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Background and proposed action by the Meeting of
the Parties

1. This document was prepared pursuant to the idac the first session of the

Meeting of the Parties to the Protocol on Water hiedlth entrusting the Task Force on
Surveillance, led by the Government of Italy, wille preparation of guidelines for setting
up, implementing and assessing surveillance systdors water-related diseases
(programme of work for 2007-2009, ECE/MP.WH/2/AdERIR/06/5069385/1/Add.5,

paras. 12-18).

2. Following the request from the Meeting of theties, the Task Force identified the
need for the preparation of the following guidantaterial:

(@) Technical guidance on setting up, implementang assessing surveillance
systems of water-related disease (contained iarthex to this document); and

(b)  Policy guidance on setting up, implementing @sdessing a surveillance
system on water-related disease (ECE/MP.WH/2016H\IDHP/1003944/4.2/1/4).

3. The draft technical guidance for setting up,lengenting and assessing surveillance
systems of water-related disease is the produa fwing participatory process through
which the draft was consulted and commented oheatsécond and third meetings of the
Task Force on Surveillance (held, respectively28r29 April 2009 in Rome and on 11—

12 February 2010 in Durres, Albania) and at th@seand third meetings of the Working

Group on Water and Health (2—3 July 2009 and 2™M2ag 2010, Geneva). The drafting

process was chaired by Italy and supported by tleldMHealth Organization Regional

Office for Europe (WHO/EURO).

4, The Meeting of the Parties may wish:

(@) To adopt the technical guidance for settingiomlementing and assessing
surveillance systems of water-related diseasepatined in the annex to this document,
recognizing its strategic importance for the impdetation of the Protocol, in particular
article 8, and to request the joint secretarigdriot, publish and distribute it widely through
different means, as appropriate;

(b)  To invite Parties and non-Parties to the Pmitdoc implement the technical
guidance in the framework of their activities onteverelated disease surveillance;

(c)  To request the Working Group on Water and Hpeaftd the Task Force on
Surveillance to promote the implementation of teehnical guidance, including through
the development of capacity-building and awaremaissng activities;

(d)  To review, at its third session, experiencehwthie implementation of the
technical guidance and decide, if need be, to @pidah the light of practice and lessons
learned,;

(e)  Tothank Italy for its leadership in the deymtent of the technical guidance,
and those Parties and non-Parties that stronglycstgy it;

) To express its appreciation to the Chair of Tresk Force on Surveillance,
the WHO/EURO secretariat and all the experts whurdmuted to the development of this
guidance document.
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Preface

1. The importance of water-related diseases on hurealth has been recognized as a
major threat to sustainable human development inumber of international forums,
including the Millennium Development Goals, the \WdorSummit on Sustainable
Development, the 3rd World Water Forum, the Envinent for Europe Conference, the
Dushanbe Freshwater Forum and others. Within thhef@an region, the majority of WHO
Member States committed themselves to a co-ordinfaght against water-related diseases
through the Protocol on Water and Health to the21@8nvention on the Protection and
Use of Transboundary Watercourses and Internaticaieds.

2. Following the entry into force of the Protocal Water and Health in 2005 and the
first meeting of the Parties in 2007, the decisi@s taken to focus on two groups of water-
related diseases: those with a high epidemic palenincluding cholera,
enterohaemorrhagic E. coli, viral hepatitis A, Hlacy dysentery and typhoid. A second
group of emerging diseases were recognized to bmavéasing health concern in the
region. These include campylobacteriosis, cryptadsis, giardiasis, and legionellosis.
In addition, some pathologies are recognized tdogally important, such as helminth
infections.

3. In line with the holistic approach between wadervices and health, the present
guidance document reviews the main threats to healated to water services, recalls
basic concepts of epidemiology and disease sumwei, and provides guidance on data
management and analysis.

4, The current document will support national eBortowards national and
international health security in line with the Imtational Health Regulations (2005) which
entered into force on 15 June 2007. It also caristita step towards the implementation of
the Tallin Charter on Health Systems (Tallin, E&p25 — 27 June 2008) particularly the
ensurance of “a holistic approach to health sesyigevolving health promotion, disease
prevention and integrated disease management pnogga, as well as coordination among
a variety of providers, institutions and settings'lt also follows the 2003 guidance
concerning the use of integrated risk assessmihkt/management approach, termed a
water safety plan, as a basis for the continuedigion of safe water

5. The document is inspired by a WHO public heatiiative on surveillance of

water-related diseases in central Asia, organizeth@ WHO Collaborating Centre for
Health-promoting Water Management and Risk Assessmate the University of Bonn,

Germany. Every effort has been made to draw ofessons of this initiative in making the
guidance in this document relevant to all countifeshe region, taking into account the
different capacities for surveillance and outbrdatection.

