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Natalie Lamb:
Water — Sewage — Microbes

England’s river system has for decades been used as an extension of our
sewerage system — diluted sewage was discharged into rivers over 200,000
times in 2019 alone. This is a scandal which is finally now receiving the media
and public attention it deserves. What is to be done? While massive investment
will be required to end this practice by our water companies, the first
requirement is to properly police them, by monitoring water quality — which is a
massive task beyond the resources of a demoralized and underfunded
Environmental Protection Agency. In this lecture, Natalie will put the problem in
context before exploring how technology can assist.
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Q: Do you understand this?

E. coli "

Bacteria

Escherichia coli, also known as E. coli, is a Gram-
negative, facultative anaerobic, rod-shaped, coliform
bacterium of the genus Escherichia that is commonly
found in the lower iniestine of warm-blooded

organisms. Wikipedia

Scientific name: Escherichia coli

Domain: Bacieria
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Bacteria

Escherichia coli, also known as E. coli, is a Gram-
negative, facultative anaerobic, rod-shaped, coliform
bacterium of the genus Escherichia that is commaonly
found in the lower intestine of warm-blooded

arganisms. Wikipedia

Scientific name: Escherichia coli

Domain: Bacteria



Naming microorganisms

* All organisms have two names-the first

signifies the genus and the second signifies
the species

e E.g. Escherichia coli or E. coli

* Note the use of capital and lower case
letters and the italics

Image Credit: biologyonline.com



Naming microorganisms

* All organisms have
DOMAIN

two names-the first Y C5:4%
signifies the genus Y K50

and the second PHYLUM
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Escherichia coli, also known as E. coli, is a Gram-
negative, facultative anaerobic, rod-shaped, coliform
bacterium of the genus Escherichia that is commaonly
found in the lower intestine of warm-blooded

arganisms. Wikipedia

Scientific name: Escherichia coli

Domain: Bacteria



How to categorise microorganisms

 The Gram Reaction was developed in 1884 by Danish physician Only ,
. bacteria-
Christian
more on
* Gram positive cells retain the stain so stain purple and Gram negative +thisin a
do not, staying pink sec!

 The difference is due to differences in cell wall composition

Image Credit: Neural Academy



There’s more than just bacteria!

Bacteria

*Can have “good bacteria” or pathogenic bacteria
» Antibiotics kill them

Viruses

* Parasites (need a host to reproduce)
100 times smaller than bacteria

Fungi

s Include mold, yeast and mushrooms
* Do not photosynthesise (like plants do)

rge number of diverse organisms that are not always
genetically closely related

Protozoa

» Are not animals but have animal-like behaviours (being able to move)
* Feed on organic matter (other microorganisms)

Archaea

* Survive in extreme environments
e Similar in size and shape to bacteria
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How to categorise microorganisms

* Inviruses, we look at their genomes, on their RNA or DNA,

whether it is single or double stranded

— Both DNA and RNA are macromolecules essential for all known forms of life and both
made up of similar things

— But RNA is often single-stranded, contains a different sugar and has one different base
(the connecting bits of the “ladder”)

* In fungi, we look to see if there is one cell carrying out all

functions or many cells
— Forinstance, humans have blood cells , skin cells, fat cells etc.
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Bacteria

Escherichia coli, also known as E. coli, is a Gram-
negative, facultative anaerobic, rod-shaped, coliform
bacterium of the genus Escherichia that is commaonly
found in the lower intestine of warm-blooded

organisms. Wikipedia

Scientific name: Escherichia coli

Domain: Baciera
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Microorganisms adapt

Aerobic bacteria need oxygen to survive, anaerobic bacteria do not

A facultative anaerobic organism is an organism that will make ATP
by aerobic respiration if oxygen is present, but is also capable of
switching to fermentation if oxygen is absent.

Microorganisms require different food sources / environmental
factors to grow e.g. carbon, nitrogen, phosphorus, sulfur, pH,
temperature
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Everything is in balance

Image Credit: VectorMine / Getty Images
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Everything is in balance

* Thereis only so much
food

* There are only so many
niches

* Everythingisin
competition to survive

* Environmental
conditions really matter

15
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Microorganisms come in many shapes
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Why focus on coliforms?

