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ABSTRACT

The control of the drinking water quality is a major concern for public health. This control is generally
conducted in laboratory, which requires long time. This type of control is not adapted for accidental or
malicious pollutions, which can have serious consequences to the population health. Therefore, accurate
real-time control of the water quality is required for ensuring a safe water supply. This paper presents
results obtained within the European project SmartWater4Europe for the analysis of the capacity of an
optical-based device (EventLab, Optiqua) to detect water contamination by chemical substances.
Analyses were conducted in a large-scale Pilot Lab, which allows the injection of chemical substances
in a water circuit under controlled conditions. Tests conducted with 4 chemical products (cadmium
chloride, mercury dichloride, sodium hypochlorite and glyphosate) at different concentrations showed
the capacity of EventLab device to detect the injection of concentrations exceeding 5 mg/L.
Keywords: real-time, monitoring, contaminant, water, refractive index, Optiqua.

1 INTRODUCTION
Access to safe drinking water is crucial for human health [1], [2]. Water contamination causes
more than 14,000 deaths per day. In addition, drinking water infrastructure could be subjected
to malicious acts by voluntary introduction of contaminants [3].Consequently, the real-time
monitoring of the water quality is required to ensure both good water quality supply and to
take early mitigation measurements in case of any water contamination [4]-[7].

The real-time detection of water contamination constitutes a complex task [8], because of
the wide variety of contaminants (chemical, biological, radiological...) and the inherent
difficulties to an early detection of each contaminant. Within the European Project
SmartWater4Europe, we conducted a preliminary study using a large-scale Pilot Lab to
explore the capacity of innovative devices to detect different kinds of water contamination.
This paper presents the Pilot Lab and the results obtained with EventLab device, which is
based on the measurement of the refractive index.

2 EXPERIMENTAL DISPOSITIVE AND PROCEDURE
2.1 Presentation of the Pilot Lab

The design of the Pilot Lab aimed at the construction of an experimental device, which allows
to inject “contaminated solution” under controlled condition in a water circuit and to track
the response of water quality devices to this injection. Figs 1 and 2 show the Pilot. It is
composed of 16 mm opaque double layer pipes, water tanks for filling and emptying, a
system for injecting chemical or biological products, pumps, valves, manometers and flow
sensors. The total length of water pipes is equal to 61 m.

An injection system is used to introduce chemical or biological products in the water
circuit. Sensors are used to track the pressure at different points of the water circuit. Water
quality devices are connected at 41 m from the “contaminated solution” injection section.
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Figure 1: Laboratory-scale network.
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Figure 2: Experimental set-up at the sensor lab.

2.2 EventLab (Optiqua) device

EventLab (Optiqua) is an optical-based device that measures the change in the water
refractive index, using the Mach Zehnder Interferometry (MZI) principle [9], [10]. This Index
is a good indicator of the water quality; because the presence of a substance in the water leads
to a change in this index. EventLab operates at a sensitivity level of 10-7 in the refractive
index. In addition to the MZI chip, EventLab includes electronics, software, data algorithms,
and data communication [10].

The output signal of the sensor is the phase shift in the light passing through the sensor
due to the presence of a substance. The phase shift variation is related to the variation in the
refractive index. Since the water temperature affects the water refraction index [11], recorded
data are adjusted in order to take into consideration the effect of temperature.
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2.3 Experimental procedure
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Experiments were conducted as follows. First, the water circuit was cleaned for 30 minutes,
then a baseline output was established by the injection of tap water for 60 minutes. After
stabilization of the baseline, the “contaminated solution” was injected in the water circuit.
By the end of the test, the water circuit was cleaned, disinfected and dried with compressed

air to prevent the formation of bio films.

3

RESULTS

Fig. 3 shows the results of an experiment conducted by successive injection of mercury
chloride (HgCl,). It illustrates the variation in the compensated phase during the test. The
time interval between two successive injections is 20 minutes, while the injection time is
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Figure 3: Optiqua EventLab response as a function of the cumulative concentration level of

HgCl.
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(a) Delta phase variation during injection (b) Variation of the maximum delta phase
with the solution concentration.

test.

Figure 4: EventLab response to the injection of a solution with HgCl..
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equal to 3 minutes. The figure shows clearly the response of EventLab to the injection events
and the increase in the amplitude of the response with the increase in the solution
concentration.

Experiments were also conducted with cadmium chloride, sodium hypochlorite and
glyphosate. Results of these tests are summarized in Figs 5-7. These results show that
EventLab detects the introduction of any of these substances at a concentration exceeding
5 mg/L. The relationship between the solution concentration and the phase increment is
quasi- linear with a regression coefficient higher than 0.8.
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Figure 5: EventLab response to the injection of a solution with CdCl..
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Figure 6: EventLab response to the injection of a solution with NaClO.
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Figure 7: EventLab response to the injection of a solution with CsHsNOsP.
4 CONCLUSION
This paper included the presentation of an experimental investigation of the capacity of an

optical-based device (EventLab) to detect in real-time water chemical contamination. Tests
were conducted in a Pilot Lab within the European project SmartWater4Europe. They
included the injection of different chemical substances (Cadmium chloride, Mercury
chloride, Sodium hypochlorite and Glyphosate) at different concentrations. Tests showed that
EventLab detected the injection of these substances at a concentration exceeding 5 mg/L.

The

relationship between the substance concentration and maximum delta phase is quasi-

linear with a regression coefficient higher than 0.8. This study shows that EventLab is
efficient for a real-time detection of water chemical contamination.
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