6. The work was done by the Task Force on Watatedl Disease Surveillance,
chaired by the Italian Higher Institute of Publiceddth and supported by the joint
Secretariat.
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Introduction

Lead Author: Martin Exner

1. Over 30 million cases of water-related diseasddcbe avoided globally each year
through water and sanitation interventions. Invegtin water supply and sanitation has
produced benefits far greater than those direetlgted to the cost of treatment for water-
related diseases (Bartram, 2002).

2. Gastrointestinal infections are one of the ppaccauses of morbidity and mortality
among children. For children, under 5 years of ageleveloping countries, it is estimated
that a median of 3.2 episodes of diarrhoea occuclpiéd per year (Kosek M et al, 2003).
Estimates of mortality revealed that 4.9 childrear 4,000 die each year as a result of
diarrhoeal illnesses in the first 5 years of liiethe WHO European Regiofigure 1), a
clear distinction has been noted between the nitgrtaisulting from diarrhoeal diseases in
the EUR-A, EUR-B and EUR-C regiong-igure 2 below shows the standard death rate
from diarrhoeal diseases in the below five yeargmep in the EUR-A and the EUR-B+C
region respectively (green) and the EUR-B+C regespectively (red).

Figure 1 WHO European Region

1 The WHO defines its subregions as follows:

EUR-A: Andorra, Austria, Belgium, Croatia, CzeRbpublic, Denmark, Finland, France, Germany,
Greece, Iceland, Ireland, Israel, Italy, Luxembuvglta, Monaco, Netherlands, Norway, Portugal,
San Marino, Slovenia, Spain, Sweden, Switzerlamited Kingdom.

EUR-B: Albania, Armenia, Azerbaijan, Bosnia aneriegovina, Bulgaria, Georgia, Kyrgyzstan,
Poland, Romania, Serbia and Montenegro, Slovakipki$tan, the former Yugoslav Republic of
Macedonia, Turkey, Turkmenistan, Uzbekistan.

EUR-C: Belarus, Estonia, Hungary, Kazakhstanyigat.ithuania, Republic of Moldova, Russian
Federation, Ukraine

13
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Figure 2 SDR diarrhoeal disease below 5 years of agSource: WHO Health for all )
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3. While mortality data are surely the most strikimorbidity figures show that water-
related diseases continues to be a serious proinléhe European region, are hampering
sustainable development and imposing prohibitivenemic costs.

4. Waterborne diseases with high potential for tgiag into epidemics, such as
cholera, were brought under control through thekwadrJohn Snow (1854), Filippo Pacini
(1854) and Robert Koch (1883) and others. Disease$s as hepatitis A, typhoid and
paratyphoid, bacillary dysentery and infectionsEbycoli are still important health concerns
in many countries of the region while endemic opamed cholera cases demand constant
vigilance.

5. Emerging pathogens in drinking-water have becomeeasingly important during
the last 20 years. The newly-identified and re-ejimgr water-related pathogens include
Campylobacter spp., human-pathogenic enterohaemorrhaic colistrains (EHEC),
Yersinia enterocoliticaenteric viruses such as rotavirus and norovirused the parasites
Cryptosporidium parvunandGiardia lamblia Such emerging pathogens in drinking-water
have led to new demands in drinking-water hygiengn in countries having achieved a
high standard of water treatment in the last tweetyrs.

6. In dependency on the route of transmission \Wwatee pathogens must be
subdivided into those that are transmitted via $tiga and those that are transmitted via
inhalation or contact. A typical example of the aseosol as exposure route is infection by
Legionella spp. An overview of transmission pathsvéyr some pathogens is given in

Figure 3. It is important to distinguish between infectiomansmitted via ingestion and
those transmitted via inhalation.
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Figure 3 Transmission pathways (WHO, 2004)
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7. Public health systems throughout the Europegmmeare therefore faced with

important challenges: they are in the forefrontredlucing the endemic disease burden
related to water and sanitation. Public health gssibnals need to be prepared for
outbreaks and make contingency plans, includingikeeabreast of new epidemiological
insights. The challenges are especially great & éhstern part of the region where
strengthening of primary health is a priority.

