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Pool Hygiene 

From 100 years of chlorine disinfection to a 

biological future



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 its effects



The discovery of chlorine and its effects

What is chlorine?

• Known as a chemical element since 1808 (Humphry Davy)

• Highly reactive with almost all materials 

• Hardly reactive when present as chloride anion (Cl2 )

Sodium chloride (NaCl) 

Wikipedia



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



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 

(1882) and cholera (1885) 

In many cases, infections are still a death sentence!

Wikipedia
Ignaz Semmelweis



Zeitgeist around 1900

Modern times, but still many epidemics

• Belle Époque

• Enormous technical and 

cultural progress

• Cholera epidemic in Hamburg in 1892

• 16,956 people ill

• 8,605 deaths!

Wikipedia

Wikipedia

Wikipedia



How did the first chlorine pool come about?



The First Chlorine Pool

Carolus Cobb (1908) on swimming in pools: 

"The mystery of it is not that people infected the nose, throat, 

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

putting their heads under it. 

Infections were commonplace when swimming!



The First Chlorine Pool

• John Bunker experiments with 

pool water and calcium 

hypochlorite at Brown 

University (Rhode Island):

• 2L bottles

• Entire pool

First chlorine pool goes into operation in 1909



The First Chlorine Pool



The First Chlorine Pool

Chlorine is becoming 

established as the ultimate 

disinfection method for pools!

Where are we today?

Pool remains in operation 

until the 1940s.



The pool industry today

Where do we stand today?

• Between ~12 and ~16 million 

pools worldwide*

• ~95% disinfected with 

chlorine*

• Around 50-60% above-ground 

pools (US and FR)*

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

Pools worldwide in thousands



How harmful is chlorine? 

What is the current state of knowledge?



Effects of chlorine use

Increased risk of certain diseases 

(Zwiener et al., 2007)

• Irritation of the eyes and skin

• Breathing difficulties and asthma

• Development of asthma in children

• Risks of cancer 

• Bladder cancer (1.2-2 times higher 

risk)

Effects on the environment and humans

• Chlorine in wastewater treatment



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

Effects of chlorine use

Effects of chlorine use in pools

• Chlorine reacts with care products (skin 

creams, sun creams, etc.)

• Health hazards arise from degradation 

products 

• e.g., trichloromethanes (TMHs) are 

carcinogenic!

Swimmers are exposed to these substances!



Effects on the environment and humans

Development of antibiotic resistance

Antibiotic resistance genes (ARGs) are exchanged!

• Chlorine damages cell 

membranes

• Damaged bacteria absorb 

DNA from other damaged 

cells (Dodd, 2012)



Effects of chlorine use

Possible development of antibiotic resistance

Increased transmission of ARGs with chlorine!

Antibiotic resistance genes (ARGs)

(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



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) 

Ciliates, Vorticella spp. 

~40 µm

Explicit evidence of the degradation process?



How are pathogens broken down?

Result: 

• 99% broken down by protozoa, the 

rest by bacteriophages (viruses)

Question: Who eats E. coli?

• Cultivation of E. coli in the 

laboratory with 13C-glucose as 

a tracer 

• Detection of the tracer (13C) in 

the decomposing organisms 

Protozoa ("bacteria eaters") become active within a few hours and 

dominate the degradation!

Ciliates, 

Vorticella spp. 



Afrooz & Boehm, PLoS ONE (2016)
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Degradation of E. coli in the biofilter

Improved degradation of E. coli 

• Growth of a biofilm

• Supply of organic carbon 

(NOM)

Cultivate biofilters as "hungry predators"! 

How effective are modern Biotop Bio-Compact filters?



Experiments on the degradation performance 

of Biotop Bio-Compact filters

Hygiene tests  Biotop filters

Addition of E. coli, Enterococcus, and P. aeruginosa



Results of hygiene tests – mat filters

Breakdown by biocompact filter: comparison before and after filtering

Elimination rates 

according to FLL 2011



Filter materials and filter speeds

High degradation despite small 

filter size? 

• Porosity / usable porosity

• Open pores

Biotop Blue filter mat

60x magnification

Quartz sand 0.5 - 1 mm

60x magnification

Biotop filter mats: Excellent synthetic filter material! 



What are the future challenges for swimming ponds 

and natural pools?



Future challenges

• Damage to the image of natural pools due to 

„bad" facilities/filters   

• More extreme weather events

• Droughts & water shortages

• Floods

• Heat waves/increased temperatures in summer

Focus on water temperature and hygiene



Challenges

Climate change

Expectation:

• Heat waves with increased 

water temperatures in 

summer

• Heating with heat pumps

What does this mean for the hygiene?



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:

E. coli is increasingly being broken down!



The (first) bad news:

P. aeruginosa grows with higher water temperature!



The (second) bad news:

Free-living amoebae (FLAs) 

become a risk factor at 

temperatures above 30 

degrees Celsius!



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 †

wikipedia.org/wiki/Naegleria_fowleri

Only use tested filter systems

Warn your customers about water temperatures!

Jacob & Tschen  (2020)

Dimensioning according to Norms / officiel guidelines



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 IOB!



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!



The good news at the end

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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