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Topics &amp; Questions

« Historical background — The discovery of chlorine and its effects
 How did the first chlorine pool come about?

« How harmful is chlorine? What is the current state of knowledge?
« How can pathogenic bacteria be removed biologically?

« Future challenges for swimming ponds and natural pools: water

temperature!

 The good news at the end



Historical background — The discovery of chlorine
and 1ts effects
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The discovery of chlorine and its effects

What is chlorine? BN < -
\ .‘\\' X\

« Known as a chemical element since 1808 (Humphry Davy)
« Highly reactive with almost all materials

- Hardly reactive when present as chloride anion (Cl, )

— Sodium chloride (NaCl)
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The discovery of chlorine and its effects

The discovery of the effects of chlorine

« Bleaching agents: (Eau de Javel, 1792) and calcium hypochlorite (1799)

« Description of the disinfecting effect from 1845 in Vienna and 1867 in
London

« First experiments for drinking water supply in 1892 in Hamburg, Germany,
and in 1897 in Maidstone, UK.

— Germicidal effect of chlorine for water generally known
from ~1900
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Medical research from 1840 to 1910

- Ignaz Semmelweis (1847) Calcium hypochlorite for hand

cleaning

« John Snow (1849) Cholera caused by pathogens in drinking

water

- Joseph Lister (1867) "Antiseptic surgery"”

 Louis Pasteur (1881) Research on disinfection and vaccination

- Robert Koch Discovery of the pathogens that cause tuberculosis Ignaz Semmelweis
(1882) and cholera (1885)

— |n many cases, infections are still a death sentence!
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Zeitgeist around 1900

. Belle Epogue

« Enormous technical and

cultural progress

« Cholera epidemic in Hamburg in 1892
« 16,956 people ill
« 8,605 deaths!

— Modern times, but still many epidemics



How did the first chlorine pool come about?
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The First Chlorine Pool

THE BOSTON Carolus Cobb (1908) on swimming in pools:
MEDICAL axp SURGICAL
JOURNAL "The mystery of 1t is not that people infected the nose, throat,

and ear by this contaminated water, but that they insist on

"'}l

putting their heads under it.

VOLUME CLIX

— Infections were commonplace when swimming!
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The First Chlorine Pool

 John Bunker experiments with

: SPECIAL ARTICLES
pool water and calcium

hypochlorite at Brown
THE HYGIENE OF THE SWIMMING POOL.*

University (Rhode Island): By JOHN W. M. BUNKER, A. M.,

Brown University.,

« 2L bottles Of late years the general use of swimming pools has brought
up a new problem in sanitation, the problem of the hygiene of
- Entire pOOI the swimming pool. It has been suggested that the swimming

pool may be a source of danger as well as one of benefit to the
user. To remove such possible danger has been the purpose of
the experiments here described. All work was done on the pool
at Brown Universitv.

— First chlorine pool goes into operation in 1909



The First Chlorine Pool

M 22529

Lyman Gymnaslem snd Colgate Hogl Swimming Pool, Beown Unlversity, Frov
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The First Chlorine Pool

Pool remains in operation
until the 1940s.

— Chlorine is becoming
established as the ultimate
disinfection method for pools!

— Where are we today?



The pool industry today

Where do we stand today?

Between ~12 and ~16 million

pools worldwide*

~959% disinfected with

chlorine*

Around 50-60% above-ground
pools (US and FR)*
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Pools worldwide in thousands

2003 Lowiener) 2016 {Cordis) 024 (Web)

mTotal mUSA+Canada mEurope mRestof World

* All data is very uncertain; some of it comes from online sources




How harmful 1s chlorine?
What is the current state of knowledge?
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Effects of chlorine use

Increased risk of certain diseases Critical Review

(Zwiener et al., 2007)

L _ Drowning in Disinfection Byproducts? Assessing
« Irritation of the eyes and skin Swimming Pool Water

CHRISTIAN ZWIENTEN SUSAN D RICHARDSON

« Breathing difficulties and asthma DAVID M. DT MARINT S TAMARA GRUMMT

THOMAS GLAUNER," AND FRITZ H. FRIMME!L
3',0),'}.':~ﬁ|.;,.r-~.'n,u tate. Hnlmwesitaet Kantsrube, Karlseahwe, Germany. Natiom)
rch {l'-"" Wiy, LS. Endronmetiin Pristection Agevicy Athheres

- Development of asthma in children eyl niranmeniad et i, 13 Emviomonial Petion
- Risks of cancer

- Bladder cancer (1.2-2 times higher
risk)

Effects on the environment and humans

« Chlorine in wastewater treatment
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Effects of chlorine use

Effects of chlorine use in pools

100+

Chlorine reacts with care products (skin 4,

creams, sun creams, etc.)

