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ABSTRACT

Desilting is an important job in restoring water reservoirs, but it disturbs the environment and has a potential impact
on water resources. The objective of this work was to evaluate the impact of the desilting operation by excavation on
the water quality of Cérrego da Aldeia, Fernanddpolis/SP. The experimental design was completely randomized in a
2x3x4 factorial scheme, in which the main factors were constituted by the runoff periods (with and without runoff),
the secondary by the excavation periods (before, during and after excavation) and the tertiary by the points of
monitoring (upstream points E1, E2 and E3 and downstream point S, in relation to the reservoir). Samples and
analyzes of the physical, chemical and biological variables of the water were collected between July 2020 and March
2022. After that, analysis of variance of the isolated factors and their interaction was performed, followed by a mean
comparison test. Through the results, it was observed that the work impacted the water quality in the concentration
of ammonium and ammonia in 154.1% and 151.9%, respectively. The other qualitative water variables evaluated
(water temperature, hydrogenionic potential, dissolved oxygen, electrical conductivity, total coliforms and
Escherichia coli) were impacted due to climate and/or use and occupation of the soil around the collection points.

KEYWORDS: Silting. Dams. Water resources.

1 INTRODUCTION

The improper use and occupation of watersheds bring disastrous consequences to
watercourses, including reservoirs known as dams. This is due to erosions, which carry the
sediments to the bed of watercourses and from there are transported and retained in reservoirs,
which have very low or practically zero flow (CARVALHO, 2008). This process is called siltation
and can affect the quality and volume of water accumulated in dams.

While dams gradually fill with sediment over time, it is necessary to think about
strategies to reduce or remove the deposition of this material. For this, there are a variety of
desilting techniques that impair the functioning of the reservoir as little as possible (LEE; LAI;
SUMI, 2022).

The work of desilting in a water reservoir consists of removing the accumulated
sediments in its bed and on its sides, generally using equipment such as dredgers, to carry out
the suction of the sedimented material, excavators, to widen the sides and trucks, for the
transport of the sediments removed for final disposal. In this way, it is possible to increase the
depth and surface area of the reservoir (GIUDICE et al., 2018).

In the municipality of Fernanddpolis, located in the Northwest region of Sdo Paulo
State, there is a water reservoir for landscape and recreational purposes. Mainly due to the
increasing urbanization in its drainage basin, this reservoir underwent a silting process, reducing
its water surface by 81.9% from 1979 to 2020 (BUOSI, 2021).

Faced with this reality, the Municipality of Fernanddpolis began, in December of 2020,
the work of desilting 4.26 ha of water surface (CETESB, 2020a). The work will consist of two
stages: excavation and dredging.

The excavation stage was completed in December 2021, and with that it was possible
to monitor the water quality of Corrego da Aldeia before, during and after excavation, in order
to evaluate the real impact of this temporary process on qualitative water variables.

2 OBJETIVE
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To evaluate the impact of the silting operation by excavation on the water quality of
Corrego da Aldeia, Fernanddpolis/SP.
3 MATERIALS AND METHODS

3.1 Description of the study area

The water reservoir object of this study is located at the Cérrego da Aldeia creek, in
the municipality of Fernanddpolis, in the Northwest of the State of Sdo Paulo. The watershed of
the Aldeia creek, up to the exit point of the reservoir dam, is 5.57 km?, with a main bed of
2,214.78 m, being occupied mainly by grasses (50.7%), urbanized areas (35, 7%) and native
forests (9.0%). According to Sdo Paulo (1977), the framework of the water body is class 4
throughout its extension.

3.2 Experimental design

The experimental design was completely randomized in a 2 x 3 x 4 factorial scheme, in
which the main factors were constituted by the periods of surface runoff (PRun) (with and
without runoff), the secondary by the periods of desilting (PDes) (before, during and after
excavation) and the tertiary by the points of monitoring (Po) (upstream points E1, E2 and E3 and

downstream point S, in relation to the reservoir).

3.3 Points of monitoring

The points of monitoring (Po) were defined by location in relation to the reservoir,
being located and characterized according to Table 1 and Figure 1.

