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____________________________________________________________ 

Abstract 

______________________________________________________________________ 

Improvements in public health through better sanitary plumbing systems has been 

mainly due to the prevention afforded by barrier technologies to the ingress of foul air, 

which can contain toxic gases and pathogens, notwithstanding the nuisance of 

malodour.  The main defence against this ingress is the ótrap sealô which comes in two 

forms; the ówater trap sealô and the ówaterless trap sealô. Whilst these devices form 

effective barriers, they are vulnerable to, or can produce, transient air pressure 

fluctuations in the system which can lead to seal loss. Greater understanding of the 

characteristics of these devices is essential for the development of better protection 

strategies. The development of novel analytical techniques is central to this research as 

it increases computer model resolution at these important system extremities. 

Current methods employ a laboratory only approach, whereby a single loss co-efficient 

is developed. These laboratory derived boundary conditions are inherently static and in 

the case of the waterless trap seal, ignore structure flexibility . This research has 

produced new methodologies to evaluate performance and generate dynamic boundary 

conditions suitable for inclusion in an existing 1-D Method of Characteristics based 

model, AIRNET, which solves for pressure and velocity via the St. Venant equations of 

continuity and momentum in a finite difference scheme. The first novel technique 

developed uses photographic image and pressure data, transformed via photogrammetric 

and Fourier analysis to produce mathematical representations of the opening and closing 

of a waterless trap under transient pressures. The second novel technique developed 

focusses on the dynamic response of a water trap seal. Current boundary conditions use 

a steady state friction factor, ignoring separation losses. Analysis via ANSYS CFX 

allowed a frequency dependent dynamic representation of velocity change in the water 

trap seal to be developed, integrating unsteady friction and separation losses for the first 

time. Incorporation of these new boundary conditions in AIRNET confirms that 

frequency dependent whole system responses are possible and more realistic, reflecting 

both laboratory and on-site observations. 
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Chapter 1 

____________________________________________________________ 

Introduction  

______________________________________________________________________ 

 

1.1 Introduction  

The existence of modern day societies owes much to developments in the fields of 

Public Health, Sanitation, Microbiology, and Immunology. Of all these fields of 

advancement, sanitation provision exceeds advances in the field of Medicine (for 

instance, antibiotics and anaesthesia) as the most significant of medical advances by 

readers of the British Medical Journal in 2007. 

ñThe greatest medical milestone of the last century and a half.ò(Boseley, 

2007) 

C.E.A. Winslow in 1920 notes Public Health to be, the science and art of preventing 

disease, prolonging life, and promoting physical health and efficiency. This focus on 

preventing disease and prolonging life can be seen in the developments of control and 

prevention measures of the spread of infectious diseases addressed through 

immunoprophylaxis, prophylaxis, antiviral chemotherapy, interferons, cytokines, vector 

control and the use of adequate sanitation practices. These measures are paramount in 

ensuring health and wellbeing in the developed world, and their absence determines 

many of the poor health indicators in developing countries.   

The safe removal of disease carrying human waste is the primary goal of any sanitation 

system. Preoccupations with malodours have now given way to more realistic concerns 
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about the spread of disease via óinvisible particlesô containing micro-organisms. The 

isolation of people from this waste is of primary concern to the designer of any 

sanitation system; history shows the óstop/startô nature of developments in this regard.  

Though the Romans, Greeks and early ancient civilisations provided transportation 

systems for human waste, the odour still provided great discomfort and anxiety to 

building inhabitants. The development of the water trap seal remains the greatest public 

health development in the building drainage sector as this device offers protection from 

harmful biological matter deposited into the network. The threat of Building Drainage 

System (BDS) protection device vulnerability due to poor system design, installation or 

maintenance, along with effects of climate change, should be of great concern to all 

building inhabitants.  

Built environment professionals collectively hold the responsibility for safeguarding the 

health of building occupants, as far as the building envelope, and associated devices and 

components can provide.  The link between sanitation and disease spread, first made by 

Sir Edwin Chadwick, promoted the use of piped water and flushed drainage systems to 

contain foul smells. His efforts saw to a decrease in the mortality rate of London, thus 

providing society with an appreciation years after of the BDS, to not just limit sewer gas 

propagation but to prevent disease and prolong life.   

Evidence of sanitation as a marker for social development is no better shown than 

during the Roman Imperial period, when the provision of over 1000 litres of water per 

person per day provided great pride to the Romans. The empire flourished during this 

time as greater levels of sanitation reflected the affluence of the time and engineering 

superiority of the Romans. Contrary to this, at the end of the ñera of cleanlinessò and the 

fall of the Roman Empire, sanitation was in large neglected, leading to epidemics which 

claimed many lives.  

Improvements in Public Health continue to arise as a result of intensive research into 

new methods and techniques, often inspired by a desire for improved social conditions, 

and are often the measure of progress. 
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1.2 The spread of infectious disease 

The free movement of pathogens in the built environment, especially via airborne 

transmission routes, have great potential for the rapid spread of disease. This concern 

about air as a transmission route of infection has existed for as long as there has been 

recognition of the transmissibility of disease (Bennett and Brachman, 1998), as in the 

past, deficiency in the control and therefore transmission of pathogens, led to more 

deaths than wars. For instance, between 1918 and 1919, an estimated 20 to 40 million 

people were killed from influenza, while 16.5 million civilians and military died in the 

World War I conflicts. In the era of the American Civil war, it is estimated that 440,000 

of the 660,000 deceased soldiers, died of disease, and not battle wounds (Connolly and 

Heymann, 2002) as one would expect.  

It is widely acknowledged today that the free movement and propagation of a pathogen 

from a host to another occurs via skin and hair shedding, defecation, vomiting, 

coughing, sneezing, and or via insect/arthropod vectors (Hathway et al, 2011) and so 

not solely through airborne routes. Regardless of the method however, the mass 

grouping of vulnerable individuals provides an adequate opportunity for large scale 

transmission of disease. 

The high death toll from infectious disease due to compromised water and sanitation 

systems persists to present day. In June 1994, the cholera outbreak in Goma claimed 

12,000 Rwandan lives, and in Zimbabwe from August 2008 to June 2009, cholera 

affected a suspected 98,424 lives, killing 4276 persons (WHO, 2009). More recently, 

the World Health Organisation (WHO) situation report published on the 18
th
 February 

2015, stated that the Ebola outbreak in West Africa (primarily in Guinea, Liberia, and 

Sierra Leone), had killed approximately 9442 of the possible 23,371 infected person 

cases between March 2014 and February 2015. 
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Figure 1. 1, A cumulative count of the total number of Ebola cases in Guinea, 

Liberia, and Sierra Leone from March 2014 to February 2015. 