£ 60
B
Health hazards arise from degradation 3 4.
products 20. _
e.g., trichloromethanes (TMHs) are oI BN N o e,
1 2 3 B 5 6 7
carcinogenic! Time (days)

(Zwiener et al., 2007, ES&T)

— Swimmers are exposed to these substances!



BIOTOP

Effects on the environment and humans

Development of antibiotic resistance

« Chlorine damages cell (c) Natural transformation: :
Resistant donor cell uo:a?:?yo:o?\;e':gm
membranes - , non-resistant
alh, lysis - recipient cell
[——————— -3 R [——————
- Damaged bacteria absorb FrooonAw | (LI
intact ARG Resistant transformant cell
DNA fro m Oth er d ama g ed ARG (chromosomal or plasmid-bomne)
cells (Dodd, 2012)

— Antibiotic resistance genes (ARGs) are exchanged!
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Effects of chlorine use

Possible development of antibiotic resistance

Fig. &: Transformation frequency of P4 released from killed Escherichia coli,

Antibiotic reSIStance genes (ARGS) Preudomonas aeruginose and Salmonelia aberdecn into chlorine-injured Enterococcus

faecalis or not (10" cfu/mL) naturally at pH 7.2 and 20 °C (n = 3; mean + SD)
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Chlorine disinfection promotes the exchange of antiblotic resistance —_
genes across bacterial genera by natural transformation
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E. coli P. aeruginosa S. aberdeen

— |ncreased transmission of ARGs with chlorine! (Jin et al., 2020, ISME)

— New field of research; full extent not yet clear



How can pathogenic bacteria be removed from
water biologically?




Filter materials and filter speeds

Sand filters have been in use for
drinking water since around 1840

(London/Hamburg)

Three main processes
Mechanical-physical sedimentation
Adhesion of bacteria to surfaces

Biological degradation of bacteria

THE FOOL0CY OF MOTOXOAY POFULATIONS
OF SLON BAXD FILTLES, VITH PARTICULAN
AEFEREDNCE TO THE CILIATER

NARIAN BUTH OCC0

A thesis subiitted to the ¥

Segree oL ¥

POYAL NOLIOWAY Coians
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Filter materials and filter speeds

Adhesion and degradation of bacteria

« Physical adhesion to the filter material

« Van der Waals forces bind bacteria to sand grains

- Degradation of bacteria by microorganisms,

especially protozoa such as ciliates (Ciliata)

— Explicit evidence of the degradation process?

BIOTOP

Ciliates, Vorticella spp.
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How are pathogens broken down?

ORIGINAL ARTICLE

Ouestion: WhO eats E. CO/i? Stable-isotope probing and metagenomics reveal

predation by protozoa drives E. coli removal in slow

 Cultivation of E. coli in the SRIVLIRIRIS

Swrah-jane Haig'. Melanie Schimoers', Rosalinda [ Amore’. Joseph Gibbs
Robert L Davies®, Gavin Collins™* and Christopher Quince”
| b t .th 13C I Schood of Espinesiog. [ndvers@y of Gl w, Gy UK “Schond of Bivdogioal wi
aboratory wi -glucose as J Livepusod, Liverpiont, UK; *Micrbinl Kenphywishogy Lidwunstons. Schond of Natural Schenaw ared
Peasgabuter, Natrowur! Llndversity of feedond, Galwey, Sintond and *lnstatate of Infection, founuury and
Iflarsssiuthone. Codloge of Modicsd, Vetwerinury aned Ll Scivncos. Plasvwesity of Glespow, (luwgise: R

a tracer

' . Result: =
+ Detection of the tracer (13C) in -
* 99% broken down by protozoa, the "

I
|

rest by bacteriophages (viruses) |

1\
| &
Ciliates,

—— Protozoa ("bacteria eaters") become active within a few hours and Vorticella spp.
dominate the degradation!

the decomposing organisms
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Degradation of E. coli in the biofilter

2.0 . : , 9
Improved degradation of E. coli | b) Em::o:to:om'
1.6- | |
« Growth of a biofilm 5
3 1.2
. Supply of organic carbon § e L g0
.
NOM o . i
( ) = oM | B
0.0. h

Sand " Sand w/ biofilm
Afrooz & Boehm, PLoS ONE (2016)

— Cultivate biofilters as "hungry predators"! o

— How effective are modern Biotop Bio-Compact filters?
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Hygiene tests Biotop filters

Experiments on the degradation performance

of Biotop Bio-Compact filters

......

al !