8. In order to reduce the burden of water-relatadeakes in Europe, active
involvement of all stakeholders is required. Intjgatar, strengthening the relationship
between public health services and the utilitieaaging the production and distribution of
drinking-water should be seen as a priority chaiéenThe link between the two is found in
the Framework for Safe Drinking-water as summarindeigure 4.

15
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Figure 4 Expanded health framework (Bartram et al,2001)
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9. Primary health care promotes a holistic apprdachealth that makes prevention
equally important as cure. It aims to integrateltheiaato all sectors, pursue collaborative
models of policy dialogue, and increase stakehofdeticipation. In order to assist the
cooperation between the different stakeholderslugebin the implementation of the health
framework, there is a need to strengthen the utatedig by primary health services of the
approach followed by water utilities in their eff®to ensure safe water, and by the water
utilities and other stakeholders in the techniqaed approaches followed by (primary)
health care services.

10.  The first section of these guidelines summarlzasic information on water-related
pathogens and chemical contaminants.

11. The second section introduces the differert fastors that affect drinking-water
quality from resource over treatment and distritrutio the ultimate consumer and on the
steps taken by the water utilities to diminish tiesulting risk through a multi-barrier
approach. The basic concepts of the water safatysphs recommended in the 3rd edition
of the WHO drinking-water quality guidelines arealled as a holistic framework for risk
assessment risk management. This section shoutdv dflealth services to gain a
fundamental insight in the basic approach to wasdety from the viewpoint of a water
utility, to identify the precise role of the (prim@ health systems (in so far as not
statutorily defined) and to interact in a meanimgftay with water utilities and other
stakeholders, particularly those tasked with emritental management.

12.  The third section of the guidelines then foonghe specific management of health
concerns of surveillance of water-related diseabks.surveillance of drinking-waterborne

16
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infectious diseases basically distinguishes fromveational surveillance systems by the
integration of data from the drinking-water supjpiythe surveillance of infectious diseases.
The surveillance authority must have the powereteidnine whether a water supplier will
focus on the specific management of health concénna few cases this may result in a
water service engaging in the monitoring of watdated diseases outbreaks within the
service area. The surveillance of drinking-watenkoinfectious diseases is distinguished
from conventional surveillance systems by the irgggn of data from the drinking-water
supply in the surveillance of infectious diseas&be surveillance authority must have the
power to determine whether a water supplier isilfinl§ its obligations thereby again
strengthening the multi-sectoral approach (WHO,6300

13. In order to promote a multi-sectoral approatie guidelines outline basic
epidemiological concepts and theoretical modelatired to the specific challenges of
waterborne disease surveillance. Guidance is affeva the correct formulation of
surveillance programmes including investigativeivétis undertaken to identify and
evaluate risk factors associated with drinking-wat€ounsel is offered on the setting up
and operation of national surveillance systems dathinformation management. Guidance
will also be provided on evaluating existing sulegice systems and on how such systems
could be improved.

14.  Primary health care systems in the Europeaionefgce different challenges and
have different capacities. These differences haen ltaken into account as far as possible,
and more detailed literature is identified in Annéixs hoped that this guidance document
will assist all stakeholders, policy makers, hegitbfessionals, water utility managers and
other stakeholders in developing a common coursactibn to reduce the level of water
related diseases in the European region in link thi¢ provisions of the Protocol on Water
and Health to the 1992 Convention on the Proteciomd Use of Transboundary
Watercourses and International Lakes.

Health Risks From Microbial Pathogens

Lead author: Friederike Dangendorf, Dirk Schoenen

Definitions

Legal definitions

15.  The Protocol on Water and Health defines “wedtated disease” to mean “any
significant adverse effects on human health, sischeath, disability, illness or disorders,
caused directly or indirectly by the condition,aranges in the quantity or quality, of any
waters.

16. “Drinking-water” means “water which is used, intended to be available for use,
by humans for drinking, cooking, food preparatipersonal hygiene or similar purposes”.

17.  “Groundwater” means “all water which is belowe tsurface of the ground in the
saturation zone and in direct contact with the gtbar subsoil”

18. “Surface water” Surface water is all water nally open to the atmosphere,
including rivers, lakes, reservoirs, streams, impgbuent’s, seas, estuaries and so on. The
term also covers springs, wells or other collectifrsvater that are directly influenced by
surface waters.