* Coliform bacteria are a type of gram-negative bacteria that can be frequently
found in the faeces of warm-blooded animals as they are known to inhabit the
gastrointestinal system

 They do not normally cause serious illness
 They are easy to culture

 Their presence is used to infer that other pathogenic organisms of faecal origin
may be present in a sample, or that said sample is not safe to consume

Image Credit: BBC
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Q: Do you understand this?

E. coli "

Bacteria

Escherichia coli, also known as E. coli, is a Gram-
negative, facultative anaerobic, rod-shaped, coliform
bacterium of the genus Escherichia that is commonly
found in the lower iniestine of warm-blooded

organisms. Wikipedia
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Some final tips from me

Don’t panic!

Think of microorganisms like plants or
animals- they need food, a place to live, they
compete, they are very stubborn, they are
everywhere

There’s a lot more microorganisms than just
bacteria

They are not all bad! They can be helpful!
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An overview of wastewater
challenges and technologies
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in Caernarfon Bay off Nefyn, and Carc
gan Bay off Criccieth, Barmouth, Fai
bourne and Tywyn.

Sewage was also discharged into th
otherwise pristine waters of the Dysynni,
Mawddach and Glaslyn estuaries where
ospreys breed and hunt.

But it was inland that suffered most.
‘The bulk of discharges were into streams
and rivers, with one on the Lijn Penin-
sula leading the list.

In 2021, the Afon Erch, which flows
into Pwilheli, saw almost 7,000 hours of i
sewage discharges.

‘These were from two storm overflows,
atY Ffor and Abererch.

Between them, they recorded 461 sep-
arate discharges. The place with the sin-
gle most discharges, however, was Nant
Brisgyll, where 307 dumps were recorded
from the Llan Ffestiniog sewage treat-
ment works.

In Wales, sewage treatment is overseen
by Dwr Cymru (Welsh Water).

It says sewage spillages are highest in
Wales as it's among the wettest parts of
Britain and so more sewers tend to get
overwhelmed.

It also has the longest coastline, pro-
portionately, and so seawater contami-
nation is more likely.

Water companies will have duty to reduce impact of sewage
discharges from storm overflows




What is a storm overflow?
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WHEN public health warnings were
issued for Anglesey and Pembrokeshire
in late August, not everyone got the mes-
sage.

Swimmers were advised to stay out of
the water after releases of raw sewage but
some ploughed on and paid the price.

Tlinesses were reported from bathers in
Benllech and along the west Wales coast-
line, at least one so serious it became life-
threatening.

It once again raised concern over the
extent of sewage contamination.

Latest figures suggest the problem is at
its worst in three Welsh parliamentary
constituencies.

A chart, dubbed Top of the Poops by
sewage campaigners, shows Preseli Pem-
brokeshire as the worst offender in Eng-
land and Wales. In second place is
Carmarthen East and Dinefwr, followed
by Dwyfor Meirionnydd.

In terms of the number of sewage dis-
charges, Dwyfor Meirionnydd ranks sec-
ond, having recorded 6,952 “dumps” in
2021, the latest year for which figures are
available. The chart uses data provided
by Natural Resources Wales and the
Environment Agency.

Within Dwyfor Meirionnydd, which
includes the Llyn Peninsula and south-
ern Snowdonia down to Tywyn, a wml of
112 sites were affected. The
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‘The company also claims to have more
sewage sensors.
By gathering more data, its system

amore accurate picture - but it also
highlights the problem more acutely.
Dwr Cymru said it aims to be fully
transparent and the data as it is always
avallablc to view onits \\*ebsm:
id: “

AR

ers.
“Secondly, due to its geographical
location on the British Isles, Wales natu-
rally receives more rainfall than other
parts of the UK.

“As CSOs are designed to operate dur-
ing heavy rainfall to help protect commu-
nities from flooding, our CSOs operate

includes many of the country’s finest
beaches and rivers that are considered
havens for wildlife.

Here, discharges were recorded for a
combined 68,545 hours. They were seen
in Caernarfon Bay off Nefyn, and Cardi-
gan Bay off Criccieth, Barmouth, Fair-
bourne and Tywyn.