Table 1 - Details of sampling points

Point of Geographical ... . Characterization of the
. . Characterization of the surroundings o .
monitoring coordinates contribution basin
The site is degraded and with severe silting. It is a|e Area: 2,55 km?
Entry1 |20°15'47.21" South conf?n.ement 'area for horses an.d cattle, in addition to | ¢ Most .Of it occupied by:
ot " receiving rainwater and solid waste from the |- Urbanized area (65%)
(E1) 50°14'28.51" West . . X
surrounding neighborhoods, as well as clandestine | - Grasses (27%)
discharge of sewage.
It is characterized by the scarcity of riparian forests | e Area: 0,87 km?
and the advanced silting process, with a shallow and | ¢ Most of it occupied by:
Entry 2 | 20°15'42.04" South |wide bed, almost entirely occupied by aquatic |- Grasses (80%)
(E2) 50°14'29.80" West | macrophytes. It is an area of cattle breeding and the | - Native forests (17%)
animals use to drink water at the banks of the water
reservoir.
This point has a water mirror and greater depth than | ® Area: 1,62 km?
Entry 3 | 20°15'32.89" South | the others, with the presence of aquatic macrophytes. | ¢ Most of it occupied by:
(E3) 50°14'22.16" West |It has preserved riparian forest and is inhabited by | - Urbanized area (51%)
animals, such as capybaras. - Grasses (36%)
The site is located after the energy dissipation of | ® Area: 5,57 km?
Exit (S) 20°15'52.27" South |crossing the reservoir and has riparian forest|e Most of it occupied by:
50°14'08.19" West | preserved in this section, with a shallow and wide bed | - Urbanized area (51%)
and with a lot of aquatic macrophytes. - Grasses (36%)

Source: Own authorship (2022)
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Figure 1 - Location of sampling points and delimitation of the excavated area

%L 5| Legend

&» Corrego da Aldeia
= Delimitation of the excavated area

® Sampling points

'.." .‘. - ,.": ' P N
Source: Adapted from Google Earth Pro (2022)

3.4 Periods of surface runoff

The runoff period factor was defined from the surface runoff determined by the Curve
Number Method, developed by the Soil Conservation Service (SCS) (PRUSKI; BRANDAO; SILVA,
2004). With this method it is possible to estimate the volume of surface runoff by the basin area,
based on precipitation data and other characteristics of the basin.

Precipitation data were obtained from the automatic climatological station of the
Integrated Center for Agrometeorological Information (CIIAGRO, 2022), located 6 km from the
dam design, and the characterization of the basins was carried out in situ and using Google Earth
images. For the runoff calculations, it was used the accumulated precipitation on the seven days
prior to the monitoring dates.

After determining the surface runoff, a period without runoff was defined, when there
was no accumulated surface runoff on the seven days prior to the monitoring date, while the
periods with runoff were defined on the dates in which the accumulated runoff of seven days
was greater than zero.

3.5 Excavation periods

The excavation periods factor was defined from the monitoring period in relation to
the excavation service for desilting, as follows: (a) before - monitoring carried out before the
start of excavation, (b) during - monitoring carried out throughout the entire period in which the

work was being carried out and (c) after - monitoring carried out after the end of the excavation.

3.6 Analyzed variables and sampling
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The water variables analyzed were the series of solids (concentration of total,
suspended and dissolved solids) (mg L-1), water temperature (2C), electrical conductivity of
water at 252C (uS cm™), hydrogenionic potential, dissolved oxygen concentration (mg L?), total
coliforms (CFU/100 mL), thermotolerant bacteria (Escherichia coli) (CFU/100 mL), ammonia and
ammonium concentration (mg L?). Some variables were analyzed in situ, while others were
sampled and analyzed in the laboratory (Table 2).

