Professional networking
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“You are not ever a genius all by yourself.
Your ideas are a function of the people

you are connected with...”
— Carol Dweck, Author, Mindset



r

9.0
.
"ot

A

l’,;Uncertainty... ‘




4™

: . = L NP
: ' ,_.\lp

Toughvcometltlon.x, |

y ¥

-




Often unfair...










Benefits of Smarter Professional Online Networking

Access to quick conversations, expert opinions,
Issue or system scan

Leads to new ideas, new connections
Get real-time insights

Efficient way to find out what people in your
network are doing and whether to reconnect

Facilitates connections at conferences and
meetings

Open doors, build relationships with experts,
influencers, or others



What Kind of Networking Animal Are You?

\
Turtle
e No online networking or profile locked down
f\) e Only connects with family and personal friends
e Little benefit to your organization/professional
7
] )
Jelly Fish
e Profile open to all and connects with everyone
e Share content & engage frequently with little censoring
e Potential decrease in respect
J
(" )
*—q; Chameleon
';5'-\ % e Profile open or curated connections
* Networking strategy
e Helps you solve problems or reach goals
. J

Based on “When World's Collide” Nancy Rothbard, Justin Berg, Arianne Ollier-Malaterre (2013)



Networking:is alt about QUALITY!

T
QUANTITY QUALITY




LinkedIn

* Do you know what is LinkedIn?



LinkedIn
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LinkedIn

* Do you have a profile in LinkedIn?
* What is the status of your profile?



Individual work

* Create or update your profiles in LinkedIn



ResearchGate

Fhen click Incragsa your smpaat
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Individual work

* Create or update your profiles in ResearchGate



Stand on the shoulders of giants.

Google Scholar provides a simple way to broadly search for scholarly
literature. From one place, you can search across many disciplines and
sources: articles, theses, books, abstracts and court opinions, from
academic publishers, professional societies, online repositories,
universities and other web sites. Google Scholar helps you find relevant
work across the world of scholarly research.

Google Scholar

How are documents ranked?

Google Scholar aims to rank documents the way researchers do,
weighing the full text of each document, where it was published, who it

’ was written by, as well as how often and how recently it has been cited in
other scholarly literature.

Features of Google Scholar

» Search all scholarly literature from one convenient place

« Explore related works, citations, authors, and publications

+ Locate the complete document through your library or on the web
« Keep up with recent developments in any area of research

» Check who's citing your publications, create a public author profile
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10th International Summer School on Water
Norwegian University of Life Sciences

12 June 2021
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Norwegian University of Life Sciences
Water, Environment, Sanitation & Health - WESH Group

NMBU
| . 1
RealTek + 6 other faculties
1
| 1
Water & Building technology
Environment & Architecture

Additionally several other “smaller” groups at other faculties




About the Course Responsible

Background

» Born in Sri Lanka, lived 18 years

* MSc from NTUU-KPI, Kiev, Ukraine, in 1987, lived 7 years
* PhD from NTNU, Trondheim, Norway, in 1992

* lived 33 years in Norway; worked in several countries for NORAD, SIDA, DANIDA, UN, World Bank.

Employment

20 years: Director of innovation & international projects at the Norwegian Institute for Water Research
« Since 2012, fulltime professor, NMBU (2001-2011 part-time) at the Faculty of Science & Technology

WESH projects
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International Summer School on Water
NMBU, As
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Why work with water?

O WaterNews | All the Water in the World

Water — a scarce resource

2.5%
Freshwater

* > 70% of the earth is covered with ‘

water G

» 0.007% is accessible for human g~

» Even that is unfairly distributed in
the world creating water crises.
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» Uneven distribution of water in the world
« Climate Change will make things worse

Global water related economy

- 5$70.2 trillion water-dependent economy
(i-e. all economic activity that depends on water)

$2.8 trillion water-handling economy
(i.e. all economic activity which involves direct handling of water)

$556.8 billion water treatment and distribution market

§720 billion water-management market
(i.e. the market for water-related equipment and services)

2018:
World GDP: 85 trillion USD
Water dependent: 75 trillion USD
Water treatment and distribution: 600 billion USD
The World needs water specialists!

© Global Water Intelligence




Our Water, Our Future

It could be an opportunity of a lifetime,
use it for form your future

AN OPPORTUNITY OF A

LIFETIME




WINNERS

SAY “IT MAY BE DIFFICULT
BUTIT IS POSSIBLE.”

SEE THE GAIN.
SEE POSSIBILITIES.
MAKE IT HAPPEN.

%

LOSERS

SAY “IT MAY BE POSSIBLE
BUTIT IS TOO DIFFICULT."

SEE THE PAIN.
SEE PROBLEMS.

beligue-toachieve tumblr.com




A winner is a dreamer
who never gives up.

- Nelson Mandela
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Physical unit processes
in water and wastewater treatment:
Screening, sedimentation, flotation and (filtration)

THT311

REIIEIREIENEEE
Professor, RealTek

Classification of treatment processes
Drinking water treatment Wastewater treatment
 Physical and Chemical processes » Sequential order of treatment
—Removal of particles, NOM, metals and — preliminary, primary, secondary, tertiary,
toxic matter advanced
—Removal or inactivation of pathogens
— Softening * Main process mechanisms

- Biological processes: — physical, biological, chemical

— contaminants in polluted raw water
* heavy metals,
* natural organic matter,
* inorganic non-metallic matter,
+ disinfection by-products,
* endocrine disrupting
* microbial contaminants.




Physical processes — water intakes

* Removal of large materials at the water intake
—Leaves, algae
—Small fish River Intake
—Other debris

Valve regulators [

To treatment works

Sump well

Lower Flood Level = : River Ban k

Suction pipe

Fine
Screen

Penstock with
coarse screens

River Bed

During Maximum flood level, Valve 1 will be opened

Water hyacinth at Lake Victoria

Screen types — (waste)water treatment

[Pore opening

Coarse screens >10mm

10mm-2mm
Coarse micro- screens 2mm-0.5mm

Micro-screens 0.5-0.1mm
Fine micro-screens <0.1mm




Preliminary treatment
To protect downstream treatment process

» Screening and comminution (physical)
—timber, stones, rags, paper

>0.6m/s at Qdim to
avoid sedimetation

—bar screens and rotating screens (0:28)

Screens are often closed... (why?)




Fine micro screens

Fine Sieves / Fine screens:

» 40-60% of organic fraction of TSS are from toilet paper tissues
» Majority can be removed with sieves >500 microns.
« Combination of sieves with chemicals

Salsnes/Trojan: 50% TSS & 20% BOD removal




Grit and sand removal /Fett- og sandfang

* Grit removal (physical)
—sand and grit
—Aerated sand traps (luftet sandfang)

o

|
i

Grit and sand removal




Grit and sand removal /Fett- og sandfang

« Grit removal (physical)
—sand and grit

Sand from sand-traps

» Washed sand can be deposited (considered not hazardous)




Separation processes

To produce

» clarified water

» effluents to reduce the pollution load to secondary processes or to/and recipients
A natural part of after many other unit processes

Sedimentation Flotation Filtration
FLOTATION PROCESS
_— Inlet
Clear liquid owerflow e
|
VA |l| N ——
Air Supply pipe used

' _— to introduce
Settling zone backwater for
Feed —» i cleaning filter

Bubbles

Sludge zone Slurry
l Agitator

History of sedimentation

Egypt, 1450 BC
Syphoning of water or wine

L

Rome, 1680, Water
to aqueducts

Al %.‘!.iqf% : ‘

UK, 1790, Lancashire filter




Classification of particle settling: 4 types

~3000

Water displaced Type IV
' from pores as particles Compression
settle and compress settling

Particles compact

as settling proceeds _Large number of
- particles form blanket that

overtake other particles
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@ 2| Typell

€ ' | Hindered

g or zone

I} settling

o
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& o Typel Particles settling Type Il Differential
Discrete  without influencing Flocculant flow paths

g:trrtliicnlg other pallrlicles settling _ :
TTT;*’,\TT ?ﬁ?\é\r :

T |
T 1 T T Flocculant
particles
Discrete Flocculant
Particle morphology

Stokes law and terminal velocity (V1)

+ Drag force (Stokes law), Fp =61nrv (n= viscosity, r = radius, v= velocity)

* Buoyance force (Newtons law) FB=§1Tr3og (o= fluid density, g = gravity)

Fe=irr’cg Fp=6mpre  Gravity force Fg= grrrf*pg (p =particle density)
t ¢

© g Rt
Fe=3nrpg . %rng = 6|']V + §r209

» BNV = 3r2pg <1209 = 2r2(p-0)g




Approximate sedimentation times of

particles in water

Diameter, um type sed.tid pr 1m
1000 sand 10 sec
100 Fine sand 2 minutes
10 Clay 2 hours
1 Bacteria 8 days
0,1 colloid 2 years
0,01 colloid 20 years
0,001 colloid 200 years

Physical methods

1nm

0.0000001 0.000001 0.00001 0.0001

1 um
0.001 0.01

| Molecules |

Colloids

1mm 1cm

1

10

Diameter, um type sed.tid pr 1m
1000 sand 10 sec
100 Fine sand 2 minutes
10 Clay 2 hours
1 Bacteria 8 days
0,1 colloid 2 years
0,01 colloid 20 years
0,001 colloid 200 years

Typical removal rates W|

60%
30%
15%
15%




Primary treatment

* Primary sedimentation: suspended
matter settles under gravity.

» Rectangular (horizontal flow),
circular (radial flow), upward flow

Sedimentation tanks

— outlet

| sludge seraper
on pulley system

)

decanting trough
(outtiow)

()

(a) rectangular horizontal flow tank;
(b) circular, radial-flow tank;
(c) hopper-bottomed, upward flow tank




Sedimentation

1 — Raw water.
2 - Treated water.
3 = Drain.

Surface load, m/s

m3
Flow/area= Q/A = — /m?




Dimensioning of sedimentation tanks

» Key parameter: surface load (Q/A, m/s), 1.0-2.5
* Pre-sedimentation: Q/A: 2.0-2.5
» Secondary sedimentation in activated sludge (AS), 0.8-1.3

—in addition to the surface load the sludge concentration, SVI, basin
geometry and water depth are important

» Water depth >2.5 m (AS: >3.5m)

Dimensioning guidelines —
secondary sedimentation after AS
* Sludge volume SV (ml/l) = SVI (ml/g SS) - X (g SS/I)

—SVI: sludge volume index; X: sludge concentration
—SVI should be between 100-150 for WW without much industrial input




Construction guidelines

* Flow rate of inlet in sedtanks after AS or coagulation should be <
0.4 m/s and < 0.2 m/s at Q. gim

* For bigger horizontal tanks L/W > 6

 For quadratic and circular tanks, the slope of sludge bottom > 60°

Lamella plate and tube settlers

N

- Tube Sett

| nm‘—““—_.;&s ____________________________ S ————
y I
RRAS a8 A8Asssstesnaseterti il : poening I Treated Water
— E LES Launder
: V : ! Tube Settlers
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Sludge e e el * e
< Withdrawl Pipe Particulates
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Vent Valve\

Chamber

Clarification/
Flocculation
Area

Collection

Channel

Collection
Laterals

Blowdown
TREATED WATER

Pipes

Settling
Plates

Concentrator.
WATER INLET

" PAC + =
g i L8 g Coagulant
Dgrt]rg?]lgg:lm = Distribution
> Laterals

Fluidised powdered activated carbon bed

Operating principle of Pulsazur

Plug Flow Reactor vs Continuous Stirred-Tank Reactor

e e B
— —> —
Plug flow
reactor
g |
E |
f
t
Combination Actual C—- ?
reactor
- s i f
“4F
=
CSTR r ==

RTD(1)




Optimising sedimentation tank hydraulics: =
CFD: Computational Fluid Dynamics
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FLOTATION PROCESS

Feed —» ]
Bubbles
Slurry

Agitator




Dissolved Air Flotation System

Suspended Waste
Scraper Collected and
D A F b I - s M S T A

Removed
~ 1 %
I T L T Outlet Weir
Wastewater
Enters DAF e ®
Underflow Weir S

Sludge

Recycle Stream l
Air Saturated .
Water @ 80psi ’ S — T = — 3
Compi

Reeycle Pump
ressed Air 30hp

lizatis ical
Influent Equalization Chemical

Dissolved Air Biological Filtration/
Tank Reaction Tanks ’ Flotation [kl - —= Effluent
1 g
i .
Tank
|
¥

. Deowatering

|
Process flow chart Dlopaidl

Filtration

Aggmx. Molecular Wt. 100
(Saccharide Type-No Scale)

Visible to Naked Eye
lonic Range
Micrometers

Molecular Range Macromolecular Range
(Log Scale)

Macro Particle Range

200 1000 10,000 2I|J.000 100,000

Albumin Protein Yeast Cell

Paint Pigment
Endotoxin/Pyrogen Bacteria Beach Sand
Radius ]
. m A_C_Fine Test Dust nmw(ir;l&uéaarmm
RS?IZaetI:fe | Metal lon | synnﬂ;ﬂc Tobacco Smoke Milled Flour
Common Latex/Emulsion
Materials Pesicido Colloidal Silica Blue Indigo Dye Pollen
Human Hair
Gelatin Coal Dust
Prc;gfss Rq&mls PARTICULATE FILTRATION
Separation NANOFILTRATION

Note: 1 Micron (1 x 10°8 Meters) = 4 x 10-5 Inches (0.00004 Inches)

@ Copyright 1998, 1996 1993, 1990, 1984 Osmonics, Inc., Minnetonka, MN, USA
1 Angstrom Unit = 10-'0Meters = 10-# Micrometers (Microns)




Slow and rapid sand filters

Slow Sand Filter

Schmutzdecke
A
— Turbidity < 10 NTU

t)
Fine Sand
—— S Gravel g

i —
To
To Waste Slow Sand Filter Distribution
Up to 2 days Clearwell
Filtration Rate = 0.015 - 0.15 gpm/ft2 @m&c‘m

Rapid sand filter Slow sand filter

Area Small area Large area
Rate of filtration(L/m2/hr) 200 mgad 2 mgad

Sand size (diameter) 0.4-0.7 mm 0.2-0.3 mm
Pretreatment Coagulation & sedimentation Sedimentation
Filter cleaning Backwashing Scraping
Operation More skilled Less skilled
Removal of colour Good Better
Removal of bacteria 98-99% 99.9%-99.99%

Filtration mechanisms
Gravity settling ™

-
-
————
-

i Fiber cross
Diffusion --- “>  section

Direct interception i
Electrostatic attraction




Dual media filters

Raw water inlet

Filtering media

Grave| layer

Alr scour

Filtered water outlet
Backwash water inlet

MNozzles floor

Washwater outlet

Inlet

Anthracite

Sand

Pebbles

Gravels

Outlet

Strainer

Mechanical treatment

o L]

Siaves Disinfection
- ozonation
- chlorination
-uv

pH / Alkalinity
adjustrment

Mechanical treatment with filtration

z
Ex
K}
<&
-3
53

Disinfaction
- ozonation
- chlorination
-uv

GAC or PAC

adsorption

Conventional water treatment process without filtration

adjustment
Coagulant

- pH / Alkalinity

Flash Flocculation

mixing

Conventional water treatment process

pH / Alkal
adjustme nt
Coagulant

Flash Flocculation

mixing

o
=
o
E
=
7}
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z
s
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x
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Disinfection
- ozonation

- chlorination
-uv

pH / Alkalinity
adjustme nt

Disinfection
- ozonation
- chlorination
-uv

GAC or PAC
filter adsorption




Water treatment process with flotation I_S e
M j—'
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Disinfection
- ozonation
- chlorination
-uv

Flocculation

mixing

GAC or PAC
adsorption

2
2,
£z
2

EL
23
T3

Two-media
filter

Flotation

Direct filtration process

pH / Alkalinity
adjustment
Coagulant
Palymer

Disinfaction

- ozonation
Flash Flocculation - Gﬁ“!onnatlon
i -
miing Filtration GAC o1 PAC
adsorption
Contact filtration
g z
£ & %
SE s T SE
<53 E =5
=2 ® = 3
7 S 5 53

Disinfaction
- ozonation
- chlorination
-uv

mixing

Filtration GAC or PAC
adsorption




Physical unit processes
in water and wastewater treatment:
Screening, sedimentation, flotation and (filtration)

THT311

REIIEIREIENEEE
Professor, RealTek

Classification of treatment processes
Drinking water treatment Wastewater treatment
 Physical and Chemical processes » Sequential order of treatment
—Removal of particles, NOM, metals and — preliminary, primary, secondary, tertiary,
toxic matter advanced
—Removal or inactivation of pathogens
— Softening * Main process mechanisms

- Biological processes: — physical, biological, chemical

— contaminants in polluted raw water
* heavy metals,
* natural organic matter,
* inorganic non-metallic matter,
+ disinfection by-products,
* endocrine disrupting
* microbial contaminants.




Physical processes — water intakes

* Removal of large materials at the water intake
—Leaves, algae
—Small fish River Intake
—Other debris

Valve regulators [

To treatment works

Sump well

Lower Flood Level = : River Ban k

Suction pipe

Fine
Screen

Penstock with
coarse screens

River Bed

During Maximum flood level, Valve 1 will be opened

Water hyacinth at Lake Victoria

Screen types — (waste)water treatment

[Pore opening

Coarse screens >10mm

10mm-2mm
Coarse micro- screens 2mm-0.5mm

Micro-screens 0.5-0.1mm
Fine micro-screens <0.1mm




Preliminary treatment
To protect downstream treatment process

» Screening and comminution (physical)
—timber, stones, rags, paper

>0.6m/s at Qdim to
avoid sedimetation

—bar screens and rotating screens (0:28)

Screens are often closed... (why?)




Fine micro screens

Fine Sieves / Fine screens:

» 40-60% of organic fraction of TSS are from toilet paper tissues
» Majority can be removed with sieves >500 microns.
« Combination of sieves with chemicals

Salsnes/Trojan: 50% TSS & 20% BOD removal




Grit and sand removal /Fett- og sandfang

* Grit removal (physical)
—sand and grit
—Aerated sand traps (luftet sandfang)

o

|
i

Grit and sand removal




Grit and sand removal /Fett- og sandfang

« Grit removal (physical)
—sand and grit

Sand from sand-traps

» Washed sand can be deposited (considered not hazardous)




Separation processes

To produce

» clarified water

» effluents to reduce the pollution load to secondary processes or to/and recipients
A natural part of after many other unit processes

Sedimentation Flotation Filtration
FLOTATION PROCESS
_— Inlet
Clear liquid owerflow e
|
VA |l| N ——
Air Supply pipe used

' _— to introduce
Settling zone backwater for
Feed —» i cleaning filter

Bubbles

Sludge zone Slurry
l Agitator

History of sedimentation

Egypt, 1450 BC
Syphoning of water or wine

L

Rome, 1680, Water
to aqueducts

Al %.‘!.iqf% : ‘

UK, 1790, Lancashire filter




Classification of particle settling: 4 types

~3000

Water displaced Type IV
' from pores as particles Compression
settle and compress settling

Particles compact

as settling proceeds _Large number of
- particles form blanket that

overtake other particles

. |

ko)

E

5 8

@ 2| Typell

€ ' | Hindered

g or zone

I} settling

o

o

o

5 8

& o Typel Particles settling Type Il Differential
Discrete  without influencing Flocculant flow paths

g:trrtliicnlg other pallrlicles settling _ :
TTT;*’,\TT ?ﬁ?\é\r :

T |
T 1 T T Flocculant
particles
Discrete Flocculant
Particle morphology

Stokes law and terminal velocity (V1)

+ Drag force (Stokes law), Fp =61nrv (n= viscosity, r = radius, v= velocity)

* Buoyance force (Newtons law) FB=§1Tr3og (o= fluid density, g = gravity)

Fe=irr’cg Fp=6mpre  Gravity force Fg= grrrf*pg (p =particle density)
t ¢

© g Rt
Fe=3nrpg . %rng = 6|']V + §r209

» BNV = 3r2pg <1209 = 2r2(p-0)g




Approximate sedimentation times of

particles in water

Diameter, um type sed.tid pr 1m
1000 sand 10 sec
100 Fine sand 2 minutes
10 Clay 2 hours
1 Bacteria 8 days
0,1 colloid 2 years
0,01 colloid 20 years
0,001 colloid 200 years

Physical methods

1nm

0.0000001 0.000001 0.00001 0.0001

1 um
0.001 0.01

| Molecules |

Colloids

1mm 1cm

1

10

Diameter, um type sed.tid pr 1m
1000 sand 10 sec
100 Fine sand 2 minutes
10 Clay 2 hours
1 Bacteria 8 days
0,1 colloid 2 years
0,01 colloid 20 years
0,001 colloid 200 years

Typical removal rates W|

60%
30%
15%
15%




Primary treatment

* Primary sedimentation: suspended
matter settles under gravity.

» Rectangular (horizontal flow),
circular (radial flow), upward flow

Sedimentation tanks

— outlet

| sludge seraper
on pulley system

)

decanting trough
(outtiow)

()

(a) rectangular horizontal flow tank;
(b) circular, radial-flow tank;
(c) hopper-bottomed, upward flow tank




Sedimentation

1 — Raw water.
2 - Treated water.
3 = Drain.

Surface load, m/s

m3
Flow/area= Q/A = — /m?




Dimensioning of sedimentation tanks

» Key parameter: surface load (Q/A, m/s), 1.0-2.5
* Pre-sedimentation: Q/A: 2.0-2.5
» Secondary sedimentation in activated sludge (AS), 0.8-1.3

—in addition to the surface load the sludge concentration, SVI, basin
geometry and water depth are important

» Water depth >2.5 m (AS: >3.5m)

Dimensioning guidelines —
secondary sedimentation after AS
* Sludge volume SV (ml/l) = SVI (ml/g SS) - X (g SS/I)

—SVI: sludge volume index; X: sludge concentration
—SVI should be between 100-150 for WW without much industrial input




Construction guidelines

* Flow rate of inlet in sedtanks after AS or coagulation should be <
0.4 m/s and < 0.2 m/s at Q. gim

* For bigger horizontal tanks L/W > 6

 For quadratic and circular tanks, the slope of sludge bottom > 60°

Lamella plate and tube settlers

N

- Tube Sett

| nm‘—““—_.;&s ____________________________ S ————
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RRAS a8 A8Asssstesnaseterti il : poening I Treated Water
— E LES Launder
: V : ! Tube Settlers
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Sludge e e el * e
< Withdrawl Pipe Particulates
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Vent Valve\

Chamber

Clarification/
Flocculation
Area

Collection

Channel

Collection
Laterals

Blowdown
TREATED WATER

Pipes

Settling
Plates

Concentrator.
WATER INLET

" PAC + =
g i L8 g Coagulant
Dgrt]rg?]lgg:lm = Distribution
> Laterals

Fluidised powdered activated carbon bed

Operating principle of Pulsazur

Plug Flow Reactor vs Continuous Stirred-Tank Reactor

e e B
— —> —
Plug flow
reactor
g |
E |
f
t
Combination Actual C—- ?
reactor
- s i f
“4F
=
CSTR r ==

RTD(1)




Optimising sedimentation tank hydraulics: =
CFD: Computational Fluid Dynamics
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FLOTATION PROCESS

Feed —» ]
Bubbles
Slurry

Agitator




Dissolved Air Flotation System

Suspended Waste
Scraper Collected and
D A F b I - s M S T A

Removed
~ 1 %
I T L T Outlet Weir
Wastewater
Enters DAF e ®
Underflow Weir S

Sludge

Recycle Stream l
Air Saturated .
Water @ 80psi ’ S — T = — 3
Compi

Reeycle Pump
ressed Air 30hp

lizatis ical
Influent Equalization Chemical

Dissolved Air Biological Filtration/
Tank Reaction Tanks ’ Flotation [kl - —= Effluent
1 g
i .
Tank
|
¥

. Deowatering

|
Process flow chart Dlopaidl

Filtration

Aggmx. Molecular Wt. 100
(Saccharide Type-No Scale)

Visible to Naked Eye
lonic Range
Micrometers

Molecular Range Macromolecular Range
(Log Scale)

Macro Particle Range

200 1000 10,000 2I|J.000 100,000

Albumin Protein Yeast Cell

Paint Pigment
Endotoxin/Pyrogen Bacteria Beach Sand
Radius ]
. m A_C_Fine Test Dust nmw(ir;l&uéaarmm
RS?IZaetI:fe | Metal lon | synnﬂ;ﬂc Tobacco Smoke Milled Flour
Common Latex/Emulsion
Materials Pesicido Colloidal Silica Blue Indigo Dye Pollen
Human Hair
Gelatin Coal Dust
Prc;gfss Rq&mls PARTICULATE FILTRATION
Separation NANOFILTRATION

Note: 1 Micron (1 x 10°8 Meters) = 4 x 10-5 Inches (0.00004 Inches)

@ Copyright 1998, 1996 1993, 1990, 1984 Osmonics, Inc., Minnetonka, MN, USA
1 Angstrom Unit = 10-'0Meters = 10-# Micrometers (Microns)




Slow and rapid sand filters

Slow Sand Filter

Schmutzdecke
A
— Turbidity < 10 NTU

t)
Fine Sand
—— S Gravel g

i —
To
To Waste Slow Sand Filter Distribution
Up to 2 days Clearwell
Filtration Rate = 0.015 - 0.15 gpm/ft2 @m&c‘m

Rapid sand filter Slow sand filter

Area Small area Large area
Rate of filtration(L/m2/hr) 200 mgad 2 mgad

Sand size (diameter) 0.4-0.7 mm 0.2-0.3 mm
Pretreatment Coagulation & sedimentation Sedimentation
Filter cleaning Backwashing Scraping
Operation More skilled Less skilled
Removal of colour Good Better
Removal of bacteria 98-99% 99.9%-99.99%

Filtration mechanisms
Gravity settling ™

-
-
————
-

i Fiber cross
Diffusion --- “>  section

Direct interception i
Electrostatic attraction




Dual media filters

Raw water inlet

Filtering media

Grave| layer

Alr scour

Filtered water outlet
Backwash water inlet

MNozzles floor

Washwater outlet

Inlet

Anthracite

Sand

Pebbles

Gravels

Outlet

Strainer

Mechanical treatment

o L]

Siaves Disinfection
- ozonation
- chlorination
-uv

pH / Alkalinity
adjustrment

Mechanical treatment with filtration

z
Ex
K}
<&
-3
53

Disinfaction
- ozonation
- chlorination
-uv

GAC or PAC

adsorption

Conventional water treatment process without filtration

adjustment
Coagulant

- pH / Alkalinity

Flash Flocculation

mixing

Conventional water treatment process

pH / Alkal
adjustme nt
Coagulant

Flash Flocculation

mixing

o
=
o
E
=
7}
=]

]
]

z
s
‘=
x
==
—~
I
[=%

Disinfection
- ozonation

- chlorination
-uv

pH / Alkalinity
adjustme nt

Disinfection
- ozonation
- chlorination
-uv

GAC or PAC
filter adsorption




Water treatment process with flotation I_S e
M j—'

g = N
£5 ¢ £5
=
I ZE
2z £ )
8 3 2 53

Disinfection
- ozonation
- chlorination
-uv

Flocculation

mixing

GAC or PAC
adsorption

2
2,
£z
2

EL
23
T3

Two-media
filter

Flotation

Direct filtration process

pH / Alkalinity
adjustment
Coagulant
Palymer

Disinfaction

- ozonation
Flash Flocculation - Gﬁ“!onnatlon
i -
miing Filtration GAC o1 PAC
adsorption
Contact filtration
g z
£ & %
SE s T SE
<53 E =5
=2 ® = 3
7 S 5 53

Disinfaction
- ozonation
- chlorination
-uv

mixing

Filtration GAC or PAC
adsorption




Microbiological parameters



Water microbiology

The biological world

The microbiological worl

d

The universe

Micrometers

Kilometers Meters
—_— = = - — —
1020 | | 10 { |whales :'-'.""103—
109 { |Mmiky way ! !
| i Valvox
I 1 ]
i I
r |
! Birds !
_ o107 !
9.5 % 1012 { |Light year ! ! 102- Euglena
' ' =1
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{ 2 | ! Cydiotelia
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7x10° ] |sun | 1074 | Mycobacterium | Anabaena /  qiardia jamblia Mo
4 o
1.3 x 10" { |Earth i
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1 |
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__________ | 107
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microscope
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Pathogens in drinking water

Median infectious

dose, Neg Organism
100,000,000 +
T | Pathogenic Escherichia coli |
10,000,000 1+ Vibrio cholerae
Salmonella typhosa
1,000,000 4
Bacillus anthracis
100,000 +
Salmonella
10,000 +
1,000 + | Campyilobacter jejuni |
| Entamoeba coli | Shigella
Palio |
100 T [ Echovirus 12 | Coxsackio
Cryptosporidium
parvum Hepatitis A
10 1 | Giarda lamblia | | Franciscella tularensis

Botavirus

| Adenovirus 4 |

Mortality ratio Organism
100%
Bacillus ;:f;g cnoterea Franciscella
anthracis Classic
Salmonelia typhi
Mo antibiotics
10% T
Shigella dysenteriae
Vibrio cholerea Hepatitis A
biotype 01 P
El Tor & 0139 Bengal ,
1% 1 Salmonella typhi
Coxsackic B with antibiotics
Coxsackie A Escherichia coli
Echo virus | | Entamoeba histolytica | |©O157:H7
1
Shigeila spp.
Cryptosporidium
0.1% 4 Giardia lambiia ||Salmonelia spp. ||parvum
Poliovirus Adenovirus Rotavirus Norwalk
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Microbiological methods

e Plate culture

Place sample of Add liquid Mix bacterial sample Bacterial colonies
bacterial dilution nutrient agar and agar by swirling grow in and on
in empty petri dish solidified growth

(a) medium

Place sample of Spread sample Bacterial colonies
bacterial dilution on surface grow on surface
on growth medium of growth medium

(b)



Microbiological methods

* Enzyme-specific tests

Enzyme specific
substrate reagents

/\\

Bottles i

incubated __g | = 2
incubate
at 35°C - —
for24 h —
< N
Water Water sample Heagent Mo color Yellow color Yellow color and
sample :gﬂ-ledl é? r:ego Q.ltL chemicals indicates total indicates flourescence
pbotll 9 added to coliform absent  total coliform  indicates E. coli
@ e 100 mL bottle present present
Quanti-Trays are sealed and
Enzyme specific placed in 35°C incubator for 24 h
substrate reagents
/_\“““L Setes Sasue
Beles!
Ooooo oo@oo 0ogoo
Oooooo ooood oogooo
o000 Ooooo.d oofoo
== - - Oo0oon aoooo || 0000
O0o00o ooood ooooo
o0ooon oooono poooo
Oooooo Oooood ooooo
O0o0o OoOoOood OooOdo
Water Water sample added Reagent o000 gaooo goodo
sample to 100 mL sample/ chemicals o000 o o ooooo
reagelrltgotﬂ‘es {e.g., added to Vel ; Vel 5
sample dilution is 10 gach 100 mL Water sample with Yellow cells ellow an
mL added to 90 mL bottle reagents poured into |nggﬁll:.;nt$;al r:ﬁg{::f:g f;:'lllf'

deioniozed water) Quanti-Tray

(b)




Discussion session

 What surprised you in this course, and why?
* What'’s the most important thing you learned? Why do you think so?

 What do you want to learn more about, and why?




Chemical methods and application

THT311

Harsha Ratnaweera

Coagulation

* Main objectives:
—Remove particles

—Remove NOM (in DWT)
—Remove phosphates (in WWT)




Mechanical vs chemical treatment

60% 80-90%

1nm 1 um 1 mm
0.0000001 0.000001 '0.00001 0.0001 0.001  0.01 0.1 1

[ Suspended Solids__|

Mechanical treatment

Mechanical treatment with filtration

pH / Alkalinity
adjustment

DWTP o -8

Sieves Disinfection Sieves
- ozonation
- chlorination
-uv

Conventional water treatment process without filtration

z
Lo

EE S 5
23 £
ifé )

Sieves

-uv

Conventional water treatment process

pH / Alkalinity

adjustme nt
Coagulant

Disinfection
- ozonation
- chlorination

pH / Alkalinity
adjustment

Disinfection

- oZonation
- chlorination
-uv
GAC or PAC
adsorption
=y
EE
m Y
= E
<&
=y
iR
=
Et
St
<&
=3
iR

Disinfection
- azonation
- chlorination
-uv

GAC or PAC
adsorption




Water treatment process with flotation

z =
EE & =4
EU c o
EHH £}
22 25
=N =4
8 S i8

DWTP

Disinfection
- ozonation
- chlorination
-uv

GAC or PAC
adsorption

Direct filtration process

2 2
=53 EE
3¢5 3t
53 % 2k
% 8 g

Disinfection

- ozonation
- chlorination
-
mixing Filtration GAC or PAC
adsorption
Contact filtration
z
=2
37
=&
=3
%

Disinfaction
- ozonation
- chlerination
-Uv

Filtration GAC or PAC
adsorption

u
Chemical treatment |—MG

Coagulant Polymer ]

- ozonation
- chlorination
-w

i

WWTP &

Chemical-Biological i precipi

Grit removal uam:h.wm o

Chemical-Biological treati t. Pre-pr
Coagulant Polymer

Blological treatment
(activated sludge

o or ablofilm)

Chemical-Biological Post-precipi

Grit removal (activated sludge mixing
or blofiim) &4

Chemical treatment-CEPT

ulant

Disinfection
- ozonation
- chlorination
-uv

Grit removal




Particle removal mechanisms
(The 4 coagulation mechanisms)

« Compression of Double Layer
* Adsorption-charge neutralization

* Bridging
» Sweep floc

Colloidal stability
Potential energy

Derjaguin—Landau—Verwey—Overbeek
VT = VA+VR+VS

Attractive force: VA =-A/(12nD?)
Repulsive force: VR = 2nea? exp™?

Solvent potential VS = negligible

A is the Hamaker constant and D is the distance between the

particles

where a is the particle radius, € is the solvent permeability, K is
a function of the ionic composition, and T is the zeta potential.

Electrical
Repulsion

Repulsive Energy

Distance Between Colloids

Electrostatic repulsion is always shown as a
positive curve.

Distance Between Colloids
T T

Van der Waals
Altraction

Attractive Energy
T

Van der Waals attraction is shown as a negative
curve

Y
.
L
+
.
L »*
*,— Electrical
z :
= . Repulsion
4 .
c A
U . Net Interaclion
2 o\ Energy
= *
2 Energy
2 !
e | Barrier
. .
Y
Distance Between Colloids
- L4
[ L
*
\
L D Energy Trap
3 s
= AR van der Waals
ﬁ r N Attraction
'
@ [
- L )
=
5] ]
i »
- ]
< n
| ]
1 ]
1 1 ]
[ ]
n

Interaction

The net interaction curve is formed by subtracting the

attraction curve from the repulsion curve.




Shulze-Hardy rule

An empirical rule summarizing the general tendency
of the critical coagulation concentration to vary
inversely with the sixth power of the counter ion
charge number of added electrolyte, without specific
absorption (or chemical reactions)

1N (1Y (1Y
MMM == s = =] =100:1.6:0.3
1 2 3

Can be derived from the DLVO theory

Sea water addition to ww

.|
» Seawtaer has Ca?* and Mg?* which positively P
infleunce coagulation ’

» Several WWTPs along the coast add upto 2
8% seawater. P { !
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i Al(H,0)§"
Aquo Al ion (Ho0)5
" -
Hydrolysis —= Hydrogenion
. 2+
Mononuclear species  Al(OH)(H,0)5

ABB* + H,0 > AI(OH)2* + H*
Al(OH)2* + H,0 > AI(OH),* + H*
AI(OH),* + H,0 > AI(OH),¥ + H*

Release of H+ : pH reduces

¥
Vo
Al;304(OH)2

—_—

Polynuclear species

Vv

—

Precipitate Al(CH)4(s)
|1 —

Aluminate ion Al(OH),

Hydrogen ion

Hydrogen ion

Hydrogen ion




Adsorption- Charge Neutralization !
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Charge Reduction

Coagulant addition lowers the surface charge and
drops the repulsive energy curve. More coagulant
can be added to completely eliminate the energy
barrier

Bridging

Bridging

Each polymer chain attaches to many colloids.




Sweep floc

-

&

P

Sweep Floc

Colloids become enmeshed in the growing precipitate.

