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Abstract: The irrigation reservoir Unit of Universidad Nacional Agraria La Molina receives water from the Rimac river for irrigation
purposes. While Rimac River has a large source of pollution along its 127 km of riverbed from discharges, mainly domestic,
industrial and mining waste, so there is a high probability of eutrophication, being necessary and very important the monitoring of
nitrogen and total phosphorus for a better control. For this purpose, monitoring was proposed with the planning of the flight path (app
DJI) and image acquisition with a multispectral camera (Sentera) coupled to an RPA (drone, Phamton 3 Advance) in order to acquire
a cloud of images, RGB and NIR (Near-infrared), for the generation of a multispectral mosaic and its modeling through empirical
equations and raster tools. The final product was thematic maps of the Total Phosphorus and Total Phosphorus levels in the reservoir
whose digital levels of maps were compared with samples obtained from the reservoir, reaching a high degree of chi-square
correlation equal to 0.94; to finally calibrate the empirical equations and get a general equation of greater precision and representative
maps of the Total Nitrogen (NT) and Total Phosphorus (TF) levels of the reservoir, which future monitoring can be performed in
shorter time periods these indices.
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Water quality monitoring is the first step towards
understanding the characteristics of water pollution and
developing effective mitigation strategies.

1. Introduction

At present, the challenge of the water resource

problem at world-wide is gaining greater relevance in
all researches, and one of the main issues revolves
around the process of eutrophication, associated
mainly with the parameters of NT and FT, a problem
that has led to an accelerated loss of water bodies due to
pollution and subsequent disappearance. This problem
is a consequence of human activities that introduce an
excess of nutrients [1], being defined as a process of
deterioration of the quality of the resource and is
caused by the enrichment of nutrients [2].
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Traditionally, water quality parameters such as Total
Nitrogen (TN) and Total Phosphorus (TP) are obtained
through routine monitoring methods of field sampling
and laboratory analysis [3]. However, the development
of remote sensing has had a key impact on monitoring
because of the advantages it offers [4]. Currently,
sensors on satellites that have a large number of
spectral, spatial and temporal resolutions have been
used to access various water quality parameters [3] and
are available in various resolutions with very similar
characteristics, allowing them to be mounted on
Unmanned Aerial Vehicles or Remote Pilot Aircraft
(RPA), having as main advantage as higher resolution.

[5].
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For all the above reasons mentioned, this research
proposes the use of high-resolution remote sensing
with multispectral sensors coupled to UAVs-RPA for
monitoring water quality parameters, NT and FT,
related to eutrophication.

2. Material and Methods

The experimental work was an applied research,
carried out in the “Reservoir of the Unit of Technified
Irrigation-UNALM”  in with  the
Technified Irrigation Unit of the National Agrarian
University La Molina, owner of the reservoir. The
following materials were used for information
gathering: Multispectral camera (Sentera) fixed to the
RPA (drone, Phamton 3 Advance), and a drone pilot
with RPAS Transitory Operator Accreditation issued
by the Civil Aeronautical Director (DGAC). The
equipment for collecting water samples from the
reservoir followed a water monitoring protocol for
subsequent laboratory analysis. The equipment
consisted of sampling containers, a thermally
insulated box and neutral samples, winches and nylon
cord for sampling and georeferencing. For
photogrammetric processing, the Pix4D software was
used, generating reflectance maps.

A data collection campaign was carried out, where
water samples were taken at three points, collected in
1L high density polyethylene containers, stored in a

association

Table 1 Laboratory data results and location of points.

thermo-insulated box and sent to the UNALM Agua,
suelo, medio ambiente y fertirriego Laboratory for NT
and FT analysis. Finally, the sampling points were
georeferenced in a GIS software.

For the reflectance maps, a return was made at a
height of 50 meters, taking into account a ground
sample distance (GSD) of approximately 3cm, the
information survey (photo cloud) was processed in the
Pix4D Mapper software, from which the reflectance
maps in the Red, Green, Blue (RGB) and Near
Infrared Red (NIR) bands were exported. The
reflectance maps of the different bands were loaded
into the Arcgis software, where the sampling points
were also loaded (Fig. 3), and reflectance values were
taken from the different bands in the area of location
of each sampling point (Table 2).

The extracted reflectance values (Table 2) were
compared with the values of the concentration level
points of NT and FT (Table 1), seeking in this way a
correlation between them. For this purpose, cases
constituted by sets of inputs and outputs will be
entered where the input data will be the reflectance of
the different bands and the output data will be the
concentration levels of NT and FT separately., so that
the most appropriate relationship, either linear or
exponential, will be found according to the
determination of coefficient R Square.

. Parameters (mg/l) Geographic location
Sampling label : : =
T. Phosphorus T. Nitrogen Latitude Longitude East North
5051 Pointl 1.66 1.55 -12.078911 -76.941149 | 288712.818 | 8663971.34
5020 Point 2 1.09 31 -12.078682 -76.940937 | 288735.722 | 8663996.84
5010 Point 3 2.03 5.17 -12.078723 -76.940587 | 288773.864 | 8663992.57

Table 2 Total nitrogen, total phosphorus levels and reflectance

data from different bands at different sampling points.