Table 2 - Details of the form and method of analysis of the water variables analyzed in the laboratory
Variable Method Material e equipment

Total solids (TS),

dissolved solids (DS) and Gravimetric, analyzed in the laboratory

suspended solids (SS)

Scale, buchner funnel, vacuum pump,
and drying oven

Automatic reading, analyzed in the

ivi ®
laboratory Conductivity meter (MS Tecnopon®)

Electrical conductivity (EC)

Total coliforms (TC) and
thermotolerant bacteria

Microbiological Kit of Colipaper® Cards

uantitative analysis, . . . .
Q ¥ and Microbiological Microgreenhouse

analyzed in laboratory

(E.coli) (Alfakit® brand)
m ionic P 2l (oH A - - I —
Am\::cr)c:ﬁaer(l’l\lo:l)ca:;zrx;éﬁiu)m utomatic reading, analyzed in situ Multiparameter photometer
(Ile B Photometry, analyzed in situ (H183303-01 model, HANNA® brand)
4
Dissolved oxygen (DO) Automatic compensation, analyzed in Multiparameter Meter
Water temperature (T) situ (AK87 model, AKSO® brand)

Source: Own authorship (2022)

In all, 25 fortnightly/monthly sampling campaigns were carried out, divided into three
campaigns between July and August 2020 (before the work started), nineteen campaigns from
January to November 2021 (during the excavation) and three campaigns from January to March
2022 (after completion of the excavation stage). All collections were carried out in the morning,
between 8 am and 11 am.

Samples were collected in 500 mL PVC bottles, packed in styrofoam with ice, for
transport to the laboratory. In the case of bacteriological samples, they were collected directly
from the stream, removing the excess from the cards, which were then placed in plastic bags
and in Styrofoam with ice until they were taken to the laboratory.

3.7 Statistical Methodology

After obtaining data on the water variables, the analysis of variance of the isolated
factors (PRun, PDes and Po) and the interraction factors (PRunxPo and PDesxPo) was carried
out. In the case of probability of significance (p value) less than or equal to 0.05, the analyzes
proceeded by the means comparison test by Scott and Knott (SCOTT; KNOTT, 1974), at the level
of 5% of statistical significance. In all comparisons of means, the respective coefficients of
variation (CV value) were presented.

4 RESULTS AND DISCUSSION
4.1 Water temperature

The greatest mean of water temperature was observed in the period when there was
runoff (26.8°C), being 14.7% greater than the period without runoff (Figure 2). The water
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temperature fluctuates with seasonal variations and in the study region of this work, there is a
tendency for T to increase in periods with accumulated rain, as it coincides with the period of

warmer days.
Figure 2 - Means of water temperature (2C) as a function of the PSR factor (CV=17.25)

26.8a
23.3b
Without runoff With runoff

(p<0.01)

Means followed by the same letter do not differ at p<0.05
Source: Own authorship (2022)

4.2 Total solids

Analyzing the isolated points of monitoring factor, at point E1 the greatest mean
concentration of total solids was observed (269.1 mglL-1), being 76% greater than the mean of
the other points (E2, E3 and S) (Figure 3a). The greatest values relate to the upstream point
where the water body is more silted.

Figure 3 - Means of total solids concentration (mg L) as a function of the Po factor (a), the interaction between the
PRunxPo factors (b) and the interaction between the PDesxPo factors (c) (CV=43.37)

(a)
269.1a
171.2b 159.7h
|_‘ 127.7b |_‘
(p<o.01)
(b) (c)
8 & I .
o =} 7 © o
N ™ 2o n o h  ©
N N o o o~ w0
SR 5 8 2 T8 F8 .8 2 n g
- Soa S Sgc Az8s “HG%
Hom Mmcm oy e lics
R Hﬂ & BN
Without runoff (p<0.0 With runoff (p=0.03)

Before (p<0.01) During (p<0.01) After (p=0.10)
MEl1 @mE2 1E3 @S [OE1 CE2 [E3 @S

Means followed by the same letter do not differ at p<0.05
Source: Own authorship (2022)

Statistically significant differences were observed in the interaction between runoff
periods and points (Figure 3b), where the average of point E1 remained greater than the other
points (E2, E3 and S) in periods without and with surface runoff.
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In the breakdown of points within the periods of desilting (Figure 3c), there was
statistical significance in the moments before and during excavation, with point E1 having the
greatest means. In the period after excavation, there was no statistically significant difference
between means.