The years 2012-2013 and also 2014 saw outbreaks of measles in Swansea (U.K.) and 

several states in America respectively. Showing that though vaccination and other 

public health measures have significantly increased life expectancy and lowered the 

incidence of certain infectious disease outbreaks, (even to the point where America 

claimed to have eradicated measles in 2000) continued efforts are required to tackle 

ongoing and potentially recurrent public health issues. These issues include the 

reluctance and failure of many parents in America and Britain to vaccinate their 

children due to concerns of induced Autism.  

This refusal as a result of the fear of individual health consequence, led the increased 

rate of transmission of this disease, leading to a total of 1200 cases in Swansea and 668 

cases across America. These cases highlight that the key to ongoing Public Health 

success, lies in ensuring that measures does not rely solely rest on a single pre-emptive 

method of disease prevention.  
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ñéeven more important than dealing with the immediate threat is ensuring 

that this Ebola outbreak encourages greater levels of preparedness against 

the future spread of infectious diseases, of which the treat is growing 

rapidly with rising population density and international travel.ò (Goldin, 

2014) 

Protection from infectious diseases can also be afforded through the proper design of 

our habitable spaces; ensuring that complete isolation can be afforded in densely 

populated areas. This is to begin with the BDS which connects all households in a 

building through a single pipe network.  

 

1.3 Historical development of sanitation and hygiene methods for infectious 

disease control 

The portfolio of activities involved under the field of public health is ever changing as 

the hazards to society evolve.  A constant focus however, is placed on the provision of 

safe drinking water, controlling transmissible diseases, and improving the environment. 

This focus is shown currently in the Millennium Development Goals, and the present 

push to ending open defecation practices (United Nations, 2015).  

The following subsections describe the developments and improvements in sanitation 

often brought about by environments in dire need for infectious disease control 

measures. 

 

1.3.1 Early thinking and sanitation developments for infectious disease control  

Religious texts, such as the Bible, the Vedas and the Qurôan, all make note of 

humankindôs need for cleanliness and careful disposal of human physiological waste. In 

the Book of Deuteronomy it is stated: 
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 ñIf there is among you a man who is not clean by reason of nocturnal emission, 

he shall go and stay outside the campé.you shall have a place outside the camp 

for your natural necessities. You shall bring a stick with your equipment with 

which you may dig a hole, and then cover up the excrement with the unearthed 

soil.ò (The Bible ï Book of Deuteronomy 23:11-14) 

Such religious guidance shows the thinking of the time, and helped safeguard future 

public health within the built environment by instructing the separation of waste and 

host, through distance and covering, as it is perceived that the presence of the faecal 

matter (or its resulting odour) was unclean. The practice of separation is noted also in 

archaeological findings. These show the first known people to link proper sanitation and 

disease transmission, to be the early Minoan and Harrappan civilisations.  

Of note here, is another religious text, the Bhagavad-gita, which instructs its followers 

to practice proper sanitation to remain free of demons, stating: 

ñOne should always be careful to keep his body clean by bathing, brushing teeth, 

shaving, changing clothes etc. éthe demons neither like now follow all these rules 

for external and internal cleanliness.ò(Bhagavad-gita 16:7) 

The ñage of cleanlinessò during the Harappan period of the third millennium BC is said 

to be the period where the first toilets, latrines and sewers (soak pits, pipe networks for 

rainwater, and wastewater removal and drains with sedimentation cesspits) were 

invented. Some of the most advanced of these is found in the ancient civilisation of 

Mohenjo-Daro located in the Indus valley of Pakistan, in 2800BC (see Figures 1.2a, 

1.2b, 1.3a and 1.3b) (Angelakis and Rose, 2014). Here, dwellings with its their own 

drinking water supply, private bathroom, and lavatory built into the outer walls of the 

house,  are also found to house a connection to a communal main drain (constructed of 

earthenware) which ran through the streets of the village. Excavations of the civilisation 

show that waste water and solid matter from toilets were transported as far away from 

the dwellings and into unpopulated areas by subsurface drains covered by flat stones 

(Angelakis and Rose, 2014).  

 



7 | P a g e 

 

  
(a) (b) 

Figure 1. 2, Early below ground drainage and sanitation system in Indus Valley, 

Pakistan. (Source: Kenover, 2009) 

It is interesting to note here that these fi rst toilets existed only for the affluent in society, 

and were constructed from brick, overlain with a wooden seat for comfort (see Figure 

1.3a). They operated much like modern day toilets in that the design allowed the user to 

sit during use and the waste was disposed of through the vertical chute (Pathak, 1995 

cited in Angelakis and Rose, 2014). Manual flushing was then required to carry the 

waste through the clay pipes and into the street drains and to the cesspit. Cleaners were 

required to dig out the pit and manually remove the solid waste, along with any other 

household waste (Angelakis and Rose, 2014). The lay man in society could not afford 

such luxury and so for physiological relief he would squat over a hole in the ground (an 

open pit) (see Figure 1.3b). Today this waste disposal tool is referred to as a pit latrine. 
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(a) 

 

(b) 

 Figure 1. 3, Indus Valley Open toilets (Source: Angelakis and Rose, 2014) 

The Minoans between 2100 ï 1100BC installed water supply to the palace of Knossos 

using earthenware pipes which carried water from nearby mountains to the palace 

(Antaki, 2003). The design of each pipe section was tapered or conical in shape; larger 

on one end than the other to allow the narrow pipe section to fit into another large 

section and so on. These terracotta pipes connected to stones sewers and toilet, at the 

Knossos Palace, Crete (Angelakis and Rose, 2014). 

Between 1600BC and 300 BC the Greeks used not just earthenware, and stone pipes, 

but also, the then modern materials of bronze and lead in plumbing design (Antaki, 

2003). This progression in plumbing design suggests that clearly these civilisations 

considered sanitation a noble endeavour. Not only were they meeting the requests of 

religious teachings, but they endeavoured to have the best and most modern systems 

available.  

The link between health and water usage however, had not yet been made. Not until the 

period, 460-377BC when Hippocrates noted his theories on the occurrence of disease. 

His Treatise Airs, Waters and places dismissed supernatural explanations of disease and 

instead attributed illness to characteristics of the climate, soil, water, mode of life, and 
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nutrition surrounding the patient (Nelson and Williams, 2007). This recognition of the 

importance of water for public health led to adequate provision of baths, toilets and 

sewerage drainage systems.  

The Roman imperial period between 400 BC and 150AD saw the building of over 200 

stone aqueducts to supply portable water to public baths, city fountains and a selection 

of private homes (Antaki, 2003). The fountains were built to act as surge tanks in 

instances of pressure transient generation due to sudden changes in flow regimes and 

the water supply of around 1364 litres (300 gallons) per person per day, compared to 

140-160 litres in the U.K. today. Sanitation was highly regarded as a show of affluence 

of health, finance and wellbeing. 

An indulgent recognition of the public health accomplishments of the Romans is noted 

by the Roman water commissioner, Frontinus.  

