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ABSTRACT 
 

Water is fundamental for life and its quality control is becoming 

more and more important. In fact, there are vast strategic actions and laws 

trying to manage it. An example is the European Water Framework 

Directive 2000/60 EC that summarizes and manages all the actions to 

water quality control in European Water bodies. In this sense, Turbidity is 

one of the water parameters that may present some problems when being 

measured. This is due to the fact that the Secchi Disk measure is a 

worldwide accepted procedure but it may have some limitations such as 
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the subjectivity of the measure (depends on the ability of the operator), its 

dependence on environmental factors and its limitation in shallow water 

bodies where it may reach the bottom without having disappeared. 

The goal of this chapter is to collaborate in the improvement of 

turbidity measurement by suggesting an alternative procedure to Secchi 

Depth determination based on a new device called LUZEX. This new 

device uses optoelectronic measurements of sunlight extinction with 

depth in water bodies to calculate a sunlight extinction coefficient for 

different wavelength bands. 

Several measurements have been done in continental, sea and 

transitional water bodies in order to carry out a comparison between the 

measured values for Secchi Disk and the obtained values for Secchi depth 

based on a mathematical model and the data given by our LUZEX device. 

As a conclusion, the suggested method to substitute Secchi Disk 

measurement is quite good as we have obtained regression coefficients 

(R
2
) up to 0.9967 in our best models.  

 

 

1. INTRODUCTION 
 

Light is the essential physical factor for phytoplankton growth, as 

photosynthesis depends entirely on solar energy, which is regulated in the 

aquatic environment by the the sunlight penetration in water. Light intensity 

decreases with depth, and after 100 meters it is insufficient for phytoplankton 

to perform the photosynthesis. 

Sunlight penetration in seawater has allowed scientists to divide the ocean 

into three vertical zones: euphotic, aphotic and disphotic zones: 

The euphotic zone is well illuminated, wherein the amount of light 

entering the water is sufficient to perform photosynthesis. In the open ocean 

this zone contains water from the surface up to 100 m depth. In the mouth of 

the rivers and estuaries, where river waters still flow, light can only penetrate a 

few meters, as the waters that bring these rivers are loaded with suspended 

matter such as dust, sand, phytoplankton, etc., that hinder the penetration of 

the light rays.  

Moreover, the water is agitated and troubled by the action of waves, 

currents and tides. However, almost the entire phytoplankton community is 

located in this area due to the abundance of nutrients. 

The Disphotic area, poorly illuminated, is located in the sea between 100 

and 200 m depth and the amount of light is weak and insufficient to have a net 

production of organic matter. This area only has some phytoplankton when it 

is carried by the water currents. 
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The aphotic zone has no light. Darkness reigns and heterotrophic 

organisms dominate this region. This is the largest area of the oceans and it 

starts at 200 meters and reaches great depths up to 11,000 meters. 

Natural waters are complex (Wozniak and Derak, 2005). The incident 

light on the surface undergoes changes in its propagation direction. The 

amount of light that passes through depends on the surface status, the sunlight 

intensity and the water properties. Also the surge and the nature of the surface 

itself (film surface) decrease the effective radiation within the water column. 

The light available for photosynthesis in water bodies is affected by two 

processes: absorption and scattering (Kirk, 1996; Mobley, 1996). Absorption 

completely eliminates light from water while dispersion changes its direction 

of propagation. Scattering does not eliminate light from water but it increases 

the probability of being absorbed by the increase of the distance that light must 

run through the water. Absorption and scattering interact in a complex and 

nonlinear way (Wen-Cheng, 2005). Equations governing the light propagation 

underwater are called radiative transport equations and they have no exact 

solution but there are several computer programs that have been designed to 

solve these equations by different numerical methods (Mobley et al. 1993). 

Despite the complexity of the radiative transport equations, the irradiance 

measurements underwater usually shows a negative exponential attenuation of 

light with depth.  

In the absence of strong discontinuities in water quality as nephelometric 

layers, submerged chlorophyll "a" layers or suspended organic matter, the 

measurement of photosynthetic active radiation (400-700 nm) is well 

described by a single exponential equation (Lambert-Beer equation, Dennison 

et al. 1993)
2
: 

 

, (1) 

 

where Iz1 and IZ2 are irradiances at z1 and z2 depths respectively. Kd is the 

extinction coefficient: 
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Then, the light received by a water body comes from the sunlight direct 

radiation and the radiation scattered by suspended particles in the water body 

(diffuse radiation). 

