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ABSTRACT 
We performed a discrete sampling that was programmed to research the axial distribution of dissolved 
nutrients in surface waters of the Negro river estuary in Argentina. The total dissolved nitrogen (TDN) 
was composed mainly of NO3- and NH4+; but NO2- was not detected. Total dissolved phosphorus (TDP) 
was in PO4-3 and organic species.  We obtained spatial and seasonal comparisons from data collected 
during 2013 and 2016. Both nutrients showed, by analysis of variance (ANOVA), significant 
differences among the seasons of the year (TDN p<0.0001 and TDP p<0.001). In the internal estuary, 
the lowest winter levels were 19.4 µM TDN/L, showing that there is a significant difference with 
autumn levels of 245.6 µM TDN/L by LSD Fischer test (p=0.05); however, the TDN levels in spring 
were lower than winter at the beginning of the external estuary, and these differences were not 
significant and could possibly be an indicator of atmospheric removal or re-sedimentation processes in 
the area. Average TDP values moved in the range between 1.82 µM/L in autumn at the highest, to the 
lowest values in winter of 0.93 µM/L. The Pearson correlation of N-NO3 and P-PO4 in mg/L to the 
environmental properties showed a negative correlation with salinity, with a range of 0 to 8% pH, and 
positive correlations with dissolved oxygen. These eutrophication conditions, as with other rivers of 
the world, could be generating biodiversity imbalances. 
Keywords: ammonium, Argentina, estuary, nitrates, nitrites, nitrogen, nutrients, oxygen, phosphate, 
Rio Negro. 

1  INTRODUCTION 
The Río Negro river estuary is located towards the southeast of Río Negro province and the 
south of Buenos Aires province, in Patagonia, Argentina. It presents three different sections, 
the marine estuary in free connection with the open sea, the middle estuary (characterized by 
mixed fresh and salty waters), the inner estuary (mostly composed of fresh water, although 
it is influenced by the tide), while 66 km is the freshwater area [1]. The chemical composition 
of the surface waters is of two kinds: one, of the sulphated sodium chloride type and the 
other, sulphated calcium magnesium. The first corresponds exclusively to the waters of the 
estuary and the second, the waters of the river zone [2]. The electrical conductivity in the 
middle estuary is high; 1560–8069 µS cm-1, while in the river it remains between 120–
190µScm-1 [3]. Due to the range of tides (4.4m at high tide to 0.71m at low tide), the estuary 
is classified as a meso-tidal estuary [1].  
     The river presents a variety of islands in its course, with mainly sandy soils and bottoms. 
Among them, the island of La Paloma is located in the middle estuary and, it has the highest 
specific surface pore diameter [4]. Within the area of study, the river receives freshwater 
discharges from major tributaries, in addition to minor discharges coming from small towns 
located on the verge. These minor discharges come mainly from major sources of managed 
channels: (1) agricultural drains, (2) storm drains (3) sewage treatment plant drainages 
(STP), and the groundwater discharge from irrigation zones [4] from the surrounding 
Guardia Mitre, Zanjon Oyuela, Viedma and Carmen de Patagones, which are cities located 
near the area of study (Lat. 40º50'21.91"S; Long. 62º56'45.81"0). 
     The nitrogen (N) and phosphorus (P) concentrations present in the river have only been 
studied by government entities. In the last years, the river has experienced levels of low 
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transparency in the area, as revealed by a Secchi depth about 0.4m in summer and 1.0m in 
spring [5], increased sites of sedimentation and re-suspension of sediments and visible 
surface foams. With the hypothesis that the urban discharges are the main sources of nutrients 
generating effects or consequences to the ecosystem [6], we evaluated nutrient distributions 
and temporal patterns of change using the molar concentration average and some 
environmental factor correlations. 