ñin as much as the seven then existing seemed insufficient to meet both the public 

needs and the luxurious private demands of the dayéWith such an array of 

indispensable structures carrying so many waters, compare, if you will, the idle 

pyramids or the useless, though famous, works of Greeks!ò. (Frontinus, trans. By 

Bennett, 1961, p. 353;357) 

Frontinus highlights the link between living standards, and sanitation development. This 

as sanitation is seen as a noble endeavour and can be said to be synonymous with 

development in the context of a progressive society.  

Rightfully, the Romans were proud to have surpassed previous civilisations in their 

innovation and technological advances, but by the end of 476AD the era of cleanliness 

ended and, sanitation standards began to fall. This degrade in living standards, was 

linked to the fall of the Roman Empire. Although exceptions exist, in large, waterworks 

were ignored in middle age Europe. 
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1.3.2 Developments in the 16
th
 to 18

th
 century 

Knowledge and innovation in drainage science remained at a standstill from the middle 

ages until the 1500ôs when the first flush water closet was invented. The invention of 

the water trap seal by Sir John Harington in 1596 brought about the opportunity for 

increased comfort within the built environment. 

Sir John Harrington, an Elizabethan poet, designed the water closet which operated: 

using water for the removal of human waste, the cleaning of the appliance bowl and 

limiting the propagation of foul odours (see Figure 1.4). After each use, a barrier was 

created by placing a plate at the base of the bowl, and ensuring adequate water existed 

to provide a six inch seal.  This invention referred to in his book The Metamorphosis of 

Ajax (1596) as ñthe odourless toiletò, provided users freedom from the unpleasant smell 

created by decomposing faecal deposits, and also peace of mind during use; as the act of 

defecation was no longer associated with poor health. 

 

Figure 1. 4, Sir John Harringtonôs sixteenth Century water closet the óAjaxô 

(Billington and Roberts, 1982) 

In the 1600 and 1700s advancements in plumbing technology arrived with the expanded 

use of cast iron pipes and by the mid-1700s, the London bridge waterworks Company 

reported over 54000 yards of wooden pipe and 1800 yards of cast iron. (Antaki, 2003).  

In 1775, came a semi self-sealing modification to Harringtonôs water closet invented by 

Alexander Cummings. Cummings, a Bond Street watchmaker from Edinburgh, 
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designed what is the traditional water trap seal.  The first patent registered for the trap 

seal was made by Joseph Bramah, a cabinet maker in 1778, three years later. This 

design altered the original by including a hinged outlet value, and a connection directly 

to a cesspool to the design (Wright, 1980 cited in Kelly, 2009). These two innovations 

would later become the most widely used and most vital components to public health 

for the BDS.  

 

Figure 1. 5, Alexander Cummingôs patented water seal closet of 1775 (Billington 

and Roberts, 1982) 

The invention of the water seal closet bought an end to BDS developments between the 

15
th
 and 18

th
 century.  

These developments by Cummings and Sir Harrington are significant as though the 

Romans and Greeks invented transportation systems to remove the waste from the 

building; these were the first inventions to address and control the propagation of air or 

sewer gases in the home. 

 

1.3.3 Developments in the 19th to 20th century- The link between sanitation 

and health 

The belief that the foul odour from human excreta was equivalent to pestilence was 

prevalent well into the 19
th
 century, becoming the major influence behind all sanitation 

development in the 19
th
 to 20

th
 century. It is ironic however, that the foul odour was 
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regarded to be equivalent to pestilence causing extreme annoyance at a time when the 

German Pathologist Friedich Henle (1809-1885) discovered the germ theory of 

infectious disease transmission. This theory opposed the miasma theory proposing 

instead that disease was spread via microorganisms too small to be seen with the human 

eye.  

ñthe material of contagions is not only an organic but a living one and is indeed 

endowed with a life of its own, which is, in relation to the diseased body, a 

parasitic organism.ò (Henle, FGJ. Von den Miasmen und Contagien und von 

den miasmatisch-contagiösen Krankheiten, 1840) 

However, due to the high death toll of epidemics, and increased fears, little could be 

done initially to convince society and disprove the Miasma theory. In the U.K., this 

theory of the disease transmission, continued through the mid-19th century. Sir Edwin 

Chadwickôs report óThe Sanitary Conditions of the Labouring Populationô in 1842 led 

the sanitation movement in London by eventual major expansion to sewer provision 

(Swaffield and Galowin, 1992; Kelly, 2009). In 1846 Chadwick (who remained despite 

his works, an avid believer in the Miasma theory) is noted to have said: 

ñAll smell is, if it be intense, immediate acute disease.ò (Parliamentary Papers, 

1846, vol 10, p.651) 

A year later, in 1847, William Farr, the chief statistician for the Office of the Registrar-

General, affirmed Chadwickôs view on the spread of disease stating in his Tenth Annual 

Report: 

ñthe disease mist, arising fromécesspoolséis continually kept up and 

undergoing changes; in one season it was pervaded by cholera, in another by 

influenza ; at one time it bears Small pox, Measles, Scarlantina and Whooping 

Cough among your children; at another it carried fever on its wings. Like an 

angel of death it has hovered for centuries over Londonò. (Tenth Annual report 

of the Registrar-General, 1847, p.xvii). 

Widespread use of sanitation devices during this time included a full scale sewer system 

in Hamburg, Germany, and the growing acceptance and use of water closets in England. 
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However, this report by William Farr mentions the grave state of public health at the 

time, approximating a minimum of 38 deaths per day in London due to living conditions 

associated with poverty. In 1848, in response to Chadwickôs 1842 report, sanitary 

legislation was passed, including the Public Health Act, Metropolitan and City Sewers 

Act and the Nuisances Removal and Disease Prevention Act; introducing the first law in 

London requiring the draining of all domestic waste into sewers. Unfortunately, the 

removal of stagnant physiological waste with the new renovated sewer system did little 

to calm fears of infectious disease transmission as the sewer gases seeped through every 

possible opening, entering on many occasions into dwellings. 

ñIt therefore becomes a point of the utmost importance that the seeds of disease 

should at once be arrested: that they should not be carried from house to house 

from street to street, from unhealthy parts to salubrious districts, by the 

construction of monster sewers, impregnated with the feculent matter of each 

locality, and sowing it again broadcast,....ò (Booth, 1853) 

Repeated epidemic cholera disease outbreaks between 1831 to 1832, 1848 to 1849 and 

1853 to 1854, only confirmed the belief that the sewer gas was the source of the 

infection, and that the noxious emanations were carried from a disease infected 

household, to hosts in a healthy household. Dr John Snowôs (1855) paper On the Mode 

of Communication of Cholera in which he presented his investigation of the spread of 

Cholera on Brood Street, presented the finding that cholera was spread via the faecal 

contamination of portable water. Snowôs work proved Henleôs germ theory by 

identifying the waterborne nature of infectious disease transmission. The Miasma theory 

was proven false as the reason for the spread of cholera and replaced later with the 

understanding of the germ theory. 