Solubility diagrams

10°

1072

10~ |—

1078

1078

101 |/

Concentration of metal, mole/L

io"z

1071

[Fe(OH)3] |

L)\ BN

log[AI**] = 10.8 — 3pH
log[AIOH?*] = 5.8 — 2pH
log[AI(OH)] = =122 + pH

Cr=[AR*] + [AIOH?*] + [AI(OH)7]

0O 2 4 6 8 10 12 14
pH

log[Fe®]= 3.2 — 3pH

log[FeOH?*] = 1.0 — 2pH

log[Fe(OH)3] = —2.5 — pH

log[Fe(OH),] = —18.4 + pH

Cy = [Fe*] + [FeOH?*] + [Fe(OH)3] + [Fe(OH)3]




Coagulation diagrams

—2
L (AM) Al(OH); (s) el
Al(CH) Sweep =)
-3 coagulation AI(OH),’ 300 E_
100 O,
Restabil- m o
-
3 —4 [ ization zone Optimal sweep 0 »
£ (boundary o i0 <
2 changes Combination \ oy
= -5 [ with colloid) (sweep and 3 »
< adsorption) <
o - - -k 1 @)
L) Adsorption Charge neutralization (55}
—6 | destabilization to zero zeta potential 03 =
A with AI{OH), (s) <
' Charge neutralization to %
L zero zeta potential with £
AR+ Al,(OH),"/AI{OH), (s) 5
=
-8
0 2 4 6 8 10 12 14

pH of mixed solution

0
Restabilization zone
(changes with colloid
-2 or surface area)

(AM) Fe(OH)(s)

Sweep
coagulation

-6 Adsorption
destabilization
8 Feyta
\ Fe(OH),
-10
Fe(OH)* Fe(OH).
-12

0 2 4 6 8 10
pH of mixed solution

12

14

270

27

2.7
0.27

Ferric as FeCl; 6 H,O, mg/L

Average dosing

Coagulant Optimal pH Normal dosage, mg-Me/I
Al3+ 6.0-7.0 1.5-3.0 mg Al/I
Fe3+ 4.5-5.5 3.0-6.0 mg Fe/I
PAX 6.5-7.5 1.0-2.5 mg Al/I

* Why is it necessary to add almost twice Al for Fe?
* If you have a hard water with high pH, which coagulant?
* If you have soft water and pre precipitation, which coagulant?




Colloids & coagulation \\ \\

L \‘ ccc

o

E

g

o

2

“" ums
8 ﬂfﬁgvifﬂ
: ‘%‘
[

g " T

s ,o" :ccc'i ZONE 1 Insutficien: Coaguiant

5]

L L
5 S 5
COLLOID CONCENTRATION, S m? I

Figure 4.3 Zo'ne ofdeslablllzamn and restabilization at a given pH value as related to
colloid and lant dosage, Cr. (Adapted from Stumm and O'Melia,

1968).

e Zone 1 indicates that insufficient coagulant has been applied to the colloidal
suspension and that destabilization does not take place.

e Zone 2 refers to the region in which destabilization has taken place.

¢ Zone 3 is that region where destabilization and then, restabilization has taken
place, due to excessive coagulant addition.

¢ Zone 4 is the region where the coagulant dosage is high enough for oversatu-
ration, and precipitation of metal hydroxide species to occur. THT271-272

Phosphate removal mechanisms

» Chemical reactions with Al, Fe, Ca with P resulting in MeP-complexes

» Adsorption or sweep floc of MeP, complex and various ions to particles which
separates.

- Me3* + PO,> 2 MePO, (MePOQ,), (OH),,,
« AR*+ PO,3 > AI(PO),




Coagulants and mechanisms

Water type Drinking water coagulation Wastewater coagulation
Mechanism and Inorganic Organic coagulants | Inorganic Organic
coagulant type coagulants coagulants coagulants
Double-layer Occasionally Not applicable Used when Not applicable
compression seawater is

available
Adsorption-charge Dominant Occurs with Occurs frequently | Occurs with
neutralisation cationic polymers cationic polymers
Inter-particle Not applicable | Dominant Not applicable Dominant
bridging
Colloidal Occasionally Not applicable Dominant Not applicable
entrapment (Sweep
floc)

Selection of coagulants

* Traditional
* Al3+ (Aluminiumsulphate, Aluminiumchloride)
* Fe3+ (Iron Chlorode, Iron chloride suplpahte)
» Ca2+ (Calcium hydroxide)
* Fe2+ (Iron Sulphate)

* New (innovative)
* Prepolymerized (PAX, PIX)
» With Slica/water glass
» With Ca2+
» With flocculants
* Chitosan
o Ti¢* & Zrtt




Challenges

* Too little P after pre-precipitation
* Too low pH after pre precipitation

* Too strong binding of P to Al/Me so poor accessibility of P to plants

* Too much sludge?

* Sludge too difficult to process?
* Working pH range vary

* Price Fe?*vs Fe3*

Influence of Prepolymerisation

Coagulant OH/Me | Me[PO], %
Aluminium sulphate 0 o7
Iron Chloride 0 96
Poly-Aluminium Chloride | 1.1 43
Poly-Aluminium Chloride || 1.7 35
Poly-Aluminium Chloride |l 1.9 25

OH/Al A\ Al[PA] A = AI[POV




CEPT- Chemically Enhanced Primary Treatment

» Using external chemical addition to increase particle capture within primary

treatment
* External chemicals:

—Coagulant — typically a metal salt like alum or ferric chloride

—Polymer — “tie it all together

How can CEPT increase energy production?

Conventional Prlmi:u_'v Treatment 55% to 75% of Infl. BOD,

to Secondary Treatment

25% to 45% of Infl. BOD; to
Anaerobic Digestion

Chemically Enhanced Primary Treatment

Ferric or ;ﬂulum‘L v;ch,,,m.r

20% to 60% of Infl. BOD,
to Secondary Treatment

40% to 80% of Infl. BOD;
to Anaerobic Digestion

Electro coagulation

* Advantages?

Physical Remaval
(Sweeping Coagulation
Enmeshment in flocs)

Biomass Disinfection by
Electrochemical
Coagulation

Inactivation by Reactive
nm napecies
(*OH, H,0,, 0 0,7 )

i
2
B
g
i
a

influence by electric

Inactivation by
antimicrobisl agents
(€1, HOCL, OCT )

Chﬂ'!ﬁ
Naulrall

f"“) Pullutants ("“)
':ﬁ.' . H(OH) . /

1 Coagulation

Precipitation




Ballasted coagulation — micro sand

Sludge
Microsand Ballasted Flocs to Hydrocyclone

HYDROCYCLONE

Coagulant Polymer
Microsand

Clarified Water

COAGULATION TANK FLOCCULATION TANK SETTLING TANK WITH

WITH TURBOMIX™ LAMELLA AND SCRAPER c

Ballasted coagulation — magnetic particles

Loading Coagulation and Magnetic Separation Technology

Flocculant|| P
@ @ Magnetic Filter

Core components

Influent P Effluent

®Magnetic Fitter
Magnetic @®Mixing Tank
Ballast @® Magnetic Material

$ Sludge Processing

Magnetic Drum




Flocculation

* Organic flocculants

— PAA, very low dosages (1-2% of coagulants), 15-25 costly as coagulants o

 Can reduce the sludge volume considerably #

— surface loads can increase from 0.5-3.0 to 3-10 m/h |

e
101 Polymer t
* Construction

— Pedal flocculators

— Tube-flocculators

Zeta Potential, mV/

Cationic Coagulant Aid
Zeta potential curves can be used to evaluate the
charge neutralizing properties of cationic polymers.

Flocculation - advantages

*Increase of process stability
—Stronger and heavier flocs
—Less floc brekage undre transport

—(somewhat) less infleunced by over- and under dosage
—More compact slidge




Flocculators

Figure 300. Paddle type flocculator. Figure 301. Propeller type flocculator.

Flocculation chambers

Advantages and disadvantages?




Flocculation intensity

 Rate of aggregation (%) of smaller particles to flocks
(aggregates) is a function of
—\Velocity gradient, G
—Mixing time (duration), T (reactor volume/Q)
—Concentration of particles, ¢

G =(Hm)_1/2 or in a pipe: G= %

» W=added energy per volume, watt/m2
* Y, = absolute viscosity, kg/m.sec

« f= coefficient of resistance, f=100Re*-2%, where R=v
d/0; v=flow m/sec; d= diam, m; 0=kinetic viscosity, m?/sec

noee (G-value
7 (Velocity gradient)

Ny

s * M= number of chambers

» ¢ = concentration of
particles

e T = retention time

—Sedimentation needs
big and heavy flocs

m (lowering G)
S G,=G,=G, . .
S, —Flotation needs light

and smaller flocs (high
& even G)




Separation

» Sedimentation
* Flotation
* Filtration

1 — Raw water.
2 — Treated water.

3 = Drain.

Figure 303. Cylindroconical settling tank.

Design parameters

Effluent concentration: 2-3 g P/ m®

Biclogical phosphorus removal
Simultaneous precipitation, Fe'" or A1, MR = 0.8
Preprecipitation, A", MR = 1.

Effluent concentration: 1-2 g P/m®

Simultaneous precipitation, Fe** or AI™*, MR = 1
Preprecipitation, Ca’" + Fe'*, pH 8-9, MR (Fe) = 1
Direct precipitation, Ca", pH 10-11

Direct precipitation, AI"™"*, MR = 1.5

Post precipitation, A1***, pH 6.5-72, MR = 1

Effluent concentration: 0,5-1 gP/ m?

Simultaneous precipitation, Fe'" or Al***, MR = 1.5
Simultaneous precipitation + preprecipitation or soil ponds, Fe™
orAl"™"" , MR =15

Post precipitation, AI""", pH 5.5-6.5, MR = 2

Direct precipitation, Ca*™, pH 10-11 + sea water
Preprecipitation, Ca** + Fe**, pH 9-10, MR (Fe) = 1.5

Effluent concentration: 0.3-0.5 g P/m’

Simultanecus precipitation, Fe™* or AI"™** + contact filtration Fe™
or Fe*™*, MR both processes = 2.

Post precipitation, AI"™, pH 5.5-6.0, MR = 2, + contact filtration,
Fe'™', MR = 2.

Table 10.2
phosphorus.

phosphorus in the influent.

Example of processes of technical-financial relevance to obtain given effluent concentrations for total

The abbreviation MR (molar ratio) means: Number of moles of metal ions added per mole of total




Dosing control

» Optimal dosage = f(Q, SS, P, pH)
« Common dosing strategy : D=£(Q)

12

1.0

038

064

04

—Flow

024 ——Turbidity
——phosphates
0.0 T T T
00:00 06:00 12:00 18:00 00:00

time

Waste of coagulants?

» Optimal dosage = minimum dosage needed to achieve the required treatment efficiency

100
90 -
A
80 - by
70 A
T 60 A
[
j=2}
$ 50
]
x 40 -
30 A
20 4
10 A
0 T
0 1 2 3 4 5 6 7 8 9
Dose

38




Jar-test

Coagulant production - Global

Figure 1.4 Municipal and industrial chemicals forecast, 2011-2018

25,000

20,000
5 15,000
E Corrosion
# 10,000 — | | | | | | | B .

Coagulants
5,000 B siocies
. Activated carbon
0 2011 2012 2013 2014 2015 2016 2017 2018

S million 2011 2012 2013 2014 2015 2016 2017 2018
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Source: GWI
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What is wastewater?

Combination of the liquid or water-carried wastes

Household and municipal wastewater

Industrial wastewater (cooling and process water)
Agricultural wastewater

Rainwater overflows

Infiltrated water

Sources of wastewater

Source of wastewater

y
{ ! V

1. Agricultural 2. Domestic 3. Industrial
v
l A A4
1. Point source 2. Non-point sources » Washing / laundry « Canarles

s Poultry waste « Sediment runoff * Shower * Milk dairies

« Piggery waste « Nutrient runoff « Kitchen * Sugar factories

* Silage liquor (Commercial fertilizer) * Toilet/ e Breweries

* Dairy farming waste « Septic tank  Beverages

* Slaughtering waste * Schools s Abattoir

» Vegetable waste * Hospitals ¢ Fettilizer

* Firewater * Hotels/ restaurants * Pulp and paper
« Office s Tanneries
« Small business activities * Yeast manufacturing




Wastewater constituents

Nitrogen N, phosphorus P and carbon C
Industrial/commercial wastewater (Zn, Cu, Cr etc.)
Solid particles in suspension

Mostly carbohydrates, fats and proteins

Wastewater constituents

Viruses, bacteria, protozoa

Proved or suspected to be carcinogenic, mutagenic, toxic or
teratogenicity compounds

Not easily removed during conventional treatment pollutants
(phenols, pesticides, surfactants etc.)

Pollutants from household activities (Ca, Na, sulphate etc.)
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Definitions in UWWTD

"The organic biodegradable load having a five-day biochemical
oxygen demand (BODs) of 60 g of oxygen per day"

Generated load = "size" of agglomeration expressed in p.e.

1 p.e. means pollution load produced by 1 person within 24
hours and takes into account

e Resident and non-resident population
e Industries covered by Art.11 UWWTD
Industrial wastewater from small and medium enterprises

All_remaining urbhan wastewater

Open www.menti.com code 43 67 558




Some wastewater related problems

Human and wildlife acute and chronic health risks
Brain and nervous system
Endocrine system disruption
Toxicity
Cancer etc.

Drinking water source contamination

Infiltrated wastewater from sewage leaks into groundwater
Discharge of untreated wastewater into surface water

Poor ecological and chemical water status

Eutrophication

Wastewater status in 60’s and 70’s in Norway

* Almost no WWTPs
* But many sewers with poor quality

* Main purpose was to transport WW from housing
areas.

* "Dillution is solution to pollution”




Massive pollution....

* Increased use of water closets

» Septic tanks as the only treatment
 Serious pollutions in rivers, lakes and fjords.
* High bacteria concentrations

* Low oxygen content in recipients

» Massive algal blooms due to N and P

Masseforekomst av plank-
fonalger 1 Bispevika og

¢ Bjorvike G 1970-tallet.
Aker Brygge, Foto: Fehtanger Widaros
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Number of water closets in Oslo 1915-1948

Focus on WW treatment in 1970’s

* Pretreatment
* Mechanical treatment
* Biological treatment

» Chemical treatment- Mostly primary and secondary

treatment without biological stage
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Discharge permits in Norway: norskutslipp.n
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Wastewater treatment plants

About 2,500 municipal wastewater treatment plants have been built in Norway, 400 of which have
discharge permits from the County Governors. The municipalities themselves are responsible
authorities for the rest, that is to say for populated areas of fewer than 2,000 person equivalents in
the case of discharge to fresh water and fjord outlets, and of fewer than 10,000 for discharge into
fjords and coastal waters. There are also about 350,000 treatment plants for approximately 800,000
people who either live in sparsely populated areas or have cabins. For these too, the municipality is
the pollution control authority. Most wasteater treatment plants in Norway were built during the
period 1970 to 1985. There are still about 500 untreated discharges, covering approximately 350,000
persons, where treatment plants have yet to be built. Two trends are that new treatment systems are
being built for individual houses and cabins, while other buildings are being connected to the public
sewerage system and closing down their separate treatment plants. + Read more

Pollutants
Phosphrous total (p-TOT) Arsenic (As) Copper (Cu) Mickel! (i)
Suspended solids (ss) Lead (o5) Mereury (Hg) [

Trends of selected pollutants (see complete

Arsenic (as) Lead (Pb) Mercury (Hg)

Phosphrous total (p-TOT)
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Releases to air and water as well as transfers of waste from different sectors, both aggregated and at facility
level
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Cleaning method: Kjemisk-biclegisk

[Type vannforekomst for avispsvannet]: Kystvann

Permit and control reports (Nerwegian only): Permit, Control report 2011, Control report 2020
Monitaring report for the water body:

Authority: Statsforvalteren i Oslo og Viken
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EU Directives

e Bathing Water Directive 1976

e Sewage Sludge Directive 1986

e Drinking Water Directive 1998/2021
e Nitrates Directive 1991
e Urban Waste Water Treatment Directive 1991
e Water Framework Directive 2000

e Floods Directive 2007
e Groundwater Directive 2009

U
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2020
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UPCOMING

Public consultation

Consultation period
First quarter 2021

FEEDBACK: UPCOMING

Commission adoption

Planned for
First quarter 2022

FEEDBACK: UPCOMING

About this initiative

Summary

Topic

Type of act

Roadmap

Making sure that urban wastewater is clean and safe is vital for protecting public health and the
environment. This key part of EU water policy is covered by the Urban Wastewater Treatment
Directive.

This initiative will revise the Directive after a recent evaluation of it identified certain shoricomings
and new societal needs that must be addressed.

Environment

Proposal for a directive

FEEDBACK: CLOSED

Type

Inception impact assessment

More about roadmaps

Feedback period
21 July 2020 - 08 September 2020 (midnight Brussels time)
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Urban Wastewater Treatment
Directive (91/271/EEC)

Protect the environment from the adverse effects of
wastewater discharges

Collection, treatment and discharge of urban wastewater
Treatment and discharge of certain industrial wastewaters

Certain level of treatment (primary, secondary or tertiary)
depending on the sensitivity of receiving area

Definitions in UWWTD

Freshwater bodies, estuaries and coastal waters which are
eutrophic or may become in the near future if protection
measures are not taken

Surface freshwater used for abstraction of drinking water

which could contain 50 mg/L of nitrate (Directive
75/440/EEC)

Areas where further treatment is necessary to satisfy other
Directives




Sensitive areas in Nordic countries

Receiving water — agglomerations > 2000 pe Number (in red: % of total pe)

Coastal waters

Fresh water andestuaries

Less Normal Sensitive Less Normal Sensitive
sensitive sensitive (incl. soil)
Denmark Only sensitve areas Only sensitve areas
70 % 30 %
39 328
Sweden Only sensitve areas Only sensitve areas
58 % 48%
26 164
Finland
0% 0% 43 % 0% 0% 57 %
37 0 23 0 7 92
Norway
23 % 0% 42 % 0% 7 % 26 %
Iceland Only less sensitve areas Odegaard, 2017

Wastewater limit values in UWWTD ~

Parameter

BODs
Minimum % of reduction
coD
Minimum % of reduction
TSS
Minimum % of reduction
Total Nitrogen

10 000 - 100 000 p.e.

>100 000 p.e.

Total Phosphorus
10 000 - 100 000 p.e.
>100 000 p.e.

Igu

Type of waters

Normal waters

25 mgO02/L
70 - 90%
125 mgO2/L
75%

35 mg/L
90%

Sensitive Waters

25 mgO2/L
70 - 90%
125 mgO2/L
75%

35 mg/L
90%

15 mg/L (70 - 80%)
10 mg/L (70 - 80%)

2 mg/L (80%)
1 mg/L (80%)




WW discharge limits in Africa and Asia

4 4 Effluent Discharge Standards
Parameter Unit Afelca Asla
Nigeria Tanzania Ghana Uganda Thailand Malaysia India
Temperature . 40 -na- -na- 35 40 40 -na-
pH - 6-9 6.5-8.5 69 6-8 5.5-9 5590 6585
BOD mg Oy/L  30-50 30 50 50 20-60 50 30
COD mgOy/L  60-90 60 250 100 120-400 100 250
c:':e:z: mg/L 10 5 5 10 5-15 10 10
DS mg/L 200 3000 1000 1200 3000 -na- -na-
SS mg/L 25 100 50 100 50 100 50-100
Total N mg/L 10 10 -na- 10 -na- -na- 10

WW discharge limits in China

Inddicator Integrated Wastewater Discharge Discharge Standard of Pollutants for Municipal Environmental Quality Standards
Standard (GB8978-1996) Wastewater Treatment Plant (GB 18918-2002) for Surface Water (GB-3838-2002)
Grade | Grade Il Grade I-A Grade |-8 Grade Il Grade IV

58 20 30 10 20 30 -

€op 60 120 50 60 100 30

BODy 20 30 10 20 30 6

TN - - 15 20 - 1.5

P - - 0.5 1 3 0.3(0.1 ake)

NHy-N 15 25 5(8)" B(15)" 25(30)" L5

* Lower than 12 *C in the bracket,




Country PEtreated pH  t(C) ss Do cop BOD; ™ Total
(mg SS/) (mg O2/l) (mgCOD/l) (mgBODs/) (mgN/L) ammonium
(mg NH4-N/)

EU Urban Wastewater >2,000 35/90% 125/75% 25/70-90% -
Treatment Directive reduction reduction reduction
(UWWTD)P
10,000 - 15
100,000
>100,000 10
Ireland =10 30 20 5 20
=>2,000 UWWTD apply as a minimum, but may be more stringent to comply with Water Framework Directive (WFD)
France <20 30 35
20 - 2000 6-8.5 <25 50% 60% 35, 60%
reduction reduction reduction
=>2000 UWWTD apply as a minimum, but may be more stringent to comply with Water Framework Directive (WFD)
Romania =>2,000 UWWTD apply as a minimum, but may be more stringent to comply with Water Framework Directive (WFD)
Ecuador 6-9 +39 130 200 100 50 TKN 30
Tanzania 6.5-85 20-35 100TSS 80 30 15 TKN
Jordan 60 TSS >1 150 60 70
India 2015 6.5-9 20788 50 10 10 <5
India 2017/18 Metro 6.5-9 50 TSS 20
Non-metro 100 TSS 30
India NGT 2019 5.5-9 20TSS 50 10 10
India 1986°  Inland water 55-9 <5 100 250 30 100 TKN
Land irrigation 200 100

Note to the table: Coliforms represented include E. coli, Fecal Coliforms (FC) and Total Coliforms (TC).

?Detail for ranges of permitted consents omitted from this version for clarity.

PTP and TN only considered in designated “sensitive” areas.

90f the receiving water body:

"Total set covers a range of 40 parameters and three further application areas for discharge into public sewer, marine coastal areas.

Total
ammonia
(mg NH3-N/1)

5 as free NH3

TP

(mg PAl)

5diss.
PO, as

—u

3
Microbial indicators 'J

<2000 FC MPN/100 ml
<10,000 TC counts/ 100 ml

<1,000 E. coli MPN/100 ml
Nematodes < 1

<100 FC MPN/100 ml
<1,000 FC MPN/100 ml

<230 FC MPN/100 mi

Outline

» Sources of wastewater and need for treatment
« WW discharge legislations
» Status of WW treatment
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What is wastewater?

Combination of the liquid or water-carried wastes

Household and municipal wastewater

Industrial wastewater (cooling and process water)
Agricultural wastewater

Rainwater overflows

Infiltrated water

Sources of wastewater

Source of wastewater
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1. Agricultural 2. Domestic 3. Industrial
v
l A A4
1. Point source 2. Non-point sources » Washing / laundry « Canarles

s Poultry waste « Sediment runoff * Shower * Milk dairies

« Piggery waste « Nutrient runoff « Kitchen * Sugar factories

* Silage liquor (Commercial fertilizer) * Toilet/ e Breweries

* Dairy farming waste « Septic tank  Beverages

* Slaughtering waste * Schools s Abattoir

» Vegetable waste * Hospitals ¢ Fettilizer

* Firewater * Hotels/ restaurants * Pulp and paper
« Office s Tanneries
« Small business activities * Yeast manufacturing




Wastewater constituents

Nitrogen N, phosphorus P and carbon C
Industrial/commercial wastewater (Zn, Cu, Cr etc.)
Solid particles in suspension

Mostly carbohydrates, fats and proteins

Wastewater constituents

Viruses, bacteria, protozoa

Proved or suspected to be carcinogenic, mutagenic, toxic or
teratogenicity compounds

Not easily removed during conventional treatment pollutants
(phenols, pesticides, surfactants etc.)

Pollutants from household activities (Ca, Na, sulphate etc.)
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Definitions in UWWTD

"The organic biodegradable load having a five-day biochemical
oxygen demand (BODs) of 60 g of oxygen per day"

Generated load = "size" of agglomeration expressed in p.e.

1 p.e. means pollution load produced by 1 person within 24
hours and takes into account

e Resident and non-resident population
e Industries covered by Art.11 UWWTD
Industrial wastewater from small and medium enterprises

All_remaining urbhan wastewater
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Some wastewater related problems

Human and wildlife acute and chronic health risks
Brain and nervous system
Endocrine system disruption
Toxicity
Cancer etc.

Drinking water source contamination

Infiltrated wastewater from sewage leaks into groundwater
Discharge of untreated wastewater into surface water

Poor ecological and chemical water status

Eutrophication

Wastewater status in 60’s and 70’s in Norway

* Almost no WWTPs
* But many sewers with poor quality

* Main purpose was to transport WW from housing
areas.

* "Dillution is solution to pollution”




Massive pollution....

* Increased use of water closets

» Septic tanks as the only treatment
 Serious pollutions in rivers, lakes and fjords.
* High bacteria concentrations

* Low oxygen content in recipients

» Massive algal blooms due to N and P

Masseforekomst av plank-
fonalger 1 Bispevika og

¢ Bjorvike G 1970-tallet.
Aker Brygge, Foto: Fehtanger Widaros
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Number of water closets in Oslo 1915-1948

Focus on WW treatment in 1970’s

* Pretreatment
* Mechanical treatment
* Biological treatment

» Chemical treatment- Mostly primary and secondary

treatment without biological stage




® OI’g-C + 02 9C02

Nitrogen in
North sea 1998




Economic impact on poor sanitation

B VIETNAM
LAO PDR  $780 million

$193 million .
® _

kf
_$ {"‘;1
pe.

Economic imp_ucrs
of poor sanifafion

- CAMBODIA
Ihe economic impacts of poor $448 million
sanifgiion are enormous and
exiend o areas such as
educaion, environment and

fourism.
Global economic loss: : . &“' -
pgr ygar the inlernational

waler association
source: World Bonk/2085 and/or 2006

Outline

» Sources of wastewater and need for treatment
« WW discharge legislations
» Status of WW treatment




Discharge permits in Norway: norskutslipp.n

f Erontpage

Wastewater treatment

plants

Landfills
Households

Industry

Offshare petroleum

industry
Products

&
)
™
§ Agricuture
[
Ak
©

Transport

Choose county ~

ality v

level.

Wastewater treatment plants

About 2,500 municipal wastewater treatment plants have been built in Norway, 400 of which have
discharge permits from the County Governors. The municipalities themselves are responsible
authorities for the rest, that is to say for populated areas of fewer than 2,000 person equivalents in
the case of discharge to fresh water and fjord outlets, and of fewer than 10,000 for discharge into
fjords and coastal waters. There are also about 350,000 treatment plants for approximately 800,000
people who either live in sparsely populated areas or have cabins. For these too, the municipality is
the pollution control authority. Most wasteater treatment plants in Norway were built during the
period 1970 to 1985. There are still about 500 untreated discharges, covering approximately 350,000
persons, where treatment plants have yet to be built. Two trends are that new treatment systems are
being built for individual houses and cabins, while other buildings are being connected to the public
sewerage system and closing down their separate treatment plants. + Read more

Pollutants
Phosphrous total (p-TOT) Arsenic (As) Copper (Cu) Mickel! (i)
Suspended solids (ss) Lead (o5) Mereury (Hg) [

Trends of selected pollutants (see complete

Arsenic (as) Lead (Pb) Mercury (Hg)

Phosphrous total (p-TOT)
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level
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Cleaning method: Kjemisk-biclegisk

[Type vannforekomst for avispsvannet]: Kystvann

Permit and control reports (Nerwegian only): Permit, Control report 2011, Control report 2020
Monitaring report for the water body:

Authority: Statsforvalteren i Oslo og Viken
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EU Directives

e Bathing Water Directive 1976

e Sewage Sludge Directive 1986

e Drinking Water Directive 1998/2021
e Nitrates Directive 1991
e Urban Waste Water Treatment Directive 1991
e Water Framework Directive 2000

e Floods Directive 2007
e Groundwater Directive 2009

U
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U Roadmap
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21 July 2020 - 08 September
2020

FEEDBACK: CLOSED
UPCOMING

Public consultation

Consultation period
First quarter 2021

FEEDBACK: UPCOMING

Commission adoption

Planned for
First quarter 2022
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About this initiative

Summary

Topic

Type of act

Roadmap

Making sure that urban wastewater is clean and safe is vital for protecting public health and the
environment. This key part of EU water policy is covered by the Urban Wastewater Treatment
Directive.

This initiative will revise the Directive after a recent evaluation of it identified certain shoricomings
and new societal needs that must be addressed.

Environment

Proposal for a directive

FEEDBACK: CLOSED

Type

Inception impact assessment

More about roadmaps

Feedback period
21 July 2020 - 08 September 2020 (midnight Brussels time)
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Urban Wastewater Treatment
Directive (91/271/EEC)

Protect the environment from the adverse effects of
wastewater discharges

Collection, treatment and discharge of urban wastewater
Treatment and discharge of certain industrial wastewaters

Certain level of treatment (primary, secondary or tertiary)
depending on the sensitivity of receiving area

Definitions in UWWTD

Freshwater bodies, estuaries and coastal waters which are
eutrophic or may become in the near future if protection
measures are not taken

Surface freshwater used for abstraction of drinking water

which could contain 50 mg/L of nitrate (Directive
75/440/EEC)

Areas where further treatment is necessary to satisfy other
Directives




Sensitive areas in Nordic countries

Receiving water — agglomerations > 2000 pe Number (in red: % of total pe)

Coastal waters

Fresh water andestuaries

Less Normal Sensitive Less Normal Sensitive
sensitive sensitive (incl. soil)
Denmark Only sensitve areas Only sensitve areas
70 % 30 %
39 328
Sweden Only sensitve areas Only sensitve areas
58 % 48%
26 164
Finland
0% 0% 43 % 0% 0% 57 %
37 0 23 0 7 92
Norway
23 % 0% 42 % 0% 7 % 26 %
Iceland Only less sensitve areas Odegaard, 2017

Wastewater limit values in UWWTD ~

Parameter

BODs
Minimum % of reduction
coD
Minimum % of reduction
TSS
Minimum % of reduction
Total Nitrogen

10 000 - 100 000 p.e.

>100 000 p.e.

Total Phosphorus
10 000 - 100 000 p.e.
>100 000 p.e.

Igu

Type of waters

Normal waters

25 mgO02/L
70 - 90%
125 mgO2/L
75%

35 mg/L
90%

Sensitive Waters

25 mgO2/L
70 - 90%
125 mgO2/L
75%

35 mg/L
90%

15 mg/L (70 - 80%)
10 mg/L (70 - 80%)

2 mg/L (80%)
1 mg/L (80%)




WW discharge limits in Africa and Asia

4 4 Effluent Discharge Standards
Parameter Unit Afelca Asla
Nigeria Tanzania Ghana Uganda Thailand Malaysia India
Temperature . 40 -na- -na- 35 40 40 -na-
pH - 6-9 6.5-8.5 69 6-8 5.5-9 5590 6585
BOD mg Oy/L  30-50 30 50 50 20-60 50 30
COD mgOy/L  60-90 60 250 100 120-400 100 250
c:':e:z: mg/L 10 5 5 10 5-15 10 10
DS mg/L 200 3000 1000 1200 3000 -na- -na-
SS mg/L 25 100 50 100 50 100 50-100
Total N mg/L 10 10 -na- 10 -na- -na- 10

WW discharge limits in China

Inddicator Integrated Wastewater Discharge Discharge Standard of Pollutants for Municipal Environmental Quality Standards
Standard (GB8978-1996) Wastewater Treatment Plant (GB 18918-2002) for Surface Water (GB-3838-2002)
Grade | Grade Il Grade I-A Grade |-8 Grade Il Grade IV

58 20 30 10 20 30 -

€op 60 120 50 60 100 30

BODy 20 30 10 20 30 6

TN - - 15 20 - 1.5

P - - 0.5 1 3 0.3(0.1 ake)

NHy-N 15 25 5(8)" B(15)" 25(30)" L5

* Lower than 12 *C in the bracket,




Country PEtreated pH  t(C) ss Do cop BOD; ™ Total
(mg SS/) (mg O2/l) (mgCOD/l) (mgBODs/) (mgN/L) ammonium
(mg NH4-N/)

EU Urban Wastewater >2,000 35/90% 125/75% 25/70-90% -
Treatment Directive reduction reduction reduction
(UWWTD)P
10,000 - 15
100,000
>100,000 10
Ireland =10 30 20 5 20
=>2,000 UWWTD apply as a minimum, but may be more stringent to comply with Water Framework Directive (WFD)
France <20 30 35
20 - 2000 6-8.5 <25 50% 60% 35, 60%
reduction reduction reduction
=>2000 UWWTD apply as a minimum, but may be more stringent to comply with Water Framework Directive (WFD)
Romania =>2,000 UWWTD apply as a minimum, but may be more stringent to comply with Water Framework Directive (WFD)
Ecuador 6-9 +39 130 200 100 50 TKN 30
Tanzania 6.5-85 20-35 100TSS 80 30 15 TKN
Jordan 60 TSS >1 150 60 70
India 2015 6.5-9 20788 50 10 10 <5
India 2017/18 Metro 6.5-9 50 TSS 20
Non-metro 100 TSS 30
India NGT 2019 5.5-9 20TSS 50 10 10
India 1986°  Inland water 55-9 <5 100 250 30 100 TKN
Land irrigation 200 100

Note to the table: Coliforms represented include E. coli, Fecal Coliforms (FC) and Total Coliforms (TC).

?Detail for ranges of permitted consents omitted from this version for clarity.

PTP and TN only considered in designated “sensitive” areas.

90f the receiving water body:

"Total set covers a range of 40 parameters and three further application areas for discharge into public sewer, marine coastal areas.

Total
ammonia
(mg NH3-N/1)

5 as free NH3

TP

(mg PAl)

5diss.
PO, as

—u

3
Microbial indicators 'J

<2000 FC MPN/100 ml
<10,000 TC counts/ 100 ml

<1,000 E. coli MPN/100 ml
Nematodes < 1

<100 FC MPN/100 ml
<1,000 FC MPN/100 ml

<230 FC MPN/100 mi

Outline

» Sources of wastewater and need for treatment
« WW discharge legislations
» Status of WW treatment
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UWWT agglomerations
treatment pathways

@l)

UWWTD agglomerations
treatment pathways

Waste water
treatment pathways

o saint
;elersburg by member state

More stringent
treatment

|: %‘
Secondary
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- o Minsk

BELARUS Primary
treatment
filicy Addressed
through
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appropriate
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WWT in Europe

UWWTD receiving areas,
catchments

Catchments -

sensitivity type
Nitrogen
Phosphorus
N and P
Other

Catchments

Application of
Art. 5(8)

Sensitive area
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Share of domestic wastewater that is safely treated, 2018

Ratio of wastewater treatment
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Source: UN Statistics Division {2019)
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Wastewater management
Needs, challenges and legislation:

EU and WHO

Harsha Ratnaweera
THT311-2021

Outline

» Sources of wastewater and need for treatment
« WW discharge legislations
» Status of WW treatment




European
Commission

What is wastewater?

Combination of the liquid or water-carried wastes

Household and municipal wastewater

Industrial wastewater (cooling and process water)
Agricultural wastewater

Rainwater overflows

Infiltrated water

Sources of wastewater

Source of wastewater

y
{ ! V

1. Agricultural 2. Domestic 3. Industrial
v
l A A4
1. Point source 2. Non-point sources » Washing / laundry « Canarles

s Poultry waste « Sediment runoff * Shower * Milk dairies

« Piggery waste « Nutrient runoff « Kitchen * Sugar factories

* Silage liquor (Commercial fertilizer) * Toilet/ e Breweries

* Dairy farming waste « Septic tank  Beverages

* Slaughtering waste * Schools s Abattoir

» Vegetable waste * Hospitals ¢ Fettilizer

* Firewater * Hotels/ restaurants * Pulp and paper
« Office s Tanneries
« Small business activities * Yeast manufacturing




Wastewater constituents

Nitrogen N, phosphorus P and carbon C
Industrial/commercial wastewater (Zn, Cu, Cr etc.)
Solid particles in suspension

Mostly carbohydrates, fats and proteins

Wastewater constituents

Viruses, bacteria, protozoa

Proved or suspected to be carcinogenic, mutagenic, toxic or
teratogenicity compounds

Not easily removed during conventional treatment pollutants
(phenols, pesticides, surfactants etc.)

Pollutants from household activities (Ca, Na, sulphate etc.)




Definitions in UWWTD P

"The organic biodegradable load having a five-day biochemical
oxygen demand (BODs) of 60 g of oxygen per day"

Generated load = "size" of agglomeration expressed in p.e.

