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Abstract
Recently, special attention has been given to low-cost technologies for water treatment, with the aim of serving remote com-
munities and thus enabling everyone to have access to drinking water and basic sanitation. In that context, the ecological 
filter is an alternative for treating water for human consumption. Some studies show that climate change and meteorologi-
cal parameters can influence the water quality of water bodies and the water supply system. However, most of the papers 
deal with model projections and therefore do not show real situations. The aim of this study was to determine the impact 
of meteorological variables (e.g. atmospheric pressure, evaporation, wind speed, radiation, precipitation) on the physico-
chemical and biological parameters (e.g. turbidity, apparent colour, pH, total coliforms, Escherichia coli) of Lobo reservoir 
water treated by 22 ecological filters during a period of 4 months. Statistically significant correlations were found between 
the water from the Lobo reservoir and the weather variables, and between the water quality parameters of the 22 ecological 
filters and the average weather variables. The results from the statistical analysis indicate that climatic variations may influ-
ence treatment performance.
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Introduction

Ecological filtration is a new nomenclature suggested by 
Nakamoto (2008) for slow sand filtration. The new name 
is derived from the presence of a biofilm that forms on top 
of the sand filter and the action of the various microorgan-
isms that make up a food chain, which are essential to water 
purification. “Ecological filter” involves the action of algae, 
cyanobacteria, bacteria, protozoa and small invertebrates in 
the process (Huisman and Wood 1974; Nakamoto 2008). 
The idea of an ecological purification system for drink-
ing water arose from an observation of phytoplankton at 
the Lobo reservoir in 1974 (Nakamoto 2011) in São Paulo, 
Brazil. Amongst the various water treatment technologies, 
slow sand filtration or ecological filtration is very attractive 
as it does not require the application of chemicals, nor does 
it require skilled labour. Additionally, it also provides excel-
lent removal of pathogenic organisms, including Giardia 
and Cryptosporidium (Bellamy et al. 1985; Haarhoff and 
Cleasby 1991), as well as complex organic compounds such 
as certain drugs (Erba et al. 2014; Pompei et al. 2017; Li 
et al. 2018).
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The ecological filter operates with a low filtration rate 
(i.e. filtration speed), resulting in high retention time of the 
water above and within the sand bed. As a result of the high 
retention time, an intense biological activity develops in the 
upper layers of the filter bed; this then contributes to the 
development of the schmutzdecke (Campos et al. 2002).

The quality parameters of surface water vary with the 
environmental conditions such as solar radiation, precipita-
tion, humidity, atmospheric pressure and temperature (Del-
pla et al. 2009). For example, lower precipitation results in 
lower runoffs into water bodies and less dilution, causing 
higher concentrations downstream of point discharges of 
wastewater. This affects efforts to improve water quality 
standards or meet the directives of water quality treatment 
works (WTWs) (Whitehead et al. 2009) and, consequently, 
the water supply (Mujere and Moyce 2017). This influence 
can be natural and without harmful consequences, but some 
changes in the climate can affect the water quality of reser-
voirs, putting in risk the water supply quality (Murdoch et al. 
2000; Mujere and Moyce 2017).

At the Lobo reservoir, Calijuri and Tundisi (1990) identi-
fied deforestation, domestic sewage disposal and fertilizers 
used in some agricultural areas, as human activities causing 
environmental changes. Tundisi et al. (2004) evaluated the 
impacts of the passage of cold fronts on the vertical structure 
of the Lobo reservoir through assessment of the changes in 
physico-chemical and biological water characteristics. They 
found that during periods of incidence of cold fronts the 
reservoir presented vertical mixing. However, a period of 
stability was followed by thermal, chemical and biological 
stratification after the dissipation of the cold fronts.

Samu et al. (2013) analysed the influence of the meteoro-
logical variables in five lakes in Hungary. They found that 
the maximum concentration values of water quality param-
eters occurred more frequently when the global solar radia-
tion, atmospheric pressure and the precipitation were lower 
than when the relative humidity was high. Also, at the Kasu-
migaura Lake, Japan, Fukushima et al. (1998) investigated 
the relationship between weather conditions and water qual-
ity; they quantitatively predicted the change in water quality 
due to variations in weather conditions. It was observed that 
an increase in air temperature resulted in the deterioration of 
the lake water quality.