Sewage was also discharged into the
otherwise pristine waters of the Dysynni,
Mawddach and Glaslyn estuaries where
ospreys breed and hunt.

But it was inland that suffered most.
The bulk of discharges were into streams
and rivers, with one on the Llyn Penin-
sula leading the list.

In 2021, the Afon Erch, which flows
into Pwllheli, saw almost 7,000 hours of
sewage discharges.

These were from two storm overflows,
atY Ffor and Abererch.

Between them, they recorded 461 sep-
arate discharges. The place with the sin-
gle most discharges, however, was Nant
Brisgyll, where 307 dumps were recorded
from the Llan Ffestiniog sewage treat-
ment works.

In Wales, sewage treatment is overseen
by Dwr Cymru (Welsh Water).

It says sewage spillages are highest in
Wales as it’s among the wettest parts of
Britain and so more sewers tend to get
overwhelmed.

It also has the longest coastline, pro-
portionately, and so seawater contami-
nation is more likely.

to hc clear that the higher spklls numbers
from our Combined Storm Overflows
(CSOs) does not mean that Welsh Water
is a poor performer in this area: the num-
bers must be viewed in the context of two

facts.

“Firstly, Welsh Water is committed to
protecting bathing and river water quali-
ty and has invested over £8 million on
installing monitors on its CSOs to record
spill numbers.

“The company now has monitors on
99.5% of its CSOs, which exceeds the cov-
erage of other water companies.

“This means that Welsh Water has
much more data to report on its CSOs to
its regulators and so it's unsurprising that
it records larger numbers of spills than

DWYFOR MEIRIONNYDD'S 10 WORST
PLACES IN FOR SEWAGE DISCHARGES

more
“Snowdonia I\anonal Park for example
is amongst the wettest places in the UK.
In February 2020, Capel Curig saw
224mm of rain for the month compared
to the UK average of just 97mm of rain.

“Currently the average spill number for
Welsh CSOs is around 33 times per year.
If we had the rainfall of Cambridge for
instance, the average spill number would
be 13 times per year. Their operation is a
function of the rainfall we receive in
Wales."

Dwr Cymru controls more 36,000km of
sewers, transporting dirty water to local
treatment works to be cleaned and, even-
tually, released into rivers and seas. Most
of the network was built more than a cen-
tury ago and the cost of upgrading it all is

W Nant Brisgyll, from Efailnewydd treatment M River Goedol, from
Llanffestiniog treatment works - 189 sewage spills  Blaenau Ffestiniog storm
works - 307 sewage spills M River Erch, from overflow - 166 sewage
M River Erch, fromY Ffor  Abererch storm overflow - spills

storm overflow - 279 182 sewage spills W River Geirch, from N
sewage spills River Liyfni, M Cardigan Bay, from
from Barmouth long sea outfall -
W Llanllyfni storm 179 sewage spills
overflow - 195 sewage W River Glaslyn, from
spills lert treatment
W River Rhyd Hir, from works - 174 sewage spills

Image Credit: Daily Post Wales

prohibitive.

Estimates suggest it would cost |
between £9bn and £14bn to remove
CSOs completely from the network and
would take decades. Dwr Cymru believes
it would make water and sewerage bills
unaffordable.

However the company recognises
more needs to be done as environmental |
legislation tightens and customer expec- |
tations grow.

“Removing CSOs from our system is
not an option,” said a spokesperson.

“But what is in our control is the ability

to target investment to CSOs which have
the biggestimpact so that we can improve
their performance. That is why we are
investing £936 million to 2025 on further
improvements to our network.
“Welsh Water has always taken its
responsibility for operating CSOs respon-
sibly and has invested more than £1 bil-
lion as testament to this over the years.

“This has delivered real improvements
and helped ensure that Wales has over a
third of the UKs Blue Flag beaches while
only having 15% of the coastline””
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WHEN public health warnings were
issued for Anglesey and Pembrokeshire
in late August, not everyone got the mes-
sage.

Swimmers were advised to stay out of
the water after releases of raw sewage but
some ploughed on and paid the price.