1 p.e. means pollution load produced by 1 person within 24
hours and takes into account

e Resident and non-resident population
e Industries covered by Art.11 UWWTD
e Industrial wastewater from small and medium enterprises

o _All remaining urban wastewater

Your answers

Go to www.menti.com and use the code 1120 3592

d Mentimeter

How much water do we (in an urban area/city) use per day
for domestic purposes?

10

1

50| /person 100 |/person 150 I/person

» B8




Your answers

How much wastewater should we expect to treat
per day (at treatment plants)?

A Mentimeter

2

50-100 I/pe 100-200 150-400
(person l/pe l/pe
equvialent)

Some wastewater related problems

Human and wildlife acute and chronic health risks
Brain and nervous system
Endocrine system disruption
Toxicity
Cancer etc.
Drinking water source contamination
Infiltrated wastewater from sewage leaks into groundwater
Discharge of untreated wastewater into surface water
Poor ecological and chemical water status

Eutrophication




Wastewater status in 60’s and 70’s in Norway

* Almost no WWTPs
* But many sewers with poor quality

* Main purpose was to transport WW from housing

areas.

* "Dillution is solution to pollution”

Massive pollution....

* Increased use of water closets

» Septic tanks as the only treatment
 Serious pollutions in rivers, lakes and fjords.
* High bacteria concentrations

* Low oxygen content in recipients

» Massive algal blooms due to N and P

Masseforekomst av plank-
ronalger i Bispevika og

‘ Bjorvike G 1970-tallet.
Aker Brygge, ‘70s Foro: Feltanger Widroe

VisKom).

90 000

20 000

70 000

60 000

50 000

40 000

30 000

20 000

10 000

0
1916 1920 1926 1930 1935 1940 19451948

Number of water closets in Oslo 1915-1948




Focus on WW treatment in 1970’s

* Pretreatment
* Mechanical treatment
* Biological treatment

» Chemical treatment- Mostly primary and secondary
treatment without biological stage

* OI’g-C + 02 9002




Nitrogen in

North sea 1998

Economic impact on poor sanitation

Fconomic impacts
of poor sanifafion
Ihe economic impacts of poor
saniralion are enamous and
exiend o areas such as

educaion, environment and
fourism.

Global economic loss:

USD 269 billion
per year

source: World Bonk/2085 and/or 2006

CAMBODIA
$448 million

LAO PDR
$193 million

VIETNAM
$780 million

-

Mt
A B

the international
watler association
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Discharge permits in Norway: norskutslipp.n

[ Eronpage

" Wastewater treatment
plants

b Landilis
A Housenolds
laa Industiry
¥ Agricutiure

Wl Cffshore petroleum
=& industry

Products

© Transport

Choose county ~

level.

Wastewater treatment plants

About 2,500 mu pal wastewater treatment plants have been built in Norway, 400 of which have
discharge permits from the County Governors. The municip es themselves are responsible
authorities for the rest, that is to say for populated areas of fewer than 2,000 person equivalents in
the case of discharge to fresh water and fjord outlets, and of fewer than 10,000 for discharge into
fjords and coastal waters. There are also about 250,000 treatment plants for approximately 800,000
people who either live in sparsely populated areas or have cabins. For these too, the municipality is
the pollution control authority. Most wasteater treatment plants in Norway were built during the
period 1970 to 1985. There are still about 500 untreated discharges, covering approximately 350,000
persons, where treatment plants have yet to be built. Two trends are that new treatment systems are
being built for individual houses and cabins, while other buildings are being connected to the public
sewerage system and closing down their separate treatment plants. + Read more

Pollutants
Phosphrous total (p-TOT) Arsenic (As) Copper (Cu) Mickel (Mi)
Suspended solids (ss5) Lead (Pb) Mercury (Hg)

Trends of selected pollutants (see

Arsenic (as) Lead (Pb) Mercury (Hg) Phosphrous total (p-TOT)

o
d_H




NORWEGLAN GO TO NORWEGIAN ENVIRONMENT AGENCY | ABOUT THE NORWEGIAN PRTR
NORWEGIAN

THE NORWEGIAN PRTR ENVIRONMENT |Q Senrch for a fadiity
AGENCY Search for a fac

Releases to air and water as well as transfers of waste from different sectors, both aggregated and at facility
level

{ Frontpage Sentralrenseanlegg Vest (VEAS) ¢ suou teciity on mes

" Wastewater treatment
plants Cleaning method: Kjemisk-biclogisk H] Export to Excel
[Type vannforekomst for aviopsvannet]: Kystvann

b Landiills Permit and control reports (Morwegian only): Permit, Control report 2011, Control report 2020
Monitoring report for the water body:

# Households Authority: Statsforvalteren i Oslo og Viken

laaa Industry

§ Agricuture w

Offshore petroleum

e Time interval ! Compare to...

industry 2005w | (2019 v wastewater treatment plants within a geographical area, or a faility .
Products
© Transport Discharges of Phosphrous total (P-TOT) (in tonn per year)

Sentralrenseanlegg Vest (VEAS)

"
- (tonn) View
Choose municipality ~

—a—To water 358
Hot reported

o °
00 /.__J-/ \ -_'/ Category
'] —

~ — e Arsenic (As)

Chemical oxygen demand
(KOF)

Copper (Cu)

Mickel (ri)

Phosphrous total (p-TOT)

Sentralrenseanlegg Vest (VEAS) : Discharges of Phosphrous total (P-TOT) Suspended solids (55)

EU Directives

e Bathing Water Directive 1976

e Sewage Sludge Directive 1986

e Drinking Water Directive 1998/2021

e Nitrates Directive 1991

e Urban Waste Water Treatment Directive 1991
e Water Framework Directive 2000

e Floods Directive 2007

e Groundwater Directive 2009




Water pollution — EU rules on urban wastewater treatment (update)

Have your say > Published initiatives > Water pollution — EU rules on urban wastewater treatment (update)

About this initiative
© In preparation

Summary Making sure that urban wastewater is clean and safe is vital for protecting public health and the
environment. This key part of EU water policy is covered by the Urban Wastewater Treatment
U Roadmap Directive.
Feedback period This initiative will revise the Directive after a recent evaluation of it identified certain shortcomings
21 July 2020 - 08 September and new societal needs that must be addressed.
2020
FEEDBACK. CLOSED Topic Enviranment
Type of act Proposal for a directive
UPCOMING
Roadmap

Public consultation

Consultation period
FEEDBACK: CLOSED

First quarter 2021
FEEDBACK: UPCOMING Type
Inception impact assessment
More about roadmaps
Commission adoption

Feedback period
21 July 2020 - 08 September 2020 (midnight Brussels time)

Planned for
First quarter 2022

FEEDBACK: UPCOMING View feedback received >

European
Commission
—

Urban Wastewater Treatment
Directive (91/271/EEC)

Protect the environment from the adverse effects of
wastewater discharges

Collection, treatment and discharge of urban wastewater
Treatment and discharge of certain industrial wastewaters

Certain level of treatment (primary, secondary or tertiary)
depending on the sensitivity of receiving area




Definitions in UWWTD

Freshwater bodies, estuaries and coastal waters which are

eutrophic or may become in the near future if protection
measures are not taken

Surface freshwater used for abstraction of drinking water

which could contain 50 mg/L of nitrate (Directive

75/440/EEC)

Areas where further treatment is necessary to satisfy other

Directives

Sensitive areas in Nordic countries

Receiving water — agglomerations > 2000 pe Number (in red: % of total pe)

Coastal waters

Fresh water andestuaries

Less Normal Sensitive Less Normal Sensitive
sensitive sensitive (incl. soil)
Denmark Only sensitve areas Only sensitve areas
70 % 30 %
39 328
Sweden Only sensitve areas Only sensitve areas
58 % 48%
26 164
Finland
0% 0% 43 % 0% 0% 57 %
37 0 23 0 7 92
Norway
23 % 0% 42 % 0% 7% 26 %
Iceland Only less sensitve areas

@degaard, 2017




_SU

Wastewater limit values in UWWTD
Type of waters
Parameter =
Normal waters Sensitive Waters
BODs 25 mgO2/L 25 mgO2/L
Minimum % of reduction 70 - 90% 70 - 90%
CoD 125 mgO2/L 125 mgO2/L
Minimum % of reduction 75% 75%
TSS 35 mg/L 35 mg/L
Minimum % of reduction 90% 90%
Total Nitrogen
10 000 - 100 000 p.e. - 15 mg/L (70 - 80%)
>100 000 p.e. - 10 mg/L (70 - 80%)
Total Phosphorus
10 000 - 100 000 p.e. - 2 mg/L (80%)
>100 000 p.e. - 1 mg/L (80%)

WW discharge limits in Africa and Asia

A4 A4 Effluent Discharge Standards
Parameter Unit Africa Aala
Nigeria Tanzania Ghana Uganda Thailand Malaysia India
Temperature "C 40 -na- -na- 35 40 40 -na-
pH - 69 6.5-8.5 69 6-8 5.5-9 5590 6585
BOD mg O, /L 30-50 30 50 50 20-60 50 30
COD mg Oy /L 60-90 60 250 100 120-400 100 250
Ol and mg/L 10 5 g 10 5-15 10 10
grease
DS mg/L 200 3000 1000 1200 3000 -na- -na-
SS mg/L 25 100 50 100 50 100 50-100
Total N mg/L 10 10 -na- 10 -na- -na- 10




WW discharge limits in China

Inclicator Integrated Wastewater Discharge
Stanclard (GBB978-1996)

Discharge Standard of Pollutants for Municipal
Wastewater Treatment Plant (GB 18918-2002)

Envimnmental Quality Standands
for Surface Water (GB-3838-2002)

Grade | Grade Il Grade |-A Grade |-B Grade Il Grade IV
58 20 30 10 20 30 -
Cop 60 120 50 60 100 30
BODs 20 30 10 20 30 6
TN - - 15 20 - 1.5
™ - - 05 1 3 0301 lake)
NHyN 15 25 5(8)" 8(15)° 25(30)" L5
* Lower than 12 °C in the bracket,
—u
Country PE treated pH t(°C) ss DO CcoD BODs TN Total Total TP Microbial indicators TJ
(mg SS/l) (mg 0z/l) (mg COD/l) (mg BODs/l) (mg N/L) ammonium ammonia (mg PA)
(mg NH4-N/I) (mg NH3-NA)
EU Urban Wastewater =2,000 35/90% 125/75% 25/70-90% - -
Treatment Directive reduction reduction reduction
(UWWTD)P
10,000 - 15 2
100,000
>100,000 10 1
Ireland =10 30 20 5 20 2
=>2,000 UWWTD apply as a minimum, but may be more stringent to comply with Water Framework Directive (WFD)
France <20 30 35
20 - 2000 6-8.5 <25 50% 60% 35, 60%
reduction reduction reduction
=>2000 UWWTD apply as a minimum, but may be more stringent to comply with Water Framework Directive (WFD)
Romania =>2,000 UWWTD apply as a minimum, but may be more stringent to comply with Water Framework Directive (WFD)
Ecuador 6-9 +39 130 200 100 50 TKN 30 10 <2000 FC MPN/100 ml
Tanzania 6.5-85 20-35 100TSS 80 30 15 TKN 6 <10,000 TC counts/ 100 ml
Jordan 80 TSS >1 150 60 70 15as  =1,000 E. coli MPN/100 ml
T-PC; Nematodes < 1
India 2015 6.5-9 20TSS 50 10 10 <5 <100 FC MPN/100 ml
India 2017/18 Metro 6.5-9 50TSS 20 <1,000 FC MPN/100 ml
Non-metro 100 TSS 30
India NGT 2019 5.5-9 20TSS 50 10 10 1 <230 FC MPN/100 ml
India 1986"  Inland water 5.5-9 <5 100 250 30 100 TKN 5 as free NHz 5diss.
PO, as
P
Land irrigation 200 100

Note to the table: Coliforms represented include E. coli, Fecal Coliforms (FC) and Total Coliforms (TC).

?Detail for ranges of permitted consents omitted from this version for clarity.

PTP and TN only considered in designated “sensitive” areas.

90f the receiving water body:

"Total set covers a range of 40 parameters and three further application areas for discharge into public sewer, marine coastal areas.
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Urban wastewater collected and treated-Europe

100

] Y =] =]
=] =] =] =]

Treatment not specified
Il Tertiary

Secondary

Primary
I Collected without treatrmen

— ] | ]
- R R B T .~ T - R L - TP S - R A A A N
Pl S o S T . S T L I - - A e T
SIS TECEEFETIFEIFSEFESFSIIFSS
TSP VIS Ty T §& £ 757 Fre
~ s o
£ @ c & 2 é’
o
P
Q?D
u
B
l' WWT in E M
. I p
| UWWTD receiving areas,
@D [ ; catchments
0 Re |
U Tﬁ “ UWWTD agglomerations Catchments -
J treatment pathwa S
i 5 L= sensitivity type
I 3 it Waste water -
Bl LIJH HELlki : treatment pathways Nitrogen
G saint
£ Pelcrsburg by member state Phosphorus
B More stringent
/ 5 H treatment el
5 Secondary Other
Pt treatment
o Minsk _ Catchments
BELARUS anary
treatment Application of
i Addressed Art. 5(8)
through
UKRAIME it
individual and SIS s
appropriate
svstems (IAS)

Istanbul
o
Ankar:
a

TUR

>

T
@E
aithens

»
Tunis
} @

TUNISIA
Tripal
o

r,AlNS

Not collected
in collecting
systems and
not addressed
through IAS

No treatment /
no information




Share of domestic wastewater that is safely treated, 2018

Ratio of wastewater treatment
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Your answers
Why do we need to treat wastewater?

- ecological state of natur
for futur
polluting sLJljs?urLj\-cerse SOfety
in order to improve the
enviroment

ecological state QO h l t h environment protection
) to avoid illness
k e O extinction of species

people’s health %
microrganisms planet
= ecology
z CD
= living Y=
(o] o - —
b - it is important for a per

recycling
heath

« Mentimeter




Your answers

\What are the biggest challangesin
wastewater management?

o Mentimeter

people
complicated process
corruption

technologies COSt
old technologies i

QI >CNNol iIes
convincing people tilisation of sludge
anthropogenic factors
pollution accessibility to all
not educated people

money
energy
prices




Water, a scarce resource —
need for sound management

THT 311-2021

Water Resources Management & and Water and
Wastewater Treatment

Haakon Thaulow
Ex: Norwegian Water Research Institute - NIVA

Thaulow I 14.06.2021

Covid - 19 - Water

Handwash: Key protection measure!

Not detected in water supply systems (EPA)
( but some researchers - - -)

Covid 19: Water supply — wastewater
No more risk than other virus

UN: More financing for water protection needed
Water crucial to combat Covid 19!
Sound Water Management !

Haakon Thaulow 6. oktober 2011




Parliamentary report
to the Storting-
«White Paper»




UN: Two major challenges:

Biodiversity

Climate Change

Haakon Thaulow 6. oktober 2011

-Water Stories |

UNs Sustainable goals — Waters key role
UN -World Water Day - Water and Climate
Water Crises - World Economic Forum

Freshwater as a resource
«Water Crises Drivers »

The «Water—Energy-Food» nexus

Water Crises — Water Wars? - where and why?

Thaulow I 14.06.2021




Water Stories Il -

« Strategies for actions and solutions - IWRM
Integrated Water Resources Management

 The European approach- the EU Water
Framework Directive

 Water Resources in Norway — our situation in
brief

Thaulow 14.06.2021

Haakon Thaulow 6. oktober 2011 8




FN s baerekraftsmal- 2030

Haakon Thaulow 6. oktober 2011

10




By 2030, achieve universal and equitable access to safe and affordable
drinking water for all

By 2030, achieve access to adequate and equitable sanitation and hygiene
for all and end open defecation, paying special attention to the needs of women
and girls and those in vulnerable situations

By 2030, improve water quality by reducing pollution, eliminating dumping
and minimizing release of hazardous chemicals and materials, halving the
proportion of untreated wastewater and substantially increasing recycling and safe
reuse globally

By 2030, substantially increase water-use efficiency across all sectors and
ensure sustainable withdrawals and supply of freshwater to address water scarcity
and substantially reduce the number of people suffering from water scarcity

By 2030, implement integrated water resources management at all levels,
including through transboundary cooperation as appropriate

By 2020, protect and restore water-related ecosystems, including
mountains, forests, wetlands, rivers, aquifers and lakes

By 2030, expand international cooperation and capacity-building support
to developing countries in water- and sanitation-related activities and programmes,
including water harvesting, desalination, water efficiency, wastewater treatment,
recycling and reuse technologies

Support and strengthen the participation of local communities in improving

water and sanitation management
Thaulow 14.06.2021

UN Water

World Water
Development
Report - 2021

March 22nd:
«World Water
Day»

Thaulow I 14.06.2021




Tema 2021




Haakon Thaulow 6. oktober 2011

2020

15

Water and Climate Change

klimaendringer

Wilder, warmer, wetter: larger and more

frequent droughts, ocean level rise - -

Thaulow I 14.06.2021




Water and Climate Change

—Causes and mitigation
measures to reduce
emissions of climate gases:
water not important

—Impacts and adaptation
measures: Water In focus

Thaulow I 14.06.2021

David Attenborough;
«The Garden of Eden is no more»

«Global Risk
Report» 2021

Thaulow 14.06.2021




Water is
dangerous !

Thaulow

14.06.2021

Thaulow

14.06.2021




2021




2020

Haakon Thaulow

6. oktober 2011

23

Freshwater as a resource

Thaulow

14.06.2021




Enough ,— but scarce - - -

» 2.,59% av all water of earths water is
freshwater

« 2/3 of freshwater locked in glaciers/ice
20 % of the rest is inacessable

er utilgjengelig
* 75 % of the rest- wrong place

- at the wrong time

e For practical use; 0,08-0,1 % of total
amount of water on earth -.

Thaulow 14.06.2021

Water supply

Thaulow 14.06.2021




Water for

Thaulow 14.06.2021

Water Resources important for :

Thaulow 14.06.2021




Thaulow 14.06.2021

What is the
problem?

Too little!
Too much!
Poor quality!

Wrong place at
s WWIONG time!




Characteristica

Universal, globally sufficient and
renewable

Irreplacable

Problem areas: regional/local — not
global (climate, ozon)

Crossing national borders —
International river basins dominate

Water Management-complex issues —
Interdisciplinarily and crossectorial
approaches —cooperation!

Thaulow I 14.06.2021

WATER RESOURCES FACTS

Thaulow 14.06.2021




Thaulow 14.06.2021

- Glimpses of water problems |

54 % of available water »used» , water
availability per capita will decrease

800 millions lack safe water supply, more than 2
billions satisfactoriy sanitary solutions

2 billions in more than 40 countries affected by
water shortage

Freshwater ecosystems most threatned, 1/5
number of species strongly decreasing

Thaulow 14.06.2021




- Glimpses of Water Problems 11

 50% experience lack of water one month
a year

* 40 % of acriculture production depend on
irrigation

« Last 20 years — 166 000 deaths due to
floods and droughts

Thaulow 24.oktober 2012 14.06.2021 35

Water Stress

Thaulow 14.06.2021




Thaulow 14.06.2021

Glimpses of future water problems

« 2/3 In water-scarce regions by 2025

« 700 millions expected to have to
migrate

* 95 9% Increased probability for water
conflicts next century

Thaulow 14.06.2021




Glimpses of future water problems

« UN: By 2050 without changing
course: 50% av worlds population
shortage of clean water

o Water security: Water-Food-Energy
Nexus

Thaulow 14.06.2021

Thaulow 14.06.2021




«Water and Energy Nexus»

Water needs energy !!

Thaulow | 14.06.2021

«Water and Energy Nexus»

Energy needs water !

Thaulow | 14.06.2021




Water Stress

Thaulow 14.06.2021

Water Stress - Persons and Water Availability 2000 and 2050

Thaulow I 14.06.2021




276 Iinternational river basins

Key resource for water supply and ecosystem services
in 145 countries — cover more than 50% of worlds
surface, 40 % of worlds population and 60 % of

freshwater resources

Formalised cooperation only for 40% of international

water resources

[ 4
X
08 b
Basins by
Continent
Alrica
Thatloew 14.06.2021
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Medjerda
Qued Bon Naima

Tafna

Daoura
Dra

Lake Chad
Corubal?

Great Scarciesgs
Little Scarcies¥

Cavally

Chiloango 3

International River Basins of

AFRICA

Okavango
Lirnpopao

Incomati

-'); Umbeluzi

Maputo

© Copyright Transh dary Fresl er Dispute Database, 2000
Thaulow 14.06.2021

Danube - through
19 countries !!

LOMRAIRE

—==~ Danube River Basin
District (DRED)

———- Sub-basin

Area for species
and habitat protection

-~ > 50000 ha
~ 10 000-50 000 ha
<10 000 ha
[ Y
International
boundary




Thaulow 14.06.2021

Water problem drivers

Climate Changes

Population increase — urbanisation
— Yearly 80 mill new world citizens

— More than 2 billions more by 2050
Food production - irrigation

— 10 % reduced crop pr degree
Increased temperature

Energy — renewable — hydropower
— Away from fossilbased energy
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Climate Change and River runoff
changes

Haakon Thaulow I 6. oktober 2011 52




More yearly, more intense and more often
rains in Oslo since 1965
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Ocean levelrising - - -

* lce melting

« Water expands

* From ground- to
surface water

Bangladesh

If sea level rises 1.5 m:
Total population affected: 17 million (15%)
Total land area affected: 22,000 km? (16%)

IPPC 2019: 49-84 cm <
L/H Scenario 2100

Source : UNEP/GRID Geneva; University of Decca; JRO Munich; The World Bank; World Resources Institute, Washington, D.C.
Thaulow I 14.06.2021

Ocean level

— Increase due to water expands with higher
temperature

— More melting of glaciers/icecaps
(Greenland, Antarctica).

« IPCC (2019): Probable level increase this
century : 43 cm (low discharge scenario), 84
cm (high discharge scenario). Continue to
increase after 2100.

« Many scientists believe the level will rise
considerably faster - - .

Thaulow 14.06.2021
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- over 2
billions
more by
2050 - -

Urban areas

sprawl -

Tokyo >20 mill!
20-30 %
increased

consumption
towards 2050

Thaulow 14.06.2021




Infrastructure for water supply and
sewerage insufficient/overloaded.
Sinking groudwater level -
overpumping - -
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Food for 2 billions more by 2050 - - -

Thaulow I 14.06.2021

Water —food supply

« Rainfall pattern changes

 Overpumping of groundwater can
have dramatic impacts on food/grain
crops

 Towns sprawl over agricultural areas

Thaulow 14.06.2021
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Mean crop changes (%) for important
agricultural products - temperature rise of
4° C (ref. 1980-2010)

Verdensbanken, 2014
Omfatter bare modeller som tar med direkte virkninger av CO, og nitrogen
forbindelser. Thaulow 14.06.2021




South Norway - dry summer 2018

aulow

Nordic food security - -

Thaulow 14.06.2021




Withdrawal for water supply and
Irrigation, groundwater level
sinking substantially — -

 Middle east; Irak, Jordan, Israel/Palestina,
Iran
 China, India
— Beijing from 100- til 300 meter depth to
extract groundwater

— India — «sinking» large part of energy
use related to pumping groundwater —
«deeper and deeper»

« USA/Mexico — Texas/California

Thaulow I 14.06.2021
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-Renewable energy - hydropower

«Environment-
environment conflict«
the double challenge

UN Climate Panel
UN Biodiversity Panel

Thaulow I

Changes in hydropower production -

New NVE -report: 8 TWh more
« CﬁWé‘ﬂ@WéPﬂ“Pﬂ?ONorway 70
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Kenya :extremely vunerable to rainfall variability

rainfall variability, Ag GDP and GDP

= rainfall variability
GDP
—s— Ag GDP
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Increased water use, more renewable energy , more extreme weather

Water storage !!!

Thaulow 14.06.2021

What is the
problem?

Too little!
Too much!
Poor quality!

Wrong place at
Thaulow I 1}AO£[09ng time!




Water Stress

Thaulow

14.06.2021
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Water crises —\Water wars ?

China — water transfer
Cape Town 2018

Nile

Indus

Ganges —Brahmaputra
Palestine/lIsrael

Colorado River — California
New Dehli

Thaulow 14.06.2021

China

South — North
Water Transfer
Project

62 milliarder
USD
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Cape Town —water crises
2018

Thaulow 14.06.2021

Cape Town water crises first
half of 2018

* Climate/drought- water infrastructure,
population growth. politics

« «Day Zero» several times postponed til july
 Rainfall and actions:
50 I/p.d, 2 min shower, no garden watering

« Loyal following of rules,-lists of water
criminals!

« Waterprice increase 30% - changing
priorities of water rights- from agriculture to
domestic/industrial supply

Thaulow I 14.06.2021




2019

Thaulow 14.06.2021

Following
forest
firers - -
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pouring rain and floods - -

Thaulow I 14.06.2021
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Key drivers behind water conflicts and possible water
wars:
- Limited water resources too little water
- International river basins
- Withdrawal of water and upstream storage -
reservoirs/dams

-Increased water demand, population growth,

agriculture/irrigation Thaulow | 14.06.2021

17 countries - -

Botswana

Thaulow 14.06.2021




UN: Areas-rivers for possible Water
Wars:

“It is still possible to shift course if we an cope
with climate change problems” - - - -.

ow I 14.06.2021

Egypt in conflict with all
upstream countries - - -
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«The blue Nile - -»

Thaulow 14.06.2021

Almost
finished

Egypt-
Etiophia

Grand Ethiopian
Renaissance Dam
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INDUS
India -
Pakistan

Thaulow 14.06.2021

Ganges -

Brahmaputra
400 millions depending

Ganges
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Mexico

Colorado River — Water supply to Los Angeles area.
Argriculture/irrigation.
Often dry befor entering Mexico —-Bay of California

Thaulow I 14.06.2021

Water shortage California 2014-
2016

Thaulow 14.06.2021




California fires
in 2017, 2018
and 2019 -

Drought and
wind !

Thaulow 14.06.2021

Palestina — Israel
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The Dead sea dies -

Thaulow 14.06.2021

Read Sea- Dead
Sea Canal

Water supply —
Desalination-

\ Hydropower
-490 m

Stabilize Dead Sea
surface level

Thaulow 14.06.2021
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Israel /Palestina :
Water cooperation following the
Oslo 1l agreement
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What is the
problem?

Too little!
Too much!
Poor quality!

Wrong place at
e WWIONG time!

Houston, USA 2017

Thaulow I 14.06.2021




Kvam,

Gudbrandsdalen

2018

*

Morkrisdalen,
Sogn og
Fjordane 2018

V




What is the
problem?

Too little!
Too much!
Poor quality!

Wrong place at
e WWIONG time!

- Water Supply for all - -
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Safe and clean -

Thaulow 14.06.2021

Water infrastructure non existing —
groundwater sinking — (Rio favela)
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Water is
dangerous!

Thaulow
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Every day approx. 1000
childres die because of
contaminated drinking
water or
unsatisfactorily
sanitary conditions.

In some countires
every 5 th death
among children is
caused by diarrhoea
due to polluted
drinkingwater and lack
of good sanitary
facilities

Thaulow 14.06.2021

Worlds most polluted river
Citarum-river -Java

e 28 milloner depending on the river

 Water Supply to Jakarta (80%),
Irrigation, receiving water,
hydropower

e 20 000 tons waste, 340 000 m3
wastewater from textile factories

 Fishkill, health problems , level of
lead 1000 times higher than
standard for drinking water

Thaulow | 14.06.2021




Join a very special River
Cruise-!!










Industrial wastewater- --




«Algae soup»

Industral
discharges to
polluted river




SDG 6 Status UN 2018

“The main challenge across the water sector is to
enable and accelerate progress towards achieving
SDG 6', based on the findings from assessment of
progress on SDG6 targets. The water sector is
struggling to improve water resources
management and to increase the coverage and
quality of water and sanitation services. Some of
the many challenges are practical actions that
provide the “visible side of water, such as
installing taps and toilets, building reservoirs,
drilling boreholes, and treating and
reusing/recycling wastewater. however, some
actions are much less visible”,

Thaulow I 14.06.2021

SDG 6-2018 rapport

(ref. 2015)

29 % lack safe drinking water supply

61 % lack good sanitary solutions

892 mill. have toilet in «open areas»

only 27% i LDC —countries have handwash facililties

60% treatment of wastewater in middel/developed
countires (major parts of Asia/Africa not included )

In 22 land (Nord Africa/West/Central/South-Asia) water
stress level = 70 % - future water shortages

50 % practise Integrated Water Resources management
(very uncertain

50 % international cooperation/transboundary

I 14.06.2021




Strategy:

Integrated Water
Resources

Management -
IWRM

Thaulow 14.06.2021

Integrated Water Resources
Management

"IWRM is a process, which promotes the co-
ordinated development and management of
water, land and related resources, in order to
maximise the resultant economic and social
wel-fare in an equitable manner without
compromising the sustainability of vital
ecosystems. "

S

Thaulow 24.oktober 2012 I 14.06.2021 126




Integrated Water
Management —
(Dublin principles)

Water is a limited and
valuable resource, essential
for life, development and the
environment

Women must be involved
Participation -principle

Water has an economic value

Thaulow 14.06.2021

Water has
a price!

Thaulow 14.06.2021




4 ITWRM charateristics:

1.Several users : (fish,
irrigasjon, water supply,
energy production)

2.Several management levels

3.Unlike "power situation”
upstream/downstream

4. Interdisciplinarity;
technically complex

Thaulow 14.06.2021

IWRM - EUs Water Framework
Directive WFD

* Protection and sustainable use

» Goal: Good ecological status. Ecological
and Chemical

« Measures; protect, improve, restore

 Sectorintegration and broad
stakeholder involvement

« Regional management plans with
environmental goals and abatement
plans with proposal for concrete
actions

14.06.2021




International River Basins of Naatamo

EUROPE

WED:

1. Management plans
Measure programs

Foyle Fae
Erne@

Fan Flurr:
2.Water Atithorities -
River basins

Crossectorial
cooperation!




IWRM - EUs Water Framework
Directive

(Handbok ...)
Thaulow 14.06.2021

Goals iIn WDF

e General for all water bodies:

 Good ecological status and good chemical
status:
GES: Defined scientifically

« Heavily modified water bodies

 Good ecological potential: GEP
«State achieved after reasonable
measures implemented»

Thaulow I 14.06.2021




11 Water regions

EU - WFD
(2000 - Norway
2006)

2 X 6 years
planning cyclus

«Much have
been achieved,
but much
remains to be
done»




Freshwater in Norway

 Abundant water resources of

qgood quality:

» Special issues

Thaulow

Watercourse regulations
/Hydropower
Aquaculture

Exposed to
longtransported
airborne pollutants -
acid rain ( improved)
Environmental
contaminants

Norway - «downstream
country»

Observed in Norway

Warmer
ca 19C since 1900

Wetter,- precipitation
increased nearly 20 %
since 1900

More «heat records»
fewer «cold records»

Thaulow

More rain floods

Fewer snowmelting floods
Springfloods come earlier

Below 1000 m in
southern Norway shorter
snow-season

Glaciers are shrinking

14.06.2021




e 2018
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Oslo

Bergen

Tromsg

Stavanger

Heimsjg

Haammerfest

Thaulow 14.06.2021

Ocean level
predictions




Examples of
sucessful water
quality
management in
Norway - -

- River Akerselva,

- Inner Oslofjord

Thaulow 14.06.2021

Action for a cleaner Akerselv

e Closedown of industries
e Treatment of industrial wastewater

« Collection sewers along the river
on both sides

Thaulow 14.06.2021




Akerselva
Environmental
Park -

Thaulow 14.06.2021

Inner Oslofjord -

Thaulow I 14.06.2021




Wastewater
treatment plants
and tunnels




Meeting challenges in the water sector:
Climate Change

Harsha Ratnaweera
Professor, Norwegian University of Life Sciences

Europe and urban floods

~ Copenhagen 2011 .
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Converting playgrounds to

storm water retention
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%

Opening canals

Impact on drinking water supply

* On quantity
* On microbial quality
* On chemical quality




Pollution from sewers

* Combined sewer overflows
—Pipe overflows
—Plant overflows
—Pumping stations
* Flood water will contain waste
water

Impacts on water quality

* Rainwater itself is low in (free from?) pathogens!

* But rainfall becomes runoff on the surface or in the ground
* Mobilization of pathogens in the watershed
* Discharges from centralized or decentralized wastewater systems
* Flooding

* Dry periods may be important for pathogen accumulation
* Dilution vs. pathogen mobilization?
* Drought may increase relative pathogen load




Increased runoff = increased bacteria and parasites in raw water
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* Results from a German study that shows the
relationship between the increase in runoff (water flow)
and increase in bacteria and parasites in drinking water

Kistemann et al , 2002

Impact on treatment processes

* Indirect effects on water
treatment:

—Particle load and natural organic
matter in DW

—Disinfection efficiency
(chlorine/UV)




NOM / Colour in raw water increase

—+—Alun. —=— Skul. Lang. —s— Oset === grense

Réavann Targetall {mg PtA)

AR

* Various raw water sources in the Oslo/Akershus region

DWTPs which were not built with colour removal (due to low raw water colour) must
now add colour removal processes!

How may the challenges of varying temperatures —
especially in connection with snow-melt, be solved?

e Use separate systems — do not mix wastewater with
rainwater

e Select processes that can stand better variations in
temperature




Separate sewers vs combined sewers

A
Temperature, °C

12+ Good separate system
11

10

9

L

7 4

6 —+ Combined system
5

4

3

2

1

1 | ! | | ! |

T 1 T T T t
Jan Feb  Mar Apr May June July Aug Sept Oct Nov Dec

Good separate system vs Combined system or system with much external intrusion water

@degaard, Rusten, Ratnaweera, EWA-WMCC 2016

Chemical-Biological treatment. Simultaneous precipitation
Coagulant

Sieves

Disinfection

- ozonation

- chlorination
Vv

(ac Im)

Biologlcal treatment
Grit removal i ludge or biofi

Chemical-Biological treatment. Pre-precipitation
Coagulant Polymer

Sieves
Disinfection
Flash Biological treatment - Oﬁ?"?tlﬁi!‘
Grit remeval mixing (activated sludge - ﬁ VGI‘I nation

or abiofilm)

Chemical-Biological treatment. Post-precipitation
Coagulant Polymer

Sieves

Disinfection
- ozonation
- chlorination

Biological treatment
(activated sludge mixing
or biofilm)

Grit removal




Factors influencing treatment &
efficiencies and economics

Drier and warmer summers

Wetter and warmer winters
X/

V¥ snow accumulation on the surface
A\ amount of sewage transported
Adilution of influent

v

A Influent volumes
N/ sewage temperatures
WV Influent concentrations

Why most WWTPs in Norway are covered




Underground WWTP in Norway
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=> will require bigger reactor volumes to achieve the same treatment efficiencies




e
More compact processes — Sy
primary treatment
Advantages in cold climates
* Compact technology — in-door
* High DS in sludge (> 25 % if screw press )
* Higher SS-and COD-removals may be achieved
with, for e.g. polymers
Disadvantages in cold climates
* Mechanical parts to be supervised
* Possible clogging of filter mesh
Common practice: setting tanks.
Needs large space — costly if in-door, Low sludge DS, Unstable sludge
Experience from Tromsg (350km North of Polar circle):
Fine sieves may give about the same treatment results as primary settling

Secondary/tertiary treatment
Suspended vs Attached growth

, Advantages in cold climates
l * Less influenced by fluctuations in Q & load

104

v 00 * o°

o . g
o /G0 Ve
YOI
00 *ep
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* Easy to operate (most reactor types)

=

B b

* Lower foot-print (e.g. MBBR)

Nitrification easily established at lower volumes
* All separation processes may be used

\/ Disadvantages in cold climates

* Carrier needed — more costly
* Higher DO (energy) needed
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Tenperatur,

Nitrifikasjonens avhengighet av temperatur (Henze et al, 1990)

Reduction of 10 degrees = reduction of 50% of Nitrification rate
=>» will require bigger reactor volumes

Impact of temperature on coagulation

* Floc formation during wastewater coagulation is known to be slower
at lower temperatures

 Sedimentation / flotation can therefore be negatively influenced.