19.  “‘Collective system’ means:

17
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A system for the supply of drinking-water to a nweniof households or undertakings
and/or

(-]

20. “ ‘Water-management plan’ means a plan for tlevelopment, management,
protection and/or use of the water within a teriétbbarea or groundwater aquifer, including
the protection of associated ecosystems”

Epidemiological definitions

21. Water-associated diseases are classifiediwgarfain groups (after Bradley 1974):

(8 Waterborne diseases: This group of infectiensaiused by the ingestion of
faecally contaminated water. Cholera and typhoigefeare classical examples of
waterborne diseases, where only a few highly ifdest pathogens are needed to cause
severe diarrhoea. Shigellosis, hepatitis A, amoelyigentery and other gastrointestinal
diseases can also be waterborne.

(b)  Water-washed (water-hygiene) diseases: Themsdes occur due to the lack
of adequate water supply for washing, bathing aedring. Pathogens are transmitted
from person to person or by contact with contangidaturfaces. Eye and skin infections as
well as diarrhoeal illnesses occur under theseigistances.

(c)  Water-scarce diseases: These illnesses occer tduthe lack of water
available for washing, bathing and cleaning. Hepeghogens are transmitted from person
to person or from contaminated surfaces to a peaserspread by the faecal-oral route. In
particular, eye (trachoma) and skin infections lfges), diarrhoeal diseases occur under
those conditions.

(d)  Water-based diseases: Those diseases are dawsedanisms, in particular
by different species of worms that spend a patheif life cycle in different habitats. They
spent one development cycle in aquatic molluscsthem one as fully-grown parasites in
other animal or human hosts. Because stagnatirfgceumwaters, like reservoirs, are the
preferred habitat of parasitic worms, the occureersf water-based diseases like
dracunculiasis and schistosomiasis can be heallyeinced by anthropogenic activities.

(e)  Vector-borne diseases: These infections aresethlby bites of insects
breeding in water. Insect-vectors such as mosauitbansmit diseases like malaria,
chikungunya and other diseases.

Table 1 Waterborne pathogens and their significancen water supplies (WHO, 2004)

Pathogen Health Persistence Resistance  Relative Important

Significance In water To infectivity Animal
Supplies Chlorine Source

Bacteria

Campylobact High Moderate Low Moderate Yes

er jejuni, C.

coli

Escherichia High Moderate Low Low Yes

coli —

Pathogenic
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E. coli - High
Enterohaemo
rrhagic

Legionella  High
spp.

Salmonella High
typhi

Other High
salmonella

Shigella spp. High

Vibrio High
cholerae

Yersinia High
enterocolitica

Viruses

Adenoviruses High
Enteroviruses High
Hepatitis A High
Hepatitis E  High

Noroviruses High
and
Sapoviruses

Rotavirus High
Protozoa

Cryptosporidi High
um parvum

Entamoeba High
histolica

Giardia High
intestinalis

Helminths

Dracunculus High
medinensis

Schistosoma High
spp.

Moderate

Multiply

Moderate

Low

Low

Low

May multiply Low

Short
Short

Long

Long

Long
Long

Long
Long

Long

Long

Moderate

Moderate

Moderate

Short

Low

Low

Low

Moderate

Moderate

Moderate
Moderate

Moderate

Moderate

High

High

High

Moderate

Moderate

High

Moderate

Low

Low

Moderate

Low

Low

High

High
High

High
High

High

High

High

High

High

High

Source: WHO Guidelines for drinking-water qualidyd ed., pp 122

Yes

No

No

Yes

No
No

Yes

No

No
No
Potentially

Potentially

No

Yes

No

Yes

No

Yes
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22.  In order to evaluate the health risks of watgseciated human-pathogenic micro-
organisms it is necessary to understand their ggaod epidemiology. In this chapter the
ecology and epidemiology is described in detail $ome of the most important water-
related infectious diseases.

Diarrhoeal Diseases

23.  Diarrhoea occurs world-wide and causes 4%l afeslths and 5% of health loss due
to disability. Diarrhoea is the passage of loose or liquid staobre frequently than is
normal for the individual. It is primarily a sympioof gastrointestinal infection. Depending
on the type of infection, the diarrhoea may be wa(éor example in cholera) or passed
with blood (in dysentery for example). In many casethe European region the cause of
diarrhoeal events remains undetermined, especidign the episode is self-limiting. When
reported the term diarrhoeal disease of unknowiolagy is used. It is most commonly
caused by gastrointestinal infections; cholera dyskntery cause severe, sometimes life
threatening forms of diarrhoea.