Parameters (mg/l)

Reflectance in different bands

Points
T. Phosphorus T. Nitrogen Red Green Blue NIR
1.66 1.55 53 60 57 35.7
1.09 3.1 94 99 91 29
2.03 5.17 93 104 98 20.7
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3. Results and Discussion

The relationship between the values of Reflectance
and NT and FT concentrations can be seen in Tables 3
and 4, observing for the case of NT (Table 3) the values
of reflectance of each band and values of NT
concentration are better suited to the case of a linear
Regression, having values of R2 of 0.99 in the NIR
band and R2 of 0.66 in the Red band, this strong
relationship between the NIR band and the content of
NT in a water body can be observed in studies made
with satellite images [6]; for the case of the FT (Table
4), we present low values of R2 in the relation of the
concentration levels with the reflectance values of the
bands, having as the best value of 0.2 of R2 for the
Linear regression of the NIR Band and as the lowest
value of 0.0003 of R2 in the case of the Green Band,
this tendency to lower relation with the case of NT can
already be observed in prior works [4].

It can be seen in Fig. 1 the spatial distribution of FT,
that all values are low with points less than 0.523 kg/l,
observing a uniformity throughout the reservoir length.
Also, it should be emphasized the location of the
sampling points (Fig. 3) does not coincide with the
samples produced by the laboratory (Table 1), this is
due to the low correlation coefficient R2 in the

Table 3 R2 values based on the regression used for total
nitrogen values.

R2 Values
Band : - ; -
Linear Regression Exponential Regression
Red 0.66 0.81
Green 0.77 0.89
Blue 0.81 0.92
NIR 0.99 0.97

Table 4 R2 values based on the regression used for total
phosphorus values.

R2 Values
Band - - - -
Linear Regression Exponential Regression
Red 0.02 0.05
Green 0.0003 0.01
Blue 0.0014 0.002
NIR 0.2014 0.14

Fdsforo Total (mg/l)

<=0.523
T10523-077
|0.77-1.02
B 1.02-1.26
B 1.26-1.51
W 151 1.76
. 1.76- 2.01
. 201-2.23
W 223242

Fig. 1 Total phosphorous spatial distribution — Graphic 3
equation.

Fosforo Total (mg/l)

L <=264
2.64 - 3.62
3.62-4.59
4.59-5.57

I 557 - 6.55

I 555 - 7.52

W 752 8.42

W 5.42-9.17

Fig. 2 Total nitrogen spatial distribution — Graphic 1

equation.

Leyenda
Puntos de muestreo

Fig. 3 RGB reservoir and points location sample.

equation used (Fig. 2); unlike the map of Total
Nitrogen distribution (Fig. 2), this one attends a varied
distribution of Total Nitrogen concentration, observing
a slightly higher concentration in the central zone of the



Determination of Total Nitrogen and Phosphorus in a Reservoir by Remote Monitoring of a Drone and 1145
Calibrated Empirical Equations, Lima, Peru

REFLECTANCE VALUE

Graph 1 Total nitrogen vs NIR band.
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Graph 2 Total phosphorus vs NIR band.
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Graph 3 Total phosphorus vs NIR band.
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Graph 4 Total Nitrogen vs NIR Band.
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reservoir, this distribution map does present
coincidences in the laboratory sampling zones, and this
is largely due to the fact that the equation used presents
a high R2 correlation coefficient of 0. 99 (Graph 1).

4. Conclusion

The determination of NT and FT concentrations in
the UNALM URT reservoir with high resolution
sensors was developed by comparing linear and
exponential models of the reflectance values of the Red,
Green, Blue (RGB) and Infrared (Near) bands that
were used to establish a relationship with the
concentrations of NT and FT that were collected and
analyzed in the laboratory; the trend of these two
models is similar to those obtained in other similar
studies, supporting their applicability and validity. The
results of the FT model, present tendencies to improve
with a greater amount of samples, these can reach high
levels of correlation coefficient as seen in studies such
as those of Liu et al., 2015, which obtained values of
0.94 for FT. Linear and exponential models have
relatively simple forms and only require a single band
to calculate NT and FT concentrations.

The spatial distribution maps (Fig. 1 and Fig. 2)
allow us the interpretation of the spatial patterns of NT
and FT in the whole reservoir area; in the case of the
Spatial Distribution of NT (Fig. 2), the water quality
conditions coincide with the samples taken to the
laboratory, working only with the NIR Band. Therefore,
the results of this study indicate the feasibility of
monitoring the concentrations of TL in static water
bodies such as the reservoir under study with
high-resolution sensors fixed in a drone, these maps
will be used to assist in decision making in relation to
improving water management identify challenges for
targeted decision making.

This study presents a technical potential of images
from the Sentera sensor to estimate NT concentrations
in water bodies. Further studies are needed to examine
the determination of contaminants from multispectral
data from RPA-mounted sensors over the study area
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and other water bodies. In this study, only 3 sample
points are used (Table 1), therefore, also the low value
of correlation coefficient R2 in the case of Total
Phosphorus, being necessary to make more
experiences using a higher amount of sample data can
be useful to consolidate these conclusions.

The concentrations of NT and FT, in static water
bodies, have an indirect relationship with the optical
properties of the water, which supports the
development of additional work with a greater number
of samples and using neural networks, which presents
relationship algorithms in constituted cases, with input
and output values, which would find a relationship for
a greater degree of options when finding the
relationship between the values of reflectance and
those of concentration of NT and FT.
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