* A\ sedimentation volumes
* A\ coagulant/flocculent demand




Temperature impact on coagulation: floc building

Floc building slows down at lower temperatures

5°C - smaller flocs

20 °C - larger flocs

Water supply

Domestic/
municipal

Cost of adaptation

Industrial

Agricultural

(including

irrigation)
Potential consequences of
climate change on the water
sector, without adaptation

Sanitation and
effluent removal

Navigation

Flood
management

Hydropower

Recreation

Water level
and soil water
management

Ecosystem
services

Cost of altered health
Cost of dealing with droughts

Cost of change in industrial productivity

Cost of change in agricultural
productivity

Cost of altered health

Cost of impacts on instream ecosystems

(e.g. fisheries)
Cost of dealing with pollution incidents

Cost of altered navigation opportunities

Change in economic value of flood
damages (direct and indirect)
Change in economic value of injury
and ill health

Cost of change in generation potential

Cost of changes in recreational
cpportunities

Disruption to established
patterns of use

Disruption and uncertainty

Uncertainty

Disruption and anxiety

Change to cultural value of
the water environment

Change in habitat
characteristics

Change in instream and
riverine habitats and species




Economical consequences

* Increased costs. Sweden estimates 0.2 billion USD
for 2011-2040 improve treatment quality, and 0.6
billion USD for 2011-2100 (only for drinking water).

Drinking Water and Wastewater—Early Estimated Range of Net Present Value Capital and O8M Costs to Address Cimate Change Needs Through 2050

SUMMARY
Drinking Water = $325 - $692 billion
Wastewater = $123 - $252 billion

GRAND TOTAL
Drinking Water
and Wastewater = $448 - $944 billion

S$44 billion
$2i5-15137 billion

| 51795346 billion

0
HAWAII '}

$10-$18 [silfen
Confronting CC, CH2M HILL, 2009




10th International Summer School on Water
Norwegian University of Life Sciences

THT 311: Water resources management and water &
wastewater treatment

13 June 2021
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About the Course Coordinator

Background

» Born in Sri Lanka, lived 18 years

* MSc from NTUU-KPI, Kiev, Ukraine, in 1987, lived 7 years
* PhD from NTNU, Trondheim, Norway, in 1992

* lived 33 years in Norway; worked in several countries for NORAD, SIDA, DANIDA, UN, World Bank.

Work experience

20 years: Director of innovation & international projects at the Norwegian Institute for Water Research
« Since 2012, fulltime professor, NMBU (2001-2011 part-time) at the Faculty of Science & Technology

» Worked in all continents...also for the World Bank and UN ECE

IWA Fellow (International Water Association)

Member of the Norwegian IWA Board, Member of specialist groups steering committees
* Norwegian representative at the EWA (European Water Association), Council member

» Chairman/Board member of various Norwegian water association

Water, Environment, Sanitation & Health - WESH

* 8-10 Teaching Members (Prof, Ass Prof)
* 2-3 Research Coordinators (Post Docs)
* 10-14 PhD students
- 30-60 MSc students WA & EWA
* 1-2 Project Coordinators conferences

Bilateral

Teaching R&D with SME’s

Africa &
Asia

Eurasia Harmonisation
of water-related
Industrial higher education
countries

Research
projects
Consortial

6 Norwegian University of Life Sciences
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Course objectives

This course is an intensive course complimentary to THT 271, THT 310 or can be taken as an

independent professional development course.

Learning outcome

After completion of this course, graduates will be able to:

= apply principles of the integrated water resource management

= recognise climate change impacts on water sector

= explain principles, opportunities and risks of digitalisation in the water sector
= implement bioeconomy principles in the water sector

= compare decentralised and centralised wastewater treatment solutions

= explain emerging water challenges

= develop research concepts and present results

WEEK 1: Day and topic
Monday 14'" June

Norway time

Course introduction (Ratnaweera) and group work structure 08:00-08:30
Module 1: Meeting the global challenges in the water sector
Global challenges (Thaulow) 08:30-10:30
Meeting challenges in the water sector: Climate Change (Ratnaweera) 10:45-11:30
Group work: Groupmap exercise {Maletskyi) 12:00-14:00
Tuesday 15" June
Module 2: Integrated water resources management & Water guality [Vermaat) 08:00-11:00
Groupwork (Playing serious game SIMANEXUS) (Maletskyi) 11:30-14:00
Wednesday 16" June
Module 3: Planning of water utilities for the future {Hem) 08:00-11:00
Groupwork [Playing serious game on Adaptive Planning) (Maletskyi) 11:30-14:00
Thursday 17* June
Module 4: Water quality monitoring
Sampling and online monitoring (Ratnaweera) 08:00-09:30
Advanced methods (Cuprys) 05:45-11:00
Groupwork on water quality: designing a monitoring plan for a DWTP/WWTP [Ratnaweera) 11:30-14:00
Friday 18™ June
Module 5: Digitalisation of the water sector
Opportunities and threats (Weldehawaryat) 08:00-08:45
Introduction to simulation programs in the water sector (Ratnaweera) 09:00-09:30
Simulation program STOAT (Sivchenko) 05:45-11:30
Hands-on training on STOAT (Sivchenko) 12:00-14:00




WEEK 2: Day and topic

Norway time

Monday 21st June
Maodule 6: Bioeconomy (Schumacher) 08:00-11:00
Group work: discuss and prepare a PPT presentation on given topics 11:30-13:00
Presentation in plenum (Schumacher) 13:00-14:00
Tuesday 22nd June
Module 7: Research skills and visibility
Research publication writing (Ratnaweera) 08:00-08:45
Increasing visibility: ResearchGate, Google Scholas, Scopus, Linkedin etc (Maletskyi) 09:00-10:00
Managing scientific references — Mendeley and data bases (Sivchenko) 10:00-11:00
Group work: Hands-on literature search (Sivchenko) 11:30-14:00
Wednesday 23" June
Module 6: Digital tools in water utilities
BIM and digital twins [Mair) 08:00-09:45
Virtual visit to a treatment plant (Ratnaweera) 10:00-11:00
Groupwaork: design a treatment plant with videos from internet (Ratnaweera)
Thursday 24" June
Module 9: Decentralised water management and Eco Sanitation (Heistad) 08:00-11:00
Group work: discuss and prepare a PPT presentation on given topics 11:30-13:00
Group work /discussions in plenum (Heistad) 13:00-14:00
Friday 25" June
Emerging water challenges (Cuprys) 08:00-10:00
Exam & discussion of question/answers 11:00-12:30
Closure 12:30

Introduction exam and

to project work

THT311

Harsha Ratnaweera & Zakhar Maletskyi




Exam / ECTS / Marks

* THT311 course is a master level course with 10 ECTS (European Credits),
which requires 300 hours of input from each student.

—80 hours: Lectures and self study during two weeks
—220 hours: Project work + self study

* Marks:
—50% for the online exam
—50% for the project report

Digital exam

* We will use a Google form based exam.
* Please test if your PC/login works? NMBU login not needed

* https://forms.gle/qiNoVRi6ISAASegB6




Project work: Process and deadlines

» 25.06.2021: Selection of the topic

» 30.07.2021 and 30.08.2021 open consultation/discussion sessions on zoom
* 10.09.2021: Submission of the final draft

* 19.09.2021: Comments to the final draft by teachers

» 30.09.2021: Submission of the report

* Only single reports (no group submissions)
* Prepare as a journal manuscript of 5000 words + figures+ tables etc.

* You may involve a teacher from your university and/or from NMBU as co-
supervisors to develop the paper.

12 topics to select from

Meeting the global challenges in the water sector
Climate Change Impacts on the water sector

Integrated water resources management & Water quality
Planning of water utilities for the future

Water quality monitoring

Digitalisation of the water sector

Bioeconomy

Decentralised water management and Eco Sanitation

9. Emerging water challenges

10. Solving water treatment challenges in my country

11. Solving wastewater treatment challenges in my country
12.Water and wastewater legislations in my country compared with EU

© N O WN -~




Structure

* Introduction/Background: why this is a challenge or/and important to focus
on. Use literature references

* Method: how did you collect information (data bases, contact resources
persons, surveys, books etc)

» Results: what has been done so far and to which degree they are solved
(references, examples)

* Discussion: how to proceed further/what can be /need to be done? Your
thoughts from the lectures and other studies.

 Conclusions

« Recommendations: what can be done to improve work on this topic which |
did not had time or resources, but still important to focus on

* List of references

Marking structure: 20% to each section

» Coverage of scientific literature

» Coverage of other information sources

» Comprehensiveness of the subtopics (Intro and results)

» Own reflections on the topic (discussions and recommendation part)
* Format of the manuscript




After submission

* We will consider including them in a printed proceedings book

» The best papers will be encouraged to develop as manuscripts for
international journals and/or conferences. Such papers can be jointly
developed with co-supervisors (but not as a part of the assignment for the
evaluation of the subject).

« All will get an opportunity to present their findings at a seminar/workshop
when you are in Norway (if the travelling will eb permitted).

Special course with SUNY-SB USA and NMBU

 State University of New York at Stoney Brook and NMBU collaborates in an
R&D project “Managing nanoparticles and use of nanotechnology in water”.

* A special joint course with 4-6 joint lectures + project report is planned
» Postponed to Oct/Nov 2021

A course completion certificate: jointly from SUNY.SB & NMBU

* NMBU 3 ECTS course certificate

* Registration in Oct 2021- you will be invited to join

N




Arctic Summer school

s
International Arctic School, Summer 2021 ( q“’; }
IAS-HIT-2Summer2021 B o

Harbin, Ching, July 12-25
12-25 July 2021, Harbin, China

KEY INFORMATION

< Application deadline
30 June 2021

< Opening Date
12-25 July 2021

< Host Venue
On-line

< Theme

POPs and Chemicals of
Emerging Arctic Concern

fi - - o - e &
1 | —_— —~— F {CEACs) in the Arctic
e -%7 — iy ] i - I ‘1“' A under Climate Change

POPs and Chemicals of Emerging Arctic Concern (CEACs) in
the Arctic under Climate Change

« 3ECTS NMBU
* Certificate from IAS-HIT

* Registration end of
June. You will be invited.




Modern analysis techniques
for water pollutants

THT311 — 17 June 2021
Agnieszka Cuprys, Zakhar Maletskyi

Norwegian University of Life Sciences

Content _|E_.|m|_c

Challenges in water pollution
Sampling and sample preparation
Mass spectrometry

Separation techniques
Spectroscopic techniques

Other techniques — future trends
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Challenges in water pollution

Persistent Organic Pollutants (POPs) 15_.|m|_c

POPs
- carbon based organic chemicals
- highy soluble in lipids
- disperse to long distance in an atmosphere

Intentionally

- wanted products are produced
- highly lipophilic and neurotoxic - unwanted products are produced as byproducts

Unintentionally

Organochlorine pesticides

-DDT Industrial chemicals
- DDE (PCB)

- Dicofol - 2-chlorobiphenyl

- Methoxychlor -2,2',3,4-

- Lindane tetrachlorobyphenyl
- Aldrin - 3-chlorobiphenyl
- Mirex

Polycyclic aromatic Furans compounds Dioxin compounds
hydrocarbons (PAH) -2,3,7,8- -2,3,7,8-
- Anthrone tetrachlorodibenzofuran tetrachlorodibenzodioxin
- Benzanthrone -1,2,3,7,8- -1,2,3,7,8-
- Benzo[A]pyrene pentachlorodibenzofuran pentachlorodibenzo-p-dioxin

Credit: Gaur, N.; Narasimhulu, K.; PydiSetty, Y.. J. Clean Prod. 2018, 198, 1602-1631




Trace Organic Compounds _W.__.lmw_c

Daliphatics

B anticorrosive

Ochlorobenzenes

Ocomplexing agent

W disinfection by-products

Mfire retardants _

_ Bfluorescent whitening agents
DOglycol ether

e contrast media

BEmonocyclic hydrocarbons and heterocycles

_ Onitrosamines _

Dorganotins

M personal care product _
[Roessoee |

B phamaceutical

Wphthalate esters/plasticizers |
Bpolychlorinated biphenyls
Opolynuclear aromatic hydrocarbons

Osteroids, sterols & stanols |

_ Dsurfactant _

WERF (2008)

Trace Organic Compounds _W.__.Imw_c

Painkillers found in drinking water

Pharmaceuticals lurking in  of 1 io citi .
L of 15 Ontario cities, study amﬁcﬁmO:z.ﬁmw.—.:_zx

o . o The Corechen Frema E3cr v e dectable beveis fer
m QH.HSWHHH .swm.—”mﬁ HasMTON 3.:.._-95:!.;.. 2!-...".. heusehoid ssbacnsilog | 1O T BoTH, ACTUALLY
— _ kYo . Ehe cencaiihern sy (e s arey chemsl- T sy fllows veven (D, SON OR THANKS *To ALL THE
,g_nq«.ﬁ?:gnﬁa.: enls were foued s @ wign of porafial ox- of & it Ty of pharmas CHEMICALS N THE
AP probe found traces of meds in water supplies of 41 million Americans S e e sy S SRS oo o 50 - drinkieg water of at les WATER THESE OPNS.

"
frteste in Burtingion. Campounds detected include
Most compounds were reduced 10 painkitiers such & iugecden, choles-

Study: India's Water Contains Highest
Levels of Pharmaceuticals in World 3\

Third of male fish in rivers
are changing sex

By FIONA MACRAE, Daily Mail
Last updated at 19:36 19 July 2006




0.01-100
0.01-10
1-500
0.01-1
1-50
10-100
0.005-1

§gseegez

Credit: Agilent Technologies
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mgiu
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02

10

0.02-0.2%

13
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02

200

10

10

0.2

<50
<300
<2

<10
<1000
<50 (V1)

<1

<500
<20
<50
<50
<10
<100
<01

<50
<0.2
<0.7

<1
<20

<1

HGAAS;GFAAS
ICP-OES
ICP-OES
GFAAS
ICP-OES
ICP-OES
ICP-OES
CVAFS
ICP-OES
ICP-OES
ICP-OES
GFAAS
GFAAS
HGAAS:GFAAS
ICP-OES
GFAAS
Fluorimetry
ICP-OES
ICP-OES
ICP-OES
ICP-OES
ICP-OES
ICP-OES
ICP-OES
ICP-OES

Just how small is a part per million
or apart per billion?

In one Olympic-size swimming pool
(660,000 gallons) a

1PPM =11/4 two-liter bottles

1PPB = 1/2 teaspoon %

Sampling and sample
preparation




Environmental analysis

N
Treated effluent Incoming wastewater Sludge
00 n,
200 mL “_wm 5
Sample 4 200 mL
p Adjustment _ Sample
( of pH (
IS
IS
Evaluation of the results (27%) . PH [Contrifu gation| 1S
SPE Oasis HLB T 4700 rpm Iv
6 cc, 200 mg Water 25 min Sludge
v Beadbeating
Analysis (6%) Elution: 3x, MeOH, different pH
5 mL MeOH, 5% FA Thermo
5 mL EtOAc TSQ Quantum Ultra EVIR Dilution F
Oasis HLB y
6 ce, 200 mg a_ SPE
)
2oonl  Elution:
Evaporation: —  L[C-MS /MS 4—— 5 mLMeOH, 5% FA
200 pl 5 mL EtOAc
Credit: DOI: https://doi.org/10.1016/B978-0-12-816934-6.00004-7 Credit: DOI: 10.13140/RG.2.2.30958.87367
U
Solid-phase extraction uil
N
Solvent A Sample Solvent B Solvent C

E

&

[N

Sorbent mass J mg

%

Solvent volume L
C—— mL
C )
L

X

0

Conditioning Loading

|
3 - E . opine
\f \ U

o
A

o

Washing Eluting

Credit: Plotka-Wasylka, J.; Szczepanska, N.; de la Guardia, M.; Namiesnik, J. Modern Trends in Solid Phase Extraction: New Sorbent Media. Trends Anal. Chem. 2016, 77, 23-43




Solid-phase microextraction

Pierce septum
on sample container.

Extraction Procedure

Retract fiber/

Expose S
fiber/extrac

Desorption Procedure

needle.
Pierce septurn in GCinlet {or
introduce needle into SPME/HPLC
interface).

Expose fiberidesorb analytes.

Tha SPNE Fraress Artwy

—>

_“ﬂM— https://www.youtube.com/watch?v=Gno-S8FBpXM

] Extraction phase
B Sample
Sampe flow -
Tube
Fiber Vessel walls
Particle
ISuspended particles Stirrer Disk/membrane]
Credit: Vas, G., and Vekey, K. 2004. Journal of Mass Spectrometry, 39:233-54.
Credit: Xu, J., and Ouyang, G. 2019. Encyclopedia of Analytical Science (Third Edition), 100-108.
_|_.| ]
[ ] L] m
Solid-phase extraction — examples v
N
Extraction Adsorbent Environmental pollutant Sample References
technique
Solid-phase Magnetic carbon nanotubes having nano-SiO, Sulfonylurea pesticides and Water [114]
extraction (SPE) modified with octadecyl functional groups neonicotinoids
SPE Magnetic Fe;0,4 nanoparticles-based-metal/ Heterocyclic pesticides (carbendazim, Water [115]
organic framework fenpyroximate, triadimefon, and
chlorfenapyr)
SPE Amberlite XAD-2000 Ph(ll) ions Water [116]
SPE Magnetic metal/organic framework Triazole pesticides (myclobutanil, Water [117]
functionalized with graphene oxide (GO) fenbuconazole, flusilazole,
penconazole, and epoxiconazole)
SPE Polyamide nanofibers Bisphenol A (BPA) River water [118]
SPE Activated carbon As(lll), Cd(ly Cr (111), Cu(ll), Fe(ll), Mn(ll)  Wastewater [123]
Ni(ll), Pb(Il), and Zn(ll) ions
SPE Magnetic Fe;0,4 nanoparticles-based Polycyclic aromatic hydrocarbons Industrial [124]
multiwalled carbon nanotubes (MWCNTSs) wastewater
comnosites
Solid-phase Commercial SPME fibers Hydrazine Industrial [129]
microextraction (polydimethylsiloxane-divinylbenzene, wastewater

(SPME)

divinylbenzenecarboxenpolydimethylsiloxane,

polydimethylsiloxane, polyacrylate,
polyethylene glycol, and carboxen-
polydimethylsiloxane)




Other techniques

To analytical

Aqueous sample  Rapid injection of  Cloudy solution ~ Scdimented phase  Collection of
extractant and extractant instrument for
disperser analysis

Dispersive liquid-liquid microextraction

."(.XU‘ A ‘ Self-assembly

Y | d F 2op s  Cross-linker
porogen
initiator
a \ Adsorption

s ‘
Desorption
(

H L]
nng?nucon
e r :

GO PRGO  HNT-PSS |

»

Mixing

m<wvo~m..o:

Nano-based methods (membranes and particles)

&

i
al &0
Ao prM, ‘

.

A\ Nonpolar analyte

JUIURINSBIA

B e Diluted Coloidal 2 "
Aqueous  aqueovsphase  Soten of SN
organic-containing addregations

sample solution

Cloud point extraction

—— Molecularly imprinted materials

Credit: DOI: https://doi.org/10.1016/B978-0-12-816934-6.00004-7

Mass spectrometry




Weight and mass

Atomic i&ui vs. Atomic Mass

Atomic mass is the sum of protons
and neutrons of a single atom.

- g

p————— -

e

ooe el
,“ a .,,,,,,

- :
e

\

e

Carbon-6 Atom

Atomic Mass =12
ThoughtCo.

I y /

Atomic weight is the weighted
average of the atomic mass of
all natural isotopes of an element.

(- ~

4

Carbon
12.0107
_J

Carbon
Atomic Weight = 12.0107

-

Mass spectrometry (MS)

MS

_|§|.__.|w|_c

N

* Mass spectrometry does not directly
determine mass; it determines the mass-to-
charge ratio (m/z) of ions.

* It is a fundamental requirement of mass
spectrometry that the ions be in the gas phase
before they can be separated according to
their individual m/z values and detected.

Unknown

compounds
identification via
molecular weight
determination

Quantification of
known compounds

Determination of

structure




Principle

lonizer

* MALDI
* Electro-Spray
lonization (ESI)

Mass Analyzer

- Time-Of-Flight (TOF)

* Quadrapole
* lon-Trap

lonization

s

>

ELECTRON
ouT

; i
1]
£
[
5 N Y
40 630 3% 105 1280
Detector
» Electron
Multiplier
(EM)
o
i
Solar radiation 5
IONIZATION (energy) :
POTENTIAL 1 B

is the energy
needed to remove
an electron from
an isolated atom
or molecule.

Free
electron




Mass spectrometry (MS)

 Measures the mass-to-charge ratio of ions

Detection
Faraday Toluene C;Hg
collectors MASS SPECTRUM (Electron lonization)
fﬁ\&u. =46 \Im— .............. 100
MS“QW =45 —F- cH
mAa} =44 — - 5
> 80
i o et
s g
[ c
P 5 8 60
LT =
magnet - o Toluene chemical structure
X amplifiers /\ Y Y < 40 molecular mass: 92
" 2
8
n L 207
ratio
lon source output 7 7
\UmmBﬁOncmmmso 0.0 S B — : ,;_,_ L 4 L
<~—— ion acelerator 15 30 45 60 75 90
AN m/z
LT, electron trap NIST Chemistry WebBook (http:/fwebbook.nist.gov/chemistry)
ion repeller
gas inflow (from behind) _mom:.a”
nm ... 10N Mass

jonizing filament

g ... ion charge

105

Mass analysers

» Quadropole: DC+RF are applied to two pairs of metal rods influencing

trajectories of ions

 Time-of-flight: ions are accelerated in electric field, time of travel is

measured

Magnetic sector
Electrostatic
Quadrupole lon Trap
lon Cyclotron




Agilent Triple Quadrupole LC/MS

Separation techniques




Chromatographic separation

Column

Support and
stationary
phase

B

Amount of chemical exiting column

Time or volume of applied mobile phase

Type of
chromatography

Gas chromatography

Liquid chromatography

Supercritical fluid
chromatography

Mobile Stationary phase
phase
Gas Liquid adsorbed on the
solid surface
Solid
Liquid Liquid adsorbed on the
solid surface
Solid
lon-exchange resin
Polymeric gel
Supercritical Solid
fluid

Mechanism

Partition

Adsorption
Partition

Adsorption

lon-
exchange

Gel
permeation

Partition

Credit: Hage, D. S., Principles and Applications of Clinical Mass Spectrometry. In Chromatography, 1st ed.; Rifai, N., Rita Horvath, A., Wittwer, C. T., Hoofnagle, A., Eds.; Elsevier,

2018; Chapter 1

Gas chromatograph (GC)

Carrier gas
source

Injection
system Detector

Computer/
control system

1

A

Column

Detector type

Thermal conductivity
detector (TCD)

Flame ionization
detector (FID)

Electron capture
detector (ECD)

Photoionization
detector (PID)

Electrolytic
conductivity detector
(ELCD)

Flame photometric
detector (FPD)

Nitrogen—phosphorous
(thermionic selective)
detector (NPD)

Mass selective detector
(MSD)

Selectivity toward
target compounds

Universal

Most organic
compounds

Compounds having
electronegative
functional groups

Aromatics, aliphatics,
esters, aldehydes,
organosulfurs, amines,
heterocyclics, ketones,
and some
organometallics

Compounds bearing
sulfur, halogen, and
nitrogen functional
groups

Compounds having
sulfur or phosphorus
groups

Compounds having
phosphorus or nitrogen

Universal

Approximate
detection

1pg

100 pg

10 pg

1pg

Dynamic
range

107

107

10°

107

10°

107

Credit: Hage, D. S., Principles and Applications of Clinical Mass Spectrometry. In Chromatography, 1st ed.; Rifai, N., Rita Horvath, A., Wittwer, C. T., Hoofnagle, A., Eds.; Elsevier,

2018; Chapter 1




GC/MS - volatile compounds _W.__.Imw_c

(RT=24.19)

Phenanihrene
(RT=21.72)

1ioes| ®)

Tetracosane
(RT=31.14)

Separated
Components

B
N
GC Ms

250 350 50
___' c Retention Time —
Sample In
(Mixture A,B,C,D)
il 1 i Tetracosane
(c) Phenanthrene . L CaHsy @
CiaHyg

D Py Mg rr,
N B S N N N N N NN
M u 7o
1
D : I o2

o 520
0
L S I 20 130 1260 1390 ___ 1631 __
T

Relative Response

Injector

Relative Intensity
Relative Intensity

Gas Chromatography

|

%0 & 70 % % 100 1o 130 10 0 10 16 1 180 10

Carrier Gas
Inlet ===

Column

(O

Transfer Line

Mass Analyzer
e 2 Detector

Outputand data analysi

Credit: https://doi.org/10.1007/978-3-319-39312-4_159

Spectra deconvolution with mass-spec _|E_.|m|_c

Components and Mixed Spectra Deconvoluted Components and Spectra

TIC Component 1

Component 1
Component 2

l |

Component 2
l\/ 1 . L

Component w\,

Component 3

T T




GC/MS — compounds

N
#
21 Carbon Tetrachloride 41 2-Nitropropane 61 n-Propylbenzene
1 Dichlorodiflucromethane
22 Methyl Acrylate 42 | Tetrachloroethene 62 1,1,2,2-Tetrachloroethane
2 Chloromethane ) 63 | 2-Chlorotoluene
23 1,1,1-Trichloroethane 43 | 4-Methyl-2-pentanone
3 Vinyl Chloride 64 | 1,2,3-Trichloropropane
24 Tetrahydrofuran 44 | cis-1,3-Dichloropropene
4 | Bromomethane 65  1,24-Trimethylbenzene
25 | 1,1-Dichloropropene ~Tri
s | Chiorosthane prop 45 | 112 Tiichloroethane 66 trans-1,4-Dichloro-2-butene
6  Trichlorofluoromethane 26 | 1-Chlorabutancs 46 Eibyl Methacrylate 67 | 4-Chlorotoluene
7 | Diethyl Eth 27 2-Butanone 47 | Dibromochloromethane 68 | tert-Butylbenzene
iethyl Ether
8  1,1-Dichl th 28 | Benzene 48 | 1,3-Dichloropropane 69 | 1,3,5-Trimethylbenzene
1= oroetnene
9 | Carbon Disulfid 29 Methacrylonitrile 49 | 1,2-Dibromoethane 70 | sec-Butylbenzene
arbon Disulfide
. 71 -l Itol
| N 30  1,2-Dichloroethane 50  2-Hexanone prisopropytioluene
10 | lodomethane i 72 1.3-Dichlorobenzene
31 2,2-Dichloropropane 51  Chlorobenzene
" Allyl Chioride 73 | 14-Dichlorobenzene
32 Fl by IS
12 Methylene Chloride uorobenzene (15) 52 | Ethylbenzene 74 n-Butylbenzene
13 trans-1,2-Dichloroethene 33 | Trichloroethylene 53 | 11.1.2-Tetrachloroethane 75  Hexachloroethane
14 Methyl-t-Butyl Ether 24 | Dibromomethane 54 | m-p-Xylene 76  1.2-Dichlorobenzene-d4 (SURR)
15 1.1-Dichlorocthane 35  1,2-Dichloropropane 55 | o-Xylene 77 1.2-Dichlorobenzene
16 Acrylonitrile 36 Bromodichloromethane 56 Styrene 78  1,2-Dibromo-3-Chloropropane
79 Nitrob:
17 Propionitrile 37 | Methyl Methacrylate 57 | Bromoform itrobenzene
80 | Hexachlorobutadiene
18 -1,2-Dichloroethene 38 | trans-1,3-Dichloropropene 58 | Isopropylbenzene
81 | 1,24-Trichlorobenzene
19 | Bromochloromethane 39  Chloroacetonitrile 59 | 4-Bromofluorobenzene (SURR)
82  Naphthalene
— 40 Tol
20 chloroform Cluene 60 | Bromobenzene 82 123-Trichlorobenzene
High-perform liquid chromat hy (HPLC)
Ign-periormance 1liquia cnromatogra

Injection valve or
injection system

'

Credit: Hage, D. S., Principles and Applications of Clinical Mass Spectrometry. In Chromatography, 1st ed.; Rifai, N., Rita Horvath, A., Wittwer, C. T., Hoofnagle, A., Eds.; Elsevier,

2018; Chapter 1




LC/MS el

1 Samples:
Solvents: mobile phase Multiple component

Mixtures

Signal Intensity

b“ L3 — | Detection
/|

1 rrr .
Mass Spectrometer 3 _\ Mass 00§23
o] L= . Time - »V
S [ 1 " [(Leus S Z o
| | =5 Interface+ \ "
U J lon source | F ‘F V )
-~ )
High performance liquid HPLC Chromatogram +
Chromatography (HPLC) device  Column Mass spectrum analysis
e
v . high mass
ionization (o} Chromatogram
— 4=
o !
] 201N Time
O low mass

- ——
B LC Separation | .

LC-MS — real examples il

xID§
46

ifl| Simultaneous analysis of 30 TOrCs in |piphenhydramine 100 nglL

=il positive and negative ESI
p g fim DI
walter

1| Injection Volume: 1.5 mL

| Cycle time (Extraction + Analysis):
=l 18.5 min

1| Analytical Column: Poroshell 120 EC,

21

2 2.1x50 mm

18
1.7
16
15.
14
1.3
17
11

1
03
0.2-
Q7.
06
s

Trimethoprim
Meprobamate
Testosterone
Diclofenac
Gemfibrozil

PFOA

PFOS
Triclocarban

Atenolol
Primidone
Naproxen
T%PP
enzophenone
Ibuprofen
Triclosan

Benzotriazole
affeine

T8 13 2 212223242526272929 3 3132333435356373839 4 4142434445464748435 51525354555657 5859 6 61 626364656667 6869 7 717273747576 777879 & 8182 2384 8586 67
Counts va. Acquisition Time (mir)

Credit: Agilent Technologies




LC-MS — real examples

Wastewater Effluent 2

40001
35004
3000 EE Online m._um Wastewater Effluent 2
W EH Conventional SPE 500-
M 25007 E& Online SPE
.m 2000+ 4004 B Conventional SPE
5 z
o
g 19007 ' 3004
3 (=]
© H
1000+ W
8 200
c
[=]
[&]
1004
0
& e 2 ) y
< /.,a% eM.mo @ esoe G« sample size: &
&° n=3 for online SPE

n=1 for conventional SPE

Credit: Agilent Technologies

LC-MS — real examples

< 610
1 Cpd 109: Terbutryn
105 -
1
055 (2 ppm mass tolerance, MFE)
os ] 50 pg an-calumn
] ZORBAX Eclipse Plus-C18, 2.1 mm x 50 mm
085 18um
os ] Flow rate 1.5 mL/min
| 900 bar
05
% 5B g 500 CIDB35 4 4150 > 5. g1 -
] <102
065 7 T i 3
IIe .
085 - " | 7ORBAX Exiipse Plus £18, Ultrafast Chromatography
08 | 21mmx50mm
157 1.2mL/min
045 07 - 780bar
v s 1 Peak width 0.7 sec
035 - /
05
03
035 - 04
02 03 -
s - 02 _
01 - | 1 _ Y
| 01
005 - | > >
| |
LA L 1 i A \
: S ARl A e S — - ; -
278 2 M M M @ 3 4 4 48 w2 B6 B0 B4 68 72 76 80 B4 BR ¢ 812 18 020 m '3 s 0 44 4 52 se 600 6t 68 72 76 00 84 6
Counts (%}vs. acquisition time [sec] Counts (%) vs. acquisition time (sec)

Credit: Agilent Technologies




Summary for separation techniques _|E_.|m|_c

GC-MS

||l

POLARITY

Spectroscopic techniques




Infrared spectroscopy

T
12500 ~ 4000 cm' 4000 ~ 400cm’ 400

~ 10cm’
Far Infrared

100% transmission

Near infrared Mid Infrared
(780nm ~ 25pm ) ( 25pm ~ 25pm ) ( 25pum ~ 2000 um )
Infrared
radiation

Peak absorptions are

shown as the region facing

]

source downwards
' 5

)
=
5| BO.

G

! 2o.

4000

1000

Infrared spectroscopy

* Analysis of microplastics

Overlapped UFTIR spectra of microparticles
from sediment aliquots manually identified
as a) polyethylene (PE)
or b) polypropylene (PP)

Credit: https://doi.org/10.1016/j.talanta.2020.121814

a)

g
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azs/ss
wouarjs
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— sy
1 PrE3/Ss
Prusa/Sy res/sy
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Ultraviolet-visible spectroscopy (UV-Vis)

Absorbance is proportional to concentration

Light Source Light Guidance  Sample Detector  Dispersing  Computing and A=clc
Light Display
grating
slit
A
. sample N
ion
o cuvette @ photodiode
_ array (PDA)
light ®
source

Photodiode Array (PDA) Solution

grating
P
reference
Somple N > \ s detector
reference
light ® cuvette
source beam .
solitt sample
v%o_.mmq/ D O detector
sample
cuvette

Double-beam UV/Vis solution

Credit: House, J. E. Molecular Spectroscopy. In Fundamentals of Quantum Mechanics, 3rd ed.; Academic Press, 2018; Chapter 11, pp. 271-196

Spectrophotometric autoanalysers z_\E_.lfc
il
L.
Ty




Main studies performed using UV-Vis spectroscopy
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N
References Sample source Method Wavelength Study
range (nm)
Ferree and Shannon Full-scale WWT uv 190-250 Application of a second derivative method for nitrate and total nitrogen determination
(2001)
Muzio et al. (2001) Full-scale WWT uv 200-350 Attainment of reasonable prediction of influent BODs and poor final effluent BOD5 prediction
Azema et al. (2002) Full-scale WWT uv 200-350 Study of soluble and colloidal fractions in suspended solids
Roig et al. (2002) Full-scale WWT uv 200-350 Demonstration of the feasibility to measure organic mercaptans in wastewater
Vaillant et al. (2002) Full-scale WWT uv 200-350 Direct comparison, spectra differences and normalization showed the UV response to TSS, OM,
inorganic particles and weather conditions
Sarraguca et al. (2009 Lab-scale WWT Uv-Vis  230-700 Development of calibration models for COD, nitrate and TSS prediction
Drolc and Vrtoviek Full-scale WWT uv 200-250 Monitoring of nitrate and nitrite
(2010)
Qin et al. (2012) Pilot-scale WWT Uv-Vis  200-800 Combination of sensors to monitor COD, TSS, oil and grease with satisfactory prediction
results
Kwak et al. (2013) Full-scale WWT uv 254 Prediction of wastewater BODg
Louvet et al. (2013) Full-scale and lab-  UV-Vis  200-600 Correlation of 416 nm absorbance with COD
scale WWT
Chen et al. (2014) Full-scale WWT Uv-Vis  200-650 COD monitoring using variable pathlength
Zamora and Torres Full-scale WWT Uv-Vis  200-700 Detection of outliers in the prediction of COD and TSS

(2014)

Credit: Mesquita, D.P., Quintelas, C., Amaral, A.L. et al. . Rev Environ Sci Biotechnol 16, 395-424 (2017).

Atomic absorption spectroscopy (AAS) z@_ul_c

Radiation
source

Revolving lenses

[
: Atomizer =t I Monochromator
T
e .
L NA
Sample Detector
7
Recorder and
amplifier

HCL or Monochromator
EDL Lamp
A m<}
Flame Detector
HCL or Monochromator
EDL Lamp
§ . -
L1 l\ —
Graphite Tube Detector

Credit: DOI: https://doi.org/10.1016/B978-0-12-816934-6.00006-0




AAS - examples

Comparison of various atomic absorption spectroscopic methods
available for nitrate and/or nitrite detection

_|§|.__.|w|_c

N

Analytical performance of the various systems for Cd
determination

. .. Detection Detection
Reagent Sample A (nm) z_:mﬂm\z; limit range RSD% Ref.
used rite
(ng/mL)  (pg/mlL)
Bis(2,9- NO; -
dimethyl- 4.0x1072 3.7
1,10- forboth  1.3x 10! Silva et
phenanthr Food 328.1 Both NO; and -2.20 No, - al[145]
olinato)- NO, 4
copper(l)
Cadmium .
metal and Inorganic n
0amM 39 2088 Nitrate  NA 3.1x10 1 Hassan[l4
h . organic 3.1 6]
ydrochlori _.

