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Environmental & Industrial Process Analytics Advanced Water & Wastewater Treatment

Smart Water Quality Monitorin Coagulation & Flacculation
* Soft sensors for nutrients and contaminants of State-of-the-art coagulation control
emerging concern Fusion of coagulants
* Sensor fusion Nature-derived reagents
Increasing fertiliser value of coagulated sludge

Process Surveillance and Control Membrane Separation

* Data Mining and Big Data Analytics *  Ceramic Membrane Biological Reactor

* Machine learning and ANN * Nanofiltration for surface water treatment
* Digital water security *  Reverse Osmosis for groundwater treatment
* Real-time Predictive Analytics '

-

Image analysis in process surveillance Electrochemical Methods

* Electrocoagulation
« Electrooxidationof Contaminants of Emerging
Concern
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Climate
Change

Why??
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NOM concentration is increasing ¢ SWerm

—»| Increased

Increased amount of »  Temp increase | precipitation
greenhouse gases (CO,, (0.2-0.7 °C per
CH4, N2O, CFC, efc) decade) . Increased
runoff
Increased l l - -
atmospheric [~ Increased photosynthesis ¢ Higher ground
N deposition Increased primary production water level
¢ « More moors and
Increased amount Increased rate <+ peatland areas
of plant residues of degradation
VT
Increased NOM Increased flux
production of NOM
S +

II Increased source water color, UV-abs and organic carbon I

Figure 2 Possible reasons for increasing NOM in surface waters. Modified from Forsberg (1992) and 5
Liltved (2002)

Climate Change and NOM in surface water ¢4 SWae M

Oset Oslo Humics
Biopolymers

Coagulation/Flocculation >50 kDa w
+ Sedimentation + DMF

50-10 kDa
Stockholm Lovo Humics Removal scale
Building blocks Biopolymers 70-100%
Coagulation/Flocculation | BIOPOIYMErs [ pep | goF | Hydrophobic
+ Sedimentation + UV/ CI-N | 0-30%
o i Humics
Helsinki Pitkdkoski . 5q kDa, 50-0.3 kDa Building blocks
Biopolymers LMW neutrals

Coagulation/Flocculation Hydrophobic| 0, + BAC Hydrophobic
+ Sedimentation + RSF + UV/CI-N

Remaining NOM: high MW fraction >50kDa (55-80%), consisting of
humics (33-62%), building blocks (14-30%) and LMW neutrals (7-17%)

P.KrzeminskiaC.Vogelsang@T.MeynPS.J.KohlercH.PoutanendH.A.de WitaW.UhlaP
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Legal requirements

TTHMs standards in different
countries

Australia
Canada -
Japan { 100
Korea l 100 '
UK JJ 100

EC
USA {

Denmark "{15

Germany '

0 50 100

23.12.2020

«\)SWei'M

Official Journal of the European Union L435/1

DIRECTIVE (EU) 2020/2184 OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL

on the quality of water i

1.1.4 HAAs— DBPs

of 16 December 2020

for human ¢ pti

Faloacetic acsds (HAAS

Thas parameter shall be measured only when dismfection

150 200 250

Il TTHM standard, pg/L

Bond, Goslan, et al., 2012

Study case

oS

Quenching uv Chlorination
Quenching uv Chlorination
Contact ime = 2040+ Na2€03 15 added for pH «  Contact time - few . Contart time =
min adustment and ozone seconds « Total chiorine at outlet
1=320°C quenchin . 1=3-20°C Is 14mg/l
Liquid axygen to air-40'1 t=3-20°C «  Breactors with 40 . t=13-20°
10% weight of pzone ~ * Dose - 9.6 me/1 1000 W lamps +  Canadian Guidelines

«\)SWei'M

Can we predict
DBPs based on
raw water and
process
parameters?
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Research questions:

1.1 Which minimal analysis data

2.1 Which minimal analysis data

can be used to identify the source can be used to predict results of
of water for unknown samples

accurately?

1.2 Can difficult-to-measure off-

THMFP tests:

- in-line parameters (pH, Turb,
UV-VIS spectrum)

- at-line parameters (Color,

line parameters (TOD, TOC, SUVA) uv254)
be estimated through easy-to-
measure at-line parameters

(Color, UV254) and in-line

parameters (pH, Turb, UV-VIS

spectrum)

- off-line parameters (TOD, TOC,
SUVA)

-+ *9
o S SWarm
o swee | [
(category):
+ o aur Quality
M o eik (features):
D o far o pH Yuali
o gli o Turb (features): Treatment parameters
o hur o TOD o THM
o roy o TOC « 03
o sju o SUVA e Time
o van o Uv254 .
THFMP
tests
(features):
o THMFP,
o THM,
o FRC,
UV-VIS spectra »
& - TG SWel FM
* aur * pH .« THM
< ° eik e Turb . FRC,
L » far * Color
8 .« gli “ .+ TOD
* hol ; * TOC Disinfection tests Results:
%‘ * hur + SUVA « THM
S ¢ roy e UV254 e UV254
+ * sju e UV-VIS e UV-VIS
wm * van spectra spectra

3.1Is there a model to maintain
THM < 50 by varying O; and Time
for water with specific
parameters?

3.2 Are there characteristic
changes in UV-VIS spectra of raw
and treated water that can be
used to predict THM in treated
water?