—— Addition of E. coli, Enterococcus, and P. aeruginosa
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Results of hygiene tests — mat filters

Breakdown by biocompact filter: comparison before and after filtering
e. coli Enterococcen
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Filter materials and filter speeds

High degradation despite small
filter size?
« Porosity / usable porosity

« Open pores

Quartzsand 0.5-1 mm Biotop Blue filter mat
60x magnification 60x magnification

— Biotop filter mats: Excellent synthetic filter material!



What are the future challenges for swimming ponds
and natural pools?
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Future challenges

« Damage to the image of natural pools due to
.bad" facilities/filters

e More extreme weather events

« Droughts & water shortages

 Floods

« Heat waves/increased temperatures in summer

— Focus on water temperature and hygiene
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Challenges

Climate change

Expectation:

-
o
T

 Global Temperature
up to September 2024, baseline 1880-1910

« Heat waves with increased

-
L}

Non-linear trend

water temperatures in

o
o

summer

« Heating with heat pumps

Temperature anomaly [°C]
o

1880 1900 1920 1940 1960 1980 2000 2020
Year

— What does this mean for the hygiene?
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Water temperature

Critical temperature for biological filtration systems?
25... 28 or 32 degrees Celsius?
Good news and (at least) some bad news!

The good news:

Avciztalie odoe  was sidenondesct com

el SciVorse ScienceDirect

)

|

ol hemujiuge: waw pigere

Escherichia coli survival in waters: Temperature dependence

\

R.A. Blaustein®, Y. Pachepsky*”, R.L. Hill", D.R. Shelton", G. Whelan*
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— E. coli is increasingly being broken down!
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The (first) bad news: e

Environment International

Water temperature

journal homepage: www elseviar.comiocets’em int

' | ’ Evaluation of water quality guidelines for public swimming ponds m
-t v
__l_ L Franciskn M. Schet™", Harold HoLL van den Berg®, Gretia Lynch®, Sharona de Rijk*,
S=r-I° 1 """"""""""" Ol ] A= e 7 e T iy Ana Mari de Roda Husman®*, Jack F. Schijven™*
é . 1 | — *Nommd ruumin fr ik Mgt and e Bvervnmens, Cosre b Zavmewrs vl Posmmprenl Murpdlofogy. #00 Bas [ 70 BA sawes, the Nl i
& l o edarsty, Pacudy of Viaovaey Modide, Motass hoe Bt Aacosent Scimory Paldess | 7554 C1 [Date, the Sethrionds
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— P, geruginosa grows with higher water temperature!
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The (second) bad news:

REGISTER SIGN IN  SUBSCRIBE LAY O\ Eevpaght 1o you by

Applied
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- b s
FFree-living amoebae and emerging public health
challenges in a warming world

— Free-living amoebae (FLAS)
become a risk factor at
temperatures above 30

& s
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Water temperature

Critical temperature for biological systems?
Above 25...28°C: Strong pathogen growth!
- e.g., Pseudomonas aeruginosa infections
Above 30°C: Very dangerous pathogens!

- Legionella

- Amoebae, such as Naegleria fowleri T

— Only use tested filter systems

— Dimensioning according to Norms / officiel guidelines

— Warn your customers about water temperatu res! wikipedia.org/wiki/Naegleria_fowleri
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Conclusion

« Chlorine has saved many lives!
« Chlorine is no longer appropriate today!

- Effective biological degradation of pathogens is

possible!

« Only tested filter systems should be used for

ponds and natural pools!

« Water temperatures are a risk factor

« Further research is needed!

— Come to the Biotop stand here at the I0B!
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The good news at the end

The really good news:

Our systems can do it!

— "Our system" has been
working reliably for
thousands of years!
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The good news at the end

LEANEIN & WissEN
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— Summary article (in German) on the hygiene of natural pools in
Schwimmteich & Naturpool, Issue 02-2024



Thank you very much for your attention.
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