
Chemical and Microbiological Evaluation in Bathing Waters From Itajaí,
Balneário Camboriú and Itapema Cities (Brazil)

INTRODUCTION

Balneário Camboriú, Itajaí and Itapema are neighbor cities
located in southern Brazil. These three cities showing together a
population close to 250,000 inhabitants, occupying an area of
408km (IBGE, 2000). This region has its economy turned on to
tourism, and represents one of the most important beach resorts
from south of this country. During the summer season
(November to March) the population can reach almost to one
million of people, with represent an increase in four times the
fixed population. High number of tourist provides economy
benefits, development and municipal growth; by on the other
hand it brings losses for the environment that can interfere on
tourism economy ( and , 2000). One of the most
serious problems is related to untreated domestic sewage
discharged in river that can reach in their beaches. The
consequences of these processes can be disequilibria of
chemical compounds in these environments and the presence of
pathogenic microorganisms in these waters (
1998).

This coastal area receives discharge of Camboriú River. This
river has just 40km long, 2.0 meters depth and drain a small area
(200km ) ( , 1999), but receives along its course,
domestic, agricultural and harbor activities effluents, making
this river one of the most important font of anthropogenic
activities 2000). Besides these
characteristics, about 10km upstream from the mount there is
1mjka little dam for caption to Balneário Camboriú City.

The present study was evaluated to verify the chemical and
microbiological characteristics in these beaches and verify how
intense is the influence of anthropogenic activities in this
region.

This study was carried out in eight beaches covering three

municipal districts: Balneário Camboriú, Itajaí and Itapema,
totalizing 11 samples collection points (Figure 1). To verify the
influence of Camboriú River to coastal area, the samples were
collected in this river, too. The samples of river were namedAto
F (Figure 1), and were collected just below the surface.

The surface water samples were collected during 24 months
(July-01~July-03), every two weeks. The physical-chemical
parameters (temperature, pH, conductivity, dissolved oxygen-
DO and salinity) were determined , by use of a
multianalyser HORIBA (model U-10). The water samples to
chemical determinations were collected using 5 liters clean
plastic bottles (pre-cleaned with dilute HCl) at one meter deep.
The samples were kept on ice and dark during its transport. In
laboratory, these samples were filtered (HA Millipore filter,
0.45μm porosity), and the inorganic nutrients (NH , NO , NO ,
PO ) were determined on filtered samples, using the
colorimetric methods.

The phenate method was used to determine NH , by it
reaction with hypochlorite, phenol and sodium nitroprusside
forming a intense blue compound. The NO were determined
through formation of reddish purple azo dye (reaction of nitrite
with diazotized sulfanilamide followed by 1-naphthyl-
ethylenediamine dihydrochloride), NO was determined by
cadmium reduction method, in this method NO turn into NO ,
which was determined according to previous description. PO
was determined by ascorbic acid method producing a intense
colored molybdenum blue compound. Total Organic
Phosphorus (TOP) was determined by persulfate digestion
producing orthophosphate, that one was determined according
to previous description. Particulate Organic Carbon (POC) was
determined by its oxidation in a boiling mixture of sulfuric acid
and an excess of potassium dichromate. After digestion, the
excess of dichromate was titrated with ferrous ammonium
sulfate with permit to calculate the equivalent in organic carbon
present in the sample.
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The coastal cities usually have their economy turned on to tourism activities. In Brazil, the region formed by
Balneário Camboriú, Itapema and Itajaí cities are considered one of the most important beaches resorts from south of
this country. The increase in population occurred during summer time can influence its water quality, mainly if the
sewage treatment is not efficient to supply this demand. This study was started to evaluate this area with physical,
chemical and microbiological aspects. The water samples were collected in Camboriú River, and in eight beaches,
totalizing seventeen sites. The samples were collected every two weeks, between July-2001 and July-2003. The
physical variables (pH, salinity, DO, temperature) were determined , and inorganic nutrients (NH , NO , NO
, PO ) were determined by colorimetric methods, organic compounds were determined after digestion by titration
for POC and colorimetric methods for TOP. and Total Coliforms were determined using collilert subtrate
and Quanty Trey® (IDEXX). The results showed that areas located close to river discharge received a great amount
of inorganic and organic nutrients, although that all the beaches are considered in a eutrophic state. In this manner, in
Central beach (Balneário Camboriú) and north of Itapema beach were considered the most influenced by this
process, showing the lowest water quality. On the other hand, the better water quality was observed in Taquaras,
Estaleiro and Laranjeiras beaches.
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RESULTS AND DISCUSSION

Physical-chemical Parameters

The coastal areas that are influenced by tourism activities
have a great seasonal oscillation in its characteristics, caused
mainly by seasonal tourists fluctuations. The temperature
parameter was used to distinguish summer from winter season,
considering the increase in population during summer season.
So, summer season (temperature above 20.0ºC), were
considered during November and May, and between June to
October were considered winter season. Chemical and
microbiological parameters monitored during this study are
summarized in Table 1.