Tllnesses were reported from bathers in
Benllech and along the west Wales coast-
line, at least one so serious it became life-
threatening.

It once again raised concern over the
extent of sewage contamination.

Latest figures suggest the problem is at
its worst in three Welsh parliamentary
constituencies.

A chart, dubbed Top of the Poops by
sewage campaigners, shows Preseli Pem-
brokeshire as the worst offender in Eng-
land and Wales. In second place is
Carmarthen East and Dinefwr, followed
by Dwyfor Meirionnydd.

In terms of the number of sewage dis-
charges, Dwyfor Meirionnydd ranks sec-
ond, having recorded 6,952 “dumps” in
2021, the latest year for which figures are
available. The chart uses data provided
by Natural Resources Wales and the
Environment Agency.

Within Dwyfor Meirionnydd, which
includes the Llyn Peninsula and south-
ern Snowdonia down to Tywyn, a total of
112 sites were affected. The i
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‘The company also claims to have more
sewage sensors.
By gathering more data, its system
gives a more accurate picture - but it also
highlights the problem more acutely.
Dwr Cymru said it aims to be fully
transparent and the data as it is always
available to view on its website.

said: “It is i

sh Isles, Wales natu-
rally receives more rainfall than other
parts of the UK.

“As CSOs are designed to operate dur-
ing heavy rainfall to help protect commu-
nities from flooding, our CSOs operate

includes many of the country’s finest
beaches and rivers that are considered
havens for wildlife.

Here, discharges were recorded for a
combined 68,545 hours. They were seen
in Caernarfon Bay off Nefyn, and Cardi-
gan Bay off Criccieth, Barmouth, Fair-
bourne and Tywyn.

Sewage was also discharged into the
otherwise pristine waters of the Dysynni,
Mawddach and Glaslyn estuaries where
ospreys breed and hunt.

But it was inland that suffered most.
The bulk of discharges were into streams
and rivers, with one on the Lljn Penin-
sula leading the list.

In 2021, the Afon Erch, which flows
into Pwllheli, saw almost 7,000 hours of
sewage discharges.

These were from two storm overflows,
atY Ffor and Abererch.

Between them, they recorded 461 sep-
arate discharges. The place with the sin-
gle most discharges, however, was Nant
Brisgyll, where 307 dumps were recorded
from the Llan Ffestiniog sewage treat-
ment works.

In Wales, sewage treatment is overseen
by Dwr Cymru (Welsh Water).

It says sewage spillages are highest in
Wales as it's among the wettest parts of
Britain and so more sewers tend to get
overwhelmed.

It also has the longest coastline, pro-
portionately, and so seawater contami-
nation is more likely.

A
to be clear that the higher spills numbers
from our Combined Storm Overflows
CSOs) does not mean that Welsh Water

apoor performer in this area: the num-
bers must be viewed in the context of two
key facts.

“Firstly, Welsh Water is committed to
protecting bathing and river water quali-
and has invested over £8 million on
installing monitors on its CSOs to record
spill numbers.
“The company now has monitors on
99.5% of its CSOs, which exceeds the cov-
erage of other water companies.

“This means that Welsh Water has

much more data to report on its CSOs to
its regulators and so it's unsurprising tha
it records larger numbers of spills than

DWYFOR MEIRIONNYDD'S 10 WORST
PLACES IN FOR SEWAGE DISCHARGES

more .
“Snowdonia National Park for example
is amongst the wettest places in the UK.
In February 2020, Capel Curig saw
224mm of rain for the month compared
to the UK average of just 97mm of rain.

“Currently the average spill number for
Welsh CSOs is around 33 times per year.
If we had the rainfall of Cambridge for
instance, the average spill number would
be 13 times per year. Their operation is a
function of the rainfall we receive in
Wales."

Dwr Cymru controls more 36,000km of
sewers, transporting dirty water to local
treatment works to be cleaned and, even-
tually, released into rivers and seas. Most
of the network was built more than a cen-
tury ago and the cost of upgrading it all is
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prohibitive.