Overall, Kd is the sum of the absorption coefficients (a) and dispersion 

(b), all of them depend on the wavelength of light (λ): 

 

, (3) 

 

 

2.SUNLIGHT EXTINCTION IN WATER 
 

When light propagates in an aquatic environment, its intensity decreases 

exponentially due to attenuation phenomenon which has the previously cited 

main causes: absorption and scattering. 

These two phenomena are explained next: 

 

 

Light Absorption 
 

The light energy is converted into another type of energy, usually heat or 

chemical energy. This absorption is caused by: 

 

• Phytoplankton. 

• Organic and inorganic suspended particulate matter. 

• Dissolved inorganic compounds. 

• Water. 

 

These substances cause a series of disturbances in the sunlight rays as they 

can be absorbed in some of the incident radiation wavelengths and they can 

also change their trajectory. 

 

 

Absorption Due to Phytoplankton 
 

Phytoplankton consists of a series of aquatic autotrophic organisms which 

have the ability to carry out the photosynthesis. There also exist thousands of 

phytoplankton species that can be classified according to several factors: color, 

size, structure, ecological niche, etc. 

)()()(  baKd 
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These phytoplankton species (algae and some bacteria) are characterized 

by having chlorophyll, so photosynthesis can be carried out. In this process, 

energy is captured as light to be transformed into chemical energy and thus 

grow as living matter. 

Photosynthesis takes place in two stages: in the first one (primary phase or 

light) a series of reactions that depend on the light and are independent of 

temperature are carried out, while the second (secondary or dark phase) 

reactions depending on temperature but independent of light are carried out. 

The speed of the first stage increases with light intensity (up to certain 

limits), but not with temperature. In the second stage, the speed is increased 

with temperature but not with the light intensity. 

Light plays an important role in the first of these two stages and this is due 

to chlorophyll (organic compound formed by molecules that contain carbon, 

hydrogen, oxygen, nitrogen and magnesium atoms) that captures sunlight and 

causes the breakdown of water molecules separating the hydrogen from the 

oxygen. In other words, the chemical bond that holds these elements in the 

molecule of water, breaks down because of the light. 

Therefore, phytoplankton is the first step in the pelagic world’s food chain 

and this is the reason why it has such a high ecological value. 

 

 

Absorption Due to Dissolved Organic Matter 
 

Dissolved organic matter, phytoplankton pigments and inorganic matter 

are other important compounds that may affect to the light absorption in water 

and they influence in the overall absorption spectrum of light in the range of 

the visible radiation.  

Dissolved organic matter in water bodies is mainly formed by humus 

compounds (yellow substance) and its absorption spectrum decreases 

exponentially with the wavelength of the radiation. In addition, it is also 

composed by other substances (proteins, carboxylic acids, carbohydrates, 

vitamins, amino acids, peptides, phenolic compounds, lipids, etc.), that are 

also responsible for the attenuation of light in the water column in the wave 

range corresponding to the ultraviolet radiation. 

Moreover, the amount of light absorbed and the spectrum wide range in 

which the absorption is maximum, also depend on the concentration and 

composition of the dissolved organic matter. 
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Absorption Due to Dissolved Inorganic Compounds 
 

On the other hand, the presence of dissolved inorganic compounds must 

be considered as another important factor that affects the behavior of light in 

the water column. 

These compounds affect the transparency of the water (Babin et al, 2003) 

and usually produce a dispersion of light that change the trajectory of 

increasing the same way that the light should go, favoring the absorption by 

other components present in the water. 

The extinction of light in the water due to these substances depends also 

on other factors (as with the dissolved substances) such as its composition, 

thickness and shape. Therefore the greater inorganic compounds greater the 

light extinction in the water. 

 

 

Absortion Due to Water 
 

Water is an essential substance for the development of all the vital 

activities of living organisms. It is a molecule consisting of the establishment 

of the "hydrogen bonds" between them and other substances, due to the 

formation of dipoles by electrostatic Van der Waals forces. These "hydrogen 

bonds" are formed due to the partial negative charge of the oxygen that carries 

electrostatic attraction on the partial positive charges of hydrogen atoms. 

Although unions are weak, the fact that there are four other molecules around 

every molecule of water via the "hydrogen bonds" allows the water to have a 

lattice-like structure. 

Therefore, the water molecule will also take part in the sunlight absorption 

even though it is lower than the absorption due to phytoplankton, organic 

matter and inorganic compounds. Then, as water will affect the light 

extinction, it must be considered when calculating the total light extinction 

coefficient, K. 

 

 

Light Scattering  
 

This phenomenon is due to the collision of a light beam with suspended 

particles in water (inorganic matter from the outside or sediments), causing 

multiple reflections. The more turbid the water is (more particulates), the 

greater scattering phenomena there will be. The problem raises in the fact that 



Secchi Depth and Water Quality Control 97 

Scattering prevents the light penetration in water affecting to the normal 

development of different species of plants and animals that live in these 

environments. In addition to the concentration of the particles, Scattering also 

depends on other factors such as their composition, size and shape. 

 

 

Other Factors 
 

The light extinction in water (absorption and scattering) is often caused by 

other factors. Bioluminescence, fluorescence and bubbles are three clear 

examples of this kind of factors that also affects the presence of light in the 

water column.  

The presence of these other factors may be casual so their presence may 

produce errors when measuring if they are not taken into consideration. Then, 

it is advisable to consider them when calculating the sunlight extinction 

coefficient. Below, a brief description of these three fenomena is given: 

 

Bioluminescence 

Bioluminescence is a phenomenon by which certain organisms (bacteria, 

fungi, insects, fish, etc.) produce light. In some species, it is used to 

communicate, to attract preys, to aid in reproduction or as a defense to confuse 

predators. 

However, this feature, which sometimes is a major consumer of energy for 

these organisms, can be seen in the depths and in the dark, but is insignificant 

if there is sunlight. 

 

Fluorescence 

This is the phenomenon that happens if a substance generates light when 

exposed to ultraviolet radiation, cathode rays or X-rays. The absorbed 

radiation (invisible to the human eye) is transformed into visible light. 

In this process, a molecule absorbs a high-energy photon, which is emitted 

as a photon of lower energy (higher wavelength). The energy difference 

between absorption and emission is dispersed as heat (molecular vibrations). 

When this phenomenon happens in water, it’s usually due to the presence 

of chlorophyll and organic matter (yellow substance). 

 

Bubbles 

This phenomenon occurs due to changes in the surface of a water body 

when there is movement that make air bubbles of different sizes enter inside 
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the water. Bubble generation and properties depend on the magnitude of the 

movement. The presence of bubbles in the water column may cause a light 

backscatter higher than the water itself. 

 

 

3. SECCHI DISK AND SUNLIGHT EXTINCTION 
 

Secchi Disk is a device created by Pietro Angelo Secchi in 1865. It is an 

easy and economic device used to measure transparency in water bodies such 

as lakes, oceans, rivers or bays, and it is widely used all around the 

Mediterranean. 

On the other hand, the conditions to carry out the Secchi Disk 

measurements must be established in order to facilitate future data 

comparison. A good procedure is to make measurements on calm days 

between 9 am and 3 pm. In addition, measures should be made from the 

leeward side of the boat with the sun at the back of the person that is 

measuring. 

Although it is considered a good method for the Mediterranean and its 

coastal, transitional and continental water bodies, Secchi Disk measurements 

do not provide an accurate measure of transparency since there may be errors 

due to the subjectivity of the human eye, due to different environmental 

conditions during the day, the inclination of the sun, the state of the water, 

time of day, weather, etc., so it is recommended to have measure all the 

samples by the same person. This is, in fact one of the disadvantages of the 

Secchi Disk that can be improved by using optical devices. 

 

 

4. LUZEX 
 

The Group of Electronic Development and Printed Sensors. (GEDPS) of 

the Institute of Molecular Recognition and Technological Development (IDM) 

at the Polytechnic University of Valencia has designed and developed a new 

device to measure the sunlight extinction in water bodies (Ibáñez et al, 2011 

a). 

The device called "LUZEX" consists of two different units: 

 

1. Measurement probe. 

2. Monitoring and storage equipment. 
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Figure 1. Submersible measuring probe..  

 

Figure 2. Monitoring and storage equipment. 

The main features of the equipment are: 

 

• Measurement of sunlight intensity in water at 365 (UVA), 460 (B), 

540 (G), 660 (R) and 900 (IR) nm. 

• Measurement of temperature between 2 and 150 ° C. 

• Measurement of pressure from 0 to 30 psi (approx. 2 atm). 

• IP68 submersible (10m. depth for 2 weeks). 



J. I. Civera, N. L. Miró, E. G. Breijo
 
et al. 100 

• Monitoring equipment and storage: 10h autonomy and capacity for 8 

different sampling points with approx. 500 samples / point. 

• PC Communication via RS232 serial port USB convertible. 

 

 

4.1. Measurement Probe 
 

The probe contains the photodiodes sensors and the signal adaptive 

systems (amplifiers and filters). A microcontroller is responsible for the 

measurements and send the data via RS-485 communication to the monitoring 

and storage equipment. 

In addition to the photosensitive elements, the probe includes a 

temperature gauge (integrated) and a pressure sensor. Both measures are also 

sent to the monitoring and storage equipment. The system is enclosed in a 

sealed PVC with a transparent glass window to allow light to enter. In the end, 

all fasteners are made of stainless steel to prevent oxidation in aggressive 

media. 

 

 

4.2. Monitoring Equipment and Storage 
 

The monitoring device comprises a display screen as a user interface. In 

addition, it also contains the program menu, the navigation buttons and the 

power supply system, comprising a rechargeable battery, charging terminal 

and the external supply connection. Other devices are also present such as a 

RS232 output for PC connection and a switch-on/off button. 

The system has been constructed in a commercial polyethylene case. The 

equipment is controlled by a Microchip 16F877 microcontroller. In addition, 

the system also has peripherals such as a RS-485 receiver (to receive the 

information from the probe), a RS232 serial port for communication with the 

PC, a graphic display and EEPROM memory system mass storage for the 

acquired data. 

The software allows two operation modes: 

 

• Automatic. The measurements are stored at intervals of 0.5 seconds. 

• Manual. The measurements are saved with a press of the user. The 

monitor show the values for light intensity, pressure and temperature, 

and the user decides which sample data must be saved or rejected. 
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In order to perform measurements at different sampling points, the 

information is saved in a different memory banks each time that a new 

measurement starts, providing enough memory to store data from up to 8 

sampling points. Each one of the sampling points can store approximately 500 

measurements.As LUZEX carries out measures to calculate the sunlight 

extinction coefficients in water for the five studied wavelengths, a 

mathematical expression for Secchi Depth can be obtained based on these 

coefficients. Then, attending to the state of the art in these correlations, some 

authors (Jamu and Piedrahita, 1999) use the following formula: 

 

   
  

  
 , (4) 

 

where Ke is a constant whose value is between 1.1 and 2.0 and SD is the 

Secchi depth. 

In order to estimate Secchi depth using different light coefficients 

extinction by LUZEX, the mathematical expression will be as follows: 

 

    
 

    (  )     ( )     ( )     ( )     (  )
 ,  (5) 

 

where SD' is the estimated Secchi depth. K (UV, R, G, B, IR) are the different 

sunlight extinction coefficients for each used wavelength, and finally, α and 

B1-B5 are the different coefficients experimentally determined which will be 

obtained by statistical methods. 

 

 

5. THREE DIFFERENT MEDITERRANEAN AQUATIC 

ECOSYSTEMS 
 

In order to obtain representative results, three different water areas were 

considered. That is, saltwater, freshwater and wetland water bodies. We found 

it interesting to analyze the differences in these waters because of their own 

nature. 

As known, the sea water contains dissolved inorganic salts, mainly sodium 

chloride. Approximately, the ocean water salinity is 35000 ppm (35 g /l). 

While fresh water salinity is notably lower: less than 1000 ppm (1 g /l). 

Moreover, it is expected that both wetlands and freshwater areas are more 

polluted than the seawater due to turbidity (created by currents, erosion, 

vegetation, land ...). It was decided to design a sampling area near the city of 
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Valencia as an example of Mediterranean waterbodies and we decided the 

sampling points looking in each case for the most symbolic or representative 

water to be sampled. So was taken L'Albufera as an example of Mediterranean 

wetland. L’Albufera Natural Park is located 10 km south-east from the city of 

Valencia. Beaches of Port Saplaya and Pobla Farnals, located at the northeast 

of the city, were choosen as representative coastal sea waters. Finally, we 

considered the Turia River, northwest of Valencia., as an example of 

continental freshwater zone. A brief description of these areas is shown next: 

 

 

L’Albufera 
 

L’Albufera Natural Park is one of the most valuable and important 

wetlands around Valencia and in the Mediterranean in general. It currently has 

an area of 21,120 hectares, comprising the municipalities of Valencia, 

Massanassa, Sedaví, Alfafar Albal, Catarroja, Silla, Sollana, Beniparrell, 

Sueca, Cullera, Algemesí and Albalat de la Ribera. 

It is located 10 km south-east from the city of Valencia and it includes the 

system formed by the lagoon itself, its surroundings and the humid coastal 

strip adjacent to the Mediterranean shore. 

It was declared a Natural Park by the Regional Government on July 23
th

, 

1986 and is protected by several laws and declarations belonging to the lists of 

ZEPA ecological areas and the RAMSAR list of the European Union.  

Historically, the area has been populated by humans, being at present 

surrounded by rice fields and a series of population centers and industrial 

parks that have been created in recent decades and have generated an 

enormous pressure on the water environment. In fact, this waters are 

characterized by their eutrophic aspect and the specific algal blooms in spring 

and summer due to the significant nutrient content in the water. This 

phenomena causes anoxia and fish kills as phytoplankton blooms occurs. 

Meanwhile, its waters present a very low transparency. 

 

 

The River Turia 
 

The Turia is a typical Mediterranean river which rises in the Iberian Range 

and flows in Valencia city having a length of 280 km. This river, like all of the 

area flow differs greatly at different seasons, with an average flow of 14 m3/s 

in Vilamarxant but having reached peaks above 3.000m3/s in episodes of large 
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floods that inundated Valencia. The water inflows occur primarily by streams 

and ravines caused by the thaw in the birth and severe storms that occur in the 

watershed especially during episodes of a typical autumn climatic phenomena 

known as “Gota fría” (Cold drop) characterized by deep depresions and strong 

located rainfalls in the region. 

Overall, its waters have a good quality and are highly transparent, so that 

area has been chosen for sampling as it is representative for the typical 

Mediterranean inland water bodies. 

 

 

Beaches of the Valencian Coast 
 

Valencian coasts, especially those closer to the capital city, are open and 

wide fine sand beaches entering the sea with a smooth profile and they have 

quiet and pristine waters. This is due to the properties of the Mediterranean in 

this region, particularly the absence of major river inputs and soft marine 

currents that run from north to south that make their water bodies to be 

homogeneous, transparent and generally of a very good quality. 

The significant number of Blue Flags that the European authorities give to 

Valencian beaches year after year as well as the many tourists who come in 

summer to enjoy these beaches, are also indicatives of their quality and 

recognition. 

Moreover, analyses and studies periodically conducted in these waters 

show very good physical-chemical quality, a major algal biodiversity and a 

rich diversity of marine life especially in areas where the Posidonia Oceanica 

is the basis for their livelihood. 

Therefore, we have chosen some Valencian coastal water bodies as the 

ideal representative of Mediterranean beach. 

 

 

6. PROCEDURES 
 

6.1. Measured Parameters 
 

Secchi Depth 

Light extinction with depth was measured in the determined sampling 

points with the designed equipment. Likewise, Secchi Disk was used for 

determining water transparency in centimeters as measured with this 

technique.  
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Figure 3. Secchi Depth measurement in a sampling point at L’Albufera. 

The procedure for measuring this parameter is the following: First, let the 

disk submerge vertically in the water until its division lines cannot be seen. 

This depth is written down as the Descending Sechhi Depth. Next, pull up the 

rope until the Secchi Disc divison lines can be seen again. Then write down 

this depth as Ascendingh Secchi Depth. In the end, the value for Secchi Depth 

in a determined sampling point is the average of these two measurements 

made. 

 

Measurement with Luzex 

The procedure consisted on the installation of the complete LUZEX 

equipment, and the immersion of the sensor slowly in the water controlling its 

descent with a rope. When the LUZEX is ready over the water surface, the 

monitor is swithced on and then we can start collecting measures of sunlight 

extinction in the monitoring and storing device while the measurement probe 

goes down until reaching the bottom of the water body. After reaching the 

bottom at each sampling point, we must repeat the same procedure but while 

the measurement probe is ascending to the surface. Then, all the data is 

collected and LUZEX can be switched off to go to the next sampling data to 

continue collecting data (Ibáñez, 2009). 

Later, we can download the collected data into a computer to perform the 

necessary calculations and statistical data treatment. 
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6.3. Data Treatment 
 

Data acquired with LUZEX are sent through the serial port to a computer 

in order to work with them in an EXCEL file. The Solver application from 

EXCEL was used to obtain coefficients and carry out the adjustments to the 

equations of the sunlight extinction in each studied wavelength. The regression 

coefficient R
2
 has been taken into consideration to assure an appropriate 

adjustment of the model to the measured values for Secchi Depth by using the 

Disk. 

In order to determine the different extinction coefficients data are 

transmitted via the serial port to an Excel file with a format like the one shown 

below: 

 

Table I. Example of data downloaded from LUZEX to an Excel file 

 

Section LPRES LTEMP LUV LR LG LB LIR 

0 570 522 285 245 365 285 379 

0 572 522 250 130 321 180 243 

0 574 522 95 141 235 132 156 

0 575 522 54 135 194 104 116 

0 577 522 29 123 162 83 88 

0 578 522 17 110 139 65 67 

0 578 522 9 100 123 55 57 

0 579 521 7 93 113 48 49 

0 580 522 5 87 104 42 43 

0 580 522 3 82 96 36 37 

0 581 522 2 77 88 32 33 

0 582 522 1 72 81 27 29 

0 583 522 1 67 75 25 26 

0 582 522 1 67 75 25 25 

0 584 522 0 61 67 20 21 

 

6.3.1. Extinction Coefficients 

The calculation of these different extinction coefficients for each of the 

wavelengths, is based on the calculation of partial least squares for the 

mathematical expression shown next. It allows us to calculate light intensity 

for each of the wavelengths and compare it with the data given by LUZEX 
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 (6) 

 

where: Iz and I0: light intensities for depths z and 0 respectively.  

Kc: extinction coefficient for each of the bands of different wavelengths 

x: depth. 

Furthermore, the different Kc are obtained by using the Excel Solver. The 

calculation starts using an arbitrary value of Kc, and next, a least squares fit 

between the sampled values of each illumination of the photodiodes and the 

values obtained with the previous formula, will finally let us know the Kc 

values. 

 

6.3.2. Secchi Depth Calculation 

As seen before, to determine the extinction coefficient from the 

measurements of Secchi depth at each sampled point, we use the following 

equation: 

 

   
  

  
 , (7) 

 

where: Kd: extinction coefficient 

Ke: constant with a value between 1.1 and 2 (as the author) 

SD: Secchi Depth measured directly with the Secchi Disk 

The idea of this section is to calculate the Secchi depth estimation by 

measuring the light extinction, in order to verify if it is possible to replace the 

Secchi Disk for LUZEX 

 

    
 

    (  )     ( )     ( )     ( )     (  )
 ,  (8) 

 

The estimation of the parameters α and ßi, also called Secchi depth 

coefficients is done experimentally using the necessary adjustments with the 

Excel Solver applying the above mentioned formula and the obtained 

extinction coefficients for each of the studied wavelengths (Ibáñez et al, 2011 

a). 

Next, the data obtained with the Secchi disc for each of the sampled points 

along Valencian region are shown: 
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Table 2. Examples of sampling points, Secchi Depth measured and additonal data 

 

Location Point 
Section 

(LUZEX) 
Latitude (N) 

Longitude 

(O) 
Date Hour 

SD down 

(cm) 

SD up 

(cm) 

SD average 

(cm) 

Canal de Club Náutico 

de Pinedo 2 2 39º25'38”  0º20'11”  25/09/2012 17:00 35 65 50 

Club Náutico de Pinedo 3 4 39º25'41”  0º19'57”  25/09/2012 17:15 160 155 157,5 

Azud en el río Tuéjar 4 5     26/09/2012 14:10 45 45 45 

Carraixet 1 5 0  39º30'08”  0º19'31” 29/09/2012 13:00 77,5 77,5 77,5 

Carraixet 2 6 3 39º30'07”   0º19'37” 29/09/2012 15:00 100 100 100 

Port Saplaya 1 7 5  39º30'37”  0º19'16” 29/09/2012 16:00 150 150 150 

Puerto deportivo de 

Pobla de Farnals 8 6  39º33'40” 0º17'04”  01/10/2012 16:45 170 170 170 

Puerto deportivo de 

Canet de Berenger 9 7 39º40'26”  0º12'10”  01/10/2012 17:15 150 150 150 

Gola de Pujol 1 10 1 39º20'58”   0º19'00” 01/10/2012 15:00 20 20 20 

Gola de Perellonet 11 3  39º18'35”  0º17'48” 01/10/2012 15:40 20 20 20 

Embalse de Buseo 12 0 39º35'12”  0º56'44”  03/10/2012 15:10 80 80 80 

Embalse de Buseo 13 1 39º35'13”   0º56'47” 03/10/2012 15:20 90 90 90 

 Carraixet 3 14 1 39º30'07”  0º19'35”  16/10/2012 13:40 77,5 77,5 77,5 

Puerto deportivo Port 

Saplaya 2 15 2 39º20'34”  0º19'06”  16/10/2012 14:10 180 180 180 

Gola de Pujol 2 16 3  39º20'57” 0º19'06”  16/10/2012 15:00 30 25 27,5 

Canal El Palmar 1 17 5 39º19'01”  0º19'02”  16/10/2012 15:35 20 20 20 

Canal El Palmar 2 18 6  39º18'59” 0º19'73”  16/10/2012 15:45 25 25 25 
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As shown in the graphic below, the infrared (IR) wavelength presents a 

sharper slope. This fact means that it disappears faster than the rest. 

 

 

Figure 4. Light extinction versus deep in Albufera lagoon. Straight lines shows fitted 

exponentials.  

Table 3. Extinction coefficients and R2 coefficient 

 

Sensor λ (nm peak) Adjusted exponential R2 
Extinction 

coefficient (cm-1) 

Ultraviolet 

(UV) 
375 y = 122,14e-0,056x 0,9966 K(UV)= 0,056 

Red (R) 660 y = 154,06e-0,047x 0,9988 K(R)= 0,047 

Green (G) 540 y = 212,49e-0,049x 0,9959 K(G)= 0,049 

Blue (B) 460 y =192,85e-0,087x 0,9952 K(B)= 0,087 

Infrared (IR) 850 y =201,69e-0,076x 0,9903 K(IR)= 0,076 

 

For each sampled point, graphics like the one shown are obtained. 

Extinction coefficients for each of the wavelengths studied are obtained with 

the data and using Solver. In this way, a table is shown with the obtained 

extinction coefficients for each of the bands at each sampling point, and the 

measurement of Secchi Depth obtained using the Secchi Disk: 
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Table 4. Secchi depth at some sampling points and extinction coefficients 

(obtained by Solver) for each of the studied wavelengths 

 

Location Point KUV KRED KGREEN KBLUE KIR 

SD measured 

(cm) 

Canal de Club 

Náutico de Pinedo 2 0,0509 0,0188 0,0136 0,0205 0,0699 50 

Club Náutico de 

Pinedo 3 0,0110 0,0103 0,0083 0,0121 0,0401 157,5 

Azud en el río Tuéjar 4 0,0873 0,0375 0,0478 0,0532 0,0483 45 

Carraixet 5 0,0265 0,0145 0,0153 0,0181 0,046 77,5 

Carraixet 6 0,0873 0,0375 0,0478 0,0532 0,0483 100 

Port Saplaya 7 0,0103 0,0226 0,0125 0,0188 0,0636 150 

Puerto deportivo de 

Pobla de Farnals 8 0,0081 0,0102 0,0084 0,0109 0,0508 170 

Puerto deportivo de 

Canet de Berenger 9 0,0157 0,0122 0,0093 0,0131 0,0751 150 

Gola de Pujol 10 0,6632 0,0441 0,0552 0,1221 0,0661 20 

Gola de Perellonet 11 0 0,0220 0,0360 0,0371 0,0551 20 

Embalse de Buseo 12 0,0116 0,0098 0,0086 0,0101 0,0294 80 

Embalse de Buseo 13 0,0534 0,0105 0,0077 0,0111 0,0378 90 

Colector Carraixet 14 0,0462 0,0121 0,0052 0,0150 0,0655 77,5 

Puerto deportivo Port 

Saplaya 15 0,0269 0,0111 0,0125 0,0133 0,0496 180 

Gola de Pujol 16 0,0802 0,0164 0,0112 0,0177 0,0272 27,5 

Canal del Palmar 17 0,0802 0,0705 0,0783 0,1058 0,0931 20 

El Palmar 18 0,1704 0,0723 0,0722 0,1327 0,0723 25 

 

In addition, LUZEX lets us to detect discontinuities in the water column. 

It is specially interesting in the river mouths where continental waters meet the 

saltwater and a stratification is generated that is not possible to detect with the 

traditional Secchi Disk method. In this way, the use of LUZEX gives us the 

opportunitie to monitor the river plumes at their mouth, knowing the depth of 

the discontinuities in the water body properties. An example of this kind of 

monitoring is shown in Figure 5 for a typical mixture of continental and 

marine waters in the Valencian coast (Almenara channel, Valencia). 

If we make a least squares adjustment of the Secchi Disk depth measured 

with the Secchi Depth estimated by using data from the LUZEX device 
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(Ibáñez et al, 2011 b), we obtain the following graph showing that the 

correlation coefficient is 0.9227. In addition, if other more complex correlation 

methods are used, the value for R2 can be improved. This is the case we have 

developed by Artificial Neural Networks. In this specific analysis, a net of 

neurons has been designed to calculate the values for the Secchi Disk Depth 

based on the sunlight extinction coefficients given by LUXEZ for each studied 

wavelenght. The designed artificial neural network is able to develop a self-

analysis and learn for itself in order to modify the mathematical model and 

adapt it to find the best value for R2. Finally, in our Artificial Neural Network-

based calculation for Secchi Depth, a value of 0.9967 is obtained for the 

Correlation Coefficient.  

 

 

Figure 5. Water stratification and discontinuities in sunlight extinction at the Almenara 

Plume (Valencia). 

 

Figure 6. Correlation among observed (Secchi Disk) and Estimated (LUZEX) values 

by means of Leasts Squares. 
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Figure 7. Correlation among observed (Secchi Disk) and Estimated (LUZEX) values 

by means of Artificial Neural Networks. 

Finally, it is interesting to highlight two major advantages that this method 

has over the traditional Secchi Disk. First, it eliminates the subjectivity of the 

measure carried out directly by the observer, so that the error due to the human 

eye disappears. Second, LUZEX lets us determine water clarity in terms of 

Secchi Disk Depth in shallow water bodies where the disk reaches the bottom 

before it disappears from the view of the observer, a fact that makes it 

impossible to determine Secchi Depth by the traditional method . In these 

cases, LUZEX allows performing the measurements. Thereby, the measure of 

the transparency of a water body by calculating the coefficients of extinction 

of light in water is considered an advance in the state of the art of monitoring 

this water quality parameter and we are convinced that its use will be 

implemented in the future. 

 

 

CONCLUSION 
 

This study developed in Valencian water bodies has determined the light 

extinction coefficients in the water by using the LUZEX device. These light 

extinction coefficients for each of the five bands of the spectrum (UV , BLUE, 

RED, GREEN, IR) show a clear correlation with the measured Secchi Depth 

in all sampled points. 
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It has been observed that there is a significant presence of suspended 

solids in most of the water sampled. This fact is demonstrated by the values 

obtained for the extinction coefficient in the wavelength range corresponding 

to the infrared. And a low presence of organic matter, showed by the low 

values of the extinction coefficients for the photodiodes of ultraviolet and blue 

wavelengths with respect to the infrared. 

Furthermore, it was possible to calculate the estimated Secchi depth, SD', 

by using the extinction coefficients. In addition, this has allowed to calculate 

Secchi Disk depths from the sunlight extinction coefficients obtained by 

LUZEX. One can say that the adjustment is very good, since the best value of 

R2 obtained has a value of 0.9967. We want to highlight that the measure 

carried out "in situ" by LUZEX, let’s us to detect changes in water 

composition along the column and it is very useful in monitoring the quality of 

water bodies suffering stalking discharges from different continental sources. 

This has been seen in some of the graphs showing the light intensity with 

depth. In these graphics, it was observed a change of the slope of the straight 

line at a certain depth, which is due to a stratification of the water column and 

therefore, it means that there is a variation in water composition along the 

column. In this case, stratification of the water column has happened in the 

locations of the Puerto deportivo de Pinedo, in the Barranco de Carraixet and 

Port Saplaya. In the end, it has been found that it is possible to substitute the 

Secchi Disk for the LUZEX device to measure water transparency. This not 

only would avoid possible errors arising from the use of a method as 

subjective as the Secchi Disc is, but it would also to obtain a broader and more 

diverse range of parameters that would allow a more thorough and complete 

study of these kinds of mediterranean water bodies. 
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