 
N-NO.(mi:Ii) 1.03 1.61 0,23 3.03 0.94 0.08 0.12 0.00 0.14 0.04 0.24 032 0,09 0.20 0,02 .j,, 

SRP (mg 1 ') 
POC (mg 1 a)  
TOC (mg I)? 
Ca" (mg I ?  
Mg2* (mg i-'1 
Na' (mg 1') 
K ' ( m g l l )  
HCO; (mg 1') 
SO: (mg 1') 
Cl (mg 1') 



active phosphorus and total phosphorus did not 
r~mste r  an important increase between GOR and - -u 

SMT 
The levels of particulate organic carhon and 

total  organic carhon showed significant 
differences among sites (p<0.01 and p<0.001 
respectively), presenting the highest values in 

organic carhon a t  SMT and MOR and 
the iighest levels in total organic c<arhon at  MOR. 
These variables increased 3 and 4 times at  SMT 
with regard to COR, indicating an important 
matter discharge from the Morbn stream. 

Bicarbonate and sodium were the principal 
ions in the river. The bicarbonates in ihe Recon- 
quista River did no t  increase significantly 
downstream from the confluence with the MorSn 
stream. On the other hand, calcium, magnesium, 
sodium, potass ium,  sulphate  and chloride 
registered significant increases from 23% to 174% 
at SMT regarding GOR. In  Decemher, the levels 
of these variables a t  SMT were quite similar and 
even higher than a t  MOR, in coincidence with the 
lower diluting effect of the Reconquista River 
(Table 2). In February, when the diluting effect of 
the Reconquista River was higher (Table 21, the 
levels of all variables measured at  SMT were lower 
than aL MOR. 

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

According to daily load halance of the main 
variahles tha t  reflect organic contamination 
(Table 41, the highest values were found a t  SMT, 
except for the total organic carhon. 
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In the PCA, 72.9% of the total variance was 
explained using two components. Component 1 
accounted for 61.6% of the total variance and had 
the following variahles related to its positive ex- 
treme: Kjcldahl nitrogen, total phosphorus, to- 
tal organic carbon, particulate organic carhon, 
calcium, magnesiun, sodium, potassium, 
hicarhonate, sulphate, and chloride (Table 51. 
This component showed a spatial gradient of 
mineral and organic pollution along the  stream. 
Component I1 accounted for 11.3% of the total 
variance and had dissolved owgen related to its 
positive extreme. Ordination of sites in  the 1-11 
plane (Fig. 2) showed spatial iocation of sites 
along axis I. GOR sampiiiigs were located in the 
left extreme. In the othei extreme, the samplings 
of MOR were located, oxct!pt December. In the 
center were located all the: samplings oESMT, and 
December samplings of MOR. December 
samplings of C OR was separated by the  second 
axis, lying within the positive region. 

The metal concentrations, excepl cadmium, 
were higher on the average than thresholds pro- 
posed for aquatic life protection by Argentine Law 
of Dangerous Residues (N" 24,051) (Tahle 6). Ac- 
cording to these limits, the more hazardous met- 
ds were: lead, copper, zinc and chromium. Lead, 
zinc and manganese levels increased to 5 times 
and chromium to 35 times a t  SMT regarding GOR. 
In August, the levels of heayq metals a t  GOR and 
SMT were higher than a t  MOR. In October, the 
concentration of heavy metals diminished with 
regard to tho other samplings, the concentrations 
of almost all the heavy metals heing lower than 
the levels [or the protection of the aquatic life. 

Table  4. Load balance of t h e  m a i n  var iables  of organic 
contamination. 

NKJ N-NH,' TP SRP TOC POC 
(kg day ') (kg day '1 (kg day ') (kg day ') (kg day') (kg day') 

GOR 1.318 791 21 1 139 1.743 201 
MOR 2.359 987 175 74 9.057 838 
SMT 3.116 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 
Var~ance Eigenvalue Variance 
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Fig. 2. Locathn ol'the samples in the plane defined by components 1 and 11. 

Tablc 6. Heavy metal concentrations and their respective levels 
proposed for protection of aquatic Life by the Argentine Law of 
Dangerous Residues (Ne24,051). 