24. Diarrhoea due to infection may last a few daysseveral weeks, as in persistent
diarrhoea. Severe diarrhoea may be life threatedirgyto fluid loss in watery diarrhoea,
particularly in infants and young children, malnished people and those with impaired
immunity. The impact of repeated or persistentrtiega on nutrition, and the effect of
malnutrition on susceptibility to infectious diaogm can be linked in a vicious cycle
amongst children, especially in developing coustrie

25.  Diarrhoea is a symptom of infection caused byst of bacterial, viral and parasitic

organisms, most of which can be spread by contadednaater. It is more common when

there is a shortage of clean water for drinkinghkiag and cleaning, and basic hygiene is
important in prevention.

26. Diarrhoea is also associated with other inf&sti such as malaria. Chemical
irritation (e.g. magnesium sulphate or copper)haf gut or non-infectious bowel disease
can also result in diarrhoea.

27.  Water contaminated with human faeces (for eXarfipm municipal sewage, septic
tanks and latrines) is of special concern. Aninaacks also contain micro-organisms that
can cause diarrhoea.

28. Diarrhoea can spread from person to persorraagted by poor personal hygiene.
Water can contaminate food during irrigation, argh fand seafood from polluted water
may also contribute to the disease.

Bacteriological Pathogens

A brief historical note

29. The first hygienic-microbiological requiremerfisr drinking-water were set by
Fraenkel (1887) on the basis of colony count stidie wells in the Berlin area. His
investigations revealed colony count in the grouatdw of O/ml, exceptionally 10/ml. This
groundwater did not present any infection risk.efflel proposed that the requirement for
drinking-water should be the microbiological qualibf groundwater. Before this
requirement came into force, a cholera epidemi&éut in Hamburg in 1892, with 8605

WHO Factsheet at http://www.who.int/water_sanitatihealth/diseases/diarrhoea/en/ accessed 11
November 2008
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dead and 16956 diseased persons (Koch, 1893)agtithe, water in Hamburg was taken
from the Elbe River and supplied to the populatigithout any treatment. Except for
boiling, there was no other method for drinking-eratlisinfection known at that time;
filtration was the only technical available procéssrder to improve the water quality.

30. In Altona, which is now a part of Hamburg, kudtich at the time of the outbreak in
Hamburg was a separate town, the epidemic did reztkbout although the water for this
town was taken at a considerably less favourabde samely from the river downstream of
Hamburg. However, the water was treated by slowd ddtration and the water was
microbiologically tested. Based on these obsermatidRobert Koch (1893) posed the
following two requirements: (i) surface water, whis to be used as drinking-water, has to
be appropriately treated, and (ii) the colony coaftér the treatment should not exceed
100/ml. The colony count below 10/ml, which wasuiegd by Fraenkel (1887), could not
be attained by slow sand filtration. The highestpssible colony count of 100/ml was
introduced as a criterion for assessing the efiimyeof the filtration devices, but not as a
health risk itself. The above given requirementsRmpert Koch were published in 1894,
and became a legal rule in Germany in 1899.

31. In the following period, the colony count grally lost its character as an
assessment parameter, and it was replaced byfoedEs coli, coliform bacteria and other
faecal indicators. However, this change did noetplace as a result of an effort to enhance
the quality requirements for drinking-water but &ase the colony count was taken to be a
too restrictive assessment parameter. The arguwesithat the use of the colony count for
the quality assessment would exclude some watecesdrom the drinking-water supply,
although they were free of pathogens, or that iildgose excessively high demands on
water treatment.

Cholera

32. Faecal contamination of drinking-water is dtik most important cause of cholera
outbreaks in many parts of the world, especiallyciitical situations such as natural
disasters, mass migration, military actions andgeé camps. Cholera epidemics occur due
to insufficient hygiene and sanitation (Exner, 1996

33.  Vibrio cholerae is a gram-negative bacterium iarthe classical causative organism
of cholera. To date, 139 different serotypes haentidentified of which O1 and 0139 are
pathogenic types. V. cholerae 01 is subdivided theoEl Tor O1 and the haemolytic El

Tor Vibrio. These strains are replacing the clads\¢ibrio cholerae. In 1992 the strain

0139 was identified for the first time in India aBengladesh. In 1991, cholera occurred in
Latin America after 100 years of absence. Withipe@rs the cholera spread from Peru to
Mexico. These cholera epidemics show the potefdiainodern societies to disseminate an
epidemic pathogen globally.

34. Travel-associated, imported cases were repantettie United States, Japan and
Europe (Chin, J 2000). Also in the European regmlera cases are frequently being
reported from all countries; importation by retungitourists is the main cause.