The annual means beach's surface water temperature ranged
from 17.7 to 28.3ºC. In general, during the summer season the
mean value observed was 25.0 1.8ºC and during the wintertime
was 20.0 1.5ºC (Table 1). Spatially, weren't registered
significant differences. Temporal distribution of salinity and

pH not showed a great seasonal change, with mean values
respectively correspondent to 30.2 2.1 and 7.7 0.2, although
after precipitation periods the mean salinity values can dropped
until 25.0. The beach areas close to river discharges showed its
influence through its lowest values of salinity (0.5), mainly after
a strong precipitation (Figure 3). However, the points distanced
about some kilometers from this, located in the same beach
showed in same situation salinity equal to 23.0, indicating an
efficient circulation pattern from this area. In Camboriú River,
in the site located before artificial barrier, the highest salinity
was observed in January-2003 when was registered a value of
the 13.1 (point C). The mean value observed to river salinity
was 5.6 3.6. The means of Camboriú River salinity ranged from
0.0 to 16.3, the lowest and highest salinity values registered for
this river were 0.0 and 33.2, respectively.

Dissolved Oxygen temporal distribution showed inverse
correlation with temperature (Figure 2), mainly to beaches
samples. In the river, biological processes could be the
responsible for this distribution, while for beaches, physical-
chemical processes seems to be the most important process to
control DO distribution. Spatially, the Camboriú River average
DO distribution showed a increase gradient concentrations
from upstream to downstream (3.24 1.3mg-O /L to 5.4 1.9 mg-
O /L, respectively), reached in the highest values on beaches
samples (7.26 ± 0.9mg-O /L). Along the beach, the DO
concentrations ranged slightly (6.6 to 7.6mg-O /L). Areas on
Camboriú River, located upstream artificial barrier, showed
high values of DO, with average value was 7.5 1.5mg-O /L.
These results are indicating a biological consume of DO in the
river after pass this artificial barrier and when this water mass
reaches on the beach, occurs its production, increasing their
concentrations.
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Figure1. Area of study with the sampling points along the
beaches (1-11) and along the River Camboriú (A-F).

Figure 2. Temporal distribution of Temperature (ºC) and
Dissolved Oxygen (DO-mg-O /L) in samples collected along
Beach (A) and River (B), between July-2001 and July-2003.
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Summer Winter

Nov-May Nov-May JuL-Oct Jun-Oct Jun-Jul
2001-02 2002-03 2001 2002 2003

Temperature (ºC) 25.1± 1.3 25.0 ± 2.3 20.0 ± 1.37 20.1 ± 1.93 19.6 ± 0.97
Salinity 30.9 ± 2.1 30.5 ± 2.1 30.3 ± 1.64 29.3 ± 2.59 29.1 ± 1.73
pH 7.80 ± 0.13 7.90 ± 0.23 7.5 ± 0.24 7.6 ± 0.09 7.8 ± 0.2
DO (mg/L) 7.3 ± 0.6 6.9 ± 0.61 7.5 ± 0.78 8.3 ± 1.07 6.7 ± 0.55
NH (g-N/L) 228.1 ± 225.0 214.2 ± 85.9 95.7 ± 36.3 152.3 ± 86.6 208.4 ± 64.3
NO (g-N/L) 20 ± 13 40.6 ± 27.7 18.19 ± 11.12 44.56 ± 27.9 28.5 ± 5.51
NO (g-N/L) 4.0 ± 2.7 4.07 ± 1.3 3.95 ± 1.9 5.21 2.4 9.47 ± 5.96
PO (g-P/L) 21 ± 10 25.4 ± 9.8 18.1 ± 3.8 29.2 ± 9.9 35.0 ± 5.5
TOP(g-P/L) 116 ± 85 37.01 ± 14.5 100.9 ± 43.8 101.6 ± 69.1 41.6 ± 9.4
POC (μg-C/L) 808.3 ± 168.3 776.2 ± 384.3 585.2 ± 250.7 718.1 ± 245.2 555.8 ± 138.4
Chlophyll- (g-L) 8.4 ± 4.2 6.0 ± 4.7 4.9 ± 2.1 6.0 ± 3.5 2.7 ± 0.4