 In 1858, parliament was suspended due to the intensity of the foul odour entering the 

chambers. The incident produced an immediate response of the parliamentarians who 

set in action provision for a £3m sewer project involving, sewer drains, pumping 

stations, and treatment plants. This system for the city of London was designed by Sir 

Joseph Bazalgette. It took these catastrophic events in major cities (such as Paris, and 

London) to stir the population and their elected officials to demand the installation of 

portable water and sewer systems (Parmley, 2001). 
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By the end of the 19
th
 Century, great strides had been made in improving sanitation 

within dwellings, isolating human faecal matter and controlling the transmission of 

sewer gases; through the innovations of Sir John Harrington, and Alexander Cummings. 

These inventions and actions by Chadwick had significantly aided in the reducing the 

casualties of infectious disease, thus leading to the link between poor sanitation and the 

spread of disease. An ensuing new design for the BDS far above standards previously 

met was now had. Sanitation was embraced as a necessity to the protection of public 

health and the field of study began ï embracing a twofold focus; the design and 

regulation and maintaining the criteria of system operation.  

 

1.4 Built environment health security risks in the 21
st
 century  

Public health in an evolving modern society is influenced by serval factors. These 

factors include: urbanisation, globalisation, environmental conditions, the introduction 

of new technologies, new disease prevention measures and advances in medical science, 

to name a few. It is expected that continued advances in the field of medicine will 

introduce new vaccines and treatments to prevent and cure infectious diseases which 

still burden society today. However, developments in the field of medicine should not 

be seen as a singular fix to ensuring the health of a community.   

The Centre of Disease Control and Prevention (CDC) (2014) states that the health 

security risks which the global public faces now and in the future include the following: 

¶ The emergence and spread of new microbes 

¶ The globalisation of travel and food supply 

¶ The rise of drug-resistant pathogens 

¶ The acceleration of biological science capabilities and the risk that these 

capabilities may cause the inadvertent or intentional release of pathogens 

¶ Continued concerns about terrorist acquisition, development, and use of 

biological agents. 

In addition to this list, the effect of changing climatic conditions on existing BDS 

protection devices (in use across the globe), and the acceleration of disease spread due 
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to urbanisation is considered. The following subsections provide a brief discussion of 

the risks due to inadequate performance of BDS protection devices, the emergence and 

spread of new microbes, globalisation of travel and urbanisation. Health security risks 

such as increased drug resistance to infectious disease, biological scientific advances, 

and terrorism are subjects outside the scope of the built environment and this study 

though they do present significant risk to public health; as pathogens will likely 

propagate between hosts through the BDS, these factors are not discussed. 

 

1.4.1 The emergence and spread of new microbes 

It is commonly accepted that climate plays a role in the transmission of many infectious 

diseases, some of which are among the most important causes of mortality and 

morbidity in developing countries (WHO, 2005). Pathogens and insect vectors are 

capable of surviving over a certain temperature threshold. Their reproductive rates may 

increase with an increase in ambient temperature, but additionally, temperatures in 

excess of the tolerance range of the pathogen may increase mortality rates and in insect 

vectors, increase egg production and frequency of feeding (WHO, 2005). For instance, 

peak instance of gastroenteritis is known to become prevalent during temperate months 

(Altekruse et al 1998, cited in WHO, 2005). The World Health Organisation (Halstead, 

1996, cited in WHO, 2005) continues by stating that the strong seasonal pattern of 

influenza infections in Europe, is thought to reflect the increased tendency among 

humans to spend more time indoors during the winter months. 

 

1.4.2 Risk to BDS protection devices  

BDS protection devices such as the water trap seal (first designed by Alexander 

Cummings), are reliant on numerous factors for sustained defence of the spread of 

infectious disease. These factors include: the amplitude and frequency of system 

generated pressure transients, the ambient air temperature, and water availability.  
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The IPCC (2007, 2014) makes clear that an overall negative effect as a result of climate 

change is expected, predicting an average global warming of 1.5 to 5.8 ºC in the 21
st
 

century. In its upper range, this level of temperature increase poses a risk of the water 

trap seal becoming an unsuitable device in certain regions, or in buildings with irregular 

occupancy levels. In addition to, and as a consequence of increased temperatures,(a 

negative effect on the water resources and fresh water systems of the world is to be 

expected). In other words climatic changes will cause an adverse effect on the water 

availability. The risk therefore to the water trap seal is twofold. Water supply may be 

insufficient to provide a seal, in may become quickly susceptible to evaporative trap 

seal loss due to the ambient temperature in buildings.  

In the UK, anxiety over local water availability is confirmed by the Environment 

Agency and Natural Resources Wales (2013) report which shows that the problem of 

water availability in England and Wales is a current issue and not just a concern in the 

future. The current water stress indicators suggest 9 of the 24 companies in England and 

Wales, to be currently experiencing severe water stress which persists in all future 

predictions. This number increases to 10 companies across the 4 mentioned future water 

stress models.  

Frequent and sustained trap seal loss creates insecurity in the operation and ability of 

the BDS to protect the health of building inhabitants.  Special consideration therefore is 

required in the design of the BDS to ensure that the protection device selected is capable 

of operating satisfactorily under current environmental and predicted future conditions. 

Under current predictions, the greatest risk is posed to existing buildings where isolation 

of the indoor and sewerage network is allowed through the sole use of a single 

protection device ï the water trap seal.  

A recent addition to the range of available plumbing products is the development of the 

waterless appliance trap seal which is advantageous due to its climate resistant 

characteristics. The continued evaluation of the criteria of BDS performance is pivotal 

to isolating a need for innovation and maintaining public health; while being out of 

sight and mind to the average user. 
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Protection of public health through the safe operation of the BDS is an important factor 

as the BDS throughout history, has provided a measure of social development and 

therefore should not be considered a minor risk. Climatic changes are expected which 

will  affect environmental conditions, and therefore, impact the choice of BDS 

protection system and components. The protection systems are important for health and 

hygiene and therefore the thought of system vulnerability should be a concern to all.  

 

1.4.3 Globalisation of travel and trade 

The growing cross border threat of infectious disease spread is facilitated by the 

unprecedented mobility of people (international tourists, business persons, and war 

refugees), food and commodities across the globe. Never before have people moved 

faster, and more frequently across multiple time zones, thus bringing with them, new 

pathogens to previously unexposed regions. In response to the recent measles outbreak 

it is said by Tom Frieden (CDC Director) that today, 

ñA measles outbreak anywhere is a risk everywhereò (CDC Newsroom, 

2013) 

This means that, deadly diseases anywhere in the world test each and every countryôs 

public health security. Transmission can be expected through any of the known routes: 

direct contact, waterborne, blood borne or insect and arthropod vector. Diseases which 

have successfully travelled across countries to new regions via global travel and trade 

are: HIV/AIDS, SARS, chikungunya, tuberculosis, cholera and malaria.  

