Online surveillance and control of emerging contaminants
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FIGURE 1: The pathways of the Contaminants of Emerging Concern

CECs = CONTAMINANTS OF EMERGING CONCERN
They are natural or manmade chemicals
and materials, ranging from pharmaceutical
products to organic industry pollutants,
e.g. antibiotic-resistant bacteria.
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Tab. 10: List of substances proposed for the first Voluntary Groundwater Watch List

Substance Name G:“P of Acronym Sub-group
Perfluorododecanoic Acid (L) PFAS PFDoA PFCAs
L L [ ]
Water qua | Ity gu idelines S —
Clopidol Pharmaceutical
Watch list of substances for Union-wide monitoring as set out in Article 8b of Directive 2008/105/EC Crotamiton Pharmaceutical
Name of substance/group of CAS number () EU number () Indicative Maximum Amidozoic Acid Pharmaceutical
substances analytical |acceptable method .
A Sulfadiazin Pharmaceutical
method (%) detection limit
o) (ng/l) Primidone Pharmaceutical
fetaflumizone 139068-40-3 504-167-6 LLELC- |65 Satato) Al L )
1S-MS or Ibuprofen Pharmaceutical
KPE-LC- -
1S-MS Erythromycin Pharmaceutical
Amoxicillin [26787-78-0 248-003-8 KSPE-LC- 78 Clarithromycin Pharmaceutical
{S-MS
Ciprofloxacin 85721-33-1 617-751-0 BPE-LC- [89 Further candidates
{S-MS
4:2Fl il hy s) PFAS 4:2 monoPAP monoPAP
= 723-46-6 211-963-3 [SPE-LC- 100
Sulizmethiomzole () ISMS Perfluorodecyl Phosphonic Acid (L) PFAS PFDPA PFPAS
[Trimethoprim () 738-70-5 212-006-2 [SPE-LC- 100 Perfluorooctyl Phosphonic Acid (L) PFAS PFOPA PFPAs
[S-MS 6:2 (s PFAS 6:2monoPap | monoPAP
‘enlafaxine and [03413-69-5 618-944-2 SPE-LC- 6
I0-desmethylvenlafaxine ©® [3413-62-8 700-516-2 1S-MS
. . . .
ol compounds () L0 Drinking Water Directive
IClotrimazole [23593-75-1 245-764-8 20 E
Fluconazole l86386-734 627-806-0 bso Chemical parameters
lImazalil 35554-44-0 252-615-0 800
peonazole 125225-28-7 503-038-1 14 Parameter Parametric Ut
[Metconazole 125116-23-6 603-031-3 2 value
ficonazole [22016-47-8 245-324-5 200
Penconazole [66246-88-6 266-275-6 1700
Prochloraz I67747-09-5 266-994-5 161 = Beta-estradiol (50- | = 0,001 & | = pgl =
[Tebuconazole 107534-96-3 [403-640-2 240 28-1 4+
[Tetraconazole 112281-77-3 1407-760-6 1900
Dimozxystrobin 149061-52-4 504-712-8 SPE-LC- |32 = Bisphenol A < =001 % = pgll &
1S-MS =
[Famoxadone 131807-57-3 603-520-1 [SPE-LC- 8.5
IS-MS = PFAS = = 0,10« & pgll+
2 = PFASs - Total & = 0,50 < = ug/ <+




Evolution of contaminant detection techniques in water analysis applic

Biological
Contaminants

Non-Biological
Contaminants
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arganism [1924] Denirifying hybridization =
bacterla [1998] [FisH) e "
Trace lewel " Ei”l' 15490 >
Field-flaw determination Chramatography- =
Chymotylic e ionation l159-ﬂ]. Mass l Gradual l ATRINORL. l
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:Hmf;el‘lml pathagens
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Electrophoresis [1988]
[cE) and ather organic

wastewater [2002]
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Laboratory-based methods

Zulkifli et al. (2018), https://doi.org/10.1016/j.snb.2017.09.078

Norwegian University of Life Sciences



Spectroscopic techniques

WHAT IS SPECTROSCOPY?

f_,fkf-r": Study of Internction of
';& -“j‘, Electromagnetic Radiation
\_ &) with Matter

= ’ Readout
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https://www.pasco.com/products/guides/what-is-spectroscopy

4

'UNIVERSITAS

u

+
i
‘GALATIENSIS N

Energy
. j kealimal)
y rays Spectrosco
= 3x10010 HZ 1047
<10 pm X-ray Spectroscopy

(elemental analysis)

10+6 -.