Estimates suggest it would cost
between £9bn and £14bn to remove
CSOs completely from the network and
would take decades. DWr Cymru believes
it would make water and sewerage bills
unaffordable.

However the company recognises
more needs to be done as environmental
legislation tightens and customer expec-
tations grow.

“Removing CSOs from our system is
not an option,” said a spokesperson.

“But what is in our control is the ability
to target investment to CSOs which have
the biggestimpact so that we can improve
their performance. That is why we are
investing £936 million to 2025 on further
improvements to our network.

“Welsh Water has always taken its
responsibility for operating CSOs respon-
sibly and has invested more than £1 bil-
lion as testament to this over the years.

“This has delivered real improvements
and helped ensure that Wales has over a
third of the UKs Blue Flag beaches while
only having 15% of the coastline.”

* Always diluted by
rainfall

e Most is screened to
6mm

* Can be settled in
tanks to reduce
suspended solid
matter
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WHEN public health warnings were
issued for Anglesey and Pembrokeshire
in late August, not everyone got the mes-
sage.

Swimmers were advised to stay out of
the water after releases of raw sewage but
some ploughed on and paid the price.

Illnesses were reported from bathers in
Benllech and along the west Wales coast-
line, at least one so serious it became life-
threatening.

It once again raised concern over the
extent of sewage contamination.

Latest figures suggest the problem is at
its worst in three Welsh parliamentary
constituencies.

A chart, dubbed Top of the Poops by
sewage campaigners, shows Preseli Pem-
brokeshire as the worst offender in Eng-
land and Wales. In second place is
Carmarthen East and Dinefwr, followed
by Dwyfor Meirionnydd.

In terms of the number of sewage dis-
charges, Dwyfor Meirionnydd ranks sec-
ond, having recorded 6,952 “dumps” in
2021, the latest year for which figures are
available. The chart uses data provided
by Natural Resources Wales and the
Environment Agency.

Within Dwyfor Meirionnydd, which
includes the Llyn Peninsula and south-
ern Snowdonia down to Tywyn, a mwl of
112 sites were affected. The
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‘The company also claims to have more
sewage sensors.
By gathering more data, its system
amore accurate picture - but it also
highlights the problem more acutely.
Dwr Cymru said it aims to be fully
transparent and the data as it is always
ble to view on its website.
said: “It is

ers.
“Secondly, due to its geographical
location on the British Isles, Wales natu-
rally receives more rainfall than other
parts of the UK.

“As CSOs are designed to operate dur-
ing heavy rainfall to help protect commu-
nities from flooding, our CSOs operate

includes many of the country’s finest
beaches and rivers that are considered
havens for wildlife.

Here, discharges were recorded for a
combined 68,545 hours. They were seen
in Caernarfon Bay off Nefyn, and Cardi-
gan Bay off Criccieth, Barmouth, Fair-
bourne and Tywyn.

Sewage was also discharged into the
otherwise pristine waters of the Dysynni,
Mawddach and Glaslyn estuaries where
ospreys breed and hunt.

But it was inland that suffered most.
The bulk of discharges were into streams
and rivers, with one on the Llyn Penin-
sula leading the list.

In 2021, the Afon Erch, which flows
into Pwllheli, saw almost 7,000 hours of
sewage discharges.

These were from two storm overflows,
atY Ffor and Abererch.

Between them, they recorded 461 sep-
arate discharges. The place with the sin-
gle most discharges, however, was Nant
Brisgyll, where 307 dumps were recorded
from the Llan Ffestiniog sewage treat-
ment works.

In Wales, sewage treatment is overseen
by Dwr Cymru (Welsh Water).

It says sewage spillages are highest in
Wales as it's among the wettest parts of
Britain and so more sewers tend to get
overwhelmed.

It also has the longest coastline, pro-
portionately, and so seawater contami-
nation is more likely.

to hc clear that the higher spills numbers
from our Combined Storm Overflows
CSOs) does not mean that Welsh Water
apoor performer in this area: the num-
bers must be viewed in the context of two
key facts.
“Firstly, Welsh Water is committed to
protecting bathing and river water quali-
ty and has invested over £8 million on
installing monitors on its CSOs to record
spill numbers.
“The company now has monitors on
99.5% of its CSOs, which exceeds the cov-
erage of other water companies.