. nitrates
c acid
[Ag(Phen), - . 3.1x1072— Anwar and
] solution Fertilizer 328.1 Nitrate N/A 31x10-1 0.45 Haque [148]

LOD LoQ Range
Method (mg L") (ng L") %RSD (ng L")
FAAS 42 140 9.6 100-2000
SQT-FAAS 11.9 39.6 6.3 50-1000
DLLME- 1.3 4.4 7.6 5.0-100
FAAS
DLLME- 0.5 15 8.2 1.0-17.5
SQT-FAAS

Abbrreviations: FAAS — flame atomic absorption spectrometry, SQT - slotted
quartz tube; DLLME - dispersive liquid-liquid microextraction

Credit: https://doi.org/10.1016/j.talanta.2018.08.028

Credit: https://doi.org/10.1016/j.sab.2017.01.006

Inductively coupled plasma
atomic emission spectroscopy (ICP-OES) :

|

ao.on.noq

Arinlets

sample

pumping nebulizer
oL

w ——

_lchamber :
.v
. drain :

https://www.youtube.com/watch?v=aCi72rjofYA

-

Radial View

Axial View

Credit: https://doi.org/10.1016/j.cemconres.2016.10.007




|ICP-MS spectrometer

Gaseous
Liquid Sample
Sample " _
L X il
® 1 I} (Y],
> Particle — Molecule > Atom > lon Mass Spectrum

Nebulizer (liquid) Spray Plasma Mass
Laser (solid) Chamber Spectrometer

Credit: Agilent Technologies

ICP-MS spectrometer _W.__.Imw_c

Preheating

Quadrupole lon Deflector 6500°K 5007, 8000%K

’e

Normal _
Triple Cone >=MN_.MS_ Oﬁ“éo —

Interface

Detector Quadrupole Mass Filter Universal Cell

0
6000°K 10,000°K Initial Radiation Zone




Commercial instruments

Reaction gas (0,) —@
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ICP-MS — detection limits el

H <0.1 ng/L He
_ 0.10-1.0 ng/L

Li| Be 1.0-10 ng/L BY CH NN OB FJ Ne
0.19 | 0.08 — > 10 ng/L 2.9
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a3 | ozl Igraon e secmasse.n=10. 3 sigma o7l a0 114 207 as
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Credit: www.matriks.no

ICP-MS — real samples z@_ul_c

[1]Spectrum No.1 [181.531 sec]:0045SMPL.D# /Tune #1 [CPS53][Linear]
1.0E 5+
|
C [Na Rb
| 11
Mg
“Unknown” element
5.0E 4+
Ca Zn
Li Mo
| Cu
B Sr |
r sb Cs Ba
_;_ PR _L._:__L_ Rt ||/
miz-> 10 20 30 40 50 660 70 80 90 _n__u_.__u_m_u_w_u_A_u_m_u_m_u._qn_mn:wcmcﬂom_omwomwomaommomaa

Credit: Agilent Technologies




Combined techniques

Optional
Conventional
Detector(s)

w e
_,_?_: __ yr

W ! CE _

Credit: Agilent Technologies

Laser Ablation i f‘

ICP-MS spectrometer

Covalently bound natural

Not common analytes
v (hetero)element tags

High selectivity and
sensitivity for
elements

Not detectable

Detectable by ICP-MS

Possible element tags
Hetero for protein labelling

elemeft

screening

ID-MS ¢

CE-ICP,
Element LC-ICP S
Tags LA-ICP-MS
. GE-ICP-MS
Quantification
based on isotopic Versatile and easy

information on-line coupling




Summary of different techniques

= |
GFAA

—

— _ _ — Hydride Generation AA
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|_|_|_l _ . _ Flame AA
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ICP-QES — Axial View
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$OK $50K $100K $150K $200K
Typical complete system cost ($US)

Other techniques —

future trends




Total Analysis System (TAS) — “lab-on-a-chip systems” 215_.|m|_c

* Quick response in the target analysis
* No requirement for skilled researcher
» Small sample volumes

Dat
E fet E . N.
processing

Photocatalytic
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tube
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. -~
& N+ &
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microchannel on
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ITO glass slide

layer ITO glass

Nanomaterial-based sensors

Bulk of BP

Porous graphene (PG)
functionalized black phosphorus
(BP) as electrochemical sensor

platform for bisphenol A detection isp brG
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Credit: https://doi.org/10.1016/j.jelechem.2019.01.003
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Water quality monitoring

Sampling and online monitoring

Harsha Ratnaweera
THT 311

Outline

« Sampling-methods and error sources

« Status and need

* Online measurements and instruments
 Applications in surveillance and control




3 “bibles” in water treatment and analysis

Wastewater Engineering
wate
treatment] S=at i

» 1600-2000 pages; 100-400 USD each

Water Quality Analysis and Sampling '

» We try to characterize the large amounts of water on the basis of a small
sample volume.

* To:
» Document the water quality to the customer / government (eg. meet the requirements
for documentation in the Drinking Water Regulations)
Monitor water quality at special events
Monitor specific risk points and problem areas on the collection/distribution systems
Determine whether the treatment plant must be expanded
Calculate the load on the wastewater treatment plant
+ Calculate wastewater fees for businesses
* Optimize treatment processes
* Decide that could have major economic and environmental consequences




Type of samples

e Samples:
— The entire sample volume is taken out at once.

e Mixed samples

— A sample consisting of several random samples taken over a longer period of time, often over a day. The test is
then called a 24-hour test or24-hour mixed test.. Other time intervals can also be used.

e Time-proportional test

— One mixed samplewhich consists of equal samples taken at a constant time interval over a longer period, e.g. a
sample every five minutes.

e Quantity proportional sample

— One mixed sample consisting of random samples where the amount of sample taken is in a certain ratio to the
amount of water that passes at any given time the sampling site.

— Grab sample?

Samplers
Ruttners water fetch




Wall-mounted samplers

Pressure/vacuum principle

- Time and flow- proportional
X - " ’ | ‘ sampling
» bt : ;’;’ | Fully programmable
B - Adjustable suction

Follows ISO 5667

Acidic environment

Steel refrigerator

Uncertainty in an analysis result

e There is always some uncertainty associated with an analytical response.
The uncertainty can be divided into two main components:
— Uncertainty related to sampling
— Uncertainty related to the chemical analysis

e The uncertainty contribution from the sampling is often significantly higher
than the uncertainty contribution from the chemical analysis.




Sources of error in sampling

@ystematic errors \ @andom errors \

Varying composition of Sampling is performed in
water (particles of different ways by different
different composition and people
shape; too poor mixing at
the sampling point) The function of the
sampling equipment
Wrong sampling strategy varies (sometimes pulls)
(time proportional the sampler up large
sampling instead of water particles, other times not)
volume proportional)
The samples are treated
differently from time to
time

S AN /

The uncertainty contribution from the sampling

» The primary sampling (sampling of the daily sample from the effluent):

—Variation in the (wastewater) composition of the water (distribution of
particles with different density, shape and size)

—Flow conditions at the sampling point (degree of stratification in the
effluent)

—Function of the sampling equipment (will particles of a given density,
shape and size be omitted from the sample?)

* The secondary sampling

—Too poor stirring / shaking of the sample before taking a smaller sample
volume

* Influence of the sample during transport and storage
—Contamination of the sample from the material in the sample packaging
—Influence of environmental factors (temperature and light)




Sources of error when processing samples

» Use of equipment that affects the sample

» Use of cork / container that affects the sample

* Incorrect marking of the sample

* Incorrect preservative / quantity / or no preservation
* No cooling / freezing of the sample

» Sampling for analysis from mixed sample can

* Degree of filling in bottles

Sample bottles




Cleanliness of sampling bottles

Sample volume

The sample volume must be sufficiently large so that the desired tests and
analyzes can be performed. If the concentrations are low, the sample must be
concentrated before analysis and for this larger sample volumes are needed




Storage (preservation) of samples

* The samples must be analyzed as soon as possible

* When it is impractical, should be preserved according to the provisions,
which vary by parameter.

Outline

« Sampling-methods and error sources
 Status and need

* Online measurements and instruments
 Applications in surveillance and control




The status

« Daily, weekly or monthly monitoring
» Grab samples
 Often outlet only

. .‘
h . o )
E’sﬂ:%wﬁ ﬂa ’ y

Water temperature /

Specific conductance

The need

* Increasing treatment requirements
—health reasons
—environmental reasons
—legal reasons

» Extreme treatment requirements
—Micro-pollutants, nutrients
—Footprint — cost of land
—Process economy

» Operational requirements
—Unmanned — lack of resources / cost




Water quality in the distribution pipes

Water treatment deficiency
Leaching

Internal corrosion

Contaminant intrusion Water, Water |
Microbes Microbes
Nutrients Nutrients
ot Suspended solids Suspended solids
e Biofilm formation A:
Disinfectant loss &THMs formation

Norway Water Crisis: Thousands
Fall I1] On Island Near Bergen

g pavid kel e conepuser o 62 municipalities in Norway asked to boil
Travel and lifestyle in Europe with a focus on Norway & Scandinavia. Water b efore drinking: report

Source: Xinhua | 2019-06-17 22:50:05 | Editor: yan

v £ I infod %)

OSLO, June 17 (Xinhua) — Since 2018, residents of at least 62 municipalities in Norway
have been asked to boil water before drinking, the newspaper Aftenposten reported
Maonday

Askey island municipality in Norway ceTTy

Doctors are investigating the deaths of two people in Askey near Bergen, Norway,
following the contamination of the local water supply. Approximately
2,000 residents of the island municipality have suffered from sickness in the last

week, according to the local authority, with symptoms including diarrhea, fever
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Online- inline —at line- off line

Online

Inline

p=

Atline




Type of surveillance systems

* With chemicals at line or off line
— Automated lab analysis (Flow Injection Analysis (FIA) & Sequential Flow Injection (SIA))

» Sensors “without” chemicals online or inline
— lon selective electrodes
— Photometric
 Calorimetric
» UV absorption (colour, DO)
» UV-Vis absorption (COD, TOC, BOD)

* Virtual sensors (soft sensors) online

rM__'l‘_BJU
Various surveillance systems relevant for W&WWT

+ Organic Loads (with emphasis on BOD and COD) ON/IN, AT, OFF
» Suspended Solids ON/IN, OFF

+ Total Nitrogen AT, OFF

» Total Phosphorus AT, OFF

* Inorganics AT, OFF g:nductivity

* Heavy metals OFF RedOx

+ Physicochemical parameters ON/IN, AT, OFF DO: Dissolved oxygen

» Microbiological contaminant indicators, such as E. Coli AT, OFF TOC, DOC, COD; BOD

+ Pesticides OFF Colour

« Endocrine Disrupting Compounds (EDCs) OFF CEC: emerging contaminants

+ Radioactive materials OFF

+ Volatile Organic Carbons (VOC) and Trihalomethanes (THM) AT, OFF
+ Haloacetic acids (HAA) AT, OFF

* Nitrosamines OFF

* Pharmaceuticals. OFF

» NH3-N, NO2, NO3: ON/IN, AT, OFF

+ Sludge level ON/IN

» Water flow ON/IN,

» MLSS: ON/IN, AT, OFF




Virtual sensors (software sensors)

Typical example: measurement of SS via tuirbidity
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«Anything is possible»
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Fluorescence is the emission of light by a substance that
has absorbed light or other electromagnetic radiation
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Sensors for universal transmitters

* pH, Orp, conductivity

* Liquid Oxygen

* Turbidity / Dry Solids,
Sludge level

* Ammonium, Nitrate

* Phosphate

* Oil in water

* New sensors are
continuously developed

Universal transmitters

» Connects to multiple sensors.

 Mounted on wall or Embedded in to a
cupbord

* With 1 or 2 inputs, analogue or digital.




Universal transmitters

» Upto 8 in/outputs per unit, multiple units
connect to form a network

* Includes all sensor possibilities as SC200

pH meters

* pH meters in multiple
modes:

*1, 2 or up to 8-channel

* Armatures for
immersion, or flow-
through.

*4-20mA, relays PID
regulator




Accessories for pH meters

* Variety of calibrating
buffers

» Powder for mixing
* 500mL bottles
» Disposable bags (Singlet)

Flow measurements
* Flow measurements for

open channels
» Ultrasound sensors

» Most Canal types re
preprogarmmed, 10
point free-curve

*4-20mA, 2 relays.




Flow measurement in pipes

A7 T e
{ s

‘atfonster -

FORWARD

SCATTER
DETECTOR

BACK SCATTER
DETECTOR

LIGHT BEAM === ¥

AFERTURE
TRANSMITTED

LENS LIGHT DETECTOR

G0° DETECTOR

* Ready calibrated

* Light diode ensures stable
measurements without needing
calibration

* Delivered with or without automatic
cleaning




Automatic cleaning system

Maintenance intervals can be stretched
extensively when cleaning is installed,
we have customers who refrain for 1
year...

A mechanical window cleaner ensures
lenses, light source and all surfaces in

the measurement chamber is cleaned.

Turbidity measurements in treatment plants

* Can be used for
quality control of
effluent.

 Contributes to
optimisation of
dosage




Cleaning system for turbidity :
and dry solids sensors

» Mechanical window cleaner
which ensures longer life

* This image illustrates the
efficiency of the method
described above

Ultrasonic cleaning

Without ultasound clkeaning system

B -‘i?“fw” s =
9 T
.-_“q"'"{-':lt...-‘ L

With ultrasound cleaning system

Suspended Solids Sensor ViSolid®




Blooper award from ICA2017

Where is the sensor?

3 t
-
3 y ok
5 Tk .'
- o )

It seems that cleaning the sensors is important...

Queralt Plana, modelEAU, Université Laval

Sludge level measurement

* No touch: time related
measurements using ultrasound
signals

* Universal: applicable in areas
ranging from very low to very high
dry solids content values

* Up to 12 meter tank depth: is also
suitable for use in SBR reactors
and special industrial applications

* Low maintenance: optimised
automatic cleaner reduces
maintenance need




Dissolved oxygen

* Optical system
» Does not require
calibration

* No traditional membrane
or electrolyte needing
replacement/charging

» Sensor “cap” normally
changed once a year

Sondes: EXO1 EXOZ
Multi-parameter sensors

mmmmm

s Titanium Housi
‘- vl 4 universal szrsar

a xylem brand




Chlorine analyser for

» Colorimetric measuremetns ensures
accurate results

» Self calibrates before each measurement
* Low maintenance

Nitrate measurements

» Sensor in acid resistant steel constructed for
immersion

» Batch measurement frequency can be
reduced to 1 measurement per minute

* Window cleaner keeps the sensor’s
measurement points clean, leading to a
virtually maintenance-free product for
customers

* Flow-through systems

* The sensor must connect to an SC family
universal transmitter




Ammonium / Nitrate, ion seelctive
electrodes

Typical life-span of sensor is 12 months.
Measurement range:
0 - 1000 mg/l NH4-N
0 - 1000 mg/l NO3-N

UV absorbtion

» UV absorption instrument, can
perform various relation
measurements on organic matter at
254nm

« TOC

« COD

* Colour

» SUM parameter

* Relation curves for the respective
parameters must be made with lab
measurements




Sample preparations :

* Filtration units for samples used
by e.g. Orthophosphate and
ammoniums sensors.

 Continuously cleaned with air

* Phosphax SC measures for orthophosphate through
photometry, providing fast and realiable results




Microbiological quality

Colifast ALARM

Colifast ALARM™ is an online instrument for detection of indicator bacteria in drinking water
by using the patented Colifast technology. 100 mL water samples are automatically collected
at programmed intervals and analysed for total coliforms, thermotolerant coliforms or E. coli.
The system can detect down to 1 cfu/100 mL, and results are obtained

Outline

« Sampling-methods and error sources

« Status and need

» Online measurements and instruments
 Applications in surveillance and control




Terminologies

PLC

PAC

HMI

RTU

I/0

DCS

SCADA

PROGRAMMABLE LOGIC CONTROLLERS

PROGRAMMABLE AUTOMATION COMPUTER

HUMAN MACHINE INTERFACE

REMOTE TELEMETRY UNIT

INPUT OUTPUT MODULE

DISTRIBUTED CONTROL SYSTEM

SUPERVISORY CONTROL AND DATA
ACQUISITION

Commercial SCADA architecture




Network Architecture in SCADA !
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HMI Plant 1
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HMI Plant 3

Control Room — Pre Digital Era "

Coal Power Plant
Ref: http://power-controlsystem.com/




Control Room — Digital Era

Ref: TS Electro

Example: use of online instruments at a drinking

water plant: Activated Carbon filter
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Flow Proportional Dosing

Most DWTPs and WWTPs use flow proportional dosing

... but water quality parameters vary not proportionally to
each other

00 T T T
00:00 06:00 12:00 18:00 00:00

Multi-parameter based optimal
dosing control

|||||| Conductivity Temperature  Phosphate:
Coagulants Particles Phosphates
PRE-TREATMENT FLOCCULATION SEDIMEMTATION

D=f(Q, pH, P, SS, temp, Cond, etc)
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Sensors on the deck (colour,
radiation, sea temperature)

Sensors on the deck (colour & radiation)
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Water Sector
Opportunities & Threats

Goitom Weldehawaryat and Harsha Ratnaweera

June 18, 2021

Norwegian University of Life Sciences



QOutline

Introduction

Digitalisation in the water sector
Opportunities
Threats

Cyber attack incidents

Summary

Norwegian University of Life Sciences



Introduction

Water utilities are essential for human society, life and health.
However, water utilities and the population they serve are facing a
combination of water security and resilience challenges.

These are caused by the cumulative impacts of

| 2

>
>
>
>

population growth,

increasing demand for water supply,

declining resources,
wastewater management,

pollution and climate change
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Smart by design - adaptive, distributed, advanced
Smart use - doing more with less, RRR (R3)

i 1
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u
Defining digital water |_M_.||'_BJ
Digital water, Smart Water, Internet of Water, Water 4.0 §

The water sector’s value chain links the environment and water
resources to a utility, the utilities to their customers, and the
customers back to their environment.
> Efficient collection and use of digital data for smart digital
solutions to address the challenges in critical physical assets
and their services (the water cycle)

Sources & Environment Collection, Treatment & Distribution End Customers

00202000

= Watershed = Water Collection, Treatment = Residential
= Surface, Groundwater and and Distribution = Agricultural

Water Reuse = Wastewater and stormwater = Commercial and Industrial
= Wastewater Effluent Collection and Treatment = Water for Nature




U
Digital solutions for water & wastewater utilities NI leB

» Remote watershed integrity Proactive remote monitoring
enables fewer callouts and surprises in headwater parameters,
including monitoring of multiple parameters (Temperature,
pH, Nitratets, etc)

> Treatment process optimization Water quality sensors
combined with advanced logarithms to optimize the treatment
processes, reducing operational costs (e.g. energy, treatment
chemicals, etc)

> Water network management Sensors and algorithmic
solutions provide monitoring of network pressure, failures, and
overall asset condition

» Combined sewer overflow management Intelligent
equipment and real time analytics to prepare for and prepare
sewage and stormwater overflows, reducing the need for
emergency call-outs



U
Digital solutions for water & wastewater utilities NI ﬂJlB

> Preventative & predictive maintenance Connected
equipment and maintenance solutions to reduce downtime and
failures of critical equipment and pipelines, reducing the need
for emergency call outs

» Stormwater management and flood relief Comprehensive
range of on-site water capture and dewatering solutions —
including emergency response capabilities — to mitigate and
manage a range of stormwater and wastewater flooding events

> Intelligent pumping & treatment equipment Intelligent
equipment — including pumps, mixers, diffusers, and other
equipment- which is capable of self-optimizing for enhanced
performance, lower maintenance, and lower total cost of
ownership

5 Norwegian University of Life Sciences



Benefits of digitalisation

Community Benefits

INCREASED AFFORDABILITY

==
I

= Improved long-term affordability
of rate structure

= Greater transparency in the use
of proceeds from water tariffs

= Reduced likelihood of bill shock,
non-payment and cut-offs

(\’ CUSTOMER EXPERIENCE
\‘, = Increased customer engagement and
responsiveness to customer inguiries
= Reduced disruptions in water service
= Reduction in the volume of
disruptive construction projects

ENVIRONMENTAL PROTECTION

= Reduced risk of sewage overflows
into the environment

= Reduced GHG emissions from
utility operations

= Improved conservation and management
of critical water resources

uy

Operational Benefits

4
©

PROCESS EXCELLENCE

= Data-driven operations and
decision making reduces errors

= Speed in decision making due to
efficient data analysis and processing

PREDICTIVE MAINTENANCE

= Reduced number of emergency
call-outs
* Reduced downtime of critical assets

)=

REGULATORY COMPLIANCE

* Reduced incidences of failure

and overflows

= Reduced risk of non-compliance
resulting from network
water quality issues

Norwegian University of Life Sciences



Benefits of digitalisation

Financial Benefits

REDUCED OPERATIONAL
EXPENDITURE
i : E
= Optimised operations reduce *
energy and maintenance costs
= Reduction in costs and risks
associated with ad-hoc
field maintenance

INCREASED CAPITAL EFFICIENCY

= Improved cash flow as a
result of targeted rehabilitation
of faulty infrastructure

= Reduced liability and costs from
unexpected water main breaks
and sewage overflows

-y

INCREASED REVENUE
"'“ = Targeted interventions with faulty
meters increases revenue
= Value-added digital services
available to bulk water customers

Long-term Resiliency Benefits

INCREASED RESILIENCE

= Improved operational flexibility from
changing climate and demographics

= Increased safety through

rapid customer
engagement on public safety concerns

WORKFORCE DEVELOPMENT

= Improved cross-department
collaboration through
systems integration

= Reduced safety risk to workforce
through fewer emergency call-outs

BRAND AND INNOVATION

= Elevates utility brand and
engagement in the water industry

= Enables the utility to more easily
pilot and adopt latest technologies

Norwegian University of Life Sciences



Threats

The transition to smart water systems

provides invaluable

opportunities for enhancing operational efficiency in utility sectors.
However, it results in increased risks posed by adversaries and threat

actors

» Threats may potentially disrupt the normal operation of the

water sector in a number of ways.

» Threats may either be triggered or exploited by nature,
unintentionally by a human, or deliberately by a malicious actor

» System failures
» Natural phenomena

» Human errors
» Malicious actions — cyber attacks

» Third-party failures

Norwegian University of Life Sciences



Threats rm_-,l'_BJU

» Natural phenomena (earthquakes, floods, landslides,

tsunamis, heavy rains, heavy snowfalls, heavy
winds,electromagnetic impact (lightning, geo-magnetically
induced current (GIC)), explosion, fire (e.g., bush fire, forest

fire) )

External human activities (e.g. disruption of communication
links due to mechanical force and bomb threats, theft of
(copper) lines and equipment, the deliberate use of force to
create damage including pistol shots at communication lines )

Internal (insufficient training of water sector operators and
engineers, human error, lack of awareness about organisational,
physical, cyber, and personnel security, unpreparedness and lack
of critically needed supplies)

Norwegian University of Life Sciences



Threats rm_-,l'_BJ

N

> System failures/ malfunction —failure of devices or systems,
failure or disruption of communication links (communication
networks), failure or disruption of main supply, failure or
disruption of service providers (supply chain), malfunction of
equipment (devices)

> Malicious actions — cyber attacks (malware, denial-of-service
attack, Man-in-the-Middle,jamming attack, phishing attack,
false data injection attacks, etc)

10 Norwegian University of Life Sciences



Vulnerabilities |

> Types of vulnerabilities
cyber, cyber-physical, and physical vulnerabilities
» Causes of vulnerabilities

Isolation assumption
Increased connectivity
Easier escalation from a single unit failure to system collapse

Cascading effects between critical infrastructure (e.g. water
and energy)

11 Norwegian University of Life Sciences



Vulnerabilities |_N|-I_;T—|U

» Communication vulnerabilities in cyber components

Vulnerable protocols
Direct access to remote field devices such as RTUs and PLCs
PLCs directly connected to the Internet

» Software vulnerabilities

Applications that are used for controlling and monitoring field
devices are running on general-purpose OS

Vulnerabilities in Internet exposed devices that are connected
to the local network (e.g. servers in the control center,
employees’ portable devices )

Smart meters provide a potential access point for malicious
attackers

Weak authentication mechanisms

Improper credentials’ storage

Unauthorized firmware update

» Physical exposure of many ICS components, such as RTUs and
PLCs - insufficient physical security



u
The attackers are also interetsed in the water sector | Ml il

> Already a prominent target p—
(3rd most targeted) Manufacturing

» Many cybersecurity incidents 2o
go either undetected and
unreported, or undisclosed
(reputation+ customers 295

Cyber Attacks
trust) USA. 2015

31.2%

» Cybersecurity is of course
already part of the agenda Energy
for water companies

15.6%

10.5% 9.8%
» Physical security has been )
Water Transportation

part of the agenda for some (incl. Dams 2%) Systems

time Cyber attack incidents in USA, 2015 (DHS, 2016)

13 Norwegian University of Life Sciences



What can cyber attacks do? |_M_-,|'_BJU

vy

VVvVVYyVvYYVvyyYy

Interfere with operations — over/under dosage

Unauthorised changes to programmed instructions; reduced
pressure, overflow of sewage, malfunction of unit processes

Modify control systems to produce unpredictable results
Block data or send false information to operators
Change alarm thresholds or disable them

Prevent access to account information

Ransomware

Access to personal information (GPDR directive)

14
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Cyber attack incidents

Incidents Year Target Attribution Infection Vector _ Details Tmpact
Israeli government
reported cyber-attacks
Israel's water 2020 oP Hacktivist/ Nation o against water supply and Usileiowic
system treatment facilities and
urged these facilities to
change passwords.
) Disruption, took about
Northern Calorado 2019 op Cykererime Ransomware z;k::g?::if;;’ Sechnical " fhree weeks to unlock
g data.
Accessed PLC responsible Eﬁﬁ;ﬁnﬁ;‘i:ﬁ :ﬁe
Kemuri water 2016 op Hacktivist Remote access for controlling water . =
treatment chemicals N
B control parameters.
According to US Data extiltration and
authorities, hackers linked Ve $30kon
Bowman Avenue . to Iranian Armed Forces G
2016 op Hackers/ Nation state Remote access e Physical damage was
Dam intiltrated ICS of Bowman  PySical damage w
Avenue Dam and accessed 0 PO 02 FHEL0
the SCADA for the dam. 2%
Deleting and modifying
Stolen login credentials information.
Florida Wastewater 2012 ™ Ex-Employee Remote access were used to access Ex-employee was

district’s computer system.

arrested on account of
computer crime.

15
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Cyber attack incidents |

<« C O @ edition.cnn.com/2021/02/10/us/florida-water-poison-cyber/index.html

@W US Crime +Justice Energy + Environment Extreme Weather Space + Science

Florida water treatment facility hack used a dormant
remote access software, sheriff says

By Alex Marquardt, Eric Levenson and Amir Tal, CNN
© Updated 2203 GMT (0603 HKT) February 10, 2021

16 Norwegian University of Life Sciences



U
Florida water treatment cyber attack incident NI ﬂJlB

Summary of the incident

» In February, 2021, attackers accessed the control system'’s
software at the Oldsmar water-treatment facility in
Florida, and attempted to increase the levels of sodium
hydroxide (commonly referred to as lye) that is used in water
treatment to regulate acidity levels by adjusting the control
setting to more than 100 times its normal levels (100ppm
to 11,100ppm )

» The change was immediately detected by a plant operator, who
changed the setpoint levels back before the attack had any
impact on the system

» The attack used stolen credentials that were shared between
multiple users and devices to remotely login to the HMI station
controlling the water systems

17 Norwegian University of Life Sciences



Florida water treatment cyber attack incident NI_M_.,I'_BJ

Attack highlights

» The attackers accessed the Oldsmar water-treatment facility's
OT control system via TeamViewer, which is a remote access
software

» All computers used by the facility personnel were connected to
the OT control system that used an outdated operating
system (Windows 7)

» All computers shared the same password for remote access.

» All computers appeared to be connected directly to the Internet
without any type of firewall protection.

18 Norwegian University of Life Sciences



U
Florida water treatment cyber attack incident NI_M_.,I'_BJ

Attack timeline

Credential Theft HMI Control Detection
Attacker gained access to a The attacker accessed the HMI Water treatment plant personnel
team viewer’s password controlling the water systems immediately noticed the change

0909

Remote Access Configuration Change
Attackers used team viewer to gain Increased the amount of sodium
full control of a Win7 computer hydroxide

19 Norwegian University of Life Sciences



U
What are the potential impacts of the incident? I_M_.,L_BJ

N

» This specific incident did not result in any public health
impacts, however the attack highlights potential vulnerabilities
for systems that use networked industrial control systems and
outdated operating systems

» This incident may inspire similar attacks seeking to exploit such
vulnerabilities at municipal water treatment plants

» Tampering with water treatment chemicals, by either increasing
or decreasing the concentration delivered, could cause public
health impacts

20 Norwegian University of Life Sciences



NIS directive rm_-,l'_BJ

The Directive on security of network and information systems
(the NIS Directive) is the first piece of EU-wide legislation on
cybersecurity. The NIS Directive was adopted in 2016, and it
provides legal measures to boost the overall level of cybersecurity in
the EU by ensuring:

» Member States’ preparedness, by requiring them to be
appropriately equipped. For example, with a Computer Security
Incident Response Team (CSIRT) and a competent national
NIS authority

» cooperation among all the Member States, by setting up
a Cooperation Group to support and facilitate strategic
cooperation and the exchange of information among Member
States

» a culture of security across sectors that are vital for the
economy and society and that rely heavily on ICTs, such as
energy, transport, water, banking, financial market
infrastructures, and healthcare

21 Norwegian University of Life Sciences



Revised NIS directive (NIS 2 directive) Nrm_-,l'_BJ

Greater capabilities
» More stringent supervision measures and enforcement are
introduced
» A list of administrative sanctions, including fines for breach of
the cybersecurity risk management and reporting obligations is
established
Cooperation
» Establishment of European Cyber crises liaison organisation
network (EU- CyCLONe) to support coordinated management
of large scale cybersecurity incidents and crises at EU level
» Increased information sharing and cooperation between Member
State authorities with enhanced role of the Cooperation Group
» Coordinated vulnerability disclosure for newly discovered
vulnerabilities across the EU is established

22 Norwegian University of Life Sciences



Revised NIS directive (NIS 2 directive) rm_-,l'_BJ

N

Cybersecurity risk management

» Strengthened security requirements with a list of focused
measures including incident response and crisis management,
vulnerability handling and disclosure, cybersecurity testing, and
the effective use of encryption.

» Cybersecurity of supply chain for key information and
communication technologies will be strengthened.

» Accountability of the company management for compliance
with cybersecurity risk-management measures.

» Streamlined incident reporting obligations with more precise
provisions on the reporting process, content and timeline.

» Expanded scope to include more sectors and services as either

essential or important entities. Waste water and waste
management, Space, etc

23 Norwegian University of Life Sciences



Cybersecurity framework |_M_-,|'_BJ

The NIST Cybersecurity Framework (NIST CSF) provides a
policy framework of cybersecurity guidance for how private sector
organizations can assess and improve their ability to prevent,
detect, and respond to cyberattacks

» Version 1.0(1.1) was published by the US NIST in 2014(2018),
originally aimed at operators of critical infrastructure

» [t can be used by a wide range of businesses and organizations,

and helps shift organizations to be proactive about risk
management

24 Norwegian University of Life Sciences



: |—|-_BU
Cybersecurity framework Es

The Framework provides an assessment mechanism that enables
organizations to determine their current cybersecurity
capabilities, set individual goals for a target state, and

establish a plan for improving and maintaining cybersecurity
programs

It allows organizations to:
» Describe current cybersecurity posture
» Describe target state for cybersecurity
» Identify and prioritize opportunities for improvement
P Assess progress towards target state

25 Norwegian University of Life Sciences



U
Cybersecurity framework |_M_-,|'_BJ

» Identify — Develop an organizational understanding to manage

cybersecurity risk to systems, people, assets, data, and
capabilities

Protect — Develop and implement appropriate safeguards to
ensure delivery of critical services

Detect — Develop and implement appropriate activities to
identify the occurrence of a cybersecurity event

Respond — Develop and implement appropriate activities to
take action regarding a detected cybersecurity incident
Recover — Develop and implement appropriate activities to
maintain plans for resilience and to restore any capabilities or
services that were impaired due to a cybersecurity inciden

26
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U
Cybersecurity framework I_M_-,l'_BJ

Recover

Anomalies and

Asset Management tro! Events Recovery Planning

Business Security Continuous

Environment Monitoring Improvements

Governance

Detection Processes Communications

Risk Assessment

Risk Management
Strategy

7 Norwegian University of Life Sciences

N



U
. . .8
Basic security measures to reduce vuInerab”TEgt E

Segregate networks and apply firewalls

Use secure remote access methods
Establish roles to control access levels and log users

Require strong passwords & password management
Avoid vulnerabilities, implement patches, updates
Enforce policies on the security of mobile devices
Have an employee cyber security training program
Involve utility executives in cyber security

Monitor network intrusions and have a response plan

Report and share information on incidents for developing
coordinated common actions (NIS directive, etc)

Employ defense-in-depth strategies

VVVVYVYVVYYVYVYY

v
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Defense in Depth Strategy Elements

« Identify Threats
- Cl ize Risk

Risk Program

- Maintain Asset Inventory

Cybersecurity Architecture

- Standards/ Recommendations
- Policy
- Procedures

Physical Security

- Field Electronics Locked Down
+ Control Center Access Controls

- Remote Site Video, Access Controls, Barriers

1CS Network Architecture

+ Common Architectural Zones
« Demilitarized Zones (DMZ)
- Virtual LANs

ICS Network Perimeter Security

« Firewalls/ One-Way Diodes
- Remote Access & Authentication
- Jump Servers/ Hosts

Host Security

- Patch and Vulnerahility Management
- Field Devices
- Virtual

Security Monitoring

« Intrusion Detection Systems
+ Security Audit Logging
+ Security Incident and Event Monitoring

Vendor Management

« Supply Chain Management
- Managed Services/ Outsourcing
« Leveraging Cloud Services

The Human Element

+ Palicies
- Procedures

- Training and Awareness

29
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References rm_-,l'_BJ

References will be added here

@ IWA

Digital Water: Industry Leaders Chart the Transformation
Journey

@ DHS
Recommended Practice: Improving Industrial Control System
Cybersecurity with Defense-in-Depth Strategies
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Simulation and modelling programs
for water resource management (WRM)
and W&WW treatment

Harsha Ratnaweera, RealTek NMBU

18.06.2021

Need for simulation programs

A decision making tool

» Provides a basis for design alternatives reducing need for
physical tests - avoids costly mistakes in full-scale

* Plant operators may simulate operational conditions for
process optimisation

* A learning tool for plant operators, students

» Researchers and Consultants: wider opportunities to find
more economical and efficient process alternatives

» Guidance under extreme conditions




e B F Water
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* A tool for integrated water resources planning that
attempts to assist rather than substitute for the skilled
planner.

» a comprehensive, flexible and user-friendly framework
for planning and policy analysis.

» Many water professionals are finding WEAP to be a
useful addition to their toolbox of models, databases,
spreadsheets and other software

Main functions

« Water balance database: WWEAP provides a system for
maintaining water demand and supply information.

» Scenario generation tool: WEAP simulates water
demand, supply, runoff, streamflows, storage, pollution
generation, treatment and discharge and instream water
quality.

 Policy analysis tool: WEAP evaluates a full range of
water development and management options, and takes
account of multiple and competing uses of water systems




Examples

What if reservoir operating rules are altered?
What if groundwater is more fully exploited?
What if water conservation is introduced?
What if ecosystem requirements are tightened?

water in underground aquifers?

What if the mix of agricultural crops changes?

How will land use changes affect runoff?

What if a water recycling program is implemented?
What if a more efficient irrigation technique is implemented?

What if climate change alters demand and supplies?
How does pollution upstream affect downstream water quality?

What if population growth and economic development patterns change?

What if a conjunctive use program is established to store excess surface
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* Free download from www.weap21.org
» Install in your PCs so we can run simulation exercise.

» Before downloading you need to register




Simulation of drinking water
treatment
» SimEau

* WatPro
 WaterSPOT

WATPRO

Hydromantis

nvironmental Software Solutions, Inc

Water Treatment Simulator for Predicting Water Quality

WatPro is a sophisticated tool to allow for simple evaluation of the performance of a drinking water treatment facility from a

microbial and chemical standpoint.