Some studies have been conducted to examine how 
the climate change affects the water quality of water bod-
ies (Fukushima et al. 1998; Murdoch et al. 2000; Tundisi 
et al. 2004; Prathumratana et al. 2008; Delpla et al. 2009; 
Whitehead et al. 2009) and water supply systems (Delpla 
et al. 2009; Rajib et al. 2012). Additionally, a comprehensive 
review of the potential impacts of climate change on sur-
face water quality was published by Whitehead et al. (2009). 
However, most of these studies deal with model projections, 

simulating climate changes and evaluating their impacts 
(Fukushima et al. 1998; Jones and Page 2001). Besides the 
long-term climate changes, variations of some meteorologi-
cal parameters can influence the performance of the treat-
ment process and the final quality of the water treated for 
potable purposes. Therefore, there are no studies that have 
evaluated the relationship between meteorological variables 
and reservoir water quality and ecological filtration perfor-
mance. The novelty of this study is the investigation of the 
relationship between the empirical data of the Lobo reser-
voir water quality, meteorological variables and ecological 
filtration water quality.

The knowledge of the correlation between these param-
eters and the treated water quality may help system opera-
tion and planning, particularly for ecological filters which 
are mainly biological processes. Thus, this study aimed to 
determine the impact of meteorological variables on the 
physico-chemical and biological water parameters of the 
Lobo reservoir, São Paulo, Brazil, treated by 22 ecological 
filters, from September to December 2013.

Materials and methods

Study site

The Lobo reservoir (Fig. 1a) is located between the munici-
pal districts of Itirapina and Brotas, São Paulo, Brazil. It 
was originally built for generating electrical energy in 1936 
and has been part of the University of São Paulo’s research 
pool since 1971, where investigations on several ecological 
aspects affecting the hydrodynamic, chemical and biological 
processes operating within this shallow and man-made lake 
have taken place (Rodríguez and Matsumura-Tundisi 2000). 

The location of the 22 ecological filters is shown in 
Fig. 1a. The water that fed the 22 ecological filters (Fig. 1b) 
was pumped from the Lobo reservoir (latitude − 22.170° and 
longitude − 47.899°), located at Itirapina city, São Paulo, 
Brazil, to a constant level box.

Construction of the ecological filters

Twenty-two parallel and identical ecological filters were 
constructed in polyvinyl chloride (PVC). Each ecological 
filter had a diameter of 25 cm and height of 72 cm. The sup-
port layer in each filter was formed by three gravel layers, 
with a total height of 15 cm, with grain size ranging from 
12.5 to 1.41 mm. The sand bed layer had 30 cm height with 
grain size between 1.0 and 0.08 mm. The sand uniformity 
coefficient was between 2 and 3, and the effective diameter 
was 0.25 mm (Bellamy et al. 1985). On average, the filtration 
rate used for the filters was 3 m3 m−2 day−1.
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Sampling and analysis of water quality parameters

Filters were operated continuously from September to Decem-
ber 2013 (4 months), and water samples (100 mL) were col-
lected from influent and effluent water of each ecological filter 
three times per week, totalling 30 measurements. Samples 
were collected in flasks (100 mL), transported manually using 
a carrier bag to the laboratory and immediately analysed.

Turbidity and apparent colour were measured in situ using 
a HACH DR 2000 spectrophotometer, setting wavelengths in 
UV750 and UV455, respectively. Temperature (°C) was also 
measured in situ. True colour was measured after filtering 
the water sample through a 0.45 µm membrane (Millipore, 
cellulose ester, 90 mm diameter) and measured by the spec-
trophotometer using UV455 (HACH DR 2000). The pH was 

measured by a pH meter B374—Micronal—while tempera-
ture, conductivity (µS cm−1) and total dissolved solids (TDS) 
(mg  L−1) were measured using an Orion multiparameter—
model 145. Dissolved oxygen (DO) (mg  L−1) was measured 
using an oximeter YSI, Yellow Springs Incorporated (Ohio, 
USA), model 55-25 FT. Total coliforms and E. coli were meas-
ured using a  Colilert® kit. For total coliforms (MNP) and E. 
coli (MNP) counting, water samples from the Lobo reservoir 
were diluted with Milli-Q water at a concentration of 1:500.