 ñToday, diseases as common as the common cold and as rare as Ebola are 

circulating the globe with near telephonic speed, making long distance 

connections and intercontinental infections almost as if by satellite. You 

neednôt even bother to reach out and touch someone.ò (Angier, 2001) 

As global population continues to grow, a major concern, is the growing disparity 

between economic classes; as this widens the numbers of vulnerable persons in society, 

many more will migrate in search of a better standard of living, continually ensuring the 
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struggle countries face in protecting their citizens. Evidence of this is already being 

found in the Migrant crisis of April 2015. Leaning, 2002 (cited in Knobler, Mahmoud 

and Lemon, 2006) refers to the 21
st
 century as the ñCentury of Migrationò.  

 

Figure 1. 6, Mediterranean migrant crisis of 2015 (The Independent, 2015) 

 

1.4.4 Urbanisation 

The continued movement of people into cityscapes and large communities provides the 

perfect condition for multiple points of contamination from a single event. Take for 

instance persons travelling during peak hours being enclosed in a carriage. Kumar et al 

(2007) explains that pathogens expelled by coughing or sneezing may cause contagion 

if inhaled, and so, in such an instance, the case for disease spread through airborne 

transmission relies on the number of persons in the carriage forced to inhale the 

pathogen. The concern however, lies in the opportunity for a single individual, in a 

single event, to infect as many as 280-356 persons (Transport for London, 2015). 

As transportation systems evolve to adapt to and serve growing populations, control of 

infectious disease spread becomes an even more difficult task, therefore leaving the 

continued existence of the civilisation vulnerable. Within the built environment, disease 

transmission can occur through all forms, but specifically airborne, insect vector, and 

waterborne through the building drainage network.   
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Fidler (1996) explains that, previous successes in controlling infectious diseases caused 

interest in infectious diseases to wane in the international medical and scientific 

communities, and the consequence of which is seen in the hampering control effects of 

emerging infectious diseases. His statement though not directly (pointed at this field), 

speaks also of the Building Drainage Systems, which since its present day design 

development in the 19
th
 century has seen little advancement. The continued events of 

disease outbreak however, continue to emphasise the need for a clear understanding of 

potential areas for failure within the built environment and continued growth and 

innovation. 

It should be noted here that the extent of risk to public health can be seen in the 

closeness of living quarters. The population densities of the following cities are as 

follows: in London 5285 persons per Ὧά, 10 694 persons per Ὧά in New York, 18 

150 persons per Ὧά in Lagos and 29 650 persons per Ὧά in Mumbai.  . 

 

1.5 The limitations of present numerical modelling of Public Health systems 

While the risks are not always known, the technology and methodology exists to predict 

sanitation system responses to an increasing number of threats. These tools aid the 

classification of a safe system, or one at risk of frequent cross contamination into the 

building occupied spaces. AIRNET a 1D Method of Characteristics model allows whole 

systems to be evaluated from a protective seal standpoint, thus ensuring that people are 

protected from the toxic gases and bio-aerosols which can emanate from the BDS/ 

sewer system.  

It is imperative therefore, that this protective seal (the appliance trap seal) is accurately 

represented in the 1D model. At present, three hindrances exist to realistic whole system 

modelling. They are: 

¶ That the current boundary condition over estimates the water trap seal height 

under certain transient conditions 

¶ The more recent models aimed at addressing the aforementioned limitation can 

only be applied to a single trap seal.  
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¶ No boundary condition presently exists for more recent innovations such as the  

waterless trap seal 

There is a fundamental need therefore, to bring AIRNET into the present by enabling 

the representation of appliance trap seals typical of todayôs system. This thesis focuses 

on improving understanding of barrier technology operation and seeks to improve 

prediction methods to ensure that modelling techniques are accurate and appropriate.   

 

1.6 Aims and Objectives 

The aim of this research is to establish novel methodologies for the development of 

boundary conditions of responsive BDS protection devices suitable for incorporation in 

a Method of Characteristics (MoC) numerical model. The study investigates the 

analysis of appliance trap seals (both water and waterless forms) using Computational 

Fluid Dynamics (CFD), laboratory methods and photogrammetric (the process of 

gaining image data from the use of pixels and light) analysis. The focus here is to 

provide a more in depth qualitative and quantitative analysis of BDS protection systems.   

These reference products (the water and waterless appliance traps) have been chosen 

due to their importance to public health and the significant lack of knowledge about its 

performance. 

 

The research objectives were: 

Objective 1: Determine the unsteady flow characteristics in a U-bend- water trap seal 

through numerical methods using a commercially available CFD tool, 

(ANSYS CFX) to digitally produce deterministic  data. 

Objective 2:Develop a methodology for the evaluation of transient flow friction 

representation using a commercially available CFD program ï ANSYS 

CFX, to establish a boundary condition for a water trap seal, which 

incorporates a frequency dependent representative of friction. This 
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boundary condition must be compatible with the MoC numerical model, 

and more accurately describe the unsteady multiphase flow regime within 

the seal.  

Objective 3:Develop a novel methodology for determining the operational 

characteristics of flexible components (waterless trap seals) using 

photographic methods.  

Objective 4: Validate the potential of computational fluid dynamic investigations as an 

alternative or comparable method to laboratory evaluation. 

Objective 5: Validate new boundary conditions (for the waterless and water trap seals) 

by modifying the existing numerical model - AIRNET (developed at 

Heriot Watt University), for simulation of the unsteady air flow conditions 

in building drainage networks ï providing characteristic data of the 

reference products.  

 

1.7 Focus of subsequent chapters 

Chapter 2, Public Health ï Plumbing and drainage context 

The following chapter in this thesis, continues the introductory notes on Public Health 

by providing an in-depth look at the Building Drainage System, and the methods 

employed to protect building inhabitants from pathogens. The criteria, design history, 

disease transmission routes and fluid mechanics of the system are provided, and 

followed by the latest solutions to control both negative and positive air pressure 

transients.   

 

Chapter 3, Numerical Modelling Literature Review 

Chapter 3 provides the theoretical background in the popular discretisation methods for 

solving both fluid and solid problems. The chapter begins by providing a general 

background into the Finite Volume, Finite Element, and Finite Difference method of 



22 | P a g e 

 

numerical modelling. The problems for which each method is best suited are discussed 

along with the rationale for the noted advantages. Whole system modelling of the 

Building Drainage System is traditionally performed using the MoC technique for 

which boundary conditions are developed empirically. Details of this process are 

provided along with the limitations to existing boundary condition development 

methods. Fluid Structural Interaction (FSI) is introduced and suggested as a suitable 

method of assessing non-rigid system components.  

