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Abstract: Artificial eutrophication is an environmental problem of great concern for many countries. 
For the characterization of lakes and reservoirs, trophic state assessment has been producing satisfactory 
results for water resources management. Nonetheless, little information is available about the main factors 
governing nutrient inputs and the associated biological responses on tropical lotic environments. In this 
case, not even the term eutrophication is unanimity among researchers, since many of them state that low 
residence time and high turbulence, for instance, are able to restrict any potential algal responses to nutrient 
enrichment in rivers. Within this context, the goal of this research was to assess the concentrations of total 
phosphorus, orthophosphate and chlorophyll-a, which are the variables traditionally related to biomass 
growth as a result of increasing in nutrients concentration, in two tropical ecosystems, Jacupiranguinha 
and Pariquera-Açu Rivers, both located in Ribeira de Iguape River Basin (São Paulo state, Southeast 
Brazil). The results reflected distinct levels of anthropogenic interference on each river. For Jacupiranguinha 
River, the total phosphorus and orthophosphate concentrations, for instance, reached 33,886.7 μg.L–1 and 
24,090.0 μg.L–1, respectively, in Station 7, where there’s a fertilizer factory discharge. On the other hand, 
Pariquera-Açu River presented a less critic situation. The impact of WTP (Wastewater Treatment Plant) 
effluent on this river caused an increase in chlorophyll-a concentrations, which ranged between 4.6 μg.L–1 
and 12.0 μg.L–1. No consistent relationship was found between phosphorus species and chlorophyll-a, 
pointing that other factors, like light limitation and short hydraulic resident time, restricted the increase 
in the photosynthetic pigment concentrations. Statistical procedures were performed through cluster 
analysis, which assembled the sampling stations considering the influence of the industrial discharge in 
Jacupiranguinha River (Stations 7 and 8), and other factors in Pariquera-Açu River, like the proximity 
to its spring (Stations 1, 2 and 3) and to Pariquera-Açu city (Stations 4, 5, 6 and 7) and also the lentic 
behavior in the last sampling station (Station 9).

Keywords: total phosphorus, orthophosphate, chlorophyll-a, tropical rivers, hydrographic basins, 
Ribeira de Iguape Valley.

Resumo: A eutrofização artificial é um problema ambiental de grande preocupação em diversos países. 
Visando à caracterização de lagos e reservatórios, a avaliação do estado trófico tem produzido resultados 
satisfatórios para o manejo dos recursos hídricos. Entretanto, pouca informação está disponível acerca 
dos principais fatores que controlam o aporte de nutrientes e a resposta biológica associada em ambientes 
lóticos tropicais. Neste caso, nem mesmo o termo eutrofização é unanimidade entre os pesquisadores, já que 
muitos deles consideram que o baixo tempo de residência e a elevada turbulência da água, por exemplo, são 
capazes de restringir a resposta algal, em rios, ao incremento de nutrientes. Considerando este contexto, o 
objetivo desta pesquisa foi avaliar as concentrações de fósforo total, ortofosfato e clorofila-a, que são variáveis 
tradicionalmente relacionadas ao crescimento de biomassa como resultado do incremento na concentração 
de nutrientes, em dois ecosistemas tropicais, rios Jacupiranguinha e Pariquera-Açu, ambos localizados na 
Bacia Hidrográfica do rio Ribeira de Iguape (estado de São Paulo, Brasil). Os resultados refletiram níveis 
distintos de interferência antrópica em cada um dos rios. Para o rio Jacupiranguinha, as concentrações de 
fósforo total e ortofosfato, por exemplo, atingiram 33.886,7 μg.L–1 e 24.090,0 μg.L–1, respectivamente, 
na Estação 7, onde ocorre lançamento do efluente de uma indústria de fertilizantes. Por outro lado, o 
rio Pariquera-Açu apresentou situação menos crítica. O impacto da ETE (Estação de Tratamento de 
Esgotos) neste rio causou um aumento nas concentrações de clorofila-a, que saltaram de 4,6 μg.L–1 para 
12,0 μg.L–1. Não foi encontrada relação significativa entre as formas fosfatadas e a clorofila-a, indicando 
que outros fatores, como limitação de luz e baixo tempo de residência da água, restringiram o aumento 
das concentrações do pigmento fotossintético. Procedimentos estatísticos foram desenvolvidos por meio 
de análise de cluster, que reuniu as estações amostrais considerando a influência do efluente industrial 
no rio Jacupiranguinha (Estações 7 e 8), e outros fatores no rio Pariquera-Açu, como a proximidade da 
nascente (Estações 1, 2 e 3) e da cidade (Estações 4, 5, 6 e 7) e também o comportamento lêntico do rio 
na última estação amostral (Estação 9).