2  METHODS 

2.1  Data collection 

All sampling was realized during 2013 and 2016, in the river zone and external estuary to the 
South-East Río Negro and South Buenos Aires Provinces, Argentina (Fig. 1). In situ levels 
of pH, temperature, dissolved oxygen (DO) and conductivity were measured during the first 
2 hours of high tide using a water quality meter (Sper Scientific Ltd., 850081).  
     On the other hand, water samples were collected for later nutrient analyses, and  
nitrogen (N) and phosphorus (P) in dissolved forms. These samples were filtered through 
glass microfiber filters (WhatmanTM GF/C) and stored at -18ºC until analysis by standardized 
procedures from Standard Methods for the Examination of Water and Wastewater [7]. 
Nutrients, according to the methods, were analysed colorimetrically  
(Cole Palmer 2100UV spectrophotometer 2009): N-NH4 by phenol salt method reading at 
630 nm; N-NO3 by UV methods readings at 220 nm and 275 nm, in order to discount organic 
matter absorption; and N-NO2 by sulphanilamide reaction and N-(1-
naphthylethylenediamine) λmax of azo-dye at 543 nm. On each sampling date, a transverse 
area was covered from 30-60 km, and on each site, there were 3-5 samples taken. 
 

 

Figure 1:  Map of the Negro river estuary and sampling sites. 
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2.2  Statistics and data expression 

The data was tested by analysis of variance (ANOVA) employing Software Info stat [8] 
and the Tukey test to obtain the significant difference between seasons (p<0.05). A 
correlation matrix was calculated for both nutrients, for all the measured parameters. To 
find or to interpret spatial trends, we executed multivariate analyses. 

3  RESULTS  
The 2013–2016 seasonal averages of TDN and TDP that were measured as a discrete 
sampling program are shown in Fig. 2, Fig. 3 and Fig. 4. The statistical analysis allowed us 
to observe the seasonal and spatial variability of the chemical system of the Negro river’s 
tidal plain estuary.  

3.1  Hydro chemical factors 

The ANOVA analysis of hydro chemical factors determined the seasonal fluctuations for all 
parameters measured (p<0.0001). Only the spring salinity mean differed significantly from 
the measurements during the rest of the seasons throughout the year (Fig. 2, Fig. 3 and  
Fig. 4). Salinity was lower in the GM site, reflecting the larger river input, with a mean of 
0.090%; whereas a gradient of the salinity mean was recorded to 12DB-km for about 
0.13–0.16%, reflecting an intrusion of salty waters. Only at 5km were we presented with a 
mean of 3.9%, which represented significant differences with the rest of the sites, reflecting 
an intrusion of salt from ocean water.  

Figure 2:  Variation, environmental variables (n=3-5), SD Season: Winter. 

Figure 3:  Variation, environmental variables (n=3-5), SD Season: Summer. 
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Figure 4:  Variation, environmental variables (n=3-5), SD Season: Autumn. 

     The temperature measurement revealed temporal variability, with the highest means 
values in summer, 23.2ºC, and the lowest in winter 11.8ºC (Fig. 3 and Fig. 5). Regarding 
spatial variability, the highest temperature was measured in site close to discharge domestic 
effluents on 12km. 
     The dissolved oxygen, as expected, had an inverse correlation with temperature (Table 1): 
the highest mean values were determined for the autumn season, and in the remaining seasons 
of the year, the differences in that parameter were not significant. 
In autumn, these waters registered the lowest mean for pH levels, in the order of 5.9 (range 
5.4–6.1) (Table 1 and Fig. 5).  
     Salinity and pH had an inverse annual correlation observed with N-NO3 and with the 
concentration of P-PO4

-3 (Table 1). 

3.2  Temporal variability of nutrients 

The ANOVA analysis of TDN showed seasonal differences (Table 2). Spring data had 
significant differences with the highest values of TDN taken in autumn and summer, although 
these levels were obtained only in the 5 km at the beginning of the external estuary, 
suggesting that the site is important for removal to the atmosphere [12] or its uptake by 
species of plankton (TDP dates not measured in spring). The TDP concentrations in autumn  
 

 

Figure 5:    ACP of sources of nutrients and environmental variables, in the Negro  
river Estuary. 
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Table 1:    Correlation coefficients (r) between physico-chemical characteristics of the sub-
superficial waters and dissolved nutrients, in mg/L. 