“This means that Welsh Water has
much more data to report on its CSOs to
its regulators and so it's unsurprising tha
it records larger numbers of spills than
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more

“Snowdonia I\ﬂnonal Park for example
is amongst the wettest places in the UK.
In February 2020, Capel Curig saw
224mm of rain for the month compared
to the UK average of just 97mm of rain.

“Currently the average spill number for
Welsh CSOs is around 33 times per year.
If we had the rainfall of Cambridge for
instance, the average spill number would
be 13 times per year. Their operation is a
function of the rainfall we receive in
Wales."

Dwr Cymru controls more 36,000km of
sewers, transporting dirty water to local
treatment works to be cleaned and, even-
tually, released into rivers and seas. Most
of the network was built more than a cen-
tury ago and the cost of upgrading it all is

W Nant Brisgyll, from Efailnewydd treatment W River Goedol, from
iniog treatment works - 189 sewage spills  Blaenau Ffestiniog storm

works - 307 sewage spills M River Erch, from

W River Erch, fromY Ffor  Abererch storm overflow -

storm overflow - 279 182 sewage spills

sewage spills River Liyfni, M Cardigan Bay, from

from Barmouth long sea outfall -

W Llanllyfni storm 179 sewage spills

overflow - 195 sewage
spills
W River Rhyd Hir, from

Image Credit: Daily Post Wales

W River Glaslyn, from
Beddgelert treatment
works - 174 sewage spills

In¥c

NEWS e

nalcs suggest it would cost
between £9bn and £14bn to remove
CSOs completely from the network and
ould take decades. Dwr Cymru believes
it would make water and sewerage bills
unaffordable.
However the company recognises
more needs to be done as environmental
legislation tightens and customer expec-
tations grow.

“Removing CSOs from our system is
not an option,” said a spokesperson.

“But what is in our control is the abili
to target investment to CSOs which have
the biggestimpact so that we can improve
their performance. That is why we are
investing £936 million to 2025 on further
improvements to our network.

“Welsh Water has always taken its
responsibility for operating CSOs respon-
sibly and has invested more than £1 bil-
lion as testament to this over the years.

“This has delivered real improvements
and helped ensure that Wales has over a
third of the UKs Blue Flag beaches while
only having 15% of the coastline.”

'Dumping’ implies an
activity that is:

Irresponsible
lllegal

* Choice to do the
wrong thing.



Where are the storm overflows?

There are about 15,000 storm overflows in England
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Where are the storm overflows?

There are about 15,000 storm overflows in E

ngland
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What is the impact of storm overflows?

 We don’t currently know the real time impact
storm overflows have on water quality.

* |tis possible that a storm overflow that
discharges for a couple of hours could
discharge less harmful sewage than a storm
overflow that discharges for just 30 minutes. It
all depends on the contents of the combined
sewer at the time of heavy rainfall.



How can we stop this?

Stop building new combined sewers

— We have been building separate sewer systems in the
UK since the 1960s

Construct large storage tanks to contain storm
water during heavy rainstorms

— Carbon consequences, cost billions of pounds and
would be disruptive

Treat the storm overflow discharge. In some
cases, nature-based solutions such as reed-beds



Barriers

Investment and customer bills
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How can water companies stop this?

What are we doing about storm overflows right now? —

Since 2000, we have invested £181 million upgrading more than 582 storm overflows. From

11

2022 to 2025, we plan to spend a further £150 million on storm overflows to reduce their

impact on the environment.

Our storm overflows improvement plan 2022-25, sets out how we aim to address storm

overflows over the next three years. In summary, our plan means we are taking the following
actions:

® |nvesting £3 million a month to tackle storm overflows, with work already underway.

® Between 2020 and 2025, we are carrying out 54 investigations into storm overflows that
spill most frequently or have environmental impact.

® There are 13 improvement projects in Bath, Bristol, Dorset, Somerset, South
Gloucestershire and Wiltshire that are currently being designed or in progress as part of
our priority programme. These will be completed by March 2025.