" inner
x-rays I ‘electron
3x10:9%1048 Hzd 4 45 . lonization
0.01-4 nm

o 110" )\V-Vis 8§ pectroscopy h
(reactivity analysis)

uv

1wmeEiz 110° T puer
4-400 nm : @ ‘electron
: / excitation
IR spectroscopy
10*1  (chemical bond type) h
IR A maolecular

430THz-300GHz ! . \w'b.ratian

Raman Spectroscopy
102 (molecular arientation)

) muolecular
thrqwma_s 10-3 ( ¢ rotation
imm-1m
104 NMR
(molecular connectivity)

A -8,

Norwegian University of Life Sciences




Spectroscopic techniques
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Monitoring the removal of emerging trace organic contaminants in
wastewater treatment plants using fluorescence EEMs
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Rf=0.7146
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Humic-like fluorescence removal (%)

Sgroi et al. (2017), https://doi.org/10.1016/j.jhazmat.2016.05.035
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Absorbance [Abs/m]

Spectroscopic techniques " 5:5
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Spectroscopic techniques iy

Benefits Applications
Without sampling and preparation of test samples = Drinking water
Real time sensor = Wastewater
Without reagents = Alrports
High sensitivity and selectivity = Cooling water
Optical window with nana coating = Desalination plants
Refineries
s i b enviroFIU-HC W - Pipeline monitoring

Bilge water monitoring

Exhaust gas cleaning with approval for ship use
according to IMO regulation MEPC184(59)

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

Pro>

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

CONTAMINANT ‘

MOLECULAR SIGNAL
Enzyme, whole cell, antibody,
nucleic acid

b Quencher ——— @
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ZnS shell

Silica shell

Biosensors for detection of heavy metals
(a) Schematic description for detection principle of B-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),

DNAzyme/ 1
@ Metal ion
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Ejeian et al. (2018), https://doi.org/10.1016/j.bios.2018.07.019

He"

(c) Schematic plane of the working mechanism of a label-
free guanine nanowire amplification-based
Hg?* biosensor (Huang et al., 2016),
(d) Schematic presentation of AuNPs-enhanced quartz
crystal microbalance with dissipation monitoring
sensor for Hg?*, 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 Hg?* by using
modified Au nanoparticles (He et al., 2008).
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Biosensors

Pro>

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

<uog
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Sensor placements approach
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Che et al. (2015), https://doi.org/10.3390/w7041422
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Sensor placements approach

Pro>

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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Monitoring system of total phosphorous and
ammonia nitrogen concentrations in effluent
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Han et al. (2018), https://doi.org/10.1016/j.cjche.2018.03.027
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advanced
statistical
analysis

Waste water

Data-
driven
Sensors

Air pollutants

m Simulated

machine
learning
approach

pattern-
based
recognition

Solid waste 1. .
= Practical implementation
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Number of publications

,,_009 .,0\0 ,,pQ .,p\q' .l_oc' 1‘0"‘ ,,0“’ .,o‘b ..‘,o\‘l ,,o‘s
Year
14 Norwegian University of Life Sciences
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Al models and machine learning algorithms in wastewater treatment’

Pollutant removal processes Processes control
Effluent Nitrate and
Heavy metals Phosphate coliform ammonia
counts concentration
Oxidation-
COD Color Reduction -IE-)[C))F’,TTSSSF;
Potential ’
Chlorophenaol, Naphthalene
Sulfate ions naphtalene, Effluent COD removal
triamterene efficiency
15 Norwegian University of Life Sciences

Ye et al. (2020), https://doi.org/10.1016/j.scitotenv.2019.134279
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Al models and machine learning algorithms

Pro>

Easy Time Consuming\
implementation validation

Cost Large datasets
effectiveness Computationally
High stability and intensive

accuracy

\Rapid response
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s  Development of Emerging Contaminants — Hybrid Soft Sensor for
gl on-line monitoring of contaminants of emerging concern in water

data-driven
models

biosensors

17 Hyb"d sensor Norwegian University of Life Sciences
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