  

Chapter 4, Laboratory and Numerical Investigation 

This chapter details the experimental (laboratory and numerical) methods employed in 

the investigation of the reference water trap and waterless trap seals. General CFD and 

FSI software and hardware requirements are provided along with the limitations and 

findings during the use of several computing solutions. The chapter then continues by 

providing details of the methodology implemented to fulfil the requirements of the 

objectives of this study.  

 

Chapter 5, Numerical Analysis of Multiphase flows in Appliance Traps 

This chapter presents the results and analysis of unsteady flow in two appliance water 

traps using CFD. The results lead to the identification of zones of movement, and the 

variation in motion according to the applied frequency. Using this data, a frequency 

dependant friction factor which provides the existing governing equation with a more 

realistic impression of the trap seal movement is developed.   

 

Chapter 6, Fluid Structure Interaction ï Laboratory and Numerical Investigations  

This sixth  chapter presents the investigation of aero-elasticity of the waterless trap seal 

using high speed digital photography, pressure measurements, and numerical FSI to 

analyse the self-oscillating waterless trap seal. Programmatic analysis required a custom 
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cell/pixel colour recognition software to determine the pipe opening size, length, 

breadth, shapes and opening and closing patterns. Fourier analysis determined the 

dominant pressure and opening frequencies, and post-processing of the FSI data enabled 

investigation of the flow within the sheath. 

 

Chapter 7 Discussion and Validation of the Novel Boundary Condition Techniques 

Chapter 7 presents the methodology for boundary condition development for a waterless 

and water trap seal, and exhibits the results of the system modelling conducted in 

AIRNET incorporating the new boundary conditions derived in chapters 5 and 6. This 

data provides validation of the computational (CFD and FSI) and laboratory 

experimental data. 

 

Chapter 8 Conclusions and Recommendations for Future Work 

This chapter provides the main conclusions of the research through a summary of 

findings and concludes by providing suggestions for future work which would extend 

this body of work.  

 

1.8 Conclusion 

The devastating effect of the spread of infectious diseases in the past is seen in the 

number of deaths recorded through history. Though great strides in the Medical and 

Sanitation fields allow society to reside in close proximity today, challenges are still 

fought by public health engineers in the 21
st
 Century. Outbreaks of rare diseases like, 

cholera, ebola, SARS, have tested our global systems and led to a greater appreciation 

to the risks urbanisation and globalisation pose to all.  

This chapter has detailed the history of humankindôs efforts to control the spread of 

disease through the eras and societyôs changing acceptance, ignorance and 
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understanding of the role that air and water play in disease transmissibility. Concerns of 

Public Health Engineers, surrounding future climate change predictions have been 

discussed as climate change poses significant challenges to the operation of the BDS. 

The rationale for developing boundary conditions through novel techniques for whole 

system modelling and the importance of accurate models is explained along with the 

objectives to be met in order to achieve this research projectôs goal.  
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Chapter 2 

____________________________________________________________ 

Public Health: Drainage and Plumbing system contexts 

______________________________________________________________________ 

 

2.1 Introduction   

Physical barriers provided by walls, floors, doors and ceilings, present the illusion of 

complete isolation when in fact, the internal space of every household in an urban 

setting, is connected by a physiological waste removal (drainage) network. This 

network (the communal transport system for household urine, faecal matter, synthetic 

wipes, cleaning agents and other waste) is terminated by protection devices (appliance 

trap seals) at each sanitary appliance.   

This seal acts as the sole defence mechanism to protect residents from pathogens 

originating from the drainage network, and so it could be argued that the trap seal 

between the sewerage system and the living space is the single most important 

innovation in building plumbing and drainage science since its acceptance in the 19
th
 

century. This invention acts to prevent the spread of disease by limiting human 

exposure to pathogens, and thus making the solid waste transportation system a 

safeguard to public health.  

This chapter begins by exploring the role of the BDS in Public Health Engineering, how 

the design has changed through the years and what factors have influenced these 

changes. An understanding of the importance of ventilating the system is brought to the 

fore, along with the influence that transient system fluid mechanics play in 

compromising protection devices ï the water trap seal and the waterless trap seals. 
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These trap seals are formally introduced, providing the scope, design and limitations of 

the devices.  

In the event of device failure, transmission of disease becomes likely (if biological 

conditions are favourable), and so the methods and the types of pathogens along with 

their lifespan within the network are introduced. This is particularly important in the 

fomite transmission route, where inanimate objects within the building can become 

contaminated thus leading to disease spread when touched. Understanding the transient 

pressure regime within a BDS is an essential first step in predicted protection device 

responses. Air pressure control, via ventilation pipes or active ventilation devices such 

as air admittance valves are additional protection systems and offer a stable pressure 

regime for system terminations such as water trap seals and waterless trap seals.  

Protecting the seal between the sewer and the building is a complex task and this 

chapter raises issues surrounding the modern day rationale for the inclusion of these 

protection devices and the consequences to public health of a seal breach.   

 

2.2 The criteria of the Building Drainage System performance 

An effective BDS is required to transport human and sanitary waste away from the 

appliance, and to the sewer connection. Safe operation of this system requires that 

transportation within the network occur without possibility of cross contamination, 

leakage or interruption to system usage (Swaffield, 2010). Under current climate change 

predictions, meeting the safe operation criteria is expected to pose pressure on existing 

devices and require designers to ensure safe operation under low water availability, and 

extreme temperature conditions.  

 

2.3 The Building Drainage System design  

The criteria for safe operation of the BDS along with consideration for cost effective, 

and resource sensitive design, have fuelled many of the advances made in the design of 

the BDS over the years. Figures 2.1, 2.2, and 2.3 show the gradual shift over a century, 
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from the traditionally oversized systems towards a more efficient and economical use of 

materials.  

The traditional two pipe system designed during the Victorian era divided the transport 

of grey and black water into two networks. This design method ensured that faecal oral 

transmission could occur solely via contact with the toilet and that the instance of 

system failure reduced due to the low volume of water discharged via multiple 

appliances.  Additionally, in many cases of this era, the toilet held a separate room in 

the house from other sanitary appliances, abiding with the practice of separation of 

habitable comfort spaces and physiological matter. 

From the late 19
th
 century, the focus of the BDS rested on design and regulation and the 

criteria of the system. This shift is first noted in the beginning of the 20
th
 century when 

the stipulation of a London county council Bye-Law required that where more than one 

w.c. was connected to a soil pipe, each w.c. should be ventilated by a pipe not less than 

50mm in diameter (Wise, 1957). The then widely used two pipe system led to use of 

excessive amounts of pipework in the need to ensure safe and comfortable living 

conditions.  
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Figure 2. 1, The two pipe system  

Factors such as the economic implications of excessive pipework, along with ill system 

operation due to the severe weather conditions, fuelled further research in the USA in 

the 1930s. This work led to the development of the one pipe system. This system was 

first tried in the U.K. in 1934, however the potential savings were somewhat lessened 

by the venting requirements stipulated by the London county council Bye-Law 

(Gormley, 2002).  
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Figure 2. 2, The one pipe system introduced in the 1930s 

During this time, concern for the retention of appliance trap seals during operation led 

to research aimed at providing design guidance that linked acceptable water flow 

capacity to the ensuing air pressure regime within the pipe network. This research focus 

commenced with the earliest recorded research work due to Hunter (1924), and 

continues today. At the National Bureau of Standards (NBS), Washington DC, Hunter 

established the limit for stack water annular flow ï namely an annular film whose cross-

section is no more than 25 per cent of the stack cross section. In 1940, Hunter 

developed the concept of discharge units relating the flow requirements of appliance 

use, and in so doing the considering the effect of simultaneous use. This design tool 

remains relevant to this day. 