This software allows for the steady-state analysis of disinfection by-product (DBP) formation, inactivation of Giardia and viruses,

removal of organic matter, the decay of disinfectants, and pH.

https://www.hydromantis.com/WatPro.html|




SimEau
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Simulation software for
wastewater treatment

STOAT
WEST
GPS-X
Simba
Enviorsim

ot
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Software

Process simulation modelling is a valuahle tool that is used to provide a hetter understanding of the hiological and chemical
processes that determine the performance of wastewater treatment works. With advances in the power of computers, the use of
process modelling has grown widely in the Water Industry over the last 10 years. Process models are commaonly used to prove the
perormance of new wastewater treatment plant configurations at the design stage or explore opportunities for improving the
perormance of existing plants without risk of impairing efuent quality that might occur with full-scale testing.

WRe has aver thirty years experience of development and application of models for wastewater treatment processes and is
recoghised internatianally for its software development. The models are:

o STOAT - a dynamic sewage treatment warks madelling package.

® Plan-it STOAT - a steady-state sewage treatment works model.

» Mastar - assists in determining the Best Practical Environmental Optian (BPED) far the treatment and recycleidisposal of
senwage sludge.

o STOP - predicts the odour emission rate from sewage and sludge treatment processes at greenfield sites.

Thetools can he used for:

o Designing new sewage treatment warks and extensions to existing warks;
o Developing new operational practices;

o Testing What-I' scenarios;

e Assisting process audits.




How to share STOAT files

hello everyone,

i would like to know if it is applicable to share my work with my college, | use STOAT
V5. | tried "'save as work” button, but it save it internally in the proegram and | need
an external file.so is it applicable???

Thanks in advance.

jeremy dudley « 1st 2y ..

engineer at

Easiest way is to share the entire database, along with the influent files
and, optionally, the result files.

If you only want to share one weorks, then run the 'Database Copy' tool
that comes with STOAT - select the works that you want to copy. It will
copy result files as well, if you create the new database in a new folder.
However, | don't think we checked that it copies influent files - you will
need to check and copy by hand. | will lock at that as an upgrade.

Having handed over your STOAT database, the influent files will be
looked for the in the hard-coded location of your computer. So if you
saved the files in CASTOAT\Influents, then your colleague will need to
keep the influents there.

However, if they put the influents wherever they want they need, when From LinkedIn STOAT group page:
creating a new simulation, to use Edit/Influents and that will allow them https://www.linkedin.com/feed/update/urn:li:a
fo reset the file location. ctivity:6357986316965150720
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% MIKE2019 Areasofapplication Products Download Support Pricing DHI

WEST
WEST
Modelling and simulation of wastewater treatment plants
OUR CONTACT WEST is a powerful and user-friendly modelling software for dynamic modelling and simulation of
B~ MIKE Powered by DHI wastewater treatment plants (WWTP) and other types of water quality related systems. It is designed for
Customer Success team operators, engineers and researchers interested in studying physical, biclogical or chemical processes in
mike@dhigroup.com WWTPs, sewer systems and rivers.
APPLICATIONS BENEFITS

i o User-friendly and intuitive graphical tools
- Design of wastewater treatment plants

L o Extensive and transparent default model librar
- Optimisation of wastewater treatment P Y

plants o Limitless flexibility for developing customised model libraries
- Advanced control strategies o Easyimplementation of control strategies
- Integrated urban water systems o Customisable project documentation through inclusion of rich text notes and automated report
- Monitoring and troubleshooting of generation

treatment plant operation Fully customisable objective functions

https://www.mikepoweredbydhi.com/products/west

I—T‘__rlﬂ

www.intelligen.com

Intelligen, Inc. Products

=1 About Us (=1 Products @ Competencies [1Industries . Downloads [ Training ~: Clients

EnviroPro Designer®

Industries Served

Biotechnology EnviraPro Designer is an environmental process simulator designed to enhance the productivity of engineers and scientists engaged in the design, development, and
assessment of integrated water purification, wastewater treatment, and waste disposal processes,

Pharmaceuticals
ErviraPro Desigrer is a waluable taol for environmental consulting engineers, process designers, and treatment/disposal plant engineers and managers, It enables the

Specialty Chemicals
user ta efficiently develop, assess, and optimize environmentally beneficial technologies, It provides under a single umbrella madeling of end-of-pipe treatment

Consumer Goods processes, project economic evaluation, and environmental impact assessment, Its rigorous and wersatile biological reactor models can be used to represent and
optimize biochemical oxidation as well as nitrogen and phospharous remowval processes, Its WO emission models (accepted by EPA) can be used to calculate emissions
From treatment plants and track the Fate of hazardous chemicals,

Water Purification

Wastewater Treatment & superset of EnviroPra, SuperPro Designer, is also available to extend the maodeling of pallution control processes to include chemical and biochemical manufacturing

. operations,

Pul iP A detailed brochure file iz available in MS Word Format, The size of the Ale is 277 kb, Click here to download it (in zip Format).

Microelectronics EnviroPro Designer is available for the MS Windows 95, 98, ME, MT, 2000, and ¥P platforms, It requires a Pentium PC (= 200 MHz) with at least 64 ME of RAM, and 200
ME of free hard disk space,

Air Pollution Control

Key Features of EnviroPro Designer:

« Moadels for aver 70 operations,
w « Material and energy balances,
. « Equipment sizing and costing,
: « Thorough process economics,
Process Simulation # Rigorous YOO emission calculations from treatment plants,
« Chemical compaonent Fate prediction,
Cost Analysis # Extensive chemical component and mixture database,
Scheduling & Planning # Extensive equiprnent and resource databases,
® ‘Waste stream characterization,
Debottlenecking « Environmental impact assessment,
Cycle Time Reduction # Intuitive graphical user interface,
« Advanced hypertext help Facility,
« OLE-2 support,
Environmental Impact # PFD customization through addition of your cwn graphics and text,
» Compatibility with a wariety of graphics, spreadsheet, and word processing packages,
Wastewater Treatment « Option to export PFDs in DXEF Format (For incorporation inka AutoCADY and in WMF format,
Wiater Purification Unit Procedure Models in EnviroPro Designer
VOC Emissions
Air Pollution Control Reaction Solid/ Liquid Separation Pressure Change
Aerabic BioOwxidation [Crecanter Centrifuge Pumps
Plug Flow Aerabic Hydracyclone Compressars

EicCuidation Clarifier Fan/Elower
_ Trickling Filtration Thickener

Anoxic Reaction Flotation Drving




WWWw.envirosim.com

EnviroSim A B —

T rrodues [ sevies [ Gowses [ uppor | Forum | raer | o |

International Pages
- TN

Quick Links

EnviroSim Associates

EnviroSim is delighted to
anneunce the release of
BioWin 3.1, featuring MBR,
Microscreen and Cyclone
elements as well as a
new SBR modeling
technicgue

Details...

EnviroSim is always

king bright, ambiti
educated people to join
our company.
Careers...

EnviroSim is to exhibit at
'WEFTEC. 09, the 82ndl
Annual Water Environment
Federation Technical
Exhibition and
Conference, from October
12 to 14, 2009, at
McCormick Place,

Latest News

ErviroSim provides simulation software solutions and consulting senices to wastewater

process engineers around the world. Our [
expertise includes municipal and industrial
wastewater treatrnent, Biological Mutrient

Remaoval (BMR) process design and optimization,
wastewater characterization ! kinetic studies, and
madel calibration.

We are the developers of BioWin - widely recognized as a powerful, accurate and easy-
to-use dynamic wastewater treatment process modeling and simulation package. Our
attention to detail, support for the latest international models, and continual development
and enhancement of BioWin has helped to make itthe leading |

wastewater simulation package worldwide. EnviroSim is
continually engaged in ongoing research and development to

Armrien Hamd Diedidin e Hne lemdine womcbaussdar meaeme s ciaoladar

o
T
BioWin Information...

BioWin Purchasing &
Leasing Options...

BioWin Printable
Infermation...

BW Controller
Information...

BW Controller Purchasing
& Leasing Options...

BW Controller Printable
Information...

rvetWip
T
PetWin Information...

PetWin Purchasing &
Leasing Options...

e Hydromantis, Inc,

- e . Consulting Engineers

Horme | Products Y Downloads T Services Y Contact Y Mews Y Careers W

Software Products | Overview | Selector Guide | GPS-¥ | Simuwaorks | CapdetWorks | TOXCHEM+ | ARTS | WatPro | ODM

SortwAaRE ProbucTts

In addition to our trusted consulting services, we are proud to be recognized as the world leader in modeling and simulation software for wastewater
and water treatment plants.You benefit from our unique ability to merge state-of-the-art engineering consulting expertise with the latest
developments in computer software and hardware technologies. Mew products are constantly under development by Hydromantis engineers and

programmers.

GPS-X™

Make wastewater facility design more efficient, and
evaluate every option. Hydromantis is the home of
GPS-=, renowned as the world's premier wastewater
treatment plant simulation and optimization application.

CaprperWorks

Start with CapdetWorks for reliable and comprehensive M

wastewater plant design and costing. Simplify WE
examination of capital and operating costs, compare

treatment alternatives and perform life-cycle analyses.

WatPro

This powerful water treatment simulator uses raw
water quality parameters and design and operating
characteristics of process tanks to simulate plant operation. Predict
water quality based on specific treatment processes and chemical

addition,

TOXCHEM+

wastewater collection and treatment.

ARTS™

and perform accurate gradeline analysis.

SimuWorks

WATPARO ¥

process specialists to rapidl

L}
Choose SimuWorks as a low-cost alternative to GPS-x /g—(“
for quick, accurate simulation of wastewater treatment W\'Iﬂfs

systems. Simuwaorks allows planners, operators and

evaluate system performance.

Discover the wastewater industry’s most reliable and m

user-friendly predictive fate model, TOXCHEM+
combines simplicity of use with rigorous process engineering models to
facilitate air emission estimates and contaminant fate during

ARTS™ is the premier choice for fast and accurate Ams
hydraulic design. Handle individual process units ar

groups of interconnected units. Accurately calculate hydraulic profiles




simba.ifak.eu/simba

SIMBA - Simulation of biological wastewater systems

... a dynamic simulation system for sewer systems, wastewater
treatment plants (WWTPs), sludge treatment and receiving water
bodies. It is easy to use, but at the same time SIMBA also has an ope
structure and offers high flexibility. In engineering practice and in
research, SIMBA provides support for:

* design of WWTPs, considering various freatment schemes including
control

* optimisation of treatment processes and of operation of existing
WWTPs

* analysis of urban wastewater discharges

* development and test of strategies for real time control of urban
drainage systems

* analysis of interactions of run-off, wastewater treatment and
receiving water quality

Mogdeburg- Gerwizch WWTE Phata: E. Neubert

Practice in STOAT

Video tutorials:
https://www.dropbox.com/sh/54avgvr2dht8nii/AABKHbhhIn

LhEQEtWTcZ8drKa?dI=0

Questions to the developers (WRc):
https://www.linkedin.com/groups/3199352/

%
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The Fourth Industrial Revolution B

WATER 4.0
INDUSTRY 4.0
Cyber-Physical System
Internet of Things
INDUSTRY 3.0 Networks
Automation
INDUSTRY 2.0 Computers
Mass Production Electronics 7 S ~
INDUSTRY 1.0 Assembly Line =
e T T Electrical Energy ®

Steam Power
Weaving Loom

‘The Fourth Industrial Revolution:
what it means, how to respond’.

Klaus Schwab,
World Economic Forum

@ 1870 1969 @

Historical [Enablers h[DigitalTwinh[Componentsh[ Utilities h[ BIM h[Case Studiesh[Challengesh[ Future b
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Cyber-Physical System pd

Virtual World Physics-based Model(s)

S
Data-driven Model(s) —#»—_  °

Optimization (Augl)

N\

Decision

A

Cyber-Physical System (CPS)

www.dhigroup.com/2019/06/06/the-digital-twin-what-is-it-and-how-can-it-benefit-the-water-sector/

Digital Twin was first conceptualized in 1991 by David Gelernter (Mirror Worlds)

5 . .
« Historical | Enablers HDigital TwinHComponentsH Utilities H BIM HCase StudiesHChallengesH Future b
Prologue




Enabler for Digital Twin Technology M

Online Monitoring and Process Surveillance
Online sensors are getting cheaper

Monitoring systems are ubiquitous

Most treatment facilities are automated

Industrial Internet of Things
Increasing number of internet enabled devices

Interconnectivity between sensors, actuators, and controller hardware
Cloud computing ensures data and resource sharing

Big Data and Artificial Intelligence

Increasing data storage capacity and remote accessibility

Advances in data analytics allowing huge amounts of data to be processed
Machine Learning algorithms for real-time model calibration and update

Big Data

Graphical User Interface

Increasing sophistication of 3D visualization and computer-aided design (CAD)
Improved graphics processing for unprecedented realism in computer-operator interactions

6
Historical . . .
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WHAT IS A DIGITAL TWIN?
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Definition of a Digital Twin [

Virtual systems that ‘contain all important characteristics and features of the real system’,
depending on the specific purpose for an application.

- Therrien et al. 2020

Digital Twin is a process model fed with real-time data to assist in decision support.
- Quaghebeur et al. 2020

Digital Twin for a water utility is a combination of modeling software that utilizes data from
multiple sources and usually across multiple departments and expertise.
- SWAN Smart Water Report

Digital twin is a virtual representation of a physical asset, process, or system.

ORIGINAL DIGITAL TWIN
Model
Physical Entity
Algorithms
Systems
Analytics
Process

s ,‘ Sl = GUI
= A " - 5 _ Photo: CSI Communications

c Research mmm Enablers ™= Dlgltal f— Components Utilities Case Studies - Challenges Future
Motivation Twin



HOW IS IT DIFFERENT FROM
PROCESS SIMULATORS?
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Process Simulators

Primary Clarifier Activated Sludge
. o l w

INFLUENT L 3

BIOGAS
Anaerobic Digester

Storage

Fig 1. Process flow diagram of a WWTP (Solon et al. 2017)

S

GHPSX

BioWin

s—
WR M"@

WEST

Dewatering

Secondary Clarlfler

EFFLUEN1

Fig 3. Building Information Model (BIM)

@. WRc STOAT (version 5.1
File Edit Options Tools Window Help
B v ==l

; - n ol
\ e

i
@
Fig 2. Process simulator of designed in STOAT 5.1

[l

Digital
Twin

Research
Motivation

i
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h[Case Studiesh[Challengesh[ Future b




Y

From Process Simulators to Digital Twins Tu

Constructing a Digital Twin

Process
. The following stages are to be followed to build a
Simulators digital twin from a Process Simulator.

Data Acquisition
Collecting data from online sensors, actuators,

frequency drives, valve positioners, and edge devices.

0
c
o
=
0
<

Data Pre-processing
Cleaning raw data, removing outliers, and normalizing

data before model calibration.

. . . Model Calibration
Di g ital Twin Fitting plant data to mathematical model.

LIVE/ DYNAMIC

Sesearch Enablers Di 9 I_tal Components Utilities BIM Case Studies Challenges Future
otivation Twin




WHAT CONSTITUES A DIGITAL TWIN?

12
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Components of a Digital Twin i

Data Integration

Processing the incoming data, removing
outliers and maintaining a database

Models

Mathematical expression that can describe
the responses and behavior of the process.

DIGITAL
TWIN

Analytics and Model Update

Algorithms to adapt the model to the latest

. . . conditions.
Visualization

Representing the system or the physical
asset in an understandable form.

13
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Components of a Digital Twin

e Data Integration

> Remove Outliers

GREAT
' MODEL ,_ '

GARBAGE

GARBAGE
DATA amm  RESULTS

» Normalization /Data scaling

and Pre-

» Transformation
processing

> MSSQL, MySQL, PostgresQl, ..
» Azure, AWS, Alicloud, ..

Data
Management

> Data exchange (server €-> client)

14
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Components of a Digital Twin v 5]

» Mechanistic/ Physical/ White box Models

Process > Data Driven/ Black box
Model
» Hybrid
a Models
> 3-D CAD Models
I\AASOZ‘Z » Geological Information Systems (GIS) Model

> Building Information Model (BIM)

> Benchmarks and metrics

Performance » Enterprise Resource Planning (ERP)

Model

» Maintenance scheduling

15
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Components of a Digital Twin

Conventional >
Techniques
Analytics and
Model Update
Machine
Learning >

Recursive parameter estimators
Kalman Filters

Optimization-based approach (Moving
Horizon Estimation)

Supervised Learning
Unsupervised Learning

Deep Learning

16
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Components of a Digital Twin

N
€

=

T
SS REMOVAL (%)

Dashboard

Sl

POL

?

Widgets

TS

DOSAGE

EFFLUENT

£

NowT!
Conduciiity
Nov11 Wou 12

pH Duiet 715 569 BP

SS Outiet 8431 1201 10086

Virtual

Reality

WWWw.esri.com

Visualization

www.stambol.com
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FEATURES AND UTILITY OF DIGITAL
TWINS IN WATER OPERATIONS
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U

Utility of Digital Twin in Water Sector -

2
g

» Design and construction of Treatment Plants

» Operator Training Simulators

» Predictive analysis and maintenance

> Virtual/ Software sensors.

» What-if scenarios and analysis.

» Early warning systems

19
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BUILDING INFORMATION MODEL

20
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U

Evolution of BIM — (Before 1960) g3

FIG.3.GROUND PLAN r—v |
’ | |
\

FIG. 1. FRONT ELEVATION

» Floor plans

oSl
st UJ

» Graphical Projections

» 2-Dimensional

FIC.4, SECTION ON LINES AB. AB'

» Hand drawn

» Draftswoman/draftsmen

SSSSS;EZH Enablers HDlgltal TmeComponentsH Utilities Case StudlesHChallengesH Future b




Evolution of BIM - (C.A.D) M2

2-Dimensional Layout generated by Computed Aided
Design (CAD) software.

3-Dimensional CAD models.

22
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Evolution of BIM — The age of DT M

; D Safety
Embed
Sustainability | ““oooer P

: ~ Provide security issues
Operation environmental and

Concerns energy-efficiency
facilities solution

managment

Cost

Help calculate
Time and adjust the
budget

Facilitate
Visualization programming

Represent the
building in 3D

Source: https://github.com/255ribeiro/simulacao
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BIM Software 1]

)\
\ @ k ubity
0 @ Pa[r).'::;};':‘rlc @ Documents ‘
BIM on
Construction
FOR Si mulatlon Site
"SYNCHRO'

Communication

- V' Projects’ ' K
& E’J

r BIM COORDINATOR TOOLS
Modelling I_/\_I ARCH'CAD

L & Tekla

=

SOLIBRI
Novapoint
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DDD M Issue
b Clash Data anagers
2 etection Management
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CASE STUDIES
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Case Study |

OPERATOR TRAINING SIMULATOR (OTS)
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What iIs an OTS?

u
['m

“Operator Training System (OTS) provides a virtual plant on your computer, allowing
plant operators to train in plant operations ahead of plant start-up and throughout plant

lifecycle.”

Process Simulator + Scenario Manager

» Simulating startup and shutdown

» Simulating equipment malfunctions

» Simulating external disturbances

» Simulating responses to control actions

» Provide performance scores

On-job training

Control system

Ahmad et al. 2016

- Yokogawa OTS

OTS training

Operator/instructor
station

27
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SimuWorks OTS Scenario Manager gt

B SimuWorks WWTP Simulator =4 a
File Help
Total Aeration Cost 303000 $/yr RAS Station #1 Plant-Wide SRT 400d
Total Energy Cost 693000 $/yr econdary Clarifier #1 SRT AB 1-6 (Aerobic) | 17.6 d
Total Chemical Dosage Cost | 32800 $/yr . & % SRT AB 7-9 60.2 d
= Gravity Belt Primary Clarifier #4
Sludge Disposal Cost 782000 $/yr Thicken // F/M - AB 1-6 0.40 IbBOD/IbMLVSS/d
[ 3 \\//// F/M - AB 7 0.08 IbBOD/IbMLVSS/d
eratio F/M - AB 8-9 0.20 IbBOD/IbMLVSS/d

N
i % BOD Removed 989 %

o>, e -

X

$7  Primary Clarifier #3

== % TN Removed 589 %
g % NH3 Removed 99.8 %
% TP Removed 66.5 %
Aeration n #8- Biitoa

Sludge

?:rllﬁing ny:Clarificr el MLSS in AB 1-6 1917 mg/L
Headworks Aeration MLSS in AB 7 2610 mg/L
Basin #9 = Aeration Basin #7 ‘ A 2658 ma/L

DO in AB 1-6 2.0mg/L
DO in AB 7 2.0mg/L

>
= =
ilter€6 N e * DO in AB 8-9 2.0mg/L
\\\\ Chlorine Contagt Secondary Clarifier #3 Total Airflow 11600 ft3/min

Influent Chlorine Contact O\\\ Basin # Sludge Production (dry) | 155 ton/d
Basin #1 w
\\\ . econdasyClarifier #4 liydroman s GFIPS-X"

Earcamentt Software Selutiss. loe.
Effluent —

Scenario Main Menu

Please select one of the scenarios below: > StatIC - OTS haS a ﬁxed Usabmty timeline

Simulator Instructions

Scenaro 1: Lowe ST » OTS should be frequently calibrated with new plant data

Scenario 2: Lower SRT to Less Than 5 Days

Scenario 3: High Flow Event

Scenario 4: Loss of Basin Capacity (AB 1-6)

Scenario 5: Loss of Basin Capacity (AB 8-9)

S Lo o oot SOLUTION!! - DIGITAL TWINS

Scenario 7: Effect of Chlorination

4 > S | Scenario 1

www.hydromantis.com/SimuW orks-customize.html#lookandfeel

28

Research . i Case
c[Motivationh[ Enablers h[DlgltalTwmh[Componentsh[ Utilities h[ BIM h Studies - Challengesb[ Future b




Case Study I

PREDICTIVE MAINTENANCE OF
EQUIPEMNTS
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Pump Features and Digital Twin [

» Pumps and compressors are widely used in WWTP.
» Equipment with moving parts have an operating life.

: /\ | Data Data Sg‘nthesm Modelling

[,_E Gathering Analytics Paraeters
\ v Optimization of Virtual uD:ai:ll:m:eofu tel:le
Aivaliotis et al. 2019 physical-based model - ﬁmgmez
Digital Twins
| —— ——
\ﬂ Qe 2, o
= . - .| | .: 'Q
fio o u
\& = -

30
l Research hl hl - , h[ h Case ] h] b
c Motivation Enablers Digital Twin Components [ Utilities h[ BIM h Studies Challenges Future



Remaining Useful Life (RUL) rid

Torque [Nm]

4F
3t
2}
o A
1 = 15
E of
i &
g - 10}
Predicted torque signal a-
Nominal torque signal 5 If\
. s . . . =™
200 400 600 800 1000 1200 5t
Time [ms, fvens Ve
[ms] . N 'S i
£ o } | J
=, 1 o WA
-5 Predicted torque signal 0] ,f/fﬂw rr‘/” LN/
Nominal torque signal g -5}
6 . i i i i 3 ’§
0 200 400 600 800 1000 1200
Time [ms] -0 1
15} 4
Predicted torque signal
.20 b | = Nominal torque signal
0 200 400 600 800 1000 1200
Time [ms]

1 month 4 months 6 months
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Remaining Useful Life (RUL) i

10

Maximum Allowed Deviation

Deviation [Nm]
(4

Month1 Month2 Month3 Month4 Month5 | Month 6
Time [Months] RUL
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Case Study Il

WATER DISTRIBUTION NEWTORK

Norwegian University of Life Sciences



Water Distribution Network

Developing a Digital Twin

-

obal omnium

— GO-<AIGUA s

M
N—]

,.,i UNIVERSITAT
POLITECNIC

l” ')I VA [[\(.::

GIS - Updates once every week
AMR Updates Hourly
CMMS - Updated when operations are

in progress

SCADA - Updates once every 5 minutes

DIGITAL TWIN

Q gr— g3 B
[ — e — Dl — o
— — —

Water distribution network of Valencia IE’JU

N

Valencia — Third largest city in Spain

v

. ‘[ Managed by Global Ominum

Serves 1.7 million inhabitants.

v

> Advanced Metering Infrastructure
» 8 Reservoirs

28 Tanks

47 Pumps

259 Flow Control Valves

97 Flow meters

VW WY

470 Pressure gauges

A ey oo T s B suy | '—}..
q."f;w Jom, Erosis Jod o Twin EfComponensfiicess Sy [Emiuse suay i1 smm =£

Future P

F
¥ Came & ,.Jr::x —H Smwlllrkmm’ - |

1

GUI of GO2HydNet e

€ i 1 scuaym 2 N "R b
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Water distribution network of Valencia vy
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Valencia — Third largest city in Spain

Managed by Global Ominum

Serves 1.7 million inhabitants.

Advanced Metering Infrastructure

>

YV V. V V V

8 Reservoirs

28 Tanks

47 Pumps

259 Flow Control Valves
97 Flow meters

470 Pressure gauges
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Developing a Digital Twin rAd

UNIVERSITAT
POLITECNICA

D §O-AUPUA

global omnium DE VALENCIA
GIS SENSORS SCADA Smart Metering CMMS
ormerme [l feroe W et R vt v
GIS — Updates once every week BIG DATA PLATFORM
AMR — Updates Hourl
prates moury HYDRAULIC MODEL & ADVANCED ANALYTICS
CMMS - Updated when operations are ‘
in progress

DIGITAL TWIN

SCADA — Updates once every 5 minutes
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GUI of GO2HydNet gt
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Virtual Sensors 8

500 pressure and flow sensors installed in the water distribution Pressure and flow measurement for 10000 nodes
network.

Hydraulic Model

pressure sensors
flow sensors

+
Analytics

Pressure and flow in
‘ the entire network
(10000 nodes)

38
Research Case
c[Motlvatlonh[ Enablers h[mgltal TW|nh[Componentsb[ Utilities h[ BIM h Studies - Cha”engesh[ Future b




redicting Pipe Failure
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Maintenance Scheduling
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Digital Twin — Achievements M 2

SENSORS SCADA Smart Metering CMMS

GIS
BIG DATA PLATFORM +
4

DIGITAL TWIN
40 % 1 billion gal/ year 2,500/ month 15% 20%
»r A .n O |
| s
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network efficiency water saved leaks detected energy savings OpEXx reduction
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CHALLENGES
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Challenges M

Multiple stakeholders and service providers
System

Integrability Lack of standardization

Expectations from Digital Twins
Human Factor
Inadequate training in the use of Digital Twins

Data rich does not imply information rich
Usefulness of

Data Sophisticated data pre-processing approach is needed

Vulnerability of internet-enabled devices

Cyber security

Firewalls and data-encryption is necessary
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FUTURE OF DIGITAL TWINS

Norwegian University of Life Sciences
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Digital Twins Forum

Smart Water Networks Forum (SWAN)
A list of companies working towards the development of Digital Twins in water sector

Industrial Communication Digital Water 5 | Plant Engineering
and Remote Control Management . 2 and Management

Automation
. Hardware A
Cybersecurity < g Process Monitoring

and Control

Industrial Energy
Management

Drives Technology
and Industrial Controls

Process Instrumentation
and Analytics

Digital Enterprise
Services
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The Future of Digital Twins gt

“Savings from monitoring, automation and control are in the region of USD 320
billon from 2016-2020.”

- GWI Water’s Digital Future

“By 2021 half of the industrial, public companies will start using data from
Digital Twins of IoT connected products.” -IDC, 2017

“13% of organizations implementing Internet of Things (loT) projects already
use digital twins, while 62% are either in the process of establishing digital twin
use or plan to do so.” - Grand View Research Inc.

“The global digital twin market size is expected to reach USD 26.07 billion by
2025. The market is estimated to register a strong CAGR of 38.2% over the
forecaSt years.” - Markets and Markets
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Adult bone: derived hymal stem cells are
immunosuppressive and prolong the rejection of mismatched
skin grafts in animals. We transplanted haploidentical
mesenchymal stem cells in a patient with severe treatment-
resistant grade IV acute graft-versus-host disease of the gut
and liver. Clinical response was striking. The patient is now
well after 1 year. We postulate that mesenchymal stem cells
have a potent immunosuppressive effect in vivo.

Lancet 2004; 363: 14389-41
See Commentary page 1411
Severe acute graft-versus-host disease (GVHD) after allogeneic
stem-cell transplantation is associated with high mortality.
Bone marrow contains pluripotent mesenchymal stem cells
that form bone, carilage, adipose tissue, and muscle. These
stem cells are not immunogenic and escape recognition
by alloreactive T cells and natural killer cells. Mesenchymal
em, cells given intravenously have been well tolerated.'
f}iermore, they are immunosuppressive and inhibit

A 9-year-old boy with acute lymphoblastic leukaemia in
third remission received a transplant of blood stem cells from
an HLA-A, HLA-B, HLA-DRP1 identical, unrclated,
female donor after conditioning with cyclophosphamide
{120 mg'kg) and fractonated total body irradiaton (3 Gy
for 4 days). Immunosuppression included thymoglobulin
(6 mg'kg) during the conditioning, followed by ciclosporin
combined with four doses of methotrexate. On day 11 after
allogeneic stem-cell transplantation, the patient developed a
maculopapular rash of the thorax and back that progressed
despite treatment with prednisolone (2 mgkg daily). By
day 22, the patient developed diarrhoea (>1000 mL per day)
and abdominal pain reguiring morphine. He stopped
eating on day 24. Bilirubin and alanine aminotransferase
concentrations rose (figure 1). Psoralen and ultraviolet-A
light (PUWVA) treatment (rwo to three tmes per week)
for 3 weeks was followed by extracorporeal PUVA (one
to four times per week) for 6 weeks. Infliximab (10 mg/kg)
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a total of 22 days, mycophenolare mofenl, and methotrexare
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treated for repeated bacterial, viral, and invasive fungal
infections.
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How to increase the visibility of your research?

Harsha Ratnaweera
Adapted from various sources
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Why?

* Activities aimed at promoting research are increasingly important in researchers’
work. By making your research visible and accessible you increase chances of your
research being noticed, used and having impact, thus increasing your own reputation
and chances of success in your academic work.



Some examples

« Create and keep up to date online profile (or a web CV)
* Engage in social networking communities

—ResearchGate

—Academia.edu

—LinkedIn

—Mendeley

— GoogleScholar




Your CV

» https://europa.eu/europass/eportfolio/screen/cv-editor?lang=en

» https://standout-cv.com/blogs/cv-writing-advice-blog/115702276-example-of-a-good-

cVv
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Value of LinkedIn

* 1. You can tap into its powerful job board

« 2. You can build your brand

3. It can help rank your name on Google

* 4. It maintains your list of contacts

* 5. You can research companies and its employees
6. It can help you tap into industry news

* 7. Network, network, network!



Scopus
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“Hi Scopus Preview

=@

Search for an author profile

Scopus is the world's largest abstract and citation database of peer-reviewed research literature. With over 22,000 titles

from more than 5,000 international publishers.
You can use this free author lookup to search for any author; or, use the Author Feedback Wizard to verify your Scopus

Author Profile.
Register for your unique ORCID and use Scopus to import your records.







Research publication writing

Harsha Ratnaweera
Adapted from Scribbr, Wiley and other sources
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Research publications and reports

» Aresearch paper is a piece of academic writing that provides analysis,
interpretation, and argument based on in-depth independent research.

« An academic essay is a focused piece of writing that develops an idea or argument
using evidence, analysis and interpretation.

» Research papers are similar to academic essays, but they are usually longer and
more detailed assignments, designed to assess not only your writing sKkills but also
your skills in scholarly research. Writing a research paper requires you to
demonstrate a strong knowledge of your topic, engage with a variety of sources, and
make an original contribution to the debate.



Obijective of writing a report

Maximise the effectiveness of your presentation

Demonstrate
your familiarity

with the problem process

Establish your

ximise r r Minimise r r
———.“ Ma se reade se reade

insight effort




Essay writing process

* Preparation: Decide on your topic, do your research, and create an essay outline.

* Writing: Set out your argument in the introduction, develop it with evidence in the
main body, and wrap it up with a conclusion.

* Revision: Check the content, organization, grammar, spelling, and formatting of your
essay.



Preparation for writing an essay

« Understand your assignment: What is the goal of this essay? What is the length
and deadline of the assignment? Need any clarifications?

* Define a topic: try to pick something that you already know a bit about or/and that
will hold your interest.

* Do your research: Read primary and secondary sources and take notes to help you
work out your position and angle on the topic. Note the sources and the points

« Come up with a thesis or a problem you plan to elaborate/solve. A clear thesis is
essential for a focused essay—you should keep referring back to it as you write.

» Create an outline: Map out the rough structure of your essay in an outline. This
makes it easier to start writing and keeps you on track as you go. Follow commonly
used structures if possible.



Common structure

« Title * Preface

» Name, affiliation « Table of contents

» Abstract  Table of Figures, tables

* Introduction/Background » Abbreviations

* Method « Recommendations for future
* Results « Acknowledgement
 Discussion * Appendix

« Conclusions
Conclusions:

* References Synthesis of arguments
Check if it answers the problem defined
Strong closing statement



Plagiarism

Ouriginal

What is Ouriginal?

Quriginal is an award-winning software solution that combines text-matching with writing style
analysis, enabling educators and users to assess the authenticity of any text. Our product helps
create an environment which fosters fairness and sparks creativity among students, facilitating
personal development by unlocking their full potential. Ouriginal can be seamlessly integrated into
your current workflow, whether you use it through a learning management system (LMS) or as a
stand-alone product.



Reference styles

» Reference styles are predefined rules describing how to cite sources and set up
literature lists.

* The two most common types are author-year style (f. ex. Harvard, APA) or numeric
style (f. ex. Vancouver).

* You can find these and many other styles in Mendeley, EndNote. Etc.

« Some scientific journals often have their own styles.

* https://www.nmbu.no/en/about-nmbu/library/write-and-cite/styles/node/37678




Research publications

* Producing research publications is a natural part for academia, researchers and
research students

« CV, job applications, research project applications, promotions etc--
* There are “good” and “not so good” journals (predatory journals?)

* Open Access vs Subscription journals



Common reasons for rejection

« The manuscript fails the technical screening

« The manuscript does not fall within the journal’s Aims and Scope

» The research topic isn’t of great enough significance

* The research is over-ambitious

* A clear hypothesis hasn’t been established

« The manuscript is incomplete

* There are flaws in the procedures, presentation or analysis of the data
* Flaws in the manuscript’'s arguments and/or conclusions

« Language, writing and spelling issues

* Plagiarism
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Our World in Data

Global meat production, 1961 to 2018
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Source: UN Food and Agriculture Organization (FAO) OurWorldinData.org/meat-production « CC BY

Total fertilizer production by nutrient, World, 1961 to 2014

Total fertilizer production by nutrient type (nitrogen, phosphate and potash/potassium), measured in tonnes per

year.
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Global freshwater use over the long-run
Global freshwater withdrawals for agriculture, industry and domestic uses since 1900, measured in cubic metres
(m?) per year.
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Energy consumption by source, World

Primary energy consumption is measured in terawatt-hours (TWh). Here an inefficiency factor (the 'substitution’
method) has been applied for fossil fuels, meaning the shares by each energy source give a better approximation
of final energy consumption.
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What does this mean In practice?
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Global beauty-industry retail sales, $ billion

+5.0% +3.2% +4.1%

477
49

51 Fragrances

Color cosmetics

Skin-care
products

W Personal-care
e products’

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

Mote: Figures may not sum to listed totals, because of rounding.
Includes bath, hair-care, men's shaving, oral-care, shower, and adults' sun-care products; deodorants; and depilatories.
Source: Euromonitor
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Exhibit 17: Global Medicine Market Size and Growth 2010-2025, Cons
US$Bn
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FIGURE 1: The pathways of the Contaminants of Emerging Concern
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WATER & FOOD
CECs can travel through
wastewater treatment all
the way to water and food
we consume. They pose
potential risks to humans

and the environment.

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.

DRINKING WATER

RECREATIONAL WATERS

Water JPI, Policy Brief, 22 October 2018



Water and sanitation at the core of
sustainable development

Integrated management — across sectors and regions — balancing competing needs
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1. Identify




1. Identify: Pharmaceuticals

Number of pharmaceuticals
detected in surface water,
groundwater, tap water, and/or
drinking water

0ornodata

-

4-10




1. Identify: Pharmaceuticals

4000

ACTIVE PHARMACEUTICAL
INGREDIENTS

About 4,000 active pharmaceutical
ingredients are being administered
worldwide in prescription medicines,
over-the-counter therapeutic drugs and
veterinary drugs (Weber et al., 2014).

