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Water quality guidelines

2

Drinking Water Directive



Evolution of contaminant detection techniques in water analysis application
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Zulkifli et al. (2018), https://doi.org/10.1016/j.snb.2017.09.078

Laboratory-based methods



Spectroscopic techniques
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https://www.pasco.com/products/guides/what-is-spectroscopy



Spectroscopic techniques
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Sgroi et al. (2017), https://doi.org/10.1016/j.jhazmat.2016.05.035



Spectroscopic techniques
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Spectroscopic techniques
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Fluorometer for measurements of PAH (polycyclic aromatic hydrocarbons)

https://www.trios.de/en/enviroflu.html



Spectroscopic techniques
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Simplicity

Rapid detection

Portable and in-situ 
measurements

Water interference

Limited water quality 
parameter detections

Existence of overtone 
and overlapping 
bands

High cost of some of 
the instruments
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Biosensors
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CONTAMINANT MOLECULAR SIGNAL
Enzyme, whole cell, antibody, 

nucleic acid

TRANSDUCER

Biosensors for detection of heavy metals
(a) Schematic description for detection principle of β-GAL 

based optical biosensor for sensing of Hg ion with 
various concentrations (Hossain and Brennan, 2011), 

(b) Schematic diagram quantum dots-DNAzyme based 
fluorescence resonance energy 

transfer nanobiosensor for detection of metal ion (Wu 
et al., 2010), 

(c) Schematic plane of the working mechanism of a label-
free guanine nanowire amplification-based 

Hg2+ biosensor (Huang et al., 2016), 
(d) Schematic presentation of AuNPs-enhanced quartz 

crystal microbalance with dissipation monitoring 
sensor for Hg2+, composed of a DNA capture probe, 
a linker DNA, and a DNA reporter sequence tagged 

with GNPs (Chen et al., 2011a), and 
(e) The schematic presentation of a power-free biosensing 

system for colorimetrically detection of Hg2+ by using 
modified Au nanoparticles (He et al., 2008).

Ejeian et al. (2018), https://doi.org/10.1016/j.bios.2018.07.019



Biosensors
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High sensitivity to biological 
contaminants

Suitable for in-situ monitoring

Minimum sample 
preparations

Portable and miniaturization

Fast response time

Effect-based system

Able to detect emerging 
contaminants

Sensitive to environment

Lack of system stability

Limited transducer life 
expand

Risk of bio-receptor leakages
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Sensor placements approach
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Che et al. (2015), https://doi.org/10.3390/w7041422

Sensor responses (Turbidity, pH, Conductivity and Temperature) 
for glyphosate (concentrations: 0.8, 2.0, 4.0 mg/L)



Sensor placements approach
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High sensitivity event 
detection

Multiple water quality 
parameter 
measurements

Relatively high cost

Small data sets

Complex design 
analysis and 
optimization

High inaccuracy rate

Transmission time 
delay
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Data-driven soft(ware) sensors
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Paulsson et al. (2014), https://doi.org/10.3390/s141017864
Han et al. (2018), https://doi.org/10.1016/j.cjche.2018.03.027

Soft sensor principle

Monitoring system of total phosphorous and 
ammonia nitrogen concentrations in effluent
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Data-
driven 

sensors

advanced 
statistical 
analysis

machine 
learning 

approach

image 
processing

pattern-
based 

recognition

Ye et al. (2020), https://doi.org/10.1016/j.scitotenv.2019.134279



AI models and machine learning algorithms in wastewater treatment
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Heavy metals Phosphate

COD Color

Sulfate ions
Chlorophenol, 
naphtalene, 
triamterene

Pollutant removal processes Processes control

Effluent 
coliform 
counts

Nitrate and 
ammonia 

concentration

Oxidation-
Reduction 
Potential

DO, TSS, 
TDP, TSP

Effluent COD
Naphthalene 

removal 
efficiency

Ye et al. (2020), https://doi.org/10.1016/j.scitotenv.2019.134279



AI models and machine learning algorithms
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Easy 
implementation

Cost 
effectiveness

High stability and 
accuracy

Rapid response

Time consuming 
validation

Large datasets

Computationally 
intensive
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Spectrosco-
py

biosensors

data-driven 
models



Thank you!
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