(NMP/100ml) 561 ± 487 --- 104 ± 57 101 ± 115 ---
N:P(molar ratio) 26.5 22.5 14.5 15.3 15.6
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Table 1. Mean values (standard deviation) of chemical and microbiological parameters evaluated between July-2001 and July 2003.



Inorganic Nutrients

Organic Compounds

Microbiological Indicators

The distribution of nitrogen inorganic species, showed
highest concentrations in NH form, following by NO , 166.5
159.1μg-N/L and 33.7 47.8μg-N/L, respectively. About 80%
of total dissolved inorganic nitrogen (DIN = NO + NO
+NH ), during all time evaluated, were registered in this form.
In the river, this percentage was highest, main in areas located
close to municipal treatment effluent discharge ( #D; #E).
In these sites, were observed that 99% of DIN was NH form,
which correspond to 14,720 17,398μg-N/L. Exception was
observed in site A, located most upstream in the river and not
anthropogenic influenced area, where registered a mean of NID
with 60% of them in NO specie (142.1 60.7μg-N/L for NO
and 101.9 64.0 μg-N/Lfor NH ).

. (2000) observed the same
situation in Mazatlán Bay (Mexico), area influenced by
untreated sewage and primary treated sewage effluents. These
authors found NH as the most abundant species between
inorganic nitrogen compounds, and its proportion ranged from
59% to 85%. This last value was observed during rainy season,
close to municipal sewage outfall. In Baixada Santista region
(Brazil), area influenced by domestic and industrial effluents,

. (2000) found just 55% for NH form. These
lowest values were justified by occurrence of physical mixture
processes, biological assimilation and chemical removal
processes to consume this compound of inorganic nitrogen,
since the samples were collected far away from nitrogen fonts.

The inorganic nitrogen compounds showed slight variation
along the years (Table 1). In general, the highest values for NO
and NO were observed during winter season, and for NH
during summer time. However, the most important factor
controlling these levels seems to have been the rainfall occurred
some days before samples collection day. In March-2002, after
a rainfall period, the NH concentrations observed in site 6
reached to 1200μg-N/L, about three times the mean levels
observed during all the summer time for this point (467 0,4μg-
N/L).

Phosphate concentrations ranged from 8.0 to 48.6 μg-P/L

during all study time. The highest values were observed during
wintertime, although the seasonal variations have showed slight
distribution (Table 1), in the same situation that was observed
for nitrogen inorganic compounds. Spatially, the highest values
were observed in areas close to river discharge. The mean
values observed to site 6, during all time was 79.6 52.2μg-P/L,
about four times the mean values observed to sites located far
away from river discharge (18.6 15.0μg-P/L).

Estaleiro and Taquaras Beach showed the lowest value for all
inorganic nutrients evaluated (Figure 3). On the other hand, the
highest values for these parameters were observed in Camboriú
Beach, mainly in sites located closer to Camboriú River. These
results are indicating the strong influence of this river as a font
for these inorganic nutrients to this area.

The enrichment in nutrients, mainly for NH and PO
compounds, proves a strong influence over this area by
anthropogenic input. Waste treatment to second levels will
contribute with phosphorus and nitrogen compounds because
this treatment not remove these compounds. According to
nutrient distribution scale proposed by Ignatiades to determine
the trophic state ( , 2000), this area
can be classified to eutrophic water types during all the
monitored period.

The N:P ratios is another important parameter to evaluate the
water trophic conditions ( . 2000). In this
study, the N:P ratios had a great values during summer periods
with mean ratios values of 26.5 during the first year and 22.5 in
the second (Table 1). The highest values of N:Pratios associated
with eutrophic conditions are very danger conditions to system
and it can induce a algae-bloom formation. An increase in
phosphorus compounds, that mean, a decrease in N:P ratio can
induce a blue-green algae bloom (

99). By the other hand, an increase in N:P ratio can have been
the responsible to frequent red tides occurrences observed in
Gulf of California ( , 2000). These
high ratios value added to high temperature observed in tropical
area may be evaluated with carefully.