It is not possible to associate the results obtained with current legislation, as CONAMA
Resolution No. 357 (BRASIL, 2005) does not have an established limit for TS in class 4 water
bodies. High TS values are usually related to heavier rainfall, which allows the transport of
sediment to the waterbed, however, the high urbanization close to watercourses also increases
the mean concentration of solids (ALVES et al., 2021), which explains the high concentration of
TS found at point E1.

4.3 Dissolved solids

In the isolated periods of desilting factor, no statistical significance was observed, and
the mean concentration observed in the three instants was 139,1 mgL™? (Figure 4a). According
to CONAMA Resolution n2 357 (BRASIL, 2005), class 4 fresh waters do not have a maximum DS
concentration limit, however, with the mean concentrations observed in the water (< 500 mgL?),
this section of the Aldeia creek could be classified as class 1.

In Figure 4b, the means concentration of dissolved solids can be seen as a function of
the isolated points factor. Following the pattern of total solids, the greatest value was observed
at point E1, being 132.6% greater than the mean of points E2, E3 and S (90,1 mgL™).

Figure 4 - Means of dissolved solids concentration (mg L) as a function of the PDes factor (a), the Po factor (b), the
interaction between the PRunxPo factors (c) and the interaction between the PDesxPo factors (d) (CV=60.08)

(a) (b)

165.6a 209.6a
142.6a
109.3a
100.7b
|_‘ 75.8b 93.8b
Before During After El E2 E3 5
(p=0.03) (p<0.01)
(c) (d)
o o]
3 : 2 - g
= ® 2 @ <
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54.5b
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91,0b
| 102.7b
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—
|:| *
Before (p=0.04) During (p<0.01) After (p=0.04)
[OE1 COE2 TUE3 @S [OE1 COE2 TE3 @S

I 131.7b

e le’m ﬂ

Without runoff (p<0.01)  With runoff (p=0.07)

Means followed by the same letter do not differ at p<0.05
Source: Own authorship (2022)

In the interaction between runoff periods and points of moonitoring factor (Figure 4c),
again the mean DS concentration at point E1 remained greater than the other points (E2, E3 and

150



P .r:. ga;ﬂ.

Forum Ambiental da Alta Paulista
ISSN 1980-0827 — Volume 19, nimero 2, 2023

S) in both periods. The less rainy period holds greater values of dissolved solids, as there is a
greater drag of materials present in the bed of the watercourse, making the solids more present.
In the period with more rainfall, the concentration tends to decrease, since the solids are diluted
in a greater volume of water (ALENCAR et al., 2019).

The breakdown of the points within the periods of desilting showed a statistically
significant difference in the three instants, with the means of point E1, respectively, 104.3%,
141.3% and 125.9% greater than the means between points E2, E3 and S (Figure 4d). The pattern
remained the same in the three moments of the work, therefore, without influence of the
excavation in the concentration of dissolved solids, being possible to associate the values found
with the discharge of solids, mainly in the point E1.

4.4 Suspended solids

The general mean of the suspended solids concentration throughout the evaluated
period was 61,9 mg L. There was no statistically significant difference for the analyzed factors
and there was a low concentration of suspended solids compared to the means of total and
dissolved solids. This can be explained by the fact that these are sections close to a reservoir,
associating with the mean values of SS concentration found in the works by Belém (2019) and
Guimaraes (2019) at points close to dammed waters.

4.5 Hydrogenionic Potential

The pH results in the periods of desilting factor show that the mean increased after
the beginning of the excavation. Comparing the mean before (7.72) with the mean found
between the moments during and after (8.45), there was an increase of 9.5% (Figure 5a). As the
means were greater than 7.0, it is understood that the water is alkaline (ANA, 2016).

Figure 5 - Means of hydrogenionic potential as a function of the PDes factor (a), the PO factor (b) and the
interaction between the PRSxPO factors (c) (CV=3.54)

(a) (b)

8.43a
8.38a 8.53a 8.35a
8.28a
7.72b 8,20a
Before During After E1 E2 E3 S
(p<0.01) (p=0.05)
(c)
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No statistically significant differences were found for the points of monitoring in the
isolated factor in the mean comparison test (Figure 5b), but the pH values recorded met the
standard limit range provided by CONAMA Resolution No. 357 (BRASIL, 2005), which is from 6.0
to 9.0.