Palavras-chave: fósforo total, ortofosfato, clorofila-a, rios tropicais, bacias hidrográficas, Vale do rio 
Ribeira de Iguape.
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1. Introduction

World water resources do have a significant ecological, 
economic and social meaning. Therefore, the management, 
conservation and restoration of these aquatic ecosystems 
are extremely important subjects, influencing the economy 
and the whole society. The management of aquatic systems 
is very complex, since it depends on the conciliation of 
different, and frequently antagonistic, interests involved 
in multiple uses of water, like human consumption and 
irrigation and industrial uses. 

Artificial eutrophication consists in an exaggerated nu-
trient enrichment process (mainly nitrogen and phospho-
rus) that occur in the water column, as a result of excessive 
nutrient loading, mainly from agriculture (i.e. rural runoff), 
urban areas (i.e. urban runoff, effluents from wastewater 
treatment plants) and industry (Wetzel, 1983; Räike et al., 
2003; Wood et al., 2005; Petzoldt and Uhlmann, 2006; 
Schindler et al., 2006). Artificial eutrophication studies are 
much more common for lentic ecosystems, like the ones 
conducted by Quirós (1990), Neto and Coelho (2002); 
Liou and Lo (2005) and Mariani (2006) for lakes and 
reservoirs. 

For lotic environments, few researches about water 
quality, relating nutrients concentrations and algal growth 
(through chlorophyll-a), are available. In addition to that, 
not even the term eutrophication is a consensus. On one 
hand, Schmidt (1994), who assessed phytoplankton char-
acteristics of the River Danube (Hungary), observed an 
inverse relationship between discharge and phytoplankton 
density, as a result of the high washout rate imposed on 
suspended algae by the river. On the other hand, some 
authors, like Smith et al. (1999), consider that the idea that 
flowing waters are usually nutrient-saturated and that, as a 
consequence, light limitation and short hydraulic residence 
time would avoid or restrict biomass responses to nutrient 
enrichments, no longer appear to be tenable.

For temperate rivers, the studies developed by Dodds 
et al. (1998), Young et al. (1999), Neal et al. (2005a), Dodds 
(2006), Jarvie et al. (2006), Neal et al. (2006), Billen et al. 
(2007) were important contributions. Dodds (2006) pro-
posed two trophic states for rivers: heterotrophic, defined 
as the metabolic activity of the stream during dark periods, 
which is directly related to respiration; autotrophic, defined 
as the gross primary production during lighted periods. The 
author also stated that these two states are not mutually 
exclusive. Another important observation was that het-
erotrophic processes predominate in rivers, in comparison 
to lakes, given the contribution of organic carbon sources 
from terrestrial environment and the greater likelihood that 
light is intercepted by the vegetation. 

High concentrations of nutrients in rivers may cause, 
in some cases, algal biomass growth and, as a consequence, 
some deleterious effects might happen, like increases of 

ionic concentrations and of the water electric conductiv-
ity, threats to endangered aquatic species and decreases in 
water column transparency (Smith, 2003, Calijuri et al., 
2006). Within this context, the aim of this research was to 
assess the concentrations of total phosphorus, orthophos-
phate and chlorophyll-a in water samples of two tropical 
lotic ecosystems located in Ribeira de Iguape River Basin, 
Southeast Brazil. These rivers were subordinated to different 
patterns of human interference and presented distinct land 
use and occupation schemes on their adjacencies. 