Meteorological variables

Meteorological data were collected daily, three times 
per day, at the climatological station from the Centre for 
Water Resources and Environmental Studies (CRHEA in 

Fig. 1  Location of a the Lobo reservoir, b the ecological filters and c the water intake

Table 1  Water quality 
parameters measured in the 
Lobo reservoir water and in 
the filtered water by the 22 
ecological filters, showing 
minimum and maximum, 
average and standard deviation 
values

a For DO, n = 12; for true colour, n = 25; for all other parameters n = 30

Water quality parameters Reservoir Ecological filters

Min Max Average SD Min Max Average SD

TDS (mg L−1) 7.00 9.00 8.03 0.32 1.00 28.00 8.89 1.03
Conductivity (µS cm−1) 15.20 18.60 17.02 0.75 12.60 60.60 18.93 2.25
Temperature (ºC) 20.40 28.60 23.19 1.93 16.60 29.00 22.02 2.31
pH 6.850 7.20 7.05 0.08 6.20 7.41 6.60 0.12
DO (mg L−1)a 6.58 7.63 7.17 0.43 5.01 7.80 6.62 0.64
Apparent colour (UC) 24.00 53.00 38.87 6.71 0.00 254.00 18.96 15.01
True colour (UC)a 0.00 25.00 7.60 7.23 0.00 23.00 0.37 1.86
Turbidity (NTU) 4.00 12.00 7.40 1.79 0.00 47.00 3.37 2.48
Total coliforms (raw water) 

(MNP)
2419.60 2419.60 2419.60 0.00 0.00 2419.60 640.36 594.22

Total coliforms (diluted) 
(MNP)

3.10 28.10 13.82 7.58 – – – –

E. coli (MNP) 7.20 93.30 22.57 24.73 0.00 2419.60 12.81 11.44
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Portuguese) that follows the rules of the World Meteorologi-
cal Organization (Table S1). The water temperature–CS, i.e. 
the temperature of the water observed at the climatological 
station (CS), and evaporation were measured in a Class A 
pan, with the aid of a thermocouple (T type, composed by 
copper and constantan).

Statistical tests

The 22 ecological filters were considered identical replica, 
as they were identically built and filled with the same filter 
media; they also received the same water at the same time 
and same flow rate. The average of all water quality and 
weather variables was calculated for statistical analysis. The 
water quality and weather variables considered in the sta-
tistical analysis are listed in Table S2. Only variables with 
n = 30 were considered in the statistical analysis which was 
carried out by the software Statistica 10.

According to the Shapiro–Wilk and Kolmogo-
rov–Smirnov tests, with a significance level of 5% cannot 
reject the normality hypothesis for the meteorological and 
water quality variables. The correlation (r) and determi-
nation (r2) coefficients were calculated. The coefficient 
r measures the degree of the relation and the direction (if 
positive or negative) between two variables. Values were 
considered significant for p = 0.01 − 0.05, very significant 
for p = 0.001 − 0.01 and extremely significant for p < 0.001.

The calculation of r2 was carried out to observe the influ-
ence of the weather on water quality parameters. The coef-
ficient r2 is defined as the proportion of the variance in the 
dependent variable that is predictable from the independent 
variable.

Results and discussion

Influence of the weather conditions on the Lobo 
reservoir water quality

Amongst the basic water quality parameters, TDS, conduc-
tivity, pH and total coliforms from the Lobo reservoir water 

presented a standard deviation (SD) lower than 1, showing a 
low variability of the average values measured. Temperature 
and turbidity had SD lower than 2 (Table 1), agreeing with 
what is expected for short periods of data.