During the winter periods, these mean ratios values showed a
decrease until mean ratio of 15.1 (Table 1). These values were
close to Redfield ratio (16), probably because during this
period, the influence of wastewater was minor and the
environment can be established an equilibrium through
biological processes. Therefore, it is necessary to observe that
even this ratio is considered ideal, the concentrations of these
inorganic nutrients is very high.

he organic compounds evaluation showed the highest
values in Camboriú River, about five times to carbon and twelve
times to phosphorus. The means values obtained to river and to
beach were respectively, 3.83 2.5mg-C/L and 0.73 0.3mg-C/L
to carbon and 1.06 0.7mg-P/L and 0.08 0.07mg-P/L to
phosphorus. These results are indicating the occurrence of
remobilization processes consuming phosphorus compounds
during its transport from river to beach.

The annual mean values observed to POC and TOP along the
beaches showed the same patterns registered to another
inorganic nutrients, that's means, the highest values associated
with rivers discharges. The maximum and minimum values
observed to POC were 1.87 1.2mg-C/L and 0.36 0.27mg-C/L
in site 6 (southern Central Beach) and site 9 (Estaleiro Beach),
respectively. The highest values of TOP were observed in site 6
(0.16 0.12mg-P/L) and 10 (0.16 0.17mg-P/L). Laranjeiras
Beach, site 7, showed the lowest values 0.059 0.062mg-P/L
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The MPN of bacteriological indicators from water samples of
eight beaches studied, show that numbers above of legal limit
are more frequent at those areas with higher population
densities. It can be observed through geometric median from all
period of this study. Higher concentrations of
were found at summer where population densities increase in
the most of the important cities. This increasing in poulacional

Escherichia coli

Figure 3. Spatial distribution of mean values of Salinity;
Dissolved Oxygen (DO-mg-O /L); NH (mg-N/L); NO (mg-
N/L); PO (mg-P/L); TOP (mg-P/L); POC (mg-C/L) and
(NMP/100ml) in beaches samples.
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densities leads to higher amount of sewage discharged at sea
through affluent rivers. (1980) observed that the
most important factor affecting bacterial contamination of
water at beach is the large volume of domestic sewage that
arrive at sea because of inefficient treatment plants or wrong
chosen sewage outfall locations. However, lower numbers
registered in winter months shows the environment capacity of
recovering.

GAUTHIER

FinalAnalysis

The final evaluation of water quality in all of beaches studied
during these last two years was realized by principal
components analysis in factor analysis method. The first
analysis was developed using all of the beach samples, resulting
in two well-defined groups: one formed by sites 6 and 10, and
the rest of them forming another group. The first group was
formed by areas strongly influenced by river discharges, located
in front of them. The characteristics of this group in elevated
concentrations of all inorganic and organic compounds, highest

concentrations e lowest salinity values. In the second
analysis, these sites were excluded, to verify the differences or
similarity among others beaches areas.

This second analysis showed that two first factors explained
74% of variables dispersion along first plan (Figure 3). The
third factor was responsible for just 12% of variable dispersion
and it had salinity (0.66 coordinates) and pH (0.62 coordinates)
variables like the most representative in them. The most
representative variables in first factor were TOP (-0.95), NH (-
0.94) and (-0.90) explaining about 50% of variables
dispersion, for the second factor, PO (0.88) and DO (-0.70)
were the most representative, justifying about 24% of variable
dispersion in this plan.

The dispersion of these variables on this first plan (Figure 3)
shows that all of inorganic and organic variables had inverse
correlation with salinity, indicating that rivers discharges or rain
precipitation had a great influence over these nutrients
enrichments in these areas, even areas located far away from
river discharges. The matrix correlation among these variables
confirms this dispersion (Table 2).

NH , TOPand seen to be the most important variables
to indicate water quality indices for these areas, showed by their
importance in variables dispersion. These three variables are the
main components in a sewage effluent showing that the quality
of this area is controlled mainly by this process. PO is another
important component present in sewage effluent, however its
adsorption to particulate material could be underestimated this
fraction, mainly in river areas, enriched by particulate material.