In the interaction factor between periods of silting and points of monitoring, it was
verified that the mean pH increased in every point after the beginning of the excavation (Figure
5c), which can be explained by the growth of aquatic macrophytes in the sampling points that
were observed. High pH values may be associated with the proliferation of plants, which cause
the reduction of carbonic acid in the water and the consequent contribution to the environment
becoming alkaline (VON SPERLING, 2014).

4.6 Dissolved oxygen

The concentration of DO, showed a statistically significant difference for the isolated
points of monitoring factor and the mean of points E1 and S (5,3 mgL™) was 28.3% greater than
the mean of E2 and E3 (4,18 mgL?) (Figure 6a). The greatest values indicated at points E1 and S
are probably due to the greater flow of water that occurs in these places.

When analyzing the interaction between runoff periods and points of monitoring
(Figure 6b), statistically significant difference was found in the period without surface runoff,
with the greatest means being found at points E1 and S. The mean at these two points in relation
to the mean of points E2 and E3, was 29.5% greater. The values found are in compliance with
CONAMA Resolution No. 357 (BRASIL, 2005), which establishes a limit of 2 mgL? in the
concentration of dissolved oxygen for class 4 fresh water.

Figure 6 - Means of dissolved oxygen concentration (mgL) as a function of the Po factor (a), the interaction
between the PRunxPo factors (b) and the interaction between the PDesxPo factors (c) (CV=29.28)
(a)

5.33 5.5a
|_‘ ‘44b \ . |_‘
E1l E2 E3 S
(p<0.01)
(b) (c)
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Within the same period, statistical significance was observed among the points only
after the end of the excavation, with points E1 and S presenting the greatest means (Figure 6c).
The low DO values found at points E2 and E3 affect aquatic organisms and may have been
influenced by the organic matter present in these locations. As highlighted by Costa et al. (2021),
lower means in DO concentration, may indicate that oxygen is being consumed in the process
of decomposition of organic matter by the aquatic environment itself. While at points E1 and S,
they have increased oxygenation from the greater movement of water.

4.7 Electric conductivity

In the periods of the isolated runoff factor, the greatest EC mean was observed in the
period when there was no runoff, being 38.8% greater than the mean of the period with surface
runoff (Figure 7a). It is possible to verify that the precipitation affects the electrical conductivity,
because, with the increase of the flows, which provoke the dilution of the polluting load, the
means of the EC concentrations decrease.

The results presented in Figure 7b show that there was a statistically significant
difference when analyzing the isolated points factor, and the mean in point E1 was greater than
the other points. According to Cetesb (2020b), EC concentrations between 200 and 500 uScm
suggest that this is a water body affected by polluting loads.

Figure 7 - Means of electrical conductivity concentration (uScm-1) as a function of the PRun factor (a), the Po factor
(b), the interaction between the PRunxPo factors (c) and the interaction between the PDesxPo factors (d) (CV=36.22)
(@) (b)

218.9a 363.7a

157.7b
238.1b

117,0c 117.5¢

E1l E2 E3 S
(P<0.0l) (p<001)

(c) (d)

Without runoff With runoff
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In the interaction between the runoff periods and points of monitoring factor, all
points had greater EC values in the period without surface runoff (Figure 7c), with point E1 being
greater than the other points. In the period with runoff, point E1 did not differ from point S. A
greater EC value was obtained at point E1, since this has an extensive area of urbanization and
exposed soil in its basin, as well as the clandestine release of sewage. The exposed soil
contributes to directing solid particles to water courses, increasing electrical conductivity values
(GUIMARAES et al., 2018).

Analyzing the interaction periods of desilting and points, statistical significance was
observed in all periods (Figure 7d). The greatest mean was from point E1, being greater than the
means of the other points in the three instants. After the end of excavation, the mean observed
at point S did not differ from points E2 and E3. The high values of electrical conductivity indicate
that the water body is being impacted by polluting loads.