35.  The organism enters the gut via ingestion,résés in the mucosa and produces an
enterotoxin, which results in an extreme loss ofewand electrolytes. The infectious dose
of cholera is relatively high. The incubation pekitypically 1 — 5 days, is rather short.

36. Cholera is an acute infection of the intestimhich begins suddenly with painless
watery diarrhoea, nausea and vomiting. The mainmiceli symptoms include colourless
stools, so called rice-water diarrhoea. Severescat®t abruptly with endless streams of
watery stools. Due to massive loss of body flugiydration and metabolic acidosis death
can occur within hours or a few days. Without tneait mortality is high (50%) in heavy
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cases. Children at an early age are particulantiskt With prompt and adequate treatment,
mortality can be reduced to 1% of the cases.

37. V. cholerae live attached to a particular kifichigae and zooplankton in the aquatic
environments, its natural reservoir, and can infeatistuffs grown in contaminated areas.

38.  Cholera remains prevalent in areas with pogidne and sanitation, close to surface
water, with high population density and a high dlosohumidity.

Typhoid fever

39. The causative agent of typhoid fever is Salftanayphi, which is an
enteropathogenic organism amongst other Salmorsglia They belong to the family
Enterobacteriaceae and are gram-negative facubativanaerobic bacteria. Today
Salmonella spp. are classified by DNA-serotypirtg iifferent serotypes. Common human
Salmonella serotypes are S. typhi, S. paratyphiereritidis and S. typhimurium which
cause enteric fever or gastroenteritis (Milleré&htl Pegues D, 2000; Chin J, 2000).

40. Symptoms of infection can be mild or severe emtlde sustained high fever (as
high as 39°C - 40°C), malaise, anorexia, headammestipation or diarrhoea, rose-coloured
spots on the chest area and enlarged spleen ard Most people show symptoms 1 — 3
weeks after exposure. The symptoms of paratyphenerfare generally milder than in
typhoid fever (Chin J, 2000).

41.  The incubation period depends on the infectanse and varies between 3 days to 1
month. For paratyphoid fever it lasts 1-10 daystyghi and S. paratyphi only colonise in
humans. Infectious excreta and sewage are therdf@emost important source of
infections.

42.  The pathogens can be transmitted from persperson by direct contact to infected
individuals or by ingestion of faecal contaminatexd or drinking-water. Important
vehicles in some countries include shellfish takem sewage contaminated beds, raw
fruits, vegetables, contaminated milk and dairydoiis (Chin J, 2000).

43.  S. typhi has been isolated from water and sewglge persistence in water supplies
is moderate; the survival time of salmonellae imking-water ranges from a few days to
over 100 days. Resistance to chlorine is low. Haeoatamination of groundwater and
surface water, and insufficient disinfection preef, are the main cause of waterborne
outbreaks (WHO, 2004).

44.  Although the disease is more common in devetpgiountries including Asia,
recent outbreaks were also reported from Eastemodeu for example from Dushanbe,
Tajikistan. In February 1997, a sudden increastaénnumber of typhoid fever cases was
identified in Dushanbe, with approximately 2000esagegistered during a 2-week period.
The outbreak occurred due to the contaminatiorhefrhunicipal water supply (MMWR,
1998).

45.  Children in endemic areas are at highest skSt typhii infection owing to their
lack of acquired immunity. Outbreaks of typhoiddein developing countries can result in
high morbidity and mortality rates, in particulah@&n caused by antibiotic resistant strains.

Shigella

46.  Shigellosis or bacillary dysentery is an acb#eterial disease characterised by
bloody diarrhoea. Shigella spp. are small gram-tregdacteria that belong to the family
of Enterobacteriaceae. The genus Shigella compifises species: S. dysenteriae, S.
flexneri, S. boydii and S. sonnei. Bacillary dysegtis the most communicable of the
bacterial enteritis. Symptoms are fever, nauseaitieg, cramps and tenesmus. Mild and
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asymptomatic cases occur. The illness is usualfyliseted and lasts between 4 to 7 days.
The incubation time is between 1 to 7 days foSaligella spp. infectious diseases (Dupont
H L, 2000; Gleeson C and Gray N, 1997).

47.  The severity of the infections depends on thexies and of the host. Children are
more frequently affected by complications. S. dysedae type 1 (shiga bacillus) cause
often severe diseases and complications whichradade the hemolytic-uremic-syndrome
(HUS) (Chin J, 2000). S. sonnei causes a mildearar

48.  The infecting strains are generally presergtaols in concentrations between 103
and 109 organisms per gram stool. Volunteer stutbe® demonstrated that less than 200
viable cells can produce the disease in healthytadDupont HL, 2000) Shigellosis
spreads mainly by person to person contact, edpyebietween children in overcrowded
conditions (schools, kindergarten).