12
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Analysed parameters ) SWerMm

Correlation coefficients

Parameters THM  SUVA Color TU COND. pH TOD TOC UV ,y,

THM 1

SUVA 0.74 1

Color 0.85 0.92 1

TU 0.64 0.83 0.79 1

COND. 0.59 0.74 0.81 0.85 1

pH 0.07 0.12  -0.07 020 -0.20 1

TOD 0.93 0.85 0.91 0.76 0.80 -0.08 1

TOC 0.92 0.74 0.88 0.57 0.69 -0.23 095 1

UV 554 0.91 0.90 096  0.81 0.83 -0.08 098 0.94 1

Spectra — Big Data «\) SWeirM

A B C D E F G H
Sample ID Source Ozone Time Chlorine pH-raw Turb-raw Color-raw Conc
aur-0-0-0 aur 0 0 0 6,561 1,13 50,5 4 .
aur-0-0-2 aur 0 0 2 6,561 1,13 50,5 4
aur-0-0-6 aur 0 0 6 6,561 1,13 50,5 4 1 6 Va rl a b | eS
aur-15-15-2 aur 15 15 2 6,561 1,13 50,5 4
aur-15-45-2 aur 15 45 2 6,561 1,13 50,5 4
aur-3-15-2 aur 3 15 p 6.561 113 505 4
Sample ID 840 839,5 839 838,5 838 837,5
aur-0-0-0 0,00135 0,0013 0,00135 0,00095 0,001 0,00115
H aur-15-15-2  0,00075 0,00095 0,0008 0,0008 0,00065 0,00085
1 3 0 0 Va rl a b I e S aur-15-45-2 0,0025 0,0027 0,0026 0,00255 0,00275 0,00295
aur-3-15-2 0,0017 0,0015 0,0017 0,002 0,0018 0,0018
aur-3-45-2 0,0008 0,0007 0,0009 0,001 0,0008 0,0007

1316 variables
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How to extract important information? (5 swe rm

SympHONY No. 5
Myvr. 1 .

How to extract important information? (5 swWe rm




How to extract important information? (5 swe rm
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How to extract important information? (5 swe rm

Dimensionality reduction
* Feature Elimination
* Feature Extraction

» We transform the original set of features
into another set of features

* The idea is to pack the most important
information into as few derived features
as possible

 Derived features are a linear
combination of the original features

From UV-VIS to TOC «\) SWeir'M
_A /\

redicted vs. Reference

Norm/MSC/SmoothingSG PLSR
A f "
|
/4
A
/|
//
 — i 7\” nm ey (TOC-raw, Factor-3

20

9/30/2021

10



THM Formation Potential (HACH)

* Worst case scenario — 7 days
incubation time

* Function of chlorine dose, TOC,

«\)SWei'M

Cl2(2 & 6 mg/l)

temperature, reaction time, and pH

« Can be used for both design &

Incubation: 7
days, 12°C

operation of water treatment system

* Helps to get an idea of the THM

max possible concentration

THM plus test
FCR test

21

THM Formation Potential (HACH)

«\)SWei'M

Incubationtime — 7 days
Temperature—12 °C

1
| .
SIEFRIE e

350
300 I
250
=
=1
o 200
o]
o)
3 [
L
E 150
lGU —— — . s s S v w—— ——— ——— —
1 °e
) I I I
0 : ; .
Vannsjo Aurevann Sjunken Farrisvann
=2 mg/l Chlorine (t=0min) 37.00 97.00 6100 3700
2 mg/l Chlorine 188.50 292.50 66.00 64.50
u6 mg/l Chlorine 195.50 354.00 76.50 82.00

* - This table includes average data from dublicate experiments

Hurdalsjoen Holsfjord Glitre Eikerenvann Roysja
29.50 50.00 31.00 52.50 29.50
32.00 91.50 31.50 146.50 32.00
45.00 112.50 46.50 174.00 45.00

Water source 22

9/30/2021
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{
\J
1. Multiple Linear Regression (MLR) for simple water quality parameters § & SW‘ rM

Predicted vs. Reference
® Cal @ Va

Slope
901 09475088 2.9744925 8986968 0.9475092
85 4 09390275 58138847 5,1938491 0,9474037

RMSE R-Square

° Hurdglpigmsice «
3 € goe=

E 45 Glitre
40 {Glitre
35] &=

y=ja

25 JRoysja
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Hnlsfpé

arrisvass
Envas

.
-

20
28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60 62 64 66 68 70 72 74 76 78 80 82 84 86 88 90 92 94

Reference Y (THM 1)

THMFP=-142.66 + 626.24[UV254] + 21.90[pH] + 4.97[Turbidity] - 0.05[Conductivity] - 2.02[Colour]| 1

w

THM Formation Potential

P 1%

«\)SWei'M

Predicted vs. Reference

36t -
340 Slope Offse RMSE R-Squere aur
3¢ ] 0.9788576 26482599 13.334634 0.97853 W [
300 0.9577129 5.2970963 26.669817 0.925652 a.ur
2
et
E 240
P
£ 200 Valbar
E1ac -
160 -
H .
Regression coefficients g4 m
5 HE Bow
100 ;s
R @ § kit
o] Mt it
ol V¥
2 L3

20 4 e @ 100 120 140 1BC 18 200 22( 24C 260 28 300 32 340 360

Reference ¥ (THMFP, Factor-

4
840 814 788 762 736 700 683 657 631 605 578 552 526 500 473 447 421 395 368 342 316 290 263 237 211

X-Variables (THMFP, Factor-2, B0:46.16303)

24
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THM concentration in effluent «\) SWeir'M

25

Conclusions «\) SWe'M

« Climate Change will continue influencing NOM content in
surface water, incl. cold climate zones

* This will increase risks of exposure to DBPs, incl. THMs
 Rapid and online methods of DBPs surveillance are

desired in order to establish analysis routines and improve
process control

* UV-VIS online spectroscopy together with simply measured
parameters can help to estimate THMFP and THM
concentration in effluent

« Alarms over control limits may trigger lab analysis or control
measures

26
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