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1. Introduction: metal pollution in water


Global Problem: Dispersion of toxic metals (Zn, Pb, Cd, Cu, etc.) in
freshwater from abandoned mining areas;



Long-term exposure to Zinc causes chronic health effects;



The safe limit of Zn in surface water is ≤ 0.125 mg/L; global
concentration in mine water range from 0.01 to up 500 mg/L;



Typical methods for analysis of water quality are collection of
water samples and laboratory analysis:

Water sampling

sample preparation; trained staff; costly chemicals; off-line
monitoring; inability to detect an unexpected event.

ICP-MS

2. Aim: Development of a novel low-cost sensing system for continuous in-situ monitoring of Zn ions in water
3. Materials and Methods: Microwave spectroscopy and f-EM sensors
Electromagnetic responses

Vector Network Analyser

f-EM sensors



A novel sensing system able to continuously monitor water resources is
microwave spectroscopy: non-invasive; non-ionising (<10 mW); immediate
and continuous response; inexpensive;



The change in the microwave reflection coefficient (S11, 10 MHz - 15 GHz),
measured with a Vector Network Analyser (VNA), can be linked to the
concentration of a specific pollutant under test;



The integration of planar sensors with specific functional chemical materials
(f-EM sensors) can produce an increase in selectivity and sensitivity, thanks
to the specific physical or chemical interaction with Zn ions;

•

A paste mixture, prepared using Bi2O3 as the functional material was screenprinted on to eight-pair interdigitated electrodes (IDE) sensors;

•

F-EM sensors were tested with a range water samples with different
concentrations of Zn (0-100 mg/L) using microwave, impedance and optical
measurements.
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4. Results: Bi2O3 based film and Zn water samples


Good linear correlation (at 3 frequencies: 0.59, 1.57-1.68, 2.56 GHz);



Improved sensitivity, especially for Zn conc. < 1 mg/L;

Graph 1. Spectra response for diverse Zn
concentrations (0-100 ppm)



Zn is adsorbed on the Bi2O3 based coating.

Graph 2. Linear correlation between Zn and
S11 (reflection coefficient) at 3 frequencies

5. Conclusion
• Microwave and f-EM sensors were able to produce EM wave spectra specific to each Zn concentration;

In-situ monitoring using a portable
VNA and f-EM sensors…

• Bi2O3 based coatings can differentiate changes in Zn concentrations better than the uncoated sensors;
• This novel sensing system offers the ability to monitor in-situ and real-time water quality and to
provide a warning system for pollution events.
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