® Sewage treatment upgrades at 42 water recycling centres to increase capacity and with
more nature-based, low carbon methods introduced.

¢ A 25% reduction in the number of hours of storm overflow discharges by 2025.

® |ncreased environmental and public health monitoring at key locations.

* |Jse of artificial intelligence to manage sewerage network and provide real time bathing 5’
water information.

Quote Credit: https://www.wessexwater.co.uk/services/sewerage/storm-overflows
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How can you stop this?

Help by stopping unnecessary stress on our sewer network:

Only flush the three Ps: poo, paper and pee. Sanitary items,
such as wet wipes, don’t break down properly in our
sewers and cause blockages.

Don’t put FOGs (fats, oils and grease) down the sink.
Instead, allow them to cool and scrape them into the bin so
that they don’t solidify in your pipes.

Install a water butt to collect rainwater. This water can be
used to maintain your garden during summer and will also
reduce the volume of water going down the drain.



How am | trying to stop this?

26,250,000



What do you think this is?

Image Credit: University of Sheffield Pipe Dreams (2012)



Image Credit: University of Sheffield Pipe Dreams (2012)



What is a biofilm?

Biofilms are when microorganisms, organic matter and
inorganic matter attach to surfaces

Channel Biofilm Bound Microbial
Cells

EPS Matrix Inorganics
(Fe/Mn)

Image Credit: Water Research Foundation (2014), PODDS (2016), Fish (2014)
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An overview of drinking water
challenges and technologies




There are problems with our use of chemicals as an
industry

Damage to the
environment

* Leakages
* Carbon footprint

Chemicals are Public health
concerns

expensive
* Accidental

. uMsgzleea\: bel:agr incorrect dosage
i - i The * Potential for
* H&S is expensive o

problems
with using
chemicals

Unknown long Wasteful

term availability
Dosage is not

Some chemicals are - :
optimised, wasting

running out :
ng out, chemicals and
causing increased
money

expense




How are chemicals used to treat and distribute
drinking water?

Water Treatment

SEDIMENTATION

Water Distribution
Image Credit: eSchool Today



Chlorine

» Taste and odour concerns- <0.5mg/I
is dosed to not impact on taste and
smell but there still must be enough
to provide protection

« Chlorine has the potential to form 8 N
disinfection by-products, which, in / A° b
high concentrations, could have a 1 7 35.453

health impact?

« Accidents happen- Graniteville, South
Carolina in 2005 ~60 tons chlorine (Ne]3s'3p
leak due to a train derailment, L . Chlorine }
leading to the deaths of 9 people N =
respiratory difficulties in 554 people
and the evacuation of 5,400 people
within a 1-mile radius for several
days?

References

lInternational Agency for Research on Cancer 2004
International Agency for Research on Cancer 1995
Richardson, et al. 2007

— i
Image Credit: WWT National Transportation Safety Board 2005
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Phosphate

Expense- in 2008 the UK used g
>12,000 tonnes of phosphate, which =1~
came to a total cost of £12.24 million, :
a figure far above other chemicals

dosed?

gl

Under The Urban Waste Water
Treatment Directive phosphate must
be removed at sewage treatment
works, with further costs*

Phosphate is a finite resource- some
sources say it will be gone in as little
as 50 years

Difficult dose optimisation- cannot be
adjusted for specific water conditions

If accidents happen, phosphate can
cause eutrophication of water bodies
and encourage toxic algal blooms

References
3Knowledge Transfer Network 2008
4‘European Commission 2016

» U N TN




Fluoride

natural fluoride concentrations artificial fluoride concentrations

« The decision about whether to add [ ] <osmar! [ <oomgr
fluoride to the water supply is [ os-<osmgr [ co-timer
made and paid for by individual ——
local authorities -

- >14-15mg

* Fluorosis is discolouration of the
teeth caused by overexposure to
fluoride during the first eight years
of life, when most permanent
teeth are being formed

» Although the dose used in water
(~1mg/l) is controlled, it cannot
be controlled how much
fluoridated water people are
consuming or from other sources
they are intaking it

« There are alternative methods of
dosing fluoride

Image Credit: Broadsheet




Are there any countries that are chemical free and
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Are there any countries that are chemical free and

compliant?