In the 1950s Wise, aided by research work from his colleagues at the UK Building 

Research Establishment (BRE), developed the single stack system that reduced the 
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venting complexity (Swaffield, 2010) ñon behalf of local authorities who were 

concerned about the excessive use of pipework in their large building programme 

following World War IIò(Gormley, 2002). This system however, was found to still be 

susceptible to pressure transients and so research continued into the 1970s and led to the 

modified one-pipe system which is widely used by designers to this day. (Kelly 2009) 

explains that research leading to this development included site as well as laboratory 

testing.  

  

Figure 2. 3, Single stack drainage system introduced in the 1950s 

Focus on the criteria of the BDS post the 1950s is seen in work by Wise, (1952), Wylie 

and Eaton, (1961) and Lillywhite and Wise, (1969) who developed semi-empirical 

relationships between terminal water flow and induced air flow, as well as in work by 

Wise and Croft (1954), Wise (1957), Campbell (1992), and  Jack (1997) on the vertical 

stack length effects, providing finding that such as discharge water flow rate, pipe 
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diameter and the roughness of the pipe carried the magnitudes of negative pressure 

transients generated throughout the stack (Filsell, 2006). These works challenged the 

thinking that air entrainment was based solely on appliance discharge, and instead 

considered the effect of system resistances.  

Research efforts continued into positive air pressure transient propagation in building 

soil stacks. This research led to the development of Studorôs 0Ȣ!Ȣ0Ȣ! (Discussed 

further in Section 2.5.2). Further investigation of the system has led to greater use of the 

single stack system due to the ability to ensure safe operation through venting 

appliances suitable for alleviating either negative or positive pressure, thus restoring the 

system to atmospheric conditions. Venting and attenuation devices are discussed further 

in Section 2.5.2. 

 

2.3.1 The water trap seal  

The appliance water trap seal has since the 18
th
 century acted as the ófinal defence 

mechanismô against the propagation of sewer gas into the indoor space. This barrier 

though sometimes altered in design (see Fig 2.4), remains relatively unchanged in its 

operation in the last two centuries. It is particularly important for inhabitants at low 

levels of a building as they present the shortest travel path for sewer gas and liquid 

ingress through appliances. However, as noted from the SARS virus outbreak in 2003 

(as discussed in Section 2.4.1), the spread of disease through appliance trap seals across 

multiple levels of a building can occur; in this instance due to aerosolised contaminated 

matter assisted in travel by mechanical fans and the opportunity of through flow in the 

appliance trap.  

The seal between the indoor space and the potentially contaminated BDS is created by 

the addition of sufficient water to an appliance trap; thus creating what is known as the 

appliance water trap seal. This seal, typically greater than 50mm above the base of the 

inner bend, prohibits the passage of air pressure transients into the indoor environment. 

UK drainage codes (BS EN12056:2000) specify that pressure fluctuations within the 
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appliance trap should not exceed ±37.5mm wg, and so to ensure retention the required 

minimum seal height is 38mm.  

Research by Gormley and Kelly (2011), Gormley et al (2011), Swaffield (2010), and 

Gormley (2011) provide evidence of the importance of the trap seal as pathogens (such 

as the Norovirus  and SARS) contained in bio-aerosols, contaminated buildings through 

the drainage network, reaffirming that transmission of infection can occur through 

contact with aerosolised contaminated sewer fluid.  

Improvements in sanitation since the middle ages make such occurrences rare thus 

attesting to role the traditional water trap seal as the main isolator for a building and its 

inhabitants from the microbiological matter contained in a BDS. That is, until the 

invention of the waterless trap seal.  

 

Figure 2. 4, Types of water trap seals 

P trap 

Running trap 

S trap 

Bottle trap 
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2.3.2 The waterless trap seal 

Among recent innovations within the building drainage sector is the introduction of the 

waterless trap seal. Developed in the 1990s by Hepworth HepvO® (now Wavin 

HepvO®), for the purpose of isolating the BDS from the rest of the building 

components. This seal holds the advantages of being devoid of the risk of depletion or 

compromise due to vibration, while also limiting the through flow movement of insects, 

and maintaining operation under extreme cold and low water usage conditions.  

Waterless traps are broadly analogous to each other, in that the mechanical construction, 

(from the general shape of the trap to the material composition), are similar, and each 

forms an obstruction to airflow. These deformable valves differ however, in their size, 

thickness, colour and elasticity. With Sample 1 (of the waterless trap seal reference 

products) being the smallest, thinnest and most elastic, and Sample 3 being the largest, 

thickest, and stiffest of the set.  All three reference products (waterless trap seals) are 

enlarged (in circular form) at one end to enable uniform fixed connection to, and 

uniform flow from the pipe, and slimmed to two parallel lips (in rectangular form when 

closed) at the other to provide an adequate seal to the pipe (see Figure 2.5).   

 

Figure 2. 5, The waterless trap seal connected to a 50mm pipe 
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The waterless trap seal is made up of a flexible sheath enclosed within a waste water 

pipe (which is set open at one end and closed in a rectangular form at the other end) and 

is likened to the behaviour of an air admittance valve in that, it enables air flows to enter 

the network under negative air pressure gradients, and seals instantaneously on the 

arrival of a positive transient. Therefore under normal appliance operation, liquids and 

air entering from the appliance are allowed to propagate into the BDS, but reverse flow 

is prohibited.  