30-90"

ORAL DOSES EXCRETED AS ACTIVE
SUBSTANCES

Pharmaceuticals administrated to
humans or animals are excreted via urine
and faeces, with 30 to 90% of oral doses
generally excreted as active substances
(BIO Intelligence Service, 2013).

65"

PHARMACEUTICAL INDUSTRY
ANNUAL GROWTH RATE

Projected growth rate of the
pharmaceutical industry: 6.5% per year by
2022 (UN Environment, 2019).

CLIMATE CHANGE TO INCREASE RISK
OF DISEASE

Millions of people are predicted to be
newly at risk to mosquito-borne and
tick-borne diseases under climate change.
(Cavicchiolietal., 2019).

OECD Policy Brief on Pharma
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Sources

Pathways

(oncentration
patterns

1. ldentify: Pharmaceuticals

Pharmaceutical
properties

Receiving
environment
type (sinks)

Concentration, context-
dependent factors

+ Pharmaceutical
manufacturing
plants

WWTPs

- Municipal
- Hospitals
- Industry

- Agriculture
(particularly
intensive
livestock
farming)

Aquaculture
Septic tanks

Waste
management
facilities
(landfills).

« Point source
(WWTP
discharge)

« Diffuse
source (j.e.
agricultural
runoff,
leaching of
septic tanks to
groundwater).

« Continuous
(e.g. WWTPs)

- Seasonal
(linked with
farming
practices and
with seasonal
influenza
and allergies,
water
flow and
temperature)

+ Intermittent
(linked with
rainfall events,
stormwater
overflow,
irrigation
patterns and
pandemics).

Persistence

- Half life

- Solubility

- Metabolites

- Transformation
products

Bioaccumulation

Toxicity

- Individual effects

- Population
effects

- Additive effects

- Mixture effects

Mobility

Rivers

Lakes
Groundwater
Soll
Sediment

Coastal zones
Oceans

- Medical, agriculture and

veterinary practices

lllicit drug use
Consumption rates
Pharmaceutical properties

Disposal and waste
management practices

- WWTP technology, operation

and removal efficiency

- Receiving environment type
+ Climate

- Drainage characteristics

- Water flow variations

Sunlight, temperature
Presence of other pollutants
Exposure history
Disturbance regime

Food web structure

OECD Policy Brief on Pharma



How plastic moves from the economy to the environment

Sectors using plastics
Textiles and (intermediate and final
clothing consumption
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BougDoo0 Food and Cosmetics

o Terrestrial
il Agriculture transport
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Primary plastic production by industrial sector, 2015

Primary global plastic production by industrial sector allocation, measured in tonnes per year.

Global plastics production, 1950 to 2015

Annual global polymer resin and fiber production (plastic production), measured in metric tonnes per year.

World
or Packaging 146 million tonnes
350 million tonnes
Building and Ceonstruction 65 million tonnes
300 million tonnes
Textiles 5% million tonnes
250 million tonnes
Other sectors 47 million tonnes
200 million tonnes
Consumer & Institutional Products 42 million tonnes
150 million tonnes
Transportation 27 million tonnes
100 million tonnes
Electrical/Electronic 18 million tonnes
50 million tonnes
Industrial Machinery I 3 million tonnes
Otonnes . o .
1950 1960 1970 1980 1990 2000 2010 2015 O tonnes 40 million tonnes 80 million tonnes 120 million tonnes
ccey Source: Geyer et al. (2017) CCBY

Source: Geyer et al. (2017)

Plastic Recycling Still Has A Long Way To Go

Level of plastic waste in U.S. municipal solid waste disposal (thousand tons)

I Landfiled [ Combustion with energy recovery [l Recycled
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5,000 . - - - >3
3,140

o ——0 R | N = == .
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©0o statista¥

@statistaCharts  Source: Center for International Environmental Law



ldentify: MPs

Microplastics Abundance in Eastern Tropical Pacific
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B Forecast Source: IAEA, 2020




ldentify: MPs

mean MP concentration
300 - [particles m—3]

III--—- size

500 sooo (pm]

\aser infrared

HQi=8 0 Raw Data

Smoothing (2) o

HQI=574

S N =

(3) Baseline Correction

HQI =918
Fingerprint Region (4) g

ST <A M_(5) Library Search

Credit: https://doi.org/10.1016/j.trac.2018.12.004 , https://doi.org/10.1016/j.envpol.2017.08.026

3%

@acrylic @ acrylic & cellulose % alkyd resin
M polyacrylonitrile polyamide % polyamide & cellulose
& polyester 0 polyethylene OPET

W polyethylene & cellulose



https://doi.org/10.1016/j.trac.2018.12.004

ldentify: MPs in sludge

NIVA 7215-2017

Microplastic abundance (particles kg™

20000 -

15000 | \:||:| Secondary treatment
- - Tertiary treatment

allied )

BRA BRAII FREVAR HIAS IVAR  LINNES  TAU TO VEAS  VEASII

Figure 3. Microplastic abundances extracted from the ten sludge samples across eight sample
locations. Abundances reported as particles per kg: wet weight (w.w) and dry weight (d.w).
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Govol/ MG

Analytical and sampling methods: standardised test method and agreed units of ]

measurement to make direct comparisons and interference of conclusions possible.

In the framework of possible standards and regulations for microplastics, analytical ]
methodologies should be in place that enable large scale and rapid analysis, hence

support should be given to harmonisation exercises (e.g. from GWRC)

Develop and agree a clear classification of microplastics

Establish evidence base for presence/absence of microplastics in drinking water

Toxicity/eco-toxicity of and risks associated with microplastics in drinking water, ]

treated wastewater, sludge or soils

Sources and routes into the environment, including the water cycle and sludge route
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ldentify: Cocktail effects are unknown

Cocktail of Contaminants

phthalates |
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86,000 UNREGULATED CHEMICALS
IN THE EPA’S CHEMICAL SUBSTANCE INVENTORY

Source: U.S. Environmental Protection Agency and American Chemistry Council




1. Identify: Bioassays for combined effects J

- Problem-oriented strategies
» |dentification of river-basin specific pollutants
» Impact assessment
» Cause-effect relationships

Mixture
toxicity

Mixture
occurrence

- _ Bioassay' bnels;

calE

Saplin g;
Target, Trait-based

Suspect,
Non-target
detection

approaches;
In situ responses

Solution-oriented monitoring

relative effect potency, - detected concentration,

>

=1

BEQchem™

Chemical Analysis

Drinkn BEQ
Drinking cont:i/:)ution u=nknown
V\{f“m /j to effect BEQ,;, —

BEQchem

Bioanalysis

ECreference compound

BEQbiO=

ECsample

Current Opiricn in Envronmental Saence & Health

BEQ - Biological equivalent concentrations




1. Identify: Bioassays for combined effects i

ioluminescence
+

Bh
Toxicit '

Control c-Si0, f-5i0, CeO, Al,05

stuary
sediments

Leached
sediment
| Vr'bnb
Fischeri
) .. ) . . test = Influence +
Acute and chronic toxicity of metal oxide nanoparticles in
chemical mechanical planarization slurries with Daphnia magna Assessment of the toxicity toward Vibrio fischeri in sediments

' \ ! {
control 50 mg/L 100 mg/L 200 mg/L 400 mg/L

TiO, nanoparticle exposure on lettuce (Lactuca sativa L.)

Credit: https://doi.org/10.1039/CO9EN01215J , https://doi.org/10.1016/].scitotenv.2019.01.086 , https://doi.org/10.1039/C7EN01079F



https://doi.org/10.1039/C9EN01215J
https://doi.org/10.1016/j.scitotenv.2019.01.086

1. Identify: Non-target screening Tut

Chemical Space

Knowns, Suspects Millions of )
and Unknowns billions... | Non target
Screening of

Complex
fSampIes with

HR-MS

Structure Generation**
CAS 1st Generation TPs*
CAS Registrations
REACH Legislation
Est. Household Use

*Estimate from MINE predictions of

B smaller datasets. Jeffryes et al.
Priority Pollutants 2015. DOI-

*True number cannot be calculated.

Numbers from Hollender, Schymanski, Singer & Ferguson, 2018, ES&T Feature, 51:20, 11505-11512. DOI: 10.1021/acs.est.7b02184
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1. Identify: Non-target screening
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N
Peak .., Increasing identification
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2. Prevent




2. Prevent

Step in pharmaceutical

life cycle

Cross-cutting

Design

Authorisation

Production

Consumption (professional use)

Consumption (over-the-counter
purchases/ self-prescription)

Collection and disposal

Wastewater treatment

Drinking water treatment

Relevant stakeholders

Government, Industry

Industry

Government, Industry

Industry, Government,
Intergovernmental Organisations

Agriculture, Health sector,
Government

Health sector, Industry, Consumers

Solid waste utilities, Industry

Wastewater utilities

Drinking water utilities

Mitigation options

Monitoring, reporting, data sharing
Harness new innovations in water quality monitoring
Environmental quality norms

Green pharmacy, biological therapies, personalised or precision medicines

Legislation and guidance on environmental risk assessment and
incorporation into authorisation process

More stringent conditions for putting a pharmaceutical on the market that
is of high-risk to the environment (e.g. increased risk mitigation options,
eco-labelling, prescription only, post-approval monitoring)

Good manufacturing practices, regulation limits and disclosure of
pharmaceutical wastewater discharge from supply chains
Green public procurement with environmental criteria

Emission prevention through:
- Improved human and animal health and well-being
- Improved diagnostics, avoided prescriptions
- iImproved hygienic standards and stable management
- personalised medicines, vaccinations
- prescription of environmentally-friendly pharmaceutical alternatives

Eco-labelling on pharmaceutical products to improve consumer choice
and awareness

Education campaigns to avoid disposal of pharmaceuticals via sink or toilet
Public pharmaceutical collection schemes for unused drugs

Extended producers responsibility schemes

Improved manure management by passive storage or anaerobic
fermentation in biogas plants

Upgrade of wastewater treatment plants

Upgrade of drinking water treatment plants
Water safety planning

OECD Policy Brief on Pharma



BETTER WATER AND SANITATION
2. Prevent REDUCES ANTIBIOTIC CONSUMPTION

In the four middle-income countries studied, introducing water and sanitation
infrastructure could substantially reduce the number of related diarrhoea cases

treated with antibiotics.

LOWERING DEMAND FOR
ANTIMICROBIALS AND REDUCING
UNNECESSARY USE

060003

Public Sanitation Antibiotics in Vaccines and GETL Human
awareness and hygiene agriculture and alternatives diagnostics capital
the environment

ogs
60% ¢ ¢

potential decrease in the
number of cases of water and
sanitation-related diarrhoea
being treated with antibiotics

Review on Antimicrobial Resistance: Tackling drug-resistant infections globally, 2016



2. Prevent: Certification and ecolabels

The Global ]

Ecolabelling Network 3

[cula:bel

14

U Ecolabel! (1!

0

(goodsiand services)awarded withithe'

892 licenses) in 24 different product

Fastest growing product categories over the past 6 months

. EU Ecolabel key figures

,x’ as per March 2021
h | 71 D741 produicts]

Laundry detergents
+26%

Indoor Absorbent
cleaning services hygiene products
+37% +50%

Number of products

G

Do-it-yourself

Personal care products
30 282

2749

Furniture and
bed mattresses
813

Coverings Holiday accommodation
9493 440
le% o
. 3
Cleaning up Gardening
8072 160

o

Clothing and textiles Electronic displays
5698 /

Number of products awarded per country

ICELAND
FINLAND

NORWAY

ESTONIA

NORTHERN
IRELAND

LATVIA
LITHUANIA

DENMARK

NETHERLANDS

£

IRELAND

LZECH REP.
SLOVAKIA

HUNGARY
-~ ROMANIA

BULGARIA

PORTUGAL '

GREECE

MALTA

5500084000 >s00<2000 <500
Spain 16 145 Denmark 2 477 Hungary
Italy 11 698 Netherlands 1 314 Cyprus
France 8628 Estonia 901 Croatia
Germany 7 443 Austria 721 Romania
Belgium 5 358 Finland 647 Latvia
Czech Republic 5 152 Lithuania 461 Malta
Sweden 4877 Ireland 177 Slovak Republic
Portugal 4773 Norway 175 Luxembourg
Greece 3559 Slovenia 105 Iceland
Poland 3075 Bulgaria 89  Northern Ireland

TOTAL 78 071

CYPRUS &



3. Treat




3. Treat: Pharmaceuticals

b

‘| 3 %

OF WASTEWATER TREATMENT PLANTS
IN THE UNITED KINGDOM HAVE HIGH
PHARMACEUTICAL CONCENTRATIONS
IN EFFLUENT

diclofenac, ibuprofen, propranolol and
the macrolide antibiotics are present

at high enough concentrations in the
effluent of 890 wastewater treatment
plants (13% of all plants) to cause adverse
environmental effects in surface waters
(Comberetal, 2018).

In the United Kingdom, ethinyloestradiol, ‘

THE REMOVAL OF PHARMACEUTICALS
IS LIMITED BY WASTEWATER
TREATMENT PLANT UPGRADES

Upgrading wastewater treatment with
new technologies will not solely solve

the problem of pharmaceuticals in

water. They are limited by their removal
efficiencies, high capital investment and
operation costs and increased energy
consumption. They do not capture diffuse
sources of pharmaceutical pollution

(e.g. from agriculture and aquaculture).

% Removal

120
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80
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40

20

W el Hedenver pos o508

1\

Ao 2> AR AL SERNINNE NN

|
III
I
P

Concentration multiclass antibiotics (mg L)

R
é}‘é%é"ip

NReR

M Sulphanilamide

® Marbofloxacin

m Ciprofloxacin
Danofloxacin

W Oxytetracycline

M Sulphadimethoxine
Sulphamonomethoxine
Sulphamethoxazole
Tylosin

Sulphamerazine

OECD Paolicy Brief on Pharma
Credit: https://doi.org/10.3390/w11030595
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Treatment technology/combination

Os-
Implementation with BAF UF-BAF
regards to main treatment Pharmaceutical UF! GAC PAC? BAF? (o Py PAC-UF (GAC) (GACQ)
Treatment process Technology Integrated Fallowing - - '
T e |_| | Azithromycin - (++4) +++ +++ + +++ +++ +++
—"i d Tiltr |—| ] L]
Physical ._| Reverse osmosis (RO) I :I Ciprofloxacin - +++ +++ +++ ++ +++ +++ +++
> Mano filtration (NF) I . Clarithromycin - (+++) (+++) (+++) (+) (+++) (+++) (+++)
Diclofenac - +++ +++ +++ +++ +++ +++ +++
Oxidative Sinrlion i | L - | E2 (17B-estradiol) - +++ +++ +++ +++ +++ (+++) +++
Advanced oxidative processes (AOF) | * EE2 (17a-ethinyl estradiol) - +++ ++ ++ ++ +H+ (+++) +H
Biological/ |—>| Biologically active filter (BAF) | E Erythromycin - (+++) (+++) (+++) (+) (+++) (+++) (+++)
enzymatic '—b{ Enzymes (Enz) |—| . |—| . | Ibuprofen - +++ +++ +++ ++ +++ +++ +++
—»| Pulerised activated carbon PAC)  |——  » | e | Carbamazepine - +++ -+ 4+ 4+ 44+ 4+ 44+
Adsorptive »| Granulated activated carbon (GAC) | . Levonorgestrel - (+++) (+++) (+++) (+++) (+++) (+++) (+++)
—>| Blochar activated carbon [BAC) |—| . |—| . | Metoprolol i it 4t et it it s it
—>| PAC-UF —* —1_* | Oxazepam - 4+ 4+ +++ ++ +++ +H+ +++
| :I
Combinations _'| 03-BAFIGAC) : _ Propranolol - +++ +++ +++ (+++) +++ +++ +++
—>| UF-BAF(GAC )
S ! :I Sertraline = +++ + +++ ++ + +++ +++
Ready to implement —b-l BAL for PAC/GAC in above |—| . |—| - |
[ - before 2018 Sulfamethoxazole - +++ +++ +++ +++ +++ +4++ +++
[ -after 2018 WL Swedish Environmental Research Institute . .
Trimethoprim - +++ (++) +++ +++ (++) +++ +++
- = No treatment; + = 0-<20%; ++ = 20-<80%; +++ = >80% removal efficiency; ( ) = Expected efficiency based on the

substance’s properties and the technology’s treatment mechanism.



Treatment technology/combination

05-BAF
| UF GAC PAC BAF  Os PACUF (GAC) |

Robust treatment @ & @ & ® © ©
Tested technologies in full

scale & < C & C 1 ©
Requires little
maintenance/monitoring

The solution works without
using other technologies

®

®

Appropriate facility size No restriction

Little space is required® ©/4 ® ©/©4 ©/©4 © ©/4 ® ©/®4

© = Positive reply; © = Neither positive nor negative; & = Negative reply.




3. Treat: Microplastics

STRATEGY

Coagulation

. g

Flocculation A

M - M Ve
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>0 L o 46 ‘e >0 o i Y
« Electron flow . Electron flow
R o b i
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Anode Anode Cathode Gl W cothone
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Tron nanoparticle % * *
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X o o " 5 t
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Modified iron nanoparticles *:* '*%’.’i%
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Credit: https://doi.org/10.1016/j.chemosphere.2020.126612

CHALLENGES

Coagulants
\ v Microplastics
,’,‘ / - “ .« e
* il S nlb
S = Membrane fouling

Flocs

To interfere with the disinfection
process by protecting bacteria or

Removal efficiency

Wastewater treatment processess

consuming disinfectants.

1]

Primary + membrane bioreactor

Microplastics

| |8 (6

Domestic wastewater to
WWTPs

Removal eificiency
Primary + secondary + biological aerated filter (tertiary) ‘:§

Remova .efﬁciency

0.4 particles/L

St
|Removal efficiency

2.6 particles/L

Recipient
(river)

i
Rem;ﬁleng

5.9 particles/L

& r”}(
P

13.5 particles/L
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Advanced treatment processes: contaminants removal, residuals, by-products, applicability and costs

Process

MBR

Granular media

filtration
Coagulation

GAC/PAC
adsorption
O,4/BAC

MF/UF

NF/RO
Chlorination

Chloramination

UV disinfection

Ozonation

UV/H,0,

Other AOPs
(e.q.

photocatalysis)

SAT
Riverbank
filtration
Constructed
wetlands

Nutrients
removal

Low/High
Low
Low
Low

Low/Medium

Low

High (N, P)
Low

No/Negligible

No/Negligible
Low

No/Negligible

No/Negligible

Low
Low

Low

TSS removal

High
High

High
Low/Medium

Medium

High

Low
No/Negligible

No/Negligible

No/Negligible
Low/Medium

No/Negligible

No/Negligible

Medium
Medium/High

Medium

TDS removal

No/Negligible
No/Negligible

No/Negligible
No/Negligible

No/Negligible

No/Negligible

High
No/Negligible

No/Negligible

No/Negligible
No/Negligible

No/Negligible

No/Negligible

Low
Low

No/Negligible

Credit: https://doi.org/10.1016/j.coesh.2018.02.003

Pathogens
removal

Medium
Low/Medium
Low/Medium
Low

Low/Medium

Medium

High/Medium
High/Medium

Low/Medium

High
High/Medium

High

High/Medium

Low/Medium
Low/Medium

Low/Medium

Metals removal

No/Negligible
No/Negligible

High
Low/Medium

No/Negligible

No/Negligible

High
No/Negligible

No/Negligible

No/Negligible
No/Negligible

No/Negligible

No/Negligible

Low/Medium
Low/Medium

Low/Medium

CEC removal

Low
No/Negligible

No/Negligible
Low/High

Low/High

No/Negligible

High
Low/Medium

Low

Low
High

High

High

Low/Medium
Low/Medium

Low/Medium

Residuals
and/or By-
products

Sludge
Backwashing
water

Backwashing

water and sludge

Exhausted
GAC/PAC

Limited by-

products thanks

to BAC

Backwashing
water

Concentrate

By-products (e.g.

THM, HAA)

By-products (e.g.

HAA, NDMA)
No/Negligible

By-products (e.g.
bromate, NDMA)

Operator skill
based on
current
application
Low

Low

Low

Low

Low/Medium

Low

Low/Medium
Low

Low/Medium

Low/Medium
Medium

By-products (e.g. Low/Medium

CEC
transformation
products)

By-products (e.g. Low/High

CEC
transformation
products)
No/Negligible
No/Negligible

Biomass

Low
Low

Low

Relative
complexity of
technology

Low/Medium
Low

Low
Low

Medium

Low

Medium
Low

Low

Low
Medium

Medium

High

Low
Low

Low

.

Maturity level of Cost

technology
Medium/High
High

High

High

Low/Medium

High

High
High

High

High
High

High

Low/Medium

Medium
Medium

Medium

(capital + O&M)

Medium/High
Low

Low
Medium

Medium/High

Low

High
Low

Low

Low/
Medium

Medium

Medium/High

Low
Low

Low


https://doi.org/10.1016/j.coesh.2018.02.003

Elimination of micropollutants on the sewage treatment
plant Schonau, Cham Switzerland

https://www.youtube.com/watch?v=2qfiYExqgnlk



Micropollutants removal from wastewater with H,O,/UV-C

technology

https://www.youtube.com/watch?v=J7dqHJZR6PE
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4. Assess the risk




4. Assess the risk

Teflon®

Ethanol
o o

Cadmium f Methanol

04
Foetal malformation ” Kidney failure

Mercury Cyanide

Chemicals
=n
Aluminium
Caesium-137
Arrhythmia

Tetrachloroethylene

Immunodepression Chronic bronchitis

Dioxin Chlorine




4. Assess the risks: emerging contaminants

1.E+4
1E+3
1E+2

1E+1

Risk Quotient
BB
o ) — <o

1.E-4
1E-5

y = PCPs
= Antibiotics
® Hormone
= Others
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<—— High mkl-)[<—M°l‘1’:"""" —p-lov Insignificant risk

Risk ranking of PPCPs, based on effect concentration for the most
sensitive species and the median concentrations in surface waters

Emerging

contaminant

Engineered
nanoparticles

Endocrine

disruptors

Ionic Hquids

Perfluorinated

compounds

Ecology effect

Toxdc to bacteria, plants, fish,

earthworm (growﬂn_.

mortality, repreduction, gene

expression),

Toxic to wildlife, human

Inhibitory effects on a variety
of bacteria and fungi,
influencing the growth rate

of alzae, toxic to

invertebrates, fish and frogs

Bioaccumulatien in fish and

fishery products

Human health effect

Cytotoxicity, oxidative stress,
inflammatory effects, in lungs,
genotoxicity, carcinogenic effects,
granulomas, thickening of alveolar
wall, and augmented interstitial

collagen staining

Alter reproductively relevant, sexually-

dimorphic neurcendocrine system,
alter endogenous steroid levels, etc,,
diabetes, preblems in the
cardiovascular system, sbnormal
neural behaviours and linked to
obesity.

Adverse effects on neuronazl process,

cytotoxicity,

Accumulate primarily in the serum,
kidney and liver, potentially adverse
effects on developmental,

reproductive systems and other

damaging outcomes

References

(Boczkowski and
Hoet, 2010,
Maurer-Jones

et al,, 2013,
Pauluhn, 2010}

(Frye et 21, 2012,
Braun and
Hauser, 2011,
Vandenberg

et 21, 2013)

(Thuy Pham

et al., 2010, Wang
et 2l., 2010, Li

et al, 2012, Li

et zl., 2009)

(US EPA, 2014,
Danish Ministry
of the
Environment,

2015)

Credit: https://doi.org/10.1016/].envint.2019.105454, https://doi.org/10.1016/j.chemosphere.2016.03.068
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4. Assess the risks: Pharmaceuticals W M-

Deaths attributable
to AMR every year
compared to other
major causes of death

10"
AMR in 2050

/~ 10 million

83"

OF HUMAN PHARMACEUTICALS ARE
WITHOUT ENVIRONMENTAL TOXICITY
DATA

OF PHARMACEUTICAL PRODUCTS
HAVE A POTENTIAL ENVIRONMENTAL
RISK

Tetanus

88% of human pharmaceuticals do not
60,000

have comprehensive environmental
toxicity data. Whilst pharmaceuticals
are stringently regulated for efficacy and
patient safety, the negative effects they

An estimated 10% of pharmaceutical
products have a potential environmental
risk (Ktister and Adler, 2014).

Road traffic

may have in the natural environment .. . . . . . accidents 7 v ' Cancer
have notyet been sufficiently studied Box 1. Antimicrobial resistance: an urgent, global health crisis 12 miIIion\ | 82 miilion
and are not covered by an international Antimicrobial resistance (AMR) is a global health crisis with the potential for enormous health, food security [
agreement or arrangement. and economic consequences. AMR is the ability of a microbe to resist the effects of medication that could once [ .“J 700,000
successfully destroy or inhibit the microbe. (NN} (low estimate)
Drug resistant infections already cause an estimated 700,000 deaths each year globally. If no action is taken, this is ‘
. projected to increase to 10 million per year by 2050 — that is more than the number of people dying from cancer. A X\
continued rise in AMR is projected to lead to a reduction of 2-3.5% in GDP globally, with a cumulative cost of up to M\_ Cholera
© USD 100 trillion. 130,000 ‘ > 100,000—
120,000
The mis- and over-use of antibiotics is an important contributing factor of AMR; up to 50% of the antibiotics
prescribed for human use are considered unnecessary. The number is even greater in the agriculture and aquaculture \
sectors, where they are mainly administered as a growth promoter and as a substitute for good hygiene. The Diarrhoeal
environment becomes a reservoir for resistant genes, as well as an arena for the development and spread of resistance disease Diabetes

to pathogens. 1.4 million 1.5 million

OECD Policy Brief on Pharma The Review on Antimicrobial Resistance, Chaired by Jim O’Neill, 2014
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Policy developments
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The European Green Deal is about improving the well-being of people. Making

Europe climate-neutral and protecting our natural habitat will be good for people,
S planet and economy. No one will be left behind.

The EU will:

What is the 4% 2
European Green Deal?Q =

.....
.
Yo

+ *
-
EETE R

Become Protect human life, Help companies Help ensure a
climate-neutral animals and plants, become world leaders just and inclusive
by 2050 by cutting pollution in clean products and transition

technologies

INDUSTRY

European industry
. only uses

b ‘é 12%

ki " recycled materials

Support industry to
innovate and to become |
global leaders in the
green economy




Policy developments

Towards Zero Pollution means:

« For the health of our citizens, our children and
grandchildren, Europe needs to move towards a zero-
pollution ambition »

This entails a cross-cutting strategy for the protection of
citizens’ health from environmental degradation and pollution
addressing:

v Air and water quality
v'Hazardous chemicals
v Industrial emissions
v Pesticides and endocrine disruptors




Emissions
EC proposal The new regulation has entered On 16 December 2020, the Directive

European Commission, Directorate General for Environment

EU water acquis = Ut C1 and .2

Brussels, 22 October 2019

European N —
Commission
I

Groundwater
Directive

2 Daughter

Directives

Environmental Strategic approach to
Quality Standards pharmaceuticals in the
Directives environment

Floods Directive

g B EEE N EEE N

Other related

Urban Waste Water

(Recast)

Under Water re-use -
[ Evaluation l Regulation Drinking Water
Directive

» Plastics Strategy

Treatment Directive ' -
Water Framework (UWWTD) instruments:
Directive (WFD) . ]
| ° Marine Strategy
Nitrates Directive, ) Framework
. Sewage Sludge Directive
Basic measures Directive, Bathing |
Water Directive « « Bathing Water
| Directive
|

« Industrial

S N EEm O EES O S O s O Emm o

s

- into force. The new rules will apply European Parliament formally
' Adopt_lon | from 26 June 2023 and are adopted the revised Drinking Water .. 7
pending expected to stimulate and facilitate Directive. The Directive will enter in

e = EE = ESm § ESm W #
water reuse in the EU. force on 12 January 2021.




Policy Development: Surface Water Watchlist

A

1st (2015)

17-Alpha-ethinylestradiol
(EE2)

17-Beta-estradiol (E2), 17-Beta-estradiol (E2),
Estrone (E1) Estrone (E1)

Diclofenac Macrolide antibiotics
— Methl_oca.rb.
w Neonicotinoids
H Metaflumizone

17-Alpha-ethinylestradiol
(EE2)

Macrolide antibiotics O émO)?ICIIIIn .
) (\| iprofloxacin
Methiocarb
- - - v
Neonicotinoids
Oxadiazon g
Triallate N

3rd (2020)

Metaflumizone
Amoxicillin
Ciprofloxacin
Sulfamethoxazole
Trimethoprim

Venlafaxine and O-
desmethylvenlafaxine

Clotrimazole, Fluconazole,
Imazalil, Ipconazole,
Metconazole, Miconazole,
Penconazole, Prochloraz,
Tebuconazole,
Tetraconazole

Dimoxystrobin
Famoxadone

, pharmaceuticals, hormones, pesticides



N
Groundwater watch list (GWWL)
. o, o EU Legislation Chronicle of how science and policy has led to the voluntary GWWL
Prioritization scheme of the NORMAN network il
2000 EU WFD 2000/60/EC WFD - Water Framework Directive
\ PPD - Public Participation Directive
GWD - Groundwater Directi
Cistiofismsiging substances SWWL - Surface Water Watch List
‘ CIS - Common Implementation Strategy
s s s : EU CIS guidance documents and EQS - Environmental Quality Standards
Is the substance sufficiently investigated and are there MS experience and national surveys > - Member States
sufficient quantified data in the relevani malrix{ces)?
1 l 1 EU PPD 2003/35/EC

| 1 I I ] 2005

_ &mm'[ﬂlm Substance sufficiently monitored but | | Substance sufficiently monitored EU GWD 2006/118/EC

| | low frequency of quantification ~ and quantified in relevant matrix \

Sufficient analytical performance?
Sufficient Sufficiant EU EQS 2008/105/EC Research evidence (e.g. Focazio et al. 2008)
expanmeantal loxicily expearimental toxicity .
data for risk no data for risk 2010 Research evidence (e.g. Loos et al. 2010)
assesment? assesment? MS and NGO consultation by EU CIS working group (2011)
Research evidence (e.g. Lapworth et al. 2012)
Risk of exceedance of the lowest PNEC 7 / EC public consultation as part of Annex | and Il review process (2013)
EU review of Annex | and Il
Cal B = of GWD 2014/80/EC
i 2018 EU SWWL 2015/495/EC
mﬁﬂm“.ﬁr - EU CIS WG meeting in (2014) agreement
g on need for GWWL

Research evidence (e.g. Lopez et al 2015; Lapworth et al. 2015)
GWWL voluntary group activities 2015-present

2020' WFD revison and adoption
of GWWL (anticipated)

Credit: Dulio, V., et al. Environ Sci Eur 30, 5 (2018), Dan J Lapworth et al Environ. Res. Lett. 14 035004 (2019)


https://doi.org/10.1186/s12302-018-0135-3

Water legislation evaluation — Fitness Check

¢ Publication of roadmaps (WFD, FD)

October 2017 » Finalisation of terms of reference (contract-support study)

April 2018 ¢ Launch support study - Fitness Check

¢ Launch of public consultation — until 11 March 2019
September 2018 (~386,000 replies)

e Launch of targeted consultation and experts workshops

uonenjeA® aLMMN

- }o9Yy) ssauli4 uojeladoo)

¢ Targeted consultation with relevant stakeholders - until
29 March + interviews

October 2018 -June 2019 e First 2 workshop - October 2018
¢ Workshops on validation of findings (10 April , 3 June)
¢ Focus Groups: One specific on Groundwater (29 April)

e Finalisation of support study
e Commission report on Fitness Check

End of 2019

On 23 October 2020, an Inception Impact Assessment was launched. This initiative addresses the findings of
the Fitness Check in relation to chemical pollution and the legal obligation to regularly review the lists of
pollutants affecting surface and groundwaters. The feedback period ended on 20 November 2020.



https://ec.europa.eu/info/law/better-regulation/have-your-say/initiatives/12662-Revision-of-lists-of-pollutants-affecting-surface-and-groundwater

Review of the drinking water directive M2

On 16 December 2020, the European Parliament formally adopted the revised Drinking Water
Directive. The Directive entered in force on 12 January 2021, and Member States will have two years
to transpose it into national legislation.

Key features of the revised Directive are:

Reinforced water quality standards which are more stringent than WHO recommendations.
Tackling emerging pollutants, such as endocrine disruptors and PFA’s, as well as
microplastics - for which harmonised analytical methods will be developed in 2021.

A preventive approach favouring actions to reduce pollution at source by introducing the
‘risk based approach”. This is based on an in-depth analysis of the whole water cycle, from
source to distribution.

Measures to ensure better access to water, particularly for vulnerable and marginalised
groups.

Measures to promote tap water, including in public spaces and restaurants, to reduce
(plastic) bottle consumption.

Harmonisation of the quality standards for materials and products in contact with water,
including a reinforcement of the limit values for lead. This will be regulated at EU level with
the support of the European Chemicals Agency (ECHA).

Measures to reduce water leakages and to increase transparency of the sector,




Updated/new
Parameters

—>Based on
WHO Report

Improved
health

protection

Limited costs
for water
suppliers

Better alignment with Water
Framework Directive
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Questions?




Surface
water quality iIssues

integrated water resources management

water quality management

Jan Vermaat




content

1. Let me introduce myself
2. Water Quality issues

What is water quality?
History
Causes, effects and types of water pollution

3. Integrated Water Resources Management

Water is a special renewable resource

Shortage and overuse, now and in the future
Upstream-downstream, sectoral, national and international
What to integrate, actually?

Any progress? River basin organisations

4. Water Quality Management

Management for what purpose?: ‘boatable, fishable, swimmable

Indicators and their (mis-)use; tools for the manager
Any progress made?

5. Concluding remarks

H

jan vermaat — water quantity and quality



Jan Vermaat?

Risk-Informed
Management of

European River
Basins

* Research dean Faculty Env Sci & Nat Res. (MINA)
« Before:

dept head Env. Sci. (IMV) 2014-2017

prof Earth Sciences and Economics, IVM, VU Amsterdam;
lecturer UNESCO-IHE Delft;

PhD Wageningen Agric Univ

Research interests: water quality, landscape ecology,
biogeochemistry, wetlands, ecosystem services
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water quality issues

What is water quality — your views please

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.

POLLUTED
WATER

SWIMMING

NATIONAL P4

K sERVICE

© Roger A. Clark/Photo Researchers

PUsen, O THE LOXDOS CHUARITARL Jezr 1, 1438

FARADAY GIVING HIS CARD 1O FATHER THAMES;
And wo hope the Dirty Fellow will consalt the lcamed Professor.

sawey]

Jay3ey p|O (GE8T) ‘Yound
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what is water quality? use matters ey

* Depends on use

World view: free for all or scarce
* Purpose of water use: CEEEITEE

» Navigation/transport sectoral strength < >

- Power generation economic value of a m® used
 Industrial cooling or process water

» Cattle watering

« Fish rearing, fisheries

 Agricultural irrigation

 Human household process water (lawns, cars, toilets, dishes)
* Human drinking water

 Human recreation: swimming, boating ...

« Amenity: a sun sinking in the sea, ..., or pure nature

jan vermaat - water quantity and quality 5



water quality and use T

Use affects quality

Quality affects use

Some uses have less direct
effect on wq

Sewage discharge, stormwater run-off,
manure, fertilizer and pesticide
leaching, cooling water, mine and
factory effluents

Drinking water, process water, livestock
watering, aquaculture, irrigation,
swimming, wildlife, fisheries

Hydropower, navigation, recreative
boating, low-intensity fishing

jan vermaat - water quantity and quality



water quality criteria for different uses v+

sectoral use criteria?