4.8 Ammonium

When analyzing the concentration of a NH4" in the isolated points factor, the greatest
means are found at points E1 and S. The mean between these two points (0,55 mgL™?) is 133.2%
greater than the mean of the points E2 and E3 (0.23 mgL-1) (Figure 8a).

Observing the unfolding of the points in the periods of runoff (Figure 8b), there was a
statistically significant difference, and the point S presented the greatest mean in the period
with runoff, but not differentiating from the point E1 in the period without runoff. The results
obtained in the study by Sarmento (2019) did not show a statistically significant spatial and
seasonal difference, but in the rainy season, the greatest concentrations of NH,* were obtained,
as well as in the works of Mitsuya (2014) and Silva (2013).

Figure 8 - Means of ammonium concentration (mgL) as a function of the Po factor (a), the interaction between the
PRunxPo factor (b) and the interaction between the PDesxPo factor (c) (CV=105.64)

(a)
0.63a
0.47a
E1 E2 E3 S
(p<0.01)
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In the interaction of periods of desilting and points factor (Figure 8c), there was
statistical significance only during excavation, and the greatest mean found was at point S (0,69
mgL™), equivalent to 154.1% greater than the mean among the upstream points (0,27 mgL?).
High concentrations of NH,* can intervene in aquatic organisms, since at high pH, ammonium is
transformed into ammonia (NHs), becoming toxic to fish (KUBITZA, 2017).

4,9 Ammonia

The results of the mean concentration of ammonia presented in Figure 9 are similar to
those of ammonium indicated in the previous item. Analyzing the isolated points factor, the
greatest means are found at points E1 and S. The mean between these two points (0,52 mgL™)
is 129.7% greater than the mean of points E2 and E3 (0,22 mgL™?) (Figure 9a). According to
Kubitza (2017), ammonia is a very restrictive toxicant to the life of aquatic organisms, values
above 0,20 mgLare already enough to induce chronic toxicity and influence the growth of fish,
as well as increase their probability of acquiring diseases.

Figure 9 - Means of ammonia concentration (mgL) as a function of the Po factor (a), the interaction between the
PRunxPo factor (b) and the interaction between the PDesxPo factor (c) (CV=104.57)
(a)

0,60a
0.43a
E1l E2 E3 S
(p=0.02)
(b) (c)
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For the interaction between runoff periods and points of monitoring factor (Figure 9b),
in the period without runoff, point S did not differ from point E1 and in the period with runoff,
the downstream point (S) had a greater mean concentration than upstream points, being
285.5% greater. In natural environments, NH; can originate from rain, organic and inorganic
material from the surroundings and from the fixation of molecular nitrogen within the lake itself
(PEREIRA; MERCANTE, 2018).

When splitting the points into the periods of desilting, there was statistical significance
at the time during excavation (Figure 9c), with the greatest mean concentration being at point
S (0.66 mgL?), corresponding to 151.9% greater than the mean between the upstream points
(0.26 mgL). Determining the form that nitrogen is in the location can provide information about
the stage of pollution of a water body. Recent pollution is characterized by concentration in the
form of NH3 (VON SPERLING, 2014).

4.10 Total coliforms

The results of the mean concentration of TC in the periods of desilting show that the
mean increased after the beginning of the work. Comparing the mean before with the means
found during and after, there was an increase of 189.4% and 508.8%, respectively (Figure 10a).
The significant increase after the beginning of the work may be related to the revolving of the
material that was decanted by the machinery.

When comparing the results by the isolated points factor (Figure 10b), statistical
significance was observed in which the greatest concentrations were found at points E1 and S,
with their mean (7,932 CFU/100 mL) 60% greater than the mean between points E2 and E3
(4,959 CFU/100 mL). CONAMA Resolution No. 357 (BRASIL, 2005) does not have an established
limit for total coliforms in class 4 water bodies.