         N-NO3 P-PO4 S o/oo km pH DO T°C 
N-NO3 1.00 0.04      
P-PO4 0.34 1.00      
S o/oo    -0.36* -0.25 1.00     
 km  0.02 -0.23 -0.32* 1.00    
pH       -0.55** -0.50* 0.18 0.15 1.00   
DO       0.31* 0.30 -0.15 0.11 -0.60** 1.00  
T°C     0.22 0.04 0.22 0.07 0.19 -0.40* 1.00 

Indicates significance: *p < 0.05 and ** p<<0.001. 

Table 2:  Mean adjusted by season. N and P in µmol/L and LSD Fischer test α=0.05.  

Season  TDN Matrix of differences between 
means 

TDP Matrix of differences between 
means 

Mean  SE Wint. Aut. Spr. Summ. Mean SE Wint. Aut. Spr. Summ. 

Wint.   19.4 21.0  *  * 0.93  0.18  *   

Aut. 245.9 16.3   *  1.82  0.14    * 

Spr.   3.8 32.6    * wd wd     

Summ. 211.5 16.3     1.01 0.19     

 
 
doubled the levels of summer and winter, which did not present significant differences. For 
N-NH4, there were some records in summer in the order of 86-74μmol/L N-NH4 (P1 was 
29% of NID and PV, respectively, represented 12% of NID) and in the order of < 0.71 μmol/L 
in the river area (GM) in late autumn. 

3.3  Nutrients and trophic conditions 

The high nutrient concentrations of nutrients detected (Table 1, Fig. 3 and Fig. 4) 
corroborated the impact of the sources [9]. The ACP analysis (Fig. 5) of N-NO3 showed four 
kinds of sites than in descending levels of N-NO3 are: 

 Middle estuary, at 12km, close to discharges from domestic effluents that are likely 
the main source of nitrates. 

 Inner estuary, several urban discharge channels and sites to water uptake for human 
consumption (P1, P2, TA and DB, PV)  

 Fluvial area, Guardia Mitre (GM) 
 External estuary, at the 5km fishing area 
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     The ACP analysis of P-PO4 showed inputs from two main sites that where the highest 
values were in middle estuary, at 12km and the water uptake area, and the lowest at the inner 
estuary, with the urban discharge channel P1. These results confirm nutrient enrichment.  

4  DISCUSSION 
In the absence of the other tributaries and from freshwater to the inner estuary, salinities were 
conserved annually and differed significantly from those of the mixing zone (5km). 
Independently of the season [14], these results permitted spatially for a physical classification 
of the river’s Río Negro estuary, according to the distribution of salinities and tides, into three 
bands [3].The first was characterised by freshwater (<0.2), the second by tidal and oligohaline 
(0.2–1.3), and the third by tidal and mesohaline (1.3–18) [13]. In this work, we have found 
that anthropogenic inputs from the middle to inner estuary had a major influence on the 
distribution of nitrate, and had minor effects on phosphate distribution. Inversely to what was 
detected in the past in the Tamar estuary, was that the tributary was the main source for this 
nutrient [14]. 
     With regards to TDN, these results being in a range between 149-350 µmolL-1 could be 
evidence of high-river discharge under full tide conditions. Those discharges were given at 
the end of summer and the beginning of autumn, while the lowest ones were given in winter 
(for about 18-20 µmolL-1). Considering this, and in addition to pH in descendant temperature 
increasing these measurements, could be considered as related aspects attributed to oxidative 
processes of organic matter degradation that would be in constant entry to the estuary while 
it discharges [9]. 
     The TDP concentrations followed similar trends to other environments: increased values 
throughout summer and into early autumn in a range of 1.3-2.6µmolL-1 to fall afterwards, 
during the winter, to a range of 0.3–1.2µmolL-1. These levels were found, for example, from 
the wet to the dry period in the Sao Francisco River, Brazil, and other freshwater 
environments [9], [10]. 
     The occurrence of water eutrophication is actually a complex function of all the possible 
influencing factors. Water eutrophication has advanced from simple individual parameters 
like total phosphorus and total nitrogen. The preliminary results obtained in this work showed 
the system as eutrophic to highly eutrophic, respectively [11]. Other influencing factors on 
water eutrophication [11] besides the nutrient enrichment found in this work were 
environmental factors, such as: temperature, salinity, pH, and microbial activity, as was 
measured by previous work [15].  
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