1.1. Study area

The geographic coordinates of Ribeira de Iguape Basin 
are 23° 30’ and 25° 30’ S and 46° 50’ and 50° 00’ W. Despite 
of its localization, in two very developed states in Brazil, 
São Paulo and Paraná, Ribeira de Iguape River Watershed 
owns a significant environmental patrimony, Mata Atlântica 
Tropical Forest. This environmental richness, however, 
contrasts with severe social and economical problems. Some 
characteristics include high illiteracy taxes of the popula-
tion and low attendance levels of sanitary infrastructure 
(Table 1), both in Cajati city (Figure 1), which is crossed 
by Jacupiranguinha River, and in Pariquera-Açu city, which 
is crossed by Pariquera-Açu River.

Comparing the intensity of negative anthropogenic 
impacts in Jacupiranguinha and in Pariquera-Açu Rivers, 
it was possible to observe that the former presented a 
higher level of human interferences. A characteristic of 
Jacupiranguinha River is the lack of original vegetation on 
the riversides, which was substituted by banana cultivation 
(Moccellin, 2006). Besides, there’s an effluent of a fertil-
izer factory that is discharged in the river. On the other 
hand, Pariquera-Açu River presents original vegetation 
on the riversides and does not receive industrial effluents. 
Wastewater Treatment Plants (WTPs), represented by 
stabilization ponds located in Cajati and Pariquera-Açu 
cities, discharge treated sanitary wastewater effluents in 
both rivers. Stabilization ponds for wastewater treatment 
are a recurrent alternative for Ribeira de Iguape Basin cities, 
like Cajati, Pariquera-Açu and also other cities, like Juquiá, 

Table 1. Some social and economic characteristics of Cajati and 
Pariquera-Açu cities.

Social/Economic  
factor

Cajati  
city

Pariquera-Açu 
city

Total population (in habitants)*** 32,618 20,454
Illiteracy tax of the population –
15-year-old or more (%)* 13.9 8.9

Water supply - attendance level (%)* 96.7 93.8
Collected sanitary wastewater (%)* 69.2 63.3
Treated sanitary wastewater (%)** 62.3 63.3
Per capita income (US$)* 201.00 279.00

References: *SEADE (2000), **SEADE (2003) and ***SEADE 
(2006).
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São Lourenço da Serra and Registro (Miwa et al., 2007). 
Nonetheless, effluents from WTPs may cause significant 
inputs of nutrients to rivers (Owens and Walling, 2002; 
Neal et al., 2005b). Brazilian WTPs, especially stabilization 
pounds, usually are not able to remove ions (tertiary treat-
ment); so, their effluents commonly present high nitrogen 
and phosphorus concentrations.

Regarding the lack of limnological studies in Ribeira de 
Iguape Basin, the assessment of some water characteristics 

of two tropical rivers, under different levels of anthro-
pogenic impacts, will significantly help in the context of 
comprehending the dominant processes that occur in both 
systems, and also of evaluating the impacts of the human 
activities. The information achieved by this research will 
probably provide subsides to the implementation of an 
integrated management plan for the watershed, considering 
the sustainability premises. 

2. Material and Methods

Eight sampling stations were selected in each river 
(Table 2) and water samples were collected at about 10 cm 
below the surface, using 5 L plastic gallons. Chlorophyll-a 
analyses were performed following Nush (1980) method 
(modified by NEN, 1981), through ethanol extraction. 
Besides, total phosphorus and orthophosphate concen-
trations were determined according to APHA (2002). 
Statistical procedures were conducted, through analysis of 
variance (ANOVA), for all the water variables, in order to 
verify the differences between the rivers and also among 
the sampling stations and the sampling days, considering 
probability of 95% (p < 0.05). 