Apparent colour, total coliforms (diluted) and E. coli 
showed higher values of SD for the treated water, but for 
total coliforms (diluted) and E. coli an isolated episode of 
poor water quality in the reservoir happened on a single 
day, increasing the values and thereby modifying the media 
and causing a variation of the SD value. As it was an iso-
lated episode, it could be assumed to be caused probably by 
anthropogenic actions. Since its construction in 1936, the 
Lobo reservoir has been affected by discharge of untreated 
residential sewage, deforestation, sand mining, tourism and 
intense sport fishing (Tundisi et al. 2004). For apparent col-
our, on the 19th collection day, there was a problem with 
the effluent pipe of filter number 1, which may have caused 
poor water quality of the effluent of this filter (e.g. turbidity 
of 47 NTU, TDS = 23 mg L−1; electrical conductivity = 49.4 
µS  cm−1; temperature = 25.9 °C; pH = 7.01; apparent colour: 
254 UC). However, these episodes did not affect the treated 
water average, as it is shown in Table 1.

The average concentration of total coliforms in the reser-
voir water (Table 1) was higher than in the ecological filter 
treated water since the water from the Lobo reservoir cannot 
be counted as pure (reached the limit of the kit pack—2419.6 
MNP). Therefore, dilutions were made in a concentration 
of 1:500, using Milli-Q water. The maximum E. coli count 
(2419.60 MNP) in the treated water was associated with the 
isolated event on a single day in one of the filters and may 
have been caused by external contamination at the time of 
sampling.

The survival of pathogens such as coliforms in water 
increases probably due to higher water temperatures (Hunter 
2003). Also, according to Hunter (2003) and Soh et al. 
(2007) the increase in water temperature, because of the 
solar radiation (UV) due to ozone layer depletion, leads to 
a process that could stimulate bacterial activity in aquatic 
ecosystems. Therefore, for long periods of data, some cor-
relation between solar radiation, water temperature and coli-
forms concentration is expected. However, due to the short 
period of this study, this correlation was not observed.

Positive and statistically significant correlations between 
the electrical conductivity of the Lobo reservoir water and 
air temperature (r = 0.53; p = 0.002), and water temperature 
from the Class A pan (r = 0.55; p = 0.001) were observed. 
The conductivity of the water depends on its ability to dif-
fuse an electric current and is inversely proportional to 
electrical resistance. This ability is due to the presence of 

Fig. 2  Significant correlations between the parameters of the water qual-
ity from reservoir and meteorological variables, wherein CS refers to the 
meteorological parameters obtained at climatological station: a TDS and 
atmospheric pressure–CS; b conductivity and average air temperature–
CS; c conductivity and average water temperature–CS; d average water 
temperature and average air temperature–CS; e average water tempera-
ture and average water temperature–CS; f average water temperature and 
evaporation–CS; g apparent colour and wind speed–CS; h turbidity and 
wind speed–CS

◂
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ions, concentration, mobility and valence as well as tem-
perature (Novák 2012). The electrical conductivity of the 
water increased with increasing air and water temperatures 
(Fig. 2b, c) as temperature is measured by the degree of 
agitation of the molecules, either of air or water (Alves and 
Biudes 2013). Prathumratana et al. (2008) found conduc-
tivity to be one of the important parameters for monitor-
ing impacts of climate change on water quality in the lower 
Mekong River, Indochina.

There were positive and statistically significant correla-
tions between the temperature of water from the reservoir 
and air temperature (r = 0.45; p = 0.01), water temperature 
(r = 0.38; p = 0.04) and evaporation (r = 0.41; p = 0.02) as 
shown in Fig. 2d–f, respectively. The water temperature–CS 
and evaporation were measured in a Class A pan filled with 
water (water free surface), which heats and evaporates under 
the prevailing atmospheric conditions, trying to simulate 
water bodies. Hence, a statistically significant correlation 
between these variables was expected. The factor that gov-
erns all these dynamics is solar radiation, which interacts 
with a solid, liquid or gaseous surface, increasing the agita-
tion of the molecules and leading to higher water and air 
temperatures, and increased evaporation (Novák 2012).

Although water sampling was always made at the same 
point (Fig. 1c), positive and statistically significant cor-
relations were observed between the apparent colour of 
the reservoir water and the wind speed at 0.5 m (r = 0.41; 

p = 0.024) (Fig. 2g), and between the turbidity of reservoir 
water and wind speed at 0.5 m (r = 0.42; p = 0.02) (Fig. 2h). 
The apparent colour of water is the colour due to colloidal 
particles or suspended materials. The material in suspension 
can undergo variations according to the wind speed, stir-
ring the materials in suspension in the reservoir water, and 
therefore, the correlation between the parameters is positive 
and significant.

