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1 Introduction 

Public and environmental health protection requires safe drinking water, which means that it 
must be free of pathogenic bacteria. Among the pathogens disseminated in water sources, 
enteric pathogens are the ones most frequently encountered. As a consequence, sources 
of faecal pollution in waters devoted to human activity must be strictly controlled. Entero-
pathogens, such as Escherichia coli, are generally present at very low concentrations in 
environmental waters within a diversified microflora. Complex methods are required to 
detect them, and these are extremely time-consuming. 

ADASA has developed and validated aquaBIO, an online analyser that makes possible to 
obtain rapid and continuous total coliforms and Escherichia coli measures in an automatic 
way. 

2 Product General Information 

The aquaBIO is an online microprocessor-based analyser designed to monitor a sample 
stream continuously for simultaneous detection of total coliforms and Escherichia coli in 
water, with results in 3 to 12 hours, depending on the concentration. 

The aquaBIO analyser is based on the Defined Substrate Technology (DST) and uses the 
Colilert®-18 reagent (IDEXX Laboratories) for the calculation of the Most Probable Number 
(MPN) of organisms.  

 

Figure 1 aquaBIO General View 
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Designed to withstand corrosive environments, the aquaBIO is housed in an enclosure with 
dual compartments to keep all electronic and control components separate from the 
analysis section, which in turn is divided in two areas, reagents area and reaction area 
(whose temperatures are stable).  

 

Figure 2 aquaBIO Control and Analysis Areas 

The aquaBIO has a multi-λ optic system, developed by ADASA, composed of light emitting 
diodes (LED) based chemical sensors and sensing devices to measure absorbance and 
fluorescence. The use of this LED technology greatly increases the operating 
characteristics of reliability, low power consumption, low cost and autonomous operation 
capability. 

The aquaBIO has a configurable self-cleaning hydraulic system and oversized tubing that 
prevents clogging and contamination between the different samples.  

The equipment is designed for automatic and uninterrupted operation. The system only 
requires a minor maintenance every 15 days for reagents replacement and a monthly semi-
automatic cleaning. 

The aquaBIO incorporates the software and electronics capable of controlling the hydraulic 
system and managing the data.  

The aquaBIO can work independently and be monitored remotely, as it houses the 
communication and control, or in a station connected to other equipment.  
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3 Method of Analysis 

Measurement Principle 

The aquaBIO analyser is based on the defined substrate technology (DST) method, with an 
alternate fluorescence and absorbance detection system.  

DST is a reagent system designed to enumerate specific target microbes(s) from a mixture 
of bacteria. The system simultaneously enumerates total coliforms and Escherichia coli 
directly from a water sample. The reagent contains o-nitrophenyl-beta-D-galactopyranoside 
(ONPG), which is hydrolysed by total coliforms to produce a yellow chromogen, and 4-
methylumbeilliferyl-beta-D-glucuronide (MUG), which is hydrolysed and fluoresces when E. 
coli organisms grow. Non-coliform bacteria are suppressed and cannot metabolise the 
indicator nutrients.  

    

 

 

 

 

 

    

 

 
The time required for colour change or fluorescence emission is inversely related to 
bacterial concentration. The aquaBIO uses this correlation to determine the concentration 
of total coliforms and Escherichia coli.  

The sensitivity of the system allows detecting concentrations of 108 MPN in 100ml hours. 

Figure 3 Coliforms use their β-galactosidase enzyme to metabolise 

ONPG and change it from colourless to yellow 

Figure 4 E.coli use β-glucuronide enzyme to metabolize MUG and 

create fluorescence 
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Optic Sensor System 

The aquaBIO multi-λ optic sensor system measures absorbance and fluorescence. 

Absorbance measurement: It is used for determining total coliforms. The absorbance 
measurement is carried out at 405 nm with blue light that is absorbed by the yellow colour 
of the suspension when coliforms are present. This reading is based on the determination 
of the molecules released by the action of the β-galactosidase enzyme.  

Fluorescence measurement: It is used for detecting Escherichia coli. The fluorescence 
measurement is carried out at 45º on the surface at 365 nm and receiving at 450 nm. This 
reading is based on the determination of the molecules released by the action of the β-
glucuronide enzyme. 

 

Figure 5 aquaBIO multi-λ optic sensor system 

 

The measurements are made by sequential action of the LEDs obtaining a response for 
both total coliforms and Escherichia coli in each analysis. 
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4 Operation  

The aquaBIO analyser has been designed to periodically capture and analyse a sample 
stream. The self-cleaning hydraulic system brings the sample into the measurement 
chamber and it is responsible to assure the chamber disinfection to guarantee the 
Independence between samples. 

 

Figure 6 aquaBIO self-cleaning hydraulic system 

The measurement cycle operates as follows: 

Sample intake 

1. The cuvette that contains biocide during the idle time is washed with reagent and 
water.  

2. A new water sample is moved into the cuvette. Then, a disinfection of the intake 
system is carried out. During this disinfection the UV lamp is turned on to keep the 
area free of contamination. 

3. Finally, the substrate is moved into the cuvette together with the sample. Thereafter 
the incubation and measurement process begins. 

Measurement 

4. During the incubation and measurement, the sample is heated to a predefined 
temperature and periodically the stirrer is activated to ensure uniformity of the 
sample. 
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5. The multi-λ optic sensor system sequentially measures absorbance and 
fluorescence. 

6. The aquaBIO finishes the test under the following three circumstances: 

a. The measured absorbance and fluorescence is above the defined maximum 
value and therefore the sample is positive for total coliforms and Escherichia 
coli. The unit calculates the bacterial concentration based on the correlation 
between the time required and the bacterial concentration, expressing the 
result in MPN/100 ml  

b. The absorbance measured value reaches the maximum value and the 
fluorescence value does not. The unit waits for 12 hours providing a positive 
result at the end of this period for total coliforms and a negative result for 
Escherichia coli. 

c. After 12 hours the measured absorbance and fluorescence did not reach the 
defined threshold. The result provided in this case by the aquaBIO is 1 
MPN/100 ml, the detection limit value using this method. 

The response time can vary from 3 hours for highly contaminated water and 12 hours 
for a negative test. The higher is the concentration the sooner is the response. 

During the measurement process the UV lamp is turned on for a few minutes to keep 
the area where the selective medium enters the system free of contamination.  

Disinfection 

7. Once the test has finished a new disinfection process takes place. During the 
disinfection stage the UV lamp is on. 
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5 Technical Specifications 

Ranges 

Range:    0 – 108 MPN 

Detection limit:    Escherichia coli: 1 Bacteria in 100 ml  

Total coliforms: 1 Bacteria in 100 ml 

Response time:   12 hours for 1 Bacteria (max.) 

     3 hours (min. depending on concentration) 

Analysis 

Methodology:    Defined Substrate Technology 

Measurement principle:   Fluorimetric detection for Escherichia coli  

Colorimetric detection for total coliforms 

Reagents:   Colilert-18® from IDEXX in liquid form 

Cleaning solution 

Analysis per day :   From 2 to 6 depending on concentration 

Analysis time:   From 3 to 12 hours depending on concentration 

Reagent consumption 

Reagent:   30 ml/analysis 

Cleaning solution:  Depending of the intake length 

Communications 

Communications:   RS232, RS485, Ethernet, 3G 

Analog Outputs:   4 – 20mA, 0 – 10V 

Telemetry protocol  Modbus, ASCII 

Power supply  

Input voltage / frequency: 110-230VAC / 50-60Hz 

Power consumption:  350 Watts maximum 

Dimensions  

Dimensions:   1000 x 500 x 420 mm 
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