49.  Shigellosis is a health problem in developiagvall as in developed countries. The
infection is recognised to be endemic in the Easkdediterranean countries and shows a
peak of infection predominantly in the warm months.the developing countries the
occurrence is influenced by the availability of eraind changes in hygienic behaviour of
the population.

50. Waterborne outbreaks occur more frequently tduaecal contaminated drinking-
water. Epidemics of waterborne shigellosis gengralppear in the context of wells
contaminated with faecal material and sewage digehelose to water intakes or bathing
areas. Because of the low resistance to chlorimerination of water would be an effective
prevention measurement. So far the disease waskmmin to be often spread by
waterborne transmission, but waterborne outbreaisoacurring more frequently due to
faecally contaminated drinking-water. Epidemics whterborne shigellosis generally
appear in the context of wells contaminated witctd material or sewage discharge close
to water intakes or bathing areas. Chlorinationvafer is an effective prevention measure
[WHO, 2004; Dupont HL, 2000).

Campylobacter

51. Campylobacteriosis is a worldwide zoonotic §ealsto humans via animals or
animal products) enteritic disease which relategriam negative bacteria of different
Campylobacter species. Campylobacter are bactehighwgrow under microaerophilic
conditions. There are several species out of whelmly C. jejuni and less C. coli are of
human pathogenic importance.

52.  Diarrhoea (often in the presence of mucus doddp, abdominal cramps, fever,

malaise and vomiting are characteristics of acatepgylobacteriosis. In some individuals, a
reactive arthritis (painful inflammation of the @) can occur. Rare complications include
seizure due to high fever or neurological disordarsh as Guillain-Barre syndrome or
meningitis. The period from the infection until tloecurrence of the first symptoms is
about 2-5 days. The infective dose ranges fromttomoderate.

53. Campylobacter spp. are organisms often foundh@ environment; the main
reservoir of pathogens are wild birds and poultwyhbwild and domestic. The bacteria are
common in food animals such as poultry, cattlesp#neep, ostriches, and shellfish, and in
pets including cats and dogs. The animals themsehay not have symptoms. Therefore,
raw milk, undercooked poultry and beef are impdrtsources of infection. Excretion of
Campylobacter by domestic and wild animals and gewdischarge may lead to
contamination of surface water (Medema, 1996).hin dquatic environment, the bacteria
can survive for months at about 4°C. A capabilifysorvival of several weeks could be
found in a cold groundwater reservoir (Szewzyk,®00
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54.  The disease can be directly transmitted viaféleeal-oral route or indirectly via
contaminated foodstuff and drinking-water. Campglctier is often detectable in surface
waters. In a study on the microbial contaminatibmBows to drinking-water reservoirs in
different catchment areas, Campylobacter could dtected in 36% of the running water
samples in an area which was intensively useddocualtural purposes (Kistemann, 1998).
The survival of Campylobacter during drinking-watpurification was examined by
Feuerpfeil et al. (1997). Even after generally effee purification technologies
(flocculation, filtration) Campylobacter could $tile detected. Campylobacter are sensitive
to chlorine and are in general inactivated by digition during drinking-water purification
(Lund, 1996).

55. Despite this, drinking-water is regarded asregdent source of infection. In
developing countries, outbreaks of gastroenteditis to Campylobacter spp. are a major
cause of morbidity and mortality in young childremder two years. Campylobacteriosis is
now one of the most frequently identified causesntéstinal diseases in industrialized
countries, and should be given increased atteimiother countries.

Pathogenic Escherischia coli strains

56. Escherichia coliare present in the normal microbial flora of tlestgointestinal tract
of human beings and warm-blooded animals. As treeyioin high numbers in all faeces,
E. coli are used as an indicator for faecal patuiin drinking-water surveillance (Gleeson
C and Gray N, 1997).

57. Some species are of human pathogenic importasceh as EHEC

(enterohaemorragic E. coli), EIEC (enteroinvasivedi), ETEC (enterotoxic E. coli) and
EPEC (enteropathogenic E. coli) causing seriousdy diarrhoea (Mead PS and Griffin
PM, 1998).