All water variables were quantified in the three days of each 
sampling: January 26th to 28th, 2005, for Jacupiranguinha 
River, and January 17th to 19th, 2007, for Pariquera-Açu 
River, under double-replica technique. Moreover, pre-
cipitation data were analyzed. For Jacupiranguinha River, 
the precipitation data were obtained from DAEE (2005), 
which owns a climatologic station in Jacupiranga city (Code 
F4-017, altitude: 90 m, 24° 43’ S and 48º 01’ W). For 
Pariquera-Açu River, data were acquired through a clima-
tologic station in Pariquera-Açu city.

3. Results

The total amount of precipitation during January 2005 
was 377 mm (106 mm just during the week when the 
sampling took place) in Jacupiranguinha River. During 
January 2007, the total precipitation was 236 mm (72 mm 
just during the sampling week) in Pariquera-Açu River 
(Figure 2). 

Total phosphorus concentrations in water were higher 
in Jacupiranguinha River (Table 3). Station 7, which 
corresponds to the effluent of a fertilizer factory, reached 
33,886.7 μg.L-1 of total phosphorus. The concentration 
in the station before this effluent was 180.0 μg.L-1, so the 
impact accrued from it was prominent. The highest phos-
phorus concentration in Pariquera-Açu River was detected 
in Station 8, which corresponds to the end of the river 
(474.1 μg.L–1). Both rivers presented a trend of increasing 
total phosphorus concentrations from their springs to their 
ends. For Jacupiranguinha River, this variation was from 
120.0 μg.L–1 to 5,730.0 μg.L–1, and for Pariquera-Açu 
River, it was from 36.2 μg.L–1 to 474.1 μg.L–1. 
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Figure 1. Study area map, showing São Paulo state (SP) in Brazil, 
Jacupiranguinha, Jacupiranga and Pariquera-Açu Rivers and 
Cajati, Jacupiranga and Pariquera-Açu cities. Reference: UFV 
(2007).
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Table 2. Location references of sampling stations in Jacupiranguinha and in Pariquera-Açu Rivers.
Sampling 

station
Location [Reference/Latitude (S)/Longitude (W)]

Jacupiranguinha River Pariquera-Açu River
1 Near Jacupiranguinha River spring

(24° 43’ 11’’ S and 48° 10’ 26’’ W)
Near Pariquera-Açu River spring
(24° 44’ 54’’ S and 47° 56’ 58’’ W)

2 Countryside, before Cajati city
(24° 43’ 56’’ S and 48° 08’ 49’’ W)

Countryside, before Pariquera-Açu city
(24° 43’ 46’’ S and 47° 56’ 28’’ W)

3 Station of water impounding for Cajati city population
(24° 43’ 51’’ S and 48° 07’ 57’’ W)

Station of water impounding for Pariquera-Açu city population
(24° 43’ 00’’ S and 47° 53’ 40’’ W)

4 Cajati city (24° 43’ 47’’ S and 48° 06’ 44’’ W) Pariquera-Açu city (24° 43’ 36’’ S and 47° 54’ 26’’ W)
5 Before Cajati WTP (Wastewater Treatment Plant)

(24° 43’ 38’’ S and 48° 05’ 55’’ W)
Before Pariquera-Açu WTP (Wastewater Treatment Plant)

(24° 42’ 07’’ S and 47° 52’ 55’’ W)
6 After Cajati WTP effluent

(24° 43’ 22’’ S and 48° 05’ 37’’ W)
After Pariquera-Açu WTP effluent
(24° 42’ 03’’ S and 47° 52’ 55’’ W)

7 After Cajati city
(24° 43’ 05’’ S and 48° 05’ 10’’ W)

After Pariquera-Açu city
(24° 37’ 57’’ S and 47° 50’ 59’’ W)

8 End of Jacupiranguinha River
(24° 43’ 02’’ S and 48° 03’ 00’’ W)

End of Pariquera-Açu River
(24° 37’ 56’’ S and 47° 44’ 12’’ W)
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Figure 2.  Diary precipitation (mm) from 01/24/2005 to 
01/30/2005 (the sampling period in Jacupiranguinha River 
was from 01/26/2005 to 01/28/2005) and from 01/15/2007 to 
01/21/2007 (the sampling period in Pariquera-Açu River was 
from 01/17/2007 to 01/19/2007). Reference: DAEE (2005).