Levels for protection 
GOR MOR SMT of aquatic life 

. .. 
Cr ( p g  i-') (2-8) (0.3-850) (0.1-661) z 
Cd (pg I:') (0.04-11 (0.01-51 (0.004-11 0,2 
Ph (ug i-') (13-114) (0.3-273) (0.2-1301 1 

Due to lack of flow daka ibr the sampling da- 
tes in the sampling sites, the estimation of relative 
discharge of the Recomquisla River a t  SMT with 
regard to that of Che Mor6n 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- 
q u i s t a o r t n  flow ratio attained from the flow 
data estimated by the Thvnes Water Consultancy 
Service (1979). 

The conducti~ri.ty a t  MOR was higher than at  
other sampling sites on all dates. When the 
relative discharge at  SMT with regard to MOR 

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

Like in other streams of Buenos Aires (L6pez 
et al., 1998; Mercado, 19991, 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 imporlant organic component, contrary to the 
~a tmaa-Riachue lo  River (Liipez et al., 1998) 
supporting simiiarly high pollution loads. 

Thelevcl ofcontamir~ation a t  SMT was higher 
than at  GOR. At SM'i', the high discharge of loi,al 
ori;a,nic carbon and the low Ievels of dissoived 
oxygen, arriving a t  ievels of almost anoxia, 
indicated important bacterial consum]:tion. 
prescnh resuits suggest that  the high orgame 
matter load determines the oxygen dopietion and 
that nitrillcation is limited by oxygen wailabi'!lty" 
These variables were very strongly infiuenr:cd by 
the disciiarge ofthe lllorBn stream. NeverLheiess, 
this streari did not produce an increase in the 
ohosnhorous concentrations., either sohblc or 
a ,  

tot,aX, at  SNIT 
f\ccording to the index of water quaiit>?, SSMT 

and MOR dwavs showed a contamination level ~ ~~ 

similar to a sewer efflncnt, while a t  GOR the 
conditions were sliglitiy better, indicating high 
contamination. This index confers to ammonium 
the highest relative weight. 

The loads obtained ibr the diiierent variables 
indicated t h a t  t h e  impor tan t  organic 
contamination ofthis river was due mainly to the 
Moriin stream. According to load balance, we 
found t h a t  SMT loads corresponded 
approximately to the addition MOR and GOR. 

According to PCP, the sites were ordered h?- 
lowing a growing gradient of organic and min- 
3rd contamination in GOR, SMT and MCjR. In 
December, MORpresented intermediate levels of 
contamination being located near the samplings 
of SMT Besides, the smaliest diluter effect of the 
Reconquista River in this month produced simi- 
lar characteristics in SMT and MOR. 

Tne levels of all metals analized were, on the 
average, higher than levels of protection of the 
aquatic life, and the most dangerous were lead, 
copper, zinc and chromium. The increment of' 
lead, zinc, manganese and chromium a t  SMT res- 
ponded to  the  industrial activity of the area, 
where the predominant are textile, chemical, 
tanneries and metallurgical. In August, the levels 
of heavy metals a t  GOR and SMT werc higher 
than at  MOR, indicating imuortant contributions 

the most human impact, followed by SMT and 
GOR. 

The  gradient  of organic a n d  niinzral 
contarnination of the Reconquistz River had 5 

spatiai component and anofher one related LO the 
. . 

flov~. The first component vsris given Inarniy by 
the discharge wof the Moron stream. The second 
component was related ti: i;hc diiutlo?~ Ie~el  oi' i t s  
waters. 

Considering the ieveis of heav:y rncta,: ra 
watt.:; the tcndencies werc q.uile irrcgn;LIIa.x ha:>r,rig 
on iiccasions a higher toxic Load at SMT a.nd aO;L? 
than a t  MOR. The toxic conlamination by hheayy 
metals depended mainly on the interniittexi: s-id 
i r r ep la r  discharge oft!;- e~Kuents. In this rl.:.~~ 
the level of this kir8.d oi'i o,itaminalion vr-iuld nat. 
depend on the fiow 

In order to perrorrn river restoral;or. pla:r~ 
and to evaluate water quality it is i.ndic;ji:?asabie 
to keep in  mind the  value discharge and i;:~t! 

precipitation rbgime. Aiso, although the riMor6ri 
s t r eam is  t h e  main responsible for (the 
deterioration of the Reconquista River, othcr 
pollutant discharges exist in punctual and d f f u s  
form that worsen this situation. 

We acknowledga Prefcctura N a d  A.kgentin; 
for supporting the field trips diiring sax~plirtg~ 
and Lic. Roberto Serafini for colizborafion in datb 
statistical analysis. 
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