These three variables showed a high correlation with
temperature, NO and POC. The high positive correlation
observed between NH and TOP with temperature (r>0.70) can
be resulted from an increase in population during summer
vacation period, associated with an inefficient sewage
treatment. These processes can have been the cause to an
increase in POC concentrations, too. The strong correlation
observed between NH and NO and low correlation between
NH and NO , may be indicating that NO are mainly

influenced by nitrification process and NO have another
different process controlling its distribution. Kuroshima
(2000) observed that fertilizers used in agricultural activities
upstream may be the responsible to NO input in Camboriú
River system.

Spatially, the dispersion of sites evaluated (Figure 3)
permitted to distinguish two well-defined groups. One of them
composite by sites 2, 4 and 5; and another one, formed by sites 7,
8 and 9. The most important parameter to distinguish these two
groups seems to be the salinity. All of the sites dispersed on left
side of this first plan (sites 2, 4 and 5) showed the lowest salinity
values. In relation to nutrients and microorganisms, the site 2
(Cabeçudas Beach) showed the highest concentrations of

, NO and NO . The sites 4 and 5 (Central Beach, Balneário
Camboriú) were characterized by highest concentrations of
POC and PO . The concentrations of NH and TOP were very
similar for all them. These sites are located closer to river
discharges than others and so, this low salinity values are
reflecting of this localization. Although site 1 is located near
river discharge (Itajaí-açú River), this beach is more protected
by geologic characteristics forming a bight, which probably
was responsible to maintain this higher salinity. The high
nutrients and concentrations observed to site 2, could be
resulted by increase in population in this area, added to fact that
in this area doesn't have a sewage treatment system, like have in
sites 4 and 5. In Balneário Camboriú, Central Beach (sites 4 and
5) in its sewage treatment plant was started, in 1999, a tertiary
treatment with addition of ClO , a strong bactericide. The
effluent of this plant is discharged in Camboriú River and
consequently influencing adjacent beach and besides it
contributes with high inorganic and organic concentrations, the
microorganisms concentrations are very low.

The group located in right side of this variables dispersion
plan (Figure 3), formed by 7~9 sites and site 3 and 11, had in
general an opposite characteristics that were discussed above.
That is, high salinity, low concentrations of inorganic and
organic nutrients, low concentrations and colder water.
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These beaches are not influenced by river discharges like other
beaches, and so, the water quality with chemical and
microbiological aspects seems to be better, at least during this
two years of monitoring.

Figure 4. Distribution of variables (A) and sampling sites (B)
along the first plan (74%) using principal components methods
in factor analysis.
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Table 2. Correlation matrix between chemical and microbiological variables observed in all beaches evaluated without the contribution of
sites 6 and 10. * p<0.05.

Temp Sal DO pH NH NO NO PO TOP POC
Temp 1.00
Sal -0.49 1.00
DO -0.29 -0.01 1.00
pH 0.31 0.20 0.01 1.00
NH 0.76* -0.49 0.02 0.43 1.00
NO 0.24 -0.60 0.39 0.38 0.36 1.00
NO 0.59 -0.36 0.28 0.59 0.79* 0.59 1.00
PO 0.51 -0.42 -0.44 -0.54 0.28 -0.27 -0.17 1.00
TOP 0.71* -0.47 -0.05 0.44 0.93* 0.43 0.88* 0.21 1.00
POC 0.75* -0.51 -0.52 -0.02 0.71* -0.04 0.44 0.69* 0.76* 1.00

0.53 -0.66 0.09 0.39 0.85* 0.69* 0.72* 0.16* 0.85* 0.53 1.00
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he beaches located in Itajaí (sites 1~3), Balneário Camboriú
(sites 4~9) and Itapema showed that river discharges is the most
important factor influencing their water quality, with physical-
chemical, chemical and microbiological aspects.

The beaches showed better water quality were: Estaleiro (site
9), Taquaras (site 8) and Laranjeiras (site 7), located far away
from river discharges, without its influences. On the other hand,
the lowest water qualities were represented by southern Central
beach (Balneário Camboriú) and northern in Itapema beach,
which have a great discrepancy in chemical and
microbiological characteristics. Among the rest of areas,
excluding these two sites, Cabeçudas beach and Central beach
from Balneário Camboriú (northern area), both located much
closed to river discharges and with a high population density
showed a low water quality, too.

These beaches besides have high inorganic nutrients
concentrations, their N:P ratio had close to Redfield ratio during
winter time, however, during summer periods, this ratio reached
to 24.5 values.

During all the period monitored the nutrients were very high,
and this area were classified to eutrophic system, according to
Ignatiades scale.
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