Table 3. Mean (3 days of sampling) total phosphorus concentra-
tions (μg.L-1) in the water of Jacupiranguinha and Pariquera-Açu 
Rivers.

Station Jacupiranguinha River Pariquera-Açu River
1 120.0 36.2
2 193.3 42.1
3 163.3 62.6
4 216.7 62.5
5 1,726.7 160.3
6 180.0 162.2
7 33,886.7 113.1
8 5,730.0 474.1

The patterns for orthophosphate concentrations’ spatial 
distribution (Table 4) were analog to the total phosphorus 
ones. The fertilizer factory discharge in Jacupiranguinha 
River caused an acute impact on orthophosphate concen-
trations, from 30.0 μg.L–1 (Station 6) to 24,090.0 μg.L–1 
(Station 7). For Pariquera-Açu River, the WTP effluent also 

caused an increment on orthophosphate concentrations, 
reaching 52.1 μg.L–1 (Station 6). 

The highest chlorophyll-a  concentration in 
Jacupiranguinha River was 3.7 μg.L–1 and, in Pariquera-
Açu River, 12.0 μg.L–1 (Table 5). For Jacupiranguinha 
and Pariquera-Açu rivers, the increment in chlorophyll-a 
concentrations in Station 6, after the WTPs effluents, was 
evident: from 1.4 μg.L–1 to 3.7 μg.L–1, in Jacupiranguinha 
River, and from 4.6 μg.L–1 to 12.0 μg.L–1, in Pariquera-
Açu River. 

ANOVA revealed that both rivers are similar consider-
ing the variable chlorophyll-a (p = 0.88), but statistically 
and significantly different in respect to total phosphorus 
(p < 0.05) and orthophosphate (p < 0.05). Regarding this 
difference verified for phosphorus species, the statistical 
procedures were conducted for each river separately. The 
sampling stations were considered different with respect 
to total phosphorus and orthophosphate (p < 0.05) in 
Jacupiranguinha River, and with respect to total phos-
phorus, orthophosphate and chlorophyll-a (p < 0.05) for 
Pariquera-Açu River (Table 6).

Table 4. Mean (3 days of sampling) orthophosphate concentra-
tions (μg.L-1) in the water of Jacupiranguinha and Pariquera-Açu 
Rivers.

Station Jacupiranguinha River Pariquera-Açu River
1 130.0 20.7
2 20.0 15.1
3 20.0 14.6
4 13.3 27.2
5 33.3 32.3
6 30.0 52.1
7 24,090.0 42.2
8 14,816.7 303.7
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of macrophytes and also the accentuation of decomposi-
tion processes in the water column, as verified by Demars 
and Harper (1998) for English rivers. Furthermore, the 
phosphorus release from the sediment may be considered 
in Station 8 of Pariquera-Açu River, whose lentic behavior 
facilitates stratification and low dissolved oxygen concen-
trations on the interface water-sediment, promoting the 
nutrient’s release, as verified by Caraco et al. (1990) for 
freshwater systems.

Phosphorus is extensively used in fertilizers and other 
chemicals, and high phosphorus concentrations in streams 
may be associated with poor agricultural practices, urban 
runoff, or point-source discharges, like the effluents from 
wastewater treatment plants, for instance (EPA, 2006; 
Khan and Ansari, 2005). Brasil (2005) classifies Brazilian 
rivers based on many water variables, like total phosphorus 
and chlorophyll-a concentrations (special class, class 1, 2, 
3 and 4). Both Jacupiranguinha and Pariquera-Açu Rivers 
are originally considered class 2. However, according to 
total phosphorus concentrations obtained in some of their 
sampling stations, these ecosystems could be considered 
class 4, since all stations in Jacupiranguinha River and 
Stations 5, 6, 7 and 8 in Pariquera-Açu River presented 
total phosphorus concentrations in water samples higher 
than 100.0 μg.L–1, which is the superior limit for class 3 
and the inferior one for class 4. 

The relationship between phosphorus concentrations 
and phytoplankton biomass (chlorophyll-a) in aquatic 
systems has yielded insights on nutrient limitation and it is 
an important management tool in experimental works and 
even in monitoring programs (Peters, 1986, Dos-Santos et 
al., 2003). Petrucio et al. (2005) obtained higher chloro-
phyll-a concentrations in a tropical river in Minas Gerais 
state, Brazil (Severo River), reaching 53.5 μg.L–1. The au-
thors were expecting lower chlorophyll-a concentrations, 
since the study was performed in tropical lotic systems, but 
some sites presented high concentrations and the values 
fluctuated between 1.6 μg.L–1 and 53.5 μg.L–1. It was pos-

Table 5. Mean (3 days of sampling) chlorophyll-a concentra-
tions (μg.L–1) in the water of Jacupiranguinha and Pariquera-Açu 
Rivers.

Station Jacupiranguinha River Pariquera-Açu River
1 1.2 0.6
2 1.4 0.3
3 1.4 0.3
4 1.4 1.5
5 1.4 4.6
6 3.7 12.0
7 3.0 1.0
8 1.2 4.0

Table 6. Analysis of variance (ANOVA) for Jacupiranguinha 
and Pariquera-Açu Rivers considering the sampling days and the 
sampling stations evaluated.

Jacupiranguinha River Pariquera-Açu River
TP P-PO4 CHL-a TP P-PO4 CHL-a

Sampling days 0.90 0.87 <0.05 0.60 0.41 0.96
Sampling stations <0.05 <0.05 0.46 <0.05 <0.05 <0.05

TP: Total Phosphorus; P-PO4: Orthophosphate; CHL-a: Chloro-
phyll-a.

Since ANOVA analysis revealed that, in general, there 
was not statistically significant difference among the con-
secutive days of the samplings (Table 6), total phosphorus, 
orthophosphate and chlorophyll-a concentrations, deter-
mined for the three days of each sampling, were submitted 
to arithmetic mean for the clustering analysis, verifying 
the distance or similarity among the stations. Then, hier-
archical clustering analysis was carried out using UPGMA 
(Unweighted Pair Group Method with Arithmetic Mean), 
considering cophenetic correlation coefficients superior to 
0.8 (legendre and Legendre, 1983).

Cluster analysis for Jacupiranguinha River (Figure 3) 
highlighted the impact of the industrial discharge in the 
water body (Station 7) and its influence on Station 8, 
considering phosphorus species and chlorophyll-a. For 
Pariquera-Açu River, Stations 1, 2 and 3 were isolated from 
the others since these three stations are not submitted to 
the city influence. Stations 4, 5, 6 and 7 and Station 8 were 
allocated in two separated groups. 

4. Discussion 

The high total phosphorus concentrations in 
Jacupiranguinha River were associated with the industrial 
effluent discharge in Station 7, as already observed by 
Moccellin (2006), who stated the harmful effect of the 
fertilizer factory discharge in the river, verified by the high 
electric conductivity verified in this station (maximum of 
1,823 μS.cm–1), for instance. For Pariquera-Açu River, 
the high phosphorus concentrations verified in Station 8 
may be explained by the lentic behavior presented by the 
river in this station, which promotes an intensive growth 
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sible to observe that the biological response measured by 
chlorophyll-a concentrations, in both Jacupiranguinha and 
Pariquera-Açu Rivers, was not proportional to the phospho-
rus species concentrations, since non-significant relation-
ship was found between these variables (Figure 4). Cunha 
et al. (2008) verified weak relationships between total 
phosphorus concentrations and phytoplankton total density 
in water of tropical rivers in Southeast Brazil. Chlorophyll-a 
responses to nutrient enrichment in Jacupiranguinha and 
Pariquera-Açu Rivers were probably restricted by physical 
factors such as light limitation, water turbulence and short 
hydraulic residence times.