58. The enterohemorrhagic E. coli belongs to thetgpe O157:H7 group. It was

detected to be human pathogenic in 1982 duringautbreaks of bloody colitis. One year
later the link between an EHEC infection and theuoence of a haemolytical uraemic
syndrome (HUS) was established. The HUS complesyofptoms includes, among others,
bloody diarrhoea and acute renal failure, in paldicin children.

59.  The infectious dose is low with about bout HF2EC bacteria. In about 80% of the
illnesses watery diarrhoea and in 20% additionsjtyptoms of HUS occur [Mead P.S. and
Griffin P.M., 1998; Doyle M.P., 1990).

60. The main reservoir of pathogens of the bactmacattle, but also sheep, and to a
lesser extent goats, red deer, horses, dogs, dndiflies. The bacteria can survive in liquid
manure, manure and drinking troughs. The pathoggesmainly transmitted through
contaminated foodstuffs such as raw milk and be¢falso via vegetables, processed meat
(Soderstromet al. 2005, Sartz et al. 2007) andkoigawater. Foods that are irrigated,
washed or prepared with polluted water are alsonancon cause of infection.

61. The disease can be transmitted from persorrsop via direct contact to infected

human beings, contact with animals, food and compsiom of contaminated water. Person-
to-person transmission is particularly prevalent@mmunities where there is close contact
between individuals, such as nursing homes or dag centres. There is a high risk to fall
ill for infants and old people (Doyle, M.P. 1990).

62. EHEC infections have been reported from moemn tBO countries worldwide. In
some countries they are nowadays already regarsléteathird most frequent cause of
bacterial intestinal infections after salmonella aampylobacter. In Canada, the USA and
some areas of Scotland, the annual incidence eatesmint to 8 per 100,000 inhabitants
(Mead, P.S. and Griffin, P.M., 1998).
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Legionellosis

63. The Legionnaires' disease was first reportelDifi/ after an outbreak among people
attending a convention of the American Legion inld&telphia, U.S. Due to inhalation of

contaminated aerosols from an air conditioning esysbf the hosting hotel, about 221
persons contracted pneumonia, leading to 34 deaths.

64. Legionella species can cause two different gypé disease: (1) Legionnaires'
disease which is a pneumonia and (2) Pontiac feveri|der, flu-like form.

65. So far 50 species with about 70 serogroups hbeen identified in the

Legionnellaceae family of which Legionella pneumitglis responsible for 90 percent of
infections. Legionella are gram-negative aerobicn-spore forming bacteria. L.

pneumophila is an ubiquitous aquatic organism gnatvs in warm environments (having
an optimal temperature range of 32-45 °C).

66. Legionellosis is not characterised by distsyhptoms, but non-specific signs such
as anorexia, malaise, headache, and rapidly raiagr. Cough, abdominal pain and
diarrhoea often occur. The incubation period lastsveen 2-10 days, mostly 5 - 6 days and
rarely up to 20 days. Pontiac fever is a flu-likegionellosis without pneumonic illness
(Bartram J., 2007; Yu, V.L., 2000; Chin J, 2000).

67. Inhalation of contaminated aerosols from tecdinsystems such as cooling towers,
showers, air conditioning units and hot- and colater installation systems, spas, pools,
thermal ponds, springs, humidifiers, and domestienping may cause legionellosis.
Infections have also been caused via Legionelldacoimated potting soils and compost.
Recently, airborne transmission over long distanbhas been described from France
(Nguyen et al. 2006). Transmission can also begoaised according to the place of
infection into community-acquired pneumonia and aoanial infections (Bartram J,

2007). Person-to-person transmission does not occur

68. Sources presenting higher risk for causingolegliosis include hospital water
systems which may cause nosocomial infections, wmder systems in contained
environments such as hotels, ships and differeshistiial settings especially when such
water systems are not properly maintained. Alscewaystems in domestic houses may
cause infection.

69. Legionella is chlorine tolerant and can sundvi@king-water treatment processes. It
found an ecological niche in water distributionteyss and other technical systems. These
man-made habitats provide favourable water tempeyst physical protection and
nutrients. In order to prevent the growth of Leglg organisms in water distribution
systems, water has to be kept either below 20°&er 50°C (Szewzyk U, 2000). Different
biocides, UV irradiation and point-of-use filtratioare other methods used against
legionella.

Viral Diseases — Viral Hepatitis A
70. Hepatitis is a broad term for inflammation bgtliver. Two viruses that cause
hepatitis (hepatitis A and E) can be transmittedugh water and food.

71. HAV is relatively stable in the environmenteaftