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ABSTRACT 

 

Regulatory developments emanating from the European Union (EU) in the last decade in the environmental field have 
placed emphasis on halting water degradation and combating illegal discharges. Continuous, real-time, reliable information 
about the pollutants in the input sewage is key to fulfil EU environmental policies. The current methods of analysis make 
difficult to carry out a real time analysis, since they are based on punctual samples, which are subjected to diverse 
treatments and require chemical substances in laboratory. This research work has been focused on the development of a 
cost-effective equipment for the calculation of several variables such as COD, BOD5, TSS, P, TN, and NO3-N, from 
spectrophotometry data (380-700 nm). Measurements are carried out in real time and without the need of chemical or pre-
treatment, with the aid of different statistical models all through a new spectrophotometer based on LED technology that 
does not require the use of optical elements to work. 
 

Keywords: Chemical Oxygen Demand (COD), statistical models, real time monitoring.  
 
 

1 WATER QUALITY ANALYSIS EQUIPMENT 

In order to know the evolution of the pollutant load in sewage systems, this research work is focused on the 
development of a low-cost, low-consumption and small-sized equipment for the estimation of COD, BOD5, 
TSS, P, TN, and NO3-N from a spectrophotometric analysis based on LED technology. This equipment can be 
placed anywhere in the sewage network to carry out an analysis in almost real time. 

The main characteristic of the equipment is that it does not require the use of incandescent lamps to generate 
the working spectrum or the use of optical elements to diffract the light, being possible to carry out an analysis 
between 380-700nm, with very close results to those obtained by commercial equipment based on 
incandescent lamps. Those results have enabled us to develop a much smaller, cost-effective and lower 
consumption equipment. Details of the research are available in Carreres-Prieto et al., (2019, 2020). 

Figure 1a shows a simplified scheme of the main block of analysis of the equipment, where it consists of a 
wide-spectrum photodiode as a sensor, which is aligned with the samples to be analyzed (taken 
automatically), and the light source. The latter is composed of a system of 34 limited-bandwidth LED that are 
aligned with the sample, whose peak wavelengths are between 380-700nm. Figure 1b shows a 3D view of the 
equipment. 

 

  
(a) (b) 

Figure 1. (a) Basic scheme of equipment analysis block. (b) 3D view of the equipment. 
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The equipment has demonstrated to be capable of analyzing both raw water with high concentration of COD 
and BOD5, that is, higher than 700mg/l and 450mg/l respectively, and with treated water (COD < 50mg/l and 
BOD5 < 10), as shown in Figure 2a and b, respectively. 

 

2 LOAD POLLUTION ESTIMATION MODELS 

From the spectrophotometric information, several models have been developed to calculate COD, BOD5, 

TSS, P, TN, and NO3-N. These models have been calculated using genetic algorithms (deep learning) from 

more than 200 samples analyzed in a treatment plant in the Region of Murcia (Spain) during the period June 

2019 to April 2020. The models are based on the search for correlations between the spectrophotometric 

values of the water samples and the contaminating parameters analyzed in the treatment plant's laboratory. 

One of the characteristics of genetic algorithms is that they can provide multiple equally valid solutions. Eq. [1] 
shows, as an example, the estimated formula for the Chemical Oxygen Demand (COD).  

 

𝐶𝑂𝐷 = ((1.958 ∙ 𝐴420 − 1.663 ∙ 𝐴575) ∙
0608 ∙ 𝑇522
1.059 ∙ 𝑇445

∙ (1.988 ∙ 𝐴385 − 1.663 ∙ 𝐴575) ∙ 0.272 ∙ 𝑇461 + 35659 − 26.168) [1] 

 
where 𝐴𝑥 and 𝑇𝑥 are the absorbance and transmittance values measure at x wavelength. 
These models are valid for both raw water and treated water, without the need to subject the samples to pre-
treatment or chemicals. All the calculated models for estimating the water quality have shown an error of less 
than 4%. For instance, Figure 3 shows a comparison between the values of COD measured in the laboratory 
by traditional methods of analysis (blue) and the values estimated by the model during the training process 
(red), as well as the values calculated with test data, i.e. with data not used during the model generation 
process. 

 
 

Figure 3. Comparison between COD values measured by the wastewater treatment plant laboratory and 
the values calculated from spectrophotometric data. 
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Figure 2. Spectral response (transmittance and absorbance) measured with the equipment at (a) the 
entrance of the treatment plant (raw water), and (b) plant outlet (treated water). 
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