An important factor for lotic systems, stated by Dodds 
et al. (2002) and Van Nieuwenhuyse and Jones (1996), is 
that there is an apparent decrease in planktonic chlorophyll 
yield per unit phosphorus when total phosphorus is in 
excess of approximately 300 μg.L–1. It indicates that nu-
trient limitation is overcome when there are high nutrient 
concentrations in the water column. Positive correlations 
between chlorophyll-a and phosphorus concentrations 
are more common for lentic systems. Huszar et al. (2006) 
concluded that the high chlorophyll-a concentrations were 
related to high nitrogen and phosphorus concentrations 
in tropical and temperate lentic systems. This article also 
provided a detailed discussion about the differences found 
between total phosphorus and chlorophyll-a concentrations 
in tropical and temperate systems. 

Comparing the water quality of both rivers, it was pos-
sible to realize that Jacupiranguinha River severely depends 
on revitalizing actions. Its sediment is even polluted by heavy 
metals, notably by mercury, whose concentrations reached 
0.8 mg.Kg–1 in January, 2005 (Cunha et al., 2007a; 2007b). 
The fact that some water variables may influence the bio-
availability and the mobility (cycling) of many contaminants 
(Gunnarsson et al., 1996, Schaaning et al., 1996, Brown 
et al., 2000, Skei et al., 2000), like the heavy metals, for 
instance, is worrying in this case. Moreover, the high total 
phosphorus concentrations in the water, which reached al-
most 34,000.0 μg.L–1, are concerning, since the ecosystem 
might be conduced to a severe disequilibrium state.

Bringing to a conclusion, the assessment of total phos-
phorus, orthophosphate and chlorophyll-a concentrations 
in water of two tropical lotic ecosystems, Jacupiranguinha 
and Pariquera-Açu Rivers, located in Ribeira de Iguape 
Basin, Southeast Brazil, enabled to conclude that: 

•	 Jacupiranguinha	River	 presented	 a	 higher	 level	 of	
water quality deterioration, reflecting the different 
degree of anthropogenic activities, which were rep-
resented by banana cultivation and by an industrial 
plant located on its adjacencies. This deterioration 
was evinced by the high total phosphorus and ortho-
phosphate concentrations, which were particularly 
high after Station 7, where there’s a fertilizer’s factory 
effluent discharge. Although Jacupiranguinha and 
 Pariquera-Açu Rivers are considered class 2 by Brasil 
(2005), many total phosphorus concentrations found 
were characteristic of class 4 water bodies;

•	 Non-significant	relationship	was	found	between	total	
phosphorus and chlorophyll-a in Jacupiranguinha 
and Pariquera-Açu Rivers. It indicated that other 
factors affected the biological response measured 
by the photosynthetic pigment concentration, like 
light limitation, low water residence time and high 
turbulence;

•	 For	both	rivers,	hierarchical	clustering	analysis	presented	
coherent results. For Jacupiranguinha River, the analysis 
assembled the sampling stations considering the influ-
ence of the industrial discharge on Stations 7 and 8. 
For Pariquera-Açu, factors like proximity to the spring 
(Stations 1, 2 and 3), influence of the  Pariquera-Açu city 
(Stations 4, 5, 6 and 7) and lentic behavior (Station 8) 
determined three different groups.
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Figure 4. Relationships between ln-total phosphorus (μg.L–1) 
 versus ln-chlorophyll-a (μg.L–1) for: a) Jacupiranguinha River 
(n = 34);  and b) Pariquera-Açu River (n = 21).
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