 

Figure 2. 6, The reference waterless trap seal - Sample 3. 
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Figure 2. 7, Schematics of an installed waterless trap seal: (a) closed in vertical 

position, (b) opened in vertical position by appliance usage, (c) 

opened by self siphonage 

The water and waterless trap seals though likened in the purpose of their operation 

differ in many ways. Following the event of an intermittent negative pressure flow 

regime in a branch connected to a waterless trap seal, the device would quickly reseal 

and return the network to a healthy state. This occurrence in a water trap seal, could 

likely lead to significant loss in trap seal height, less than required to ensure retention of 

the seal. On the other hand, an unobserved fault in the waterless trap seal is possible 

  

(a) Vertical : closed  

When: 

ὴὥ  ὴί 

  

(b) Vertical : in use 

Water introduced by appliance usage holds 

the valve open 

When:  

ὴὥ> ὴί 

  

(c) Vertical : in use 

Waterless trap seal here acts as an AAV 

remaining open until the negative pressure 

applied downstream increases  

When: 

ὴὥ> ὴί 
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under high positive pressure. Dependant entirely on the trap design, the material is 

capable of inverting. Unknown to the inhabitants in both scenarios where the seal is 

lost, return to a healthy state would require the use of the appliance to top up the seal 

height in the case of the water trap seal and manual movement of the sheathôs lips in the 

case of the waterless trap seal. These disadvantages of the waterless trap are however an 

unlikely event as the required pressure for inversion is rare to the BDS. If a satisfactory 

seal exists, this product prevails over the water trap seal as the circumstance for 

potential evaporation of contaminated sealing fluid ceases to exist. The mode of 

compromise differs in these two traps making oneôs advantage the otherôs weakness and 

vice versa.  

A compromise is reached when both seals are installed to work in unison. Alternatively, 

the use of sensory tools could also assist in ensuring the inhabitants are aware of 

possible inversions.  

 

2.4 Transmission routes of infectious disease 

Human waste of a healthy or infected person may contain several types of pathogens. 

These microbes or organisms can be classified as either a: virus (20 -300 ὲά), 

chlamydiae (200-1000 ὲά), cickettsiae (300-1200 ὲά), mycoplasmas (125-350 ὲά), 

bacteria (0.8-15ὲά), fungi (2-200 ‘ά), protozoa (1-50 ‘ά) or helminth (3 ὲά -10 ά). 

Within the built environment, the hardiness of a particular microbe is of particular 

interest as secondary transmission may occur through inanimate objects such as: toilets, 

sinks, showers, or other drainage appliances. The lifespan of certain organisms is 

suggested in Table 2.1. It should be noted that microbe survival times increase if housed 

in dust, food, water, bacterial spores, protozoan cysts, or thick shelled helminth eggs 

(Kumar et al, 2007). For an individual to become at risk of disease transmission, an 

infectious dose of the disease must be present and make contact with the person 

(Fewtrell and Bartram, 2001). Typically transmission of disease through a BDS occurs 

under 3 categories: waterborne transmission (faecal oral routes), airborne transmission 

(respiratory droplets), and insect/arthropod vectors. 
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2.4.1 Waterborne transmission 

Waterborne transmission refers to the infection of a host via the ingestion of or contact 

with contaminated water by faecal matter. In the BDS, this transmission route is likely 

in instances where pathogens expelled by faecal matter into water are ejected through an 

appliance and proceeds to reach the gastrointestinal system. Eggs shed by some 

helminths (e.g. hookworms, schistosomes) into stools gain access to new hosts via 

larval penetration of the skin (Kumar et al, 2007). 

 

Table 2. 1, Pathogen and indicator survival in freshwater, saltwater and soil. 

Sources: Feachem et al, 1983; Mara and Cairncross, 1989; National 

Research Council, 1998; Robertson et al, 1992; Rose and Slifko, 

1999; Schwartzbrod, 2000; Tamburrini and Pozio, 1999 cited in 

Fewtrell and Bartram, 2001. 

Organism Freshwater Saltwater Soil 

Viruses 11-304 days 11-871 days 6-180 days 

Salmonellae <10 days <10 days 15-100 days 

Cholera 30 days >285 days <20 days 

Faecal coliforms 10 days <6 days <100 days 

Protozoan cysts 176 days 1year >75 days 

Ascaris eggs 1.5 years 2 days 1-2 years 

Tapeworm eggs 63 days 168 days 7 months 

Trematodes 30-180 days 2 days <1 days 
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Figure 2. 8, Infectious disease transmission routes within a high rise building 

designed with both passive (right) and mechanical ventilation (left) 

solutions. 

Expelled pathogens which are likely to persist after defecation include: poliomyelitis, 

norovirus acute gastroenteritis, giardiasis, hepititis A, hepititis E, poliovirus, rotavirus 

(gastroenteritis), shigellosis, typhiod fever, vibrio parahaemolyticus infections, 



39 | P a g e 

 

enteroviruses, vibrio cholera (cholera), clostridium difficile, cryptosporidiosis, 

ascariasis, and helicobacter pylori. 

 

2.4.2 Airborne transmission 

The airborne route of transmission is said to possibility account for between 10 to 20% 

of all endemic nosocomial infections (Brachman, 1970). Airborne transmission of 

disease occurs by the propagation of pathogens through the air from one host to another. 

This method of infectious disease transmission is particularly suited to óless hardy 

microorganisms which must be quickly passed from person to person, often by direct 

contactô (Kumar et al, 2007). Examples of such infectious diseases include: the 

common cold, influenza, mycobacterium tuberculosis, rhinovirus, measles, chickenpox, 

anthrax and cryptococcosis.  

 

2.4.3 Insect or arthropod vector transmission 

This method of infectious disease transmission involves a vector, a carrier which 

transmits an infectious agent through an arthropod. Common carriers include: 

mosquitos, flies, sand flies, rats, cockroaches, triatomine bugs, mites, ticks, lice and 

fleas, and are known to spread diseases such as malaria, chikungunya, trypanosomiasis, 

yellow fever, west nile virus and lassa fever. 

 

2.4.4 Transmission through the Building Drainage System ï a single case 

It is often difficult to link the source of the infectious disease outbreak with the BDS, 

however in 2003, the severe acute respiratory syndrome (SARS) epidemic presented at 

a local site - the Amoy Gardens housing complex in Kowloon Bay, Hong Kong. Here, 

12 years ago, early concerns about the airborne transmission of a contagious disease 

were reaffirmed, and further, the transmission through pipework which housed no 

physical barrier to divide the indoor space and the building drainage and vent system.   
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The complex houses 19,000 residents, within 19 blocks. Each block consists of between 

30 to 40 floors with typically 8 flats per floor. See Figure 2.9. 

 

Figure 2. 9, Amoy Gardens housing complex, Hong Kong. Source, SKK (HK), 

(2015). 

The SARS outbreak at the Amoy Gardens occurred primarily as a result to insufficient 

water in an appliance trap seal. This failure in system criteria enabled cross 

contamination to occur and the subsequent propagation of aerosolised biological matter 

to propagate through the complex. 

WHO (2003b) reported a total of 321 cases of which 41% resided in Block E, 15% 

resided in Block C, 13% resided in Block D and 18% of the total number of cases 

resided in the remaining 11 other Blocks in the complex (Hong Kong Dept. of Health 

Report, 2009, cited in Kelly, 2009). This occurrence highlights the importance of 

control of such microorganisms in the built environment. Prevention of cross 

contamination however, is especially vital in hospitals and care homes, where 

inhabitants are in a likely immuno-compromised state. 




































































































































































































































































































































































































































