Water aeration and maximum resuspension of particulate 
and organic matter were observed to be caused by turbu-
lence in the Lobo reservoir on days with high wind velocities 
(Chalar and Tundisi 1999). This agrees with the positive and 
statistically significant correlations detected with wind speed 
and apparent colour and turbidity (Fig. 2g, h).

The atmospheric pressure had a positive and significant 
correlation between TDS (r = 0.36; p = 0.05) (Fig.  2a); 
however, reports correlating these two parameters were not 
found in the literature.

The average air temperature had a statistically significant 
influence on the temperature of the Lobo water reservoir 
(r2 = 0.27, p = 0.003) and the water contained in it (r2 = 0.24, 
p = 0.006) (Table 2). This correlation is in agreement with 
Murdoch et al. (2000) who state that changes in the tempera-
ture of the air influence the temperature of the water, a factor 
widely discussed when the subject is climatic changes and 
their effects. In this study, even in a short period of time, the 
correlation between the parameters was observed, indicating 

Table 2  Coefficients of determination (r2) between meteorological variables and Lobo’s reservoir water quality

*p value < 0.05

TDS 
(mg L−1)

Conductivity 
(µS cm−1)

Water temperature (ºC) pH Apparent colour (UC) Turbidity 
(NTU)

Average air temperature (ºC) 0.021 0.032 0.272* 0.073 0.054 0.075
Average water temperature (ºC) 0.017 0.020 0.239* 0.061 0.072 0.082
Wind speed (m s−1) 0.002 0.002 0.006 0.029 0.049 0.037
Evaporation (mm) 0.058 0.082 0.139* 0.018 0.015 0.003
Precipitation (mm) 0.025 0.033 0.000 0.003 0.070 0.070
Solar radiation (w m2) 0.001 0.003 0.035 0.009 0.061 0.042
Insolation (h) 0.004 0.008 0.071 0.007 0.036 0.016
Atmospheric pressure (mBar) 0.003 0.000 0.149* 0.076 0.039 0.142*
Relative humidity (%) 0.000 0.004 0.026 0.002 0.000 0.003



International Journal of Environmental Science and Technology 

1 3

0 5 10 15 20 25 30

Sampling number

18

20

22

24

26

28
°C

16

18

20

22

24

26

28

°C

Average water temperature 
Average air temperature - CS

A

0 5 10 15 20 25 30

Sampling number

18

20

22

24

26

28

°C

14

16

18

20

22

24

26

28

°C

Average water temperature
Average water temperature - CS

B

0 5 10 15 20 25 30

Sampling number

18

20

22

24

26

28

°C

0

2

4

6

8

10

m
m

Average water temperature
Evaporation - CS

C

0 5 10 15 20 25 30

Sampling number

18

20

22

24

26

28

°C

924

927

930

933

936

m
b

Average water temperature 
Atmospheric pressure - CSD

0 5 10 15 20 25 30

Sampling number

0

4

8

12

N
TU

924

927

930

933

936

m
b

Turbidity
Atmospheric pressure - CS

E

0 1 2 3 4 5 6 7 8 9 10 11 12 13

Sampling number

0

500

1000

1500

2000

2500

M
N

P

924

927

930

933

936

m
b

Total coliforms
Atmospheric pressure - CS

F

Fig. 3  Significant correlations between the parameters of the water 
quality from ecological filters and meteorological variables, wherein 
CS refers to the meteorological parameters obtained at climatologi-
cal station: a average water temperature and average air temperature–
CS; b average water temperature and average water temperature–CS; 

c average water temperature and evaporation–CS; D—average water 
temperature and atmospheric pressure–CS; e turbidity and atmos-
pheric pressure–CS; f average total coliforms and atmospheric pres-
sure–CS
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possible effects of climatic changes. According to Delpla 
et al. (2009), concentration of some parameters such as dis-
solved organic matter and pathogens can be raised due to 
temperature increase in water, air and soil.