Figure 10 - Mean concentration of total coliforms (CFU/100 mL) as a function of the PDes factor (a), the Po factor
(b), the interaction between the PRunxPo factor (c) and the interaction between the PDesxPo factor (d) (CV=65.44)
(a) (b)
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When splitting the points into the runoff periods, it was found that the mean
concentration of TC was less at point E3 in the period without runoff, being 46% less than the
mean of the other points. In the runoff period, no statistically significant differences were
observed (Figure 10c).

In the interaction between periods of silting and points factor (Figure 10d), statistically
significant differences were observed, during and after the end of the excavation. After
desiltation, the greatest mean concentrations were at points E1 and S, with the mean of these
two points (18,627 CFU/100 mL) being 162.1% greater than the mean of points E2 and E3 (7,107
CFU/100 mL). At the time during desiltation, point E3 obtained the least mean (3,781 CFU/100
mL) among the points.

At every point sampled, evidence of contamination was found, as evidenced by the
high concentration of TC sampled. At point E1 there is a large contribution of waste load due to
the storm drainage of the urban area, in addition to having clandestine discharge of sewage and
the presence of animals such as horses and cattle. While the E2 point has a diffusion of loads of
residues from the rural area, for the most part, it also has animals on its banks, which use these
points to quench their thirst. The urbanized area in the basin of point E3 contributes to its
contamination and point S receives the propagation of pollution from all points together.

4.11 Thermotolerant bacteria (E. coli)

Following the same characteristics of the results presented for total coliforms, there
was statistical significance for the concentration of E. coli in the isolated periods of desilting
factor (Figure 11a), and the mean increased after the beginning of the work. Comparing the
mean concentration before with those found during and after the work, there was an increase

of 289.8% and 534.0%, respectively.
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Observing the results of the isolated points factor, the greatest means were found at
points E1 and S, their mean (3,363 CFU/100 mL) being 91% greater than the mean between
points E2 and E3 (1,761 CFU/100 mL) (Figure 11b). As for total coliforms, current legislation does
not have an established limit for the maximum concentration of E. coli in class 4 water bodies
(BRASIL, 2005), but the values found are considered high.

Figure 11 - Mean concentration of thermotolerant bacteria (CFU/100 mL) as a function of the PDes factor (a), the Po
factor (b), the interaction between the PRunxPo factor (c) and the interaction between the PDesxPo factor (d)
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For the interaction between runoff periods and points factor, a statistically significant
difference was observed in the period without surface runoff, where the mean of points E1 and
S (3,173 CFU/100 mL) was greater than the mean of points E2 and E3 (1,683 CFU/ 100 mL) by
88.6% (Figure 11c).

In the breakdown of the points within the periods of desilting, there was statistical
significance during and after the end of the excavation, in which the means of points E1 and S
were greater (Figure 11d). During excavation, the mean concentration of these two points in
relation to the mean between E2 and E3 was 72.9% greater and, in the period after excavation,
237.2% greater.

According to CETESB (2020b), environmental conditions influence E. coli values and
high concentrations indicate recent fecal contamination, which is possibly due to the presence
of animals at the sampling points, which use the water for drinking, as well as the release of

clandestine sewage effluents at point E1.

5 CONCLUSION
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The excavation operation for desilting the water reservoir in Fernandépolis/SP had
negative impacts on ammonium (NH4*) and ammonia (NH3) water variables. Before starting the
work, the mean of the NH;* and the NH; concentrations at point S were 0.2% and 9.5%,
respectively, greater than the mean between points E1, E2 and E3. With the work in progress,
there was a mean increase of 154.1% in the NHs" concentration and 151.9% in the NH;
concentration at the downstream point, compared to the mean of the upstream points.

The other qualitative water variables analyzed (T, TS, DS, SS, pH, DO, EC, TC and E. coli)
were influenced by interference from use and occupation around the monitored points and/or
climatic factors, not indicating a relationship with the work of desiltation.

In order to minimize new future problems of silting up in the reservoir, it is
recommended the restoration of the upstream permanent preservation areas (PPAs),
improvement of public sweeping to reduce the transport of various solid wastes to the water
course, control of cattle and horse breeding in the PPAs, containment of occasional clandestine
waste releases and promotion of continuous environmental education of the population in the
neighborhoods located in the watershed in order to raise awareness.
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