Pipe
Source Water | Pipe Length 5 Lead

Country ! Replacement
Type and Material Rate Presence

”Normal”
Chlorine Use

Denmark 100% Ground 1026km 1.1% <5% 0
(vcs) 0 PVC 20.5km/year 0

The 78% Surface
9995km 0.4%
Netherlands R 40km/year <4% 0
(PWN) 22% Ground v
G 75% Surf:
ermany % Surface R 2
(Stadtwerke Cement 7.2km/year 6% 0
Ikl 25% Ground ' i
V] ¢ 60% Surface
. 38000km 0.27%
(Anglian 12% ~15%
Cast Iron 103km/year

Water) 40% Ground

None None
Residual

None .
Chlorine

1 mg/l None
Primary

Disinfection
0.5-2 mg/I .

Residual

Chlorine



What does a network look like that is ready
to receive chlorine free water?

Biological stability: Regular monitoring

Leakage: <5%, ideally 0%

Pipe material: MOPVC, HDPE, MDPE, Cement
Chlorine and phosphate dose: None

Lead presence: No lead pipes, solder or fittings

Pipe replacement rate: >1% Network Yearly

Active strategies to manage pipe wall accumulations: e.g. smaller pipes with higher velocities and shear
stress, widespread flushing

Monitoring and protection of the microbiological load of source water

Continued use of advanced water treatment technologies

Customer culture alterations e.g.: adopting boil notices, more efficient water usage, tap cleaning practises, the use of approved plumbers and approved
materials and pipe replacement responsibilities

Regulation changes with less of a focus on punishment and greater collaboration with industry and academia
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If we had this perfect network
today, could we turn off the
chemicals?
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If we had this perfect network today, could we
turn off the chemicals?

Source
Water

Pre-Phosphate
and Pre-Chlorine
Dosing

Rig 1
No Phosphate or Chlorine

Water
Treatment
Works

Distribution

Post-Phosphate
Network

and Post-Chlorine
Dosing

Rig 2
Phosphate and Chlorine

Enhanced
Network
Sampling

* 1 x biologically stable site
* 1 xless biologically stable site



Who is there?

If we had this perfect network today, could - cesin

perfingens

we turn off the chemicals? £ ol confirmed

= Coliforms confirmed
* DNA Sequencing

How much is there?

= Total cell count

# |Intact cell count

* 2 day colony count
(37°c)

* 3 day colony count
(22°)

* Biofilm total cell
count

What has the

potential to be there?

= BDOC/DOC

* Phosphate

» Sulphate

* Nitrate

* Filtered/Total iron

» Filtered/Total
manganese

» Filtered/Total lead



If we had this perfect
network today, could we
turn off the chemicals?

Two identical 20" shipping containers

Per shipping container there are two
14m long 90mm external diameter
butt-fusion welded pipe loop systems

The pipes are made from grade
PE100 SDR17 High-Density
Polyethylene (HDPE)




If we had this perfect network today, could
we turn off the chemicals?

Saddie clomip

locaion g

=

edal

Coupon cap

Who is there?

» Clostridium
perfingens

» Enterococci

* E. coli confirmed

» Coliforms confirmed

* DNA Sequencing

How much is there?

# Total cell count

* Intact cell count

= 2 day colony count
(37°¢)

* 3 day colony count
(22°c)

* Biofilm total cell
count

What has the

potential to be there?

* BDOC/DOC

* Phosphate

= Sulphate

* Nitrate

* Filtered/Total iron

» Filtered/Total
manganese

« Filtered/Total lead



If we had this perfect network today, could we turn

off the chemicals?

SEM Images — 28 day biofilm development, 16°C, different hydraulic regimes
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“Biofilm” -
microorganisms, organic
matter and inorganic
matter are attached to
the inside of pipes

The biofilm protects the
microorganisms within,
resulting in greater
resilience
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Natalie Lamb:
Water — Sewage — Microbes

* How to understand the
microbiology of water and
wastewater

* An overview of wastewater
challenges and technologies

 An overview of drinking water
challenges and technologies