Navigation/transport
Power generation
Industrial cooling or process water

Cattle watering, fish rearing,
fisheries

Agricultural irrigation
Human household process water
Human drinking water

Amenity: recreation, the view

Sectoral use is not static

example Vaarajoki (Finland): big rocks
first removed but now returned: why?

jan vermaat - water quantity and quality



history 1

We knew, actually, ..... - —

The Romans already constructed aquaducts and sewage systems for

good reasons: the Cloaca Maxima, for example, is operational since
600 BC

Public health and clean drinking water were essential

John Snow (1854): “The result of the inquiry, then, is, that there has
been no particular outbreak or prevalence of cholera in this part of
London except among the persons who were in the habit of drinking
the water of the above-mentioned pump well.” (start of epidemiology)

jan vermaat - water quantity and quality
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' - Y
hlStory p. Old Father Thames Foodweb issues,
and human toxicity

IoNoRUN 3§
c oo - | 4Faecal Ik SRR e ame
O 3 i pollutio - -
= QO - @ Pas
@ § : ; rga!'\ic Nitrate .
® 3 = pelution /
o g © »
2 o o 2z
= 5 &
oL I / =
- = . . s
“ Salinisation K Organic .
X ’ poliutan
=
S
£ , |
s / cid
= rain
/\/ T T T T T T T T T
1850 1900 1910 1920 1930 1940 1950 1960 1 . ,
- 23 _02 10 1 new’ (2000+),
Figure 1.3 The sequence of water quality issues arising in industriali ]
(After Meybeck and Helmer, 1989) emerging:
« endocrine
: disruptors
 Human health and economy are prime concern >ruptors
* microplastics

» Ecosystem concern comes second
« Time plot: mix of rising awareness, and emergence of true problems

9
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history 3 T

« So, water quality has declined, early in history and more so recently
* Due to many different types of pollutants from very different sources

» Different pollutants: different mechanisms, and different effects ....
Different sources and mechanisms: different management options
(lecture 3)

jan vermaat - water quantity and quality 10



water type matters! T

category % volume % world renewal time
area

Wapourtransport

atmosphere 0.001 7-11d

\h Ewapiration Transpiration Evaporation river channels 0.0001 7d
freshwater lakes 0.009 2 330 d

1 saline lakes and inland sea 0.008 14y

Fercolation w x
i

s

soil water 0.005 ?
deeper ground water 0.62 80-300 y

Ground waterflow ice caps and glaciers 2.15 12,000 y
Courtesy Erich Roeckner, Max Planck Institute for Meteorology
ocean 97.2 70 300-11,000 y
sum 99.9931 72

Water type matters: river, lake, brackish lagoon, sea, ground water ...
Dilution is not always a solution to pollution

Rather loading versus ‘natural’ breakdown capacity

Critical load is or should be an important concept

jan vermaat - water quantity and quality 11



point and diffuse sources Tt

» Point sources: with a pipe - factories, power plants, sewage outlets,
feedlots

* Non-point sources: farm fields, streets, deposition from the air, yards,
lawns and golf courses

jan vermaat - water quantity and quality 12



sources of pollution

N
Table 1.4 Arﬁopogenic sources of pollutants in the aquatic environment \ ;.-'3-'
[72)
Industrial %-
Trace Pesticides/ organic Oils and o
Source Bacteria Nutrients elements herbicides micropollutants greases E)
c
Atmosphere X xxG xxG xxG %
. \. J
p0| nt # Point sources
Sewage .
and ndustrial effeer T hese are important pollutants,
diﬁuse . Diffuse sources What iS their eﬁeCt?
Agriculture Wh h d : 2
sources Sredtin ICN Oone ado you MISS ¢
Navigation
and harbours X X XX X XXX
Mixed sources
Urban run-off and
waste disposal XX XX XXX xX XX XX
Industrial waste
disposal sites X XXX X XXX X
X Low local significance BOD, viruses, parasites,
xx Moderate local/regional significance L . .
| medicinal residuals, plastics
jan vermaat - water quantity and quality 13
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downstream a
point source

« Aquatic ecosystems have a
“natural” absorptive capacity,
also for very ‘difficult’ toxic
substances

* example shows what
happens downstream a
sewage outfall

* Depends on volume,
flushing, microbial activity,
sediment retention [....]

Question: What happens
at other point sources?

sJajem pajnjjod jo ABojoiq
8yl (£961) SoUAH :woi4

jan vermaat - water quantity and quality

Qutfall

ST e 4 .
N Profoyss s, . Bacteria,

——

o e e

.
------

Distance downstream —>»

Fig. 16. Diagrammatic presentation of the effects of an organic effluent on a

river and the changes as one passes downstream from the outfall. A & B

physical and chemical changes, C Changes in micro-organisms, D Changes
in larger animals.



diffuse pollution

* Also here: ecosystems have
a “natural” absorptive

Evolution des concentrations en nitrates (mg/l)

CapaCity’ even for difﬁcult + Puits de Péronnas ® Sources de Lent
== norme 50 mg/I
substances . i
) . . 40 'q.'d-.:a'.y.i.-—i-
« Nitrate leaching to aquifers . R et
* Nutrient overloading of o e
SU rface WaterS [:910 - 19ISD 1550 ) 19ITO 19I90 2610

Evolution des teneurs en nitratss exprimées en mg/l de NO,

Time series of drinking water well NO; in Bourg-en-Bresse
(SE France)

Discussion: can we see
climate change as a form of
diffuse pollution?

jan vermaat - water quantity and quality 15



load at Hemiksem (ton N y1)

point and diffuse sources combine |

30000
business-as-usual

buffer strips

measures combined

20000

2008 2018 2028

2038 2008 2018 2028

2038 2008 2018 2028 2038

W background &
atmdep

W households

mindustry

W agriculture

« Example: we modelled Nitrogen loading to the Belgian river Scheldt, to
evaluate economic efficiency of different measure packages (improve
wwip’s, reduce cattle, buy buffer strips)

* Red line is target for the Water Framework Directive, the Eus common
water quality regulation

Question: what is point and what diffuse?

* Vermaat et al (2012) Ecol & Soc

jan vermaat - water quantity and quality
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eutrophication

 Plants require nutrients (N, P), but excessive
loading stimulates excessive plant growth

» Excess plants? Cyanobacteria (some very
toxic, interfere with drinking water, also in
Norway), duckweed, water hyacinth,
filamentous algae

» When plants die and decompose, oxygen
levels decline, and we are back to the BOD
issue

jan vermaat - water quantity and quality 17



eutrophication 2: critical load

Intuitively not difficult
actually: larger volumes that
are more frequently flushed
can cope with higher loads

» A well-established concept,
but often authorities find
concentrations (mg/L)
easier than loads (kg/halyr;
USA abbreviation = TMDL).

Question: Why
concentrations preferred?

Critical P loads for the Great Lakes can be
determined according to the Vollenweider
relationship of two parameters —areal P
loading and ratio of mean depth/residence
time

90UBI0S (8/61) | 18 997 Wol4

L LI AR | T T T TIrr T ----l'l'lli LI l-"l-rE
o By fo1e 3o E
Eutrophic * 28 Ewncessive’
T 32 g 4 ]
= . |-;' L]
L 14 ayp
s o' 2eaz e et i el
2 18 NSy mgdly; z
2 f 170 ‘130,085 3
'-E 250 7 43 o7 gR2 ]
s LT 51 |
m -
E I3-AT .E o
& o0ig oy p” gy DB .
= : 42 3
L - = ] 1
1809y -
5 100 ﬂ“ ﬂ"m A
':”:'1 3 o dap1aall AN 11 | i L 4 pmugl [ T AW AT
a1 1 10 100 1000

Mean depth 2/hydraulic residence ime, «,,  (Myr)

Irvesfigator-indicated Trophic state:
& Eutrophic

A Mesofrophic

ODligotraphic

jan vermaat - water quantity and quality
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quick-and-dirty typology WQ issues e}

M 4
N
Issue (pollutant Consequence in water body Consequence for human
type) (STATE CHANGE) society (IMPACT)
Type 1: organic * Low oxygen * Fish kills,
loading (faeces) « faecal bacteria « Human disease and mortality
Type 2: excessive « Eutrophication = increased * Direct human health (nitrate &
nutrient loading algal growth and changing nitrite)
species » Disappearance desired
* Turbid water species
* toxic micro-algae * Drinking water
(cyanobacteria)
* Mass decay then low oxygen  + Again fish kills
Type 3: toxic metals, ¢ Disappearance sensitive * Indirect ecosystem effects
pesticides and species * Human food and drinking
micropollutants * Foodweb accumulation water
Type 4: thermal  Low oxygen « Fish kills
pollution » Disappearance sensitive » Indirect ecosystem effects
species

Type 5: Form changes: flow and Many direct and

hydromorphological ecossytem function changes Indirect ecosystem effects
change




what have we done? e

N
Nitrogen load and concentration
10 1 . 1 400
== _-',.."' ‘q,\
= - ~a Mestoverschot
Z -
(=2} 8 -_H--\ —
E . 300 2
7] - =
3 I z
E 6 Opperviaktewater T < =
% {200 2
z L 5
7] w
o 4 o
g_ \___ g
c - e k7]
¢ 5| G aeen — Markermeer 100 %
c iy SN
@ Neerslag B e S ERCUE
o g
@
o
0 T 0

77-'82 '83-'87 '8B8-'92 '93-97 '98-'02 '03-'07

» Regulation: laws, enforcement (fines and subsidies), communication
to the public, monitoring

 Investment: sewage works, sewer systems, on-farm and on-plant
technology

e So loads decline

jan vermaat - water quantity and quality 20



what have we done?

Nitrogen load and conc

10 4 -
B - S
-~ - ~a Mestoverschot
= .-
o
£ 9]
g
H
B -
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Regulation, investment: loads decline
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But in the meantime: temperature rises, new pesticides are used and
biodiversity indicators are not improving at all.

Load actually stil high: 200 kg N/haly is not ‘circular’ or ‘equilibrium’
A challenge for politicians and policy makers!
For example: Danish farmers have effectively overturned policy

jan vermaat - water quantity and quality
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water quality issues - conclusions Tt

» Water quality for what?
« Historically: for us, human health and human use
» We traced some pollutant types from their source

* Noted the ‘natural’ cleaning capacity of aquatic systems, up to a limit:
critical load

« We saw that awareness and abatement policy only got off the ground
when the problems were really felt in society (by those with votes)

jan vermaat - water quantity and quality 22



water quality issues
integrated water resources management

water quality management

Jan Vermaat




content

3. Integrated Water Resources Management
Water is a special renewable resource
Shortage and overuse, now and in the future

Upstream-downstream, sectoral, national and international
What to integrate, actually?

Any progress? River basin organisations

jan vermaat — water quantity and quality



water is a ‘+’ renewable resource

o

N

category % volume % world renewal time
atmosphere 0.001 7-11d
river channels 0.0001 7d
freshwater lakes 0.009 2 330d
saline lakes and inland sea 0.008 14y
soil water 0.005 ?
o Ve et deeper ground water 0.62 80-300 y
ice caps and glaciers 215 12,000 y
o |/fQ1\|Q__n Evaporation Transpiration Evapaoration
ocean 97.2 70 300-11,000y
L | sum 99.9931 72
Percolation W
\AA ;
'.‘.:.':. E{g\Lurn
. Ground water flow
Courtesy Erich Roeckner, Max Planck Institute for Meteorology
. . arx ,
« We can use only a tiny fraction (‘limited’),
« With very rapid turn-over rates
. . ¢ y s _ .
It is renewable if ............ it ‘returns’ in the same state (=Quality)

jan vermaat - water quantity and quality




water as a resource te

N

* For what? We can repeat the list from the previous lecture, but will
use cruder sectors agriculture, domestic and industrial

* Purpose of water use:
— Navigation
— Power generation
— Industrial cooling or process water
— Cattle watering
— Fish rearing, fisheries
— Agricultural irrigation
— Human household process water (lawns, cars, toilets, dishes)
— Human drinking water
— Amenity: a sun sinking in the sea, ..., or pure nature

jan vermaat - water quantity and quality 4



major freshwater users B

. Global Freshwater Withdrawal
» Differs Country Profiles Based on Agricultural, Industrial and Domestic Use

between -
countries and '
climate zones

 Worldwide,
agriculture P
claims 85%

- Indisiry widely domnant - Domeshic vise wdely dominant - Agriouftune wicely damnant
)| indusiry and agnosbune sl — noufture domsnant with a ssgnificant
Rl ¥ L | Domesne uss and agrousure domean =1 :yim-rﬂ.mmur B e
Indissiny domenan weth sgrafoant K Ay kg dominen) with sgrshoanl se nicufture wddly dommant with egnilcan
- L by T Gormasiis 360300 = oy tha domaske saclorn = mhhlm;dm? )
@ | Dwis ot svailanie

L=EF

Soums’ Based on dats lromTabls FW in fodd Resoces 2000-2007, Peopie and Eccaysiame. The Fraping Wish of Life, Wiorld Resources instits (WL ‘Washinglon DC, 2000

jan vermaat - water quantity and quality 5



n = B
withdrawal > true consumption T
Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.

3,200 Domestic Industrial

2,800 =
2,400
2,000 |-

iii[||

1,200
0
1900 1925 1950 1975 2000 2025 1900 1925 1950 1975 2000 2025 1900 1925 1950 1975 2000 2025

Km3 of water

800
400

B Withdrawal
kel Consumption

Source: UNEP, 2002

» Spillage in domestic and industrial use relatively high

» Optimization possible to necessary (depending on your political
position)

apIMplJom
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individual domestic water consumption s/

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.
Brushlng Drinking and
teeth, efc. cooking

5% /6/

. Laundry
ﬂzgrl:ﬁ:g and dishes
38% 0% )
Bathing

Hoeveel water gebruik jij per dag in liters?

* Room for improvement
* Note: Millennium Goal for

M -
Average Vyater Lise FPer Ferson Fer Day
__________ =
'l.l'E
Bu&clngj'?ﬂﬁlq:
%ﬁ&;....
CEEDZ
AlL....
"""""" n’%%ﬁ::.
fipzambique
I} 4 150 225 300 374 450 25 &on

Litres

D Unpited Mations Development Program - Human Dewelopment Report 2006
uww data3&l.ong|

MDG > SDGs but still:

Between 1990 and 2015, 2.6 billion people gained

access to improved drinking water: this target ~
achieved.

without acces to safe drinking water and basic sanitation, worldwide
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and our diets require more water
when we eat more animal protein

Meat Consumption (log)
[#]

"

Soure: FAC {1867}, Aubert (2008}

] i ] 9 10
Gross Domestic Product per capita (log)
Speedy (2003)
-525[’ [T T T T 1 1
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o 200 H m Eguiv. Water Regu. [mifkg ct]
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What if it does not ‘return in the same |
state (Quantity & Quality)’?

a thought exercise: a rain-fed river, like the Loire in France
(110000 km?, high JFM > 1350, low JAS <400 m3 s'), what is
the effect of ..

2
[®

sectoral use Too Too Poor
much little quality

Navigation

Power generation

Industrial cooling or process water
Cattle watering, fish rearing, fisheries
Agricultural irrigation

Human household process water
Human drinking water

Amenity: the view

jan vermaat - water quantity and quality 9



causes of too much or too little water [w{

» Natural variability in weather (and climate)
 Direct or indirect effects of human actions

Upstream changes in water use
Simple continuation of excessive use
Upstream changes in land use

Upstream changes in the geomorphology of river and floodplain
(civil engineers: hydromorphology)

Altered rainfall patterns due to climate change

jan vermaat - water quantity and quality 10



causes of too much or too
little water: example

Dischargs

. Wildland streamflow

Stream basaflow

Pracipitation
evant

Time

« Land use change affects river discharge
pattern, and water quality

« This is the classical Hubbard Brook
experiment: a first order catchment in
Eastern USA. Still highly relevant.

Summer Hydrology

Annual Net Export

Forest Vegetation

(10% liters/ha)

(Kg/ha)

(g/m? dry wt)

B0-yr 0ld ols Defornsted ols— Recovery — =
.ﬂq?rudlng |
orest

Pracipitation

o--

,P"n"-q‘w'

&
= Evapotronspiration

Colcium

§

20uaI0S (8/61) Suay i g uuewlog

1966-67 1963-TO  1972-73  |975-T6

%
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climate change: rainfall patterns Mg

Christensen et al.,
IPCC (2007),
comparing 2090-99
vs 1990-99:
‘average’ rain does
not change
everywhere

Regional variability:
* Norway more rain,
Spain less

* Models agree for
the north but not
for the south:

Annual DJF JJA
— 10
(& 7
— 5
A
B wew s
= 3
2 25
mo s fb
o i
o 0.5
0
E -05
= -1
— 80%
be M
Rt 20
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=80
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Figure 11.5. Temperaive and precipitation cfranges over Europe from the MMO-A1 B simwlations. Top row: Arnusl mean, 0.F and L4 smpersture cfange betwe sn 1980
to 1999 and 080 to 2099, svers ged over 2 1 models. MiddE mw: same a5 top, but for fractionsl cfamge in preapitation. Botiom row: numbsr of models ow of 27 that projeat

problem! iaases in s
875
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conflicts over water?

« Upstream/downstream international (Yamuna/Ganges, Euphrate,
Nile, Mekong, Rhine, Danube ..)

— Rhine case: Rotterdam Harbour sued industries around Basel
in 1990ies

» Upstream/downstream within a country, among sectors

— Loire: agriculture vs oyster cultures; Meuse: industrial discharges
B vs. drinking water NL; many, also Norway: hydropower vs
fisheries)

— ‘Upper Parana dams in Brazil have reduced 1000s of
commercial fishermen to marginalized poor who continue to fish
to ‘retain dignity” (Carvalho, 2008)

jan vermaat - water quantity and quality 13



sectoral conflicts

Suez canal, Ferdinand de Lesseps, 1869

* River and agricultural engineers encountered growing opposition and
were accused to be single-minded on:

— Hydropower dams

— lIrrigation and drainage schemes
— Navigation canals and sluices

— Large, large, large, .. (too) large?

« But they felt ‘we are doing this like we did since the start of the
enlightenment’ — what has changed? (my subjective story)

jan vermaat - water quantity and quality 14



so, what to integrate actually? Tugd

e Here IWRM comes in

« different sectors compete, so needs should be
weighed together, but:

— Power distribution may be unequal

 The idea of IWRM arose in the 90ies* among
engineers, and among WB, UN and FAO

Let the river Alta live,

experts hydropower vs local,
. . and conservationist
— who were confronted with serious stakeholders, unti
stakeholder opposition 1981

— who were students in the 60ies and 70ies
(and witnesed/had been part of democratic
grass roots movements)

jan vermaat - water quantity and quality *1992, so called Dublin principles 15



notion: multisectoral is better T

 Traditional supply management became ‘simple’, ‘old-fashioned’
» Sectoral fragmentation was recognized as a problem,

— This was really HOT when | worked at UNESCO-IHE in Delft.

— But still seen from the top, by those that train WRM managers,
not necessarily in real cases

* New, more fashionable concepts emerged on conferences and in
courses and text books:

— Cross-sectoral, multifunctional integration

— River basin as spatial unit for coordination

— Institutional and capacity building

— Indigenous communities and stakeholder consultation

jan vermaat - water quantity and quality 16



including a definition i

THE CHALLENGE ABOUT GWP OUR APPROACH GWP IN ACTION GET INVOLVED m

recune What is IWRM?

What is Water Security?
+The Urgency of Water Relate

UN Water for Life Decade (2005-2015):
the Integrated Water Resources Management (IWRM) approach that has
now been accepted internationally as the way forward for efficient,
equitable and sustainable development and management of the world's
limited water resources and for coping with conflicting demands.

http://www.un.org/waterforlifedecade/iwrm.shtmit

COOTOTTO e T T S TO T TS T O O T TG S TS ToolB:
of water, land and related resources in order
to maximise economic and social welfare in

Intesriatianil Comfrsmds an
Integraces WaCHT REEH UrCEE MAN SHEMEN!

Braz
an equitable manner without compromising I Management of Water in a Changing World:
the sustainability of vital ecosystems. syste . 5
a1) Lessons Learnt and Innovative Perspectives
IWRM helps to protect the world’s environment, foster )
economic growth and sustainable agricultural Paki: 12-13 Giober 2011 FOMA i | romsuiias
L S S R Urba Drescden, Garmany ot ey
-

« Gwp.org: nice words, right to my heart!! UN: a bit simpler, but OK

« But the IWRM page has not been updated since 2010, Water for
Life since 2014 ..

jan vermaat - water quantity and quality 17



Dresden conference (2011) IWRM confinues to be

amorphous, and there is no
agreement on fundamental
issues like what aspect should
be integrated, how, by whom,
or even if such integration in a
wider sense is possible. ...in
the real world, the concept
will be exceedingly difficult
to be made operational.”

Asit Biswas
- local cases of progress (ko Vo a2 T
° and cases Of dead_lock or dete rloratlon !znomater International, Vol. 29, Issue 2, June

Not much new science or knowledge,
— Neither at the side of the developers of models and DSS tools

— nor at the side of the social scientists who are skilled in
‘dialogue’ and ‘consultation’

this seems not so useful as a message in a lecture?

But let us look at these cases: maybe inspiration and lessons

jan vermaat - water quantity and quality 18



Lesotho case: LHDA
and Katse dam

1997 Rand Water, the end—user for LHWP water, reveals that Phase 1B could be postponed by
as much as 20 years with water conservation measures. NGOs and US government officials
press for review of demand-side management options and the economics of project
postponement, but Department of Water Affairs urges World Bank to fund Phase 1B without
delay.

1998 Water deliveries from Katse Dam began, as well as power production from Muela power
plant (18 months later than planned).

1999 Widespread discovered on LHWP. Numerous multinational companies on the project
found to have bribed the project's CEO.

2000 For the first time, dam—affected people hold a public demonstration to call attention to their
plight. Research into the impacts of the dam project on downstream ecosystems reveals that, if
the project delivers all the water it has promised, Lesotho's rivers will become akin to
"wastewater drains.”

2002 First of bribe—giving firms found guilty in a Lesotho court.
2004 World Bank finally debars ACRES, one of the firms found guilty of bribery on LHWFE.

More information:
The Dam That Shook the Earth

jan vermaat - water quantity and quality 19



IWRM case — maybe the
Rhine Is a success story

e

—-0— Orthe-P
—&— Hitrate

=

o

Mitrat {mg ML)

(3=
(=]
s
Crthopreophats (mg FL)

 This river is truely multisectorally used

» Water quality was really bad. Riparian
= T states decided to improve this
w T e e substantially in 1990 and it shows

 Climate change is projected to cause
more serious floods and droughts with

Dibsohisd caygen (g Ozl

effects for many sectors. Riparian
—a— Lobdt{lower Rhirne) . . .
J| o e o e states jointly work on coping
=1 ’ 19‘3:! 19-‘40 19‘513 19‘9’] 2':":":! programmes
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IWRM case — maybe | &0 EESEESEEC

Following the accident the biota in [
. . the Rhine was heavily damaged for sev- ¥ 4 ;
the Rhine is a eral hundred kilometers (7, 2). Most i
strongly affected were the benthic orga-

SUCCesSsS Sto ry nisms and the eels, which were com- p

pletely eradicated for a distance of e~
about 400 km. It is estimated by Ger- *
man fishery experts that 220,000 kg of o=
eels were killed (see cover). Microor-

« What was the key? (Again my personal view)
* The Sandoz spill in 1986 was the trigger

« Massive public concern coincided with water ministers who really felt
they had to, and could, show something (RAP, 1990, plus ICPR)

« Governments had money, institutional capacity and persistence

» European Commission was a silent but formidable partner, before
WEFD and flood directive became operational

« But this was not orchestrated as IWRM, it developed into it, almost by
stumbling and falling
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progress: through establishment of

river basin authorities

Danube, Mekong, Zambesi

hitps:

icpdrorg/mairy

£ - @ ¢ || intranettportaifor

ICPDR - Interna... X

prent-o 0 - ¢ [

:'"M‘@Ré3 Mekong River Commission
Q%':g For Sustainable Development

AboutMRC | MekongBasin | Topics | Publications | News & Events | Working with MRC Data Portal 2

Home » About MRC » Programmes » Basin Development Plan Programme

Related Publications

E ) Annual Report 2014

IS - MRC Annual Roport
2012

JX]MRC International
g Corference Publication

browseall»

Related News

MRC introduces publication on
transboundary cooperation at World
Water Week 2014

‘The Mekong River Commission
(MRC) has published a technical
paper highlighting the benefits of
cooperation and the role of iver
countries'i isation of the river for each Programme Document and squifer isations i

Basin Development Plan Programme

The MRC's Basin D

5

picture.
ensure that the use of

the riverf:

el
Z

Danube Basin¢  ICPDR+ Issues+ Activities & Projects+  Publications +

Public Consultation on Draft Management Plans 2015
Vienna, 17 December 2014. The Danube River Basin
Management Plan Update 2015 and the 15t Flood
Risk Management Plan for the DRE are published
here for comments until 22 July 2015.

more information

is

Danube Management Plans: Have a say!

Zagreb, 3 June 2015. The intense phase of public
consultation on the Danube River Basin Management
Plan Update 2015 and the 15t Flood Risk
Management Plan for the DRB has started.

more information

Voice of the Danube

Welcome to ICPDR.org!

We hope to inspire you to learn
more about the ICPDR's work
towards healthier water bodies in
the Danube River Basin for
everybody to enjoy.

Mr. DraZen Kuredi¢
ICPDR President 2015

HOME  About ZAMCOM ACTIVITIES

RESOUI NEWS 8 EVENT

foaen. O

MEMBER STATES

Select Language v

ZAMWIS

BES=EEr=—= W=

Win-in Cooperation| cooperacao, ganhas tu, ganho eu

News and Updates
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What can we learn? T

 Water is a limited AND a renewable resource

» Worldwide, water scarcity will increase, notably in poorer areas

Meeting different, conflicting needs would increasingly necessitate
multisectoral and Upstream-downstream integration and coordination

So the word INTEGRATION in IWRM is necessary

However, no clear convergence is apparent on IWRM as a practical
vehicle for this purpose

Local successes show that it does work!!
with help of policy, law and their reliable and fair enforcement
* Which needs a long-term patience in transboundary rivers
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water quality issues
integrated water resources management

water quality cnhcocincht

Jan Vermaat




content U

4. Water Quality Management
«  Management for what purpose?: ‘boatable, fishable, swimmable’

* Indicators and their (mis-)use; tools for the manager
Any progress made?

5. Concluding remarks

jan vermaat — water quantity and quality




water quality management e

* From issues (many different!)
* Via IWRM (upstream-downstream and across sectors)
* To combine both quantity and quality in management

« first a class-room thought experiment: small groups

jan vermaat - water quantity and quality 3



WQM: a cook book recipe B

1. Define the purpose and use of the water (boatable, fishable,
swimmable, drinkable), and get an idea of the ‘issue at stake’

2. Translate this into a measurable and meaningful indicator and
standard criteria

3. Observe (= design a monitoring programme: station network,
sampling frequency, standardise lab and reporting
procedures, ensure funds for all this)

4. Compare observations with standards: analyse and conclude
(WQ=0K?)

5. Design economically effective, and societally acceptable
measures if WQ not OK

jan vermaat - water quantity and quality 4



quick-and-dirty typology WQ issues e}

M 4
N
Issue (pollutant Consequence in water body Consequence for human
type) (STATE CHANGE) society (IMPACT)
Type 1: organic * Low oxygen * Fish kills,
loading (faeces) « faecal bacteria « Human disease and mortality
Type 2: excessive « Eutrophication = increased * Direct human health (nitrate &
nutrient loading algal growth and changing nitrite)
species » Disappearance desired
* Turbid water species
* toxic micro-algae * Drinking water
(cyanobacteria)
* Mass decay then low oxygen  + Again fish kills
Type 3: toxic metals, ¢ Disappearance sensitive * Indirect ecosystem effects
pesticides and species * Human food and drinking
micropollutants * Foodweb accumulation water
Type 4: thermal  Low oxygen « Fish kills
pollution » Disappearance sensitive » Indirect ecosystem effects
species

Type 5: Form changes: flow and Many direct and

hydromorphological ecossytem function changes Indirect ecosystem effects
change




WQM: applying the recipe

* Back to the main ‘issues’ from first lecture block
* Check and discuss the 5 steps

* Purpose, wq issue and indicator, monitoring programme,
judgment quality, remedial measures

* Then apply them on the cases illustrated by each photograph

« Use your common sense and decide which WQ issue would be
at stake in each case, do not ignore water quaNtity aspects

* Use 15 minutes with your immediate neighbour

jan vermaat - water quantity and quality 6



WQM-EXERCISE: purpose, issue, rid

indicator and take measure?

FUNCHL OB THE LONDOY CHABITARL Joe =L 153

Copyright © The McGraw-Hill Companies, Inc. Permissi quired for rep

WIMMING
R WADING

NATIONAL Pagg SERVICE

GE8T ‘Yyound

FARADAY GIVING IS CARD TO FATHER THAMES;
And wo hope the Dirty Fellow will consalt the learned Professor.

© Roger A. Clark/Photo Researchers.
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was the exercise far from reality? NO v

* in 1972, for example, the NL had the WVQ, the
law on the pollution of surface waters. This
defined different water quality grades for different
use, in a pragmatic way

» For example for carp and trout, based on oxygen
(4 and 8 mg/L)

« And for swimming: 1 m water transparency

 Later came criteria for nutrients: 2 mg/L total N,
0.15 mg/L tot P

 And measures, with effects

« But across the EU, we have replaced this
pragmatism for principle in the new millennium:
the Water Framework Directive!

G861 MQ :90s)0IS

sbioqsylpal4 ul sSSAS0IOIN
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was the exercise far from reality? YES

* indicators and standards in reality have become a forest!!

2
[®

L Diinking waber Fisheras and agualic ife
Variatle wHo' EU Canada  USA Russia® EU Canada' Russia
Cadmium {mg r‘;l DOod 0005 0,005 0,005 0003 0000200015 0005
Chrpmitm (mg ') DLOsF  00s 0as 0.1 [as i, D=0 002 0.02-0005
Cobalt {mg ) o 0.01
Copper (mg ) 20} ni'-an' 10 1 20 0,008-0.112%* oooz-o0n” 0001
ron {mg ') 0.3 0.2 03 0.3 03 0.3 01
Laad {mg r‘;u 0.01 0.0s 005 0ME o.01 0.001-0007% 01
Marl-gamﬂan!rrgl' ] 05P) 005 005 008 0.8 0.0
Marcury (g ) o001 0.001 0001 0.002 .00 0.0001 0.00004
Mickel (mg ') 0.02 0.06 0.02 0.025-0.15" 0.4
Sederivm gnur‘} 0.01 0.01 0.0 008 i 0001 0,006
Zir {mg 1) 3 0.1'-5.0" 5.0 5 8.0 0.03-2.0% % 0.03 WYL
Organic confaminants’’
Ol and petrolaum

products (mg 1 0o 0.1 005
Toital pasticides (ug ) 05 100
Addrin & dheldrin (g 1) 0.03 07 4 g 11 dieldrin
ooT g z 30.0 210 1ngr’
Lindane {ug 1" z 4.0 0:2 210
Mathaychion u.gr ) 20 100 40
Barnzane {ug T 10 5 300
Penachiorophancl (ug I} P 10 10
Phanels (sg "} 0.5 2 1.0 1.0 11
Destengents {mg ) 02 ng'e 0.5 0.1
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measures and their effects 1 Tupd

« Domestic sewage was an important point
source, of BOD and nutrients. We built
1000s of sewage works, banned P in
detergents and added P-removal as well as

N-removal

The Rhine, again, is an impressive example
See also how climate change is apparent

=
L

W
L

Mirate {rmg ML)
[Lx]

(=]
"
Crthophenphats img PL

=k
L

Dbached caygsn (g Ol

—-o— Disalvad ccggen
—m— Ammania

o Unfortunately not all waters responded as
e expected* and we, the scientists, were sent
| gt back to do a better job.

—a— Lobit jlower RHins)

4 1| —=— Rrintaden figh RN
|| —— Diepoidsau (alpine ARne)

Food for thought and a good reason for
modesty.

{ch 1920 1540 1960 1960 2000

* Many Dutch lakes retained cyanobacteria, ditches turned more and more turbid 10



measures and their effects 2 il

N
Nitrogen surplus (kg/ha)
(T Concentrates Milk and Meat
2w 2 106 (61-167) 18% 69 (3583)
—PR NN 107 (47:273) r : s 5905095)
= 515-1150 . .:_‘?—-'h-:
ey - i N \./ =, i
S S |
. & } fﬂﬂ _ Manre
: : Feed prodaced on the fam Cooy S1327(218438)
8 , — e I N 41322 (252468)
A T 2900182405 {A |
" L %3 -
\ ‘

SeR%Beso . MDA G
257(168439 " T N
Inorganic Fertilizer
310 (161-478)
220(114-369)

« Farming was identified as a major diffuse source of nutrients.
Farmers were forced te become more economical in fertilizer use. In

NL dairy productivity was constant as fertilizer use declined —
paradoxically?

jan vermaat - water quantity and quality NB Levied max N SUFplUS for 2003 was 180 11
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The WFD in the EU
(and Norway)

The Water Framework Directive
(WFD) expands the scope of water
protection to all waters and sets
clear objectives that a “good status”
must be achieved for all European
waters by 2015 and that water use be
sustainabie inroughout Europe. This
new overarching system 1s quite
timely as Europe is water resources
are facing increasing pressures.
There is no time like the present to
tackle the challenges and help
secure our water resources for today
and for future generations.

» Obijective: a “good ecological condition” of all our surface- and
ground-waters, to be filled in by member states

« Based on reference conditions, using ecology, physico-chemistry

and morphology.

« combined clear, legalistic reporting conditions to Brussels

jan vermaat - water quantity and quality
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Diparzicht (m)

WFD

Dioorzicht (EKR)

NATUURLIJK WATER

Referentie . ey "-":;'"""'
300
Chiarafyl (ugh) Chiaratd (EKR)

vur 45 Vergeliking fussen alle jaarwaarden chiorofy en dooezicht: links met ge corspronkeliike eanheid. rechis
GET met da beoardaling volgens de maatizt: exiresm foge waarden zifn in de finker grafisk weggelaten.

Element Rivers | Lakes Transitional | Coastal
waters waters
| Phytoplankton X X X X
Macroalgae X X
Angiosperms X X
Macrophytes X X
| Phytobenthos
Macrovzoobenthos X X X X
Fish fauna X X X

 All indicators standardised
 Different types of indicators for different water types,

. Unfortunately not all seem logical: political process
 unfortunately some are actually overlapping for the expert
* One out = all out, all indicators should be OK!
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[®

WFD: harmonising WQM in the EU |

* It may have cost a bit

 But it brought harmonisation across the EU and made scientists and
managers talk to each other at a large scale

+ (already within the small NL, this was highly necessary. Every water
board had its own WQ evaluation system in aaddition to the national
system)

« it formed a solid enforcement mechanism (‘sorry, but we have to
report this to Brussels’)

 Led to massive strategic behavior (‘do not include that station in the
set we report to Brussels, you stupid!’)

« And it does include a cost-efficiency evaluation of measures
(economics, ©!l)

jan vermaat - water quantity and quality 14



Tools for the
manager

« Sound legal basis

 The means to enforce the law (Dutch water boards have the right to
fine)

» |nstitutional capacity and network

« Skilled staff to understand monitoring results, explain them in simple
words, be able to translate these creatively in measures (yes, very
close to perfection), and interact with the public

» Filled tool box: catalogue of measures (exists for the WFD, also for
river restoration measures)

« Some funds (Dutch water boards have the right to tax
independently)

jan vermaat - water quantity and quality 15



Temperatuur (C)

Any progress made?

water and airtemp Nitrogen load and conc waterplant diversity

field course 1985 Terschelling

* Oh yes
« Water quality has greatly improved across Europe since 1972. And
the same is true for many other parts of the world.

 WQM has become more integrated and -ing, more ecosystem-
oriented, and more cost-aware

Still, we need better understanding of underlying mechanisms
New pollutants emerge
Climate change worsens WQ, and some indicators go down anyway

Science-management communication can be improved from both
sides

* In Europe, the WFD of the EU has been a great stimulus

jan vermaat - water quantity and quality 16



water quality management - M 2
conclusions

 Management for a practical purpose (‘boatable, fishable,
swimmable - drinkable’) has been replaced in Europe by a principal
purpose, the ‘good ecological condition’ of the WFD

« Still, a 5 step approach is needed (purpose-indicator-monitor-decide
if OK-take measure), but integrated in an ecosystem perspective,
also including water quantity aspects

» Worldwide*, and certainly in ‘western’ societies, considerable
progress has been made

jan vermaat - water quantity and quality * See UNEP GEMS and GEF 17



overall conclusions T

» Even if IWRM appears a bit out of fashion, do not drop the good
ideas

* (we also had ICZM, integrated cosatal zone management)
* Please think cross-disciplinary and multi-sectoral

 When you are an engineer — better get interested in ecology and
economics

 When you are a biologist — better ...

 Engage and communicate with stakeholders, even though that
appears a burden at first. Take them seriously, the way you would like
to be. It generally pays off later

* Try to avoid my own favorite pitfall: you think you already know the
story and stop listening
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Thank you and good luck with the course!
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