Evaporation and atmospheric pressure had statistically 
significant correlations with the reservoir water (r2 = 0.139 
and r2 = 0.142, respectively); turbidity was also influenced 
by atmospheric pressure (r2 = 0.142; p = 0.04) (Table 2). 
According to Samu et al. (2013), the air pressure, tempera-
ture and global solar flux are considered the most relevant 
variables influencing water quality parameters in general, 
when evaluating lakes.

Influence of weather conditions on the water 
treated by ecological filters

For the water quality parameters from the effluent water of 
the ecological filters, the SD showed similar results from the 
water of the Lobo reservoir. The average apparent colour, 
total coliforms and E. coli of the 22 filters had high SD due 
to variations of the reservoir water quality during the col-
lection period.

Considering all the evaluated parameters, five correla-
tions were statistically significant. Similarly to the reservoir 
water, there were positive and very significant correlations 
between the average water temperature of the effluent of eco-
logical filters and the air temperature (r = 0.52; p = 0.003), 
and water temperature of the reservoir (r = 0.49; p = 0.006) 
(Fig. 3a, b). The average temperature of the effluents of the 
ecological filters showed a positive and significant correla-
tion with evaporation (r = 0.37; p = 0.04) as shown in Fig. 3c.

The atmospheric pressure (Fig. 3d, e) had significant cor-
relation between water temperature from the effluent of the 
ecological filters (r = 0.39; p = 0.03) and turbidity (r = 0.37; 
p = 0.04), negative and positive, respectively. Also, there was 
a positive and significant correlation between total coliforms 
and atmospheric pressure (r = 0.69; p = 0.009) (Fig. 3f). A 
study conducted to identify the impacts of meteorological 
factors on the water quality of membrane bioreactors and 
phytoremediation system found significant positive corre-
lation between air pressure and turbidity for both treatment 
systems, and a slightly negative correlation with total coli-
form concentration for phytoremediation system (Andleeb 
and Hashmi 2017). These correlations indicate that there 
is an impact of climate on water and wastewater treatment 

systems to be considered as part of the projects on water and 
wastewater treatment plants.

Although the present study considered a short period 
of time (i.e. 4 months), it shows that temperature changes 
have great influence on parameters of water treated by eco-
logical filters. It indicates that over time these changes in 
temperature and climate can greatly influence the treatment 
processes. Therefore, it is suggested to run similar investiga-
tion considering a long-term operation to capture seasonal 
variations. This would also help to evaluate the maximum 
operation period and cleaning process since the filters were 
not clogged during our research.

During this study, the results of water quality indicated 
that the treated water was within the standard of potability 
from Brazil (Brasil 2011), but needs to be disinfected to 
totally remove coliforms.

Conclusion

Eight positive and statistically significant correlations 
were found between the water from the Lobo reservoir and 
weather variables: (1) TDS and air pressure, (2) conductiv-
ity and average air temperature, (3) conductivity and aver-
age water temperature, (4) average water temperature and 
average air temperature, (5) average water temperature and 
average water temperature, (6) average water temperature 
and evaporation, (7) apparent colour and wind speed, and 
(8) turbidity and wind speed. One negative statistically sig-
nificant correlation was found between atmospheric pressure 
and TDS.

Five positive and significant correlations between aver-
age water quality parameters of the 22 ecological filters 
and average weather variables were found: (1) effluent fil-
ter water temperature and air temperature; (2) effluent fil-
ter water temperature and average water temperature; (3) 
effluent filter water temperature and evaporation; (4) effluent 
turbidity and atmospheric pressure; and (5) total coliforms 
of the effluent filter water and atmospheric pressure. One 
negative and significant correlation occurred between atmos-
pheric pressure and water temperature from effluent of the 
ecological filters.

Statistical analyses showed that in addition to the cor-
relations between the weather conditions and water qual-
ity parameters, some meteorological variables influenced 
the variability of some parameters of filtered water quality. 
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These results indicate that variations in the air temperature, 
water and atmospheric pressure can affect the filtered water 
quality. So the possible increase in global air temperature 
may influence treatment performance. The climatic param-
eters of an area should be considered together with the water 
quality of the source to assist design and operation of drink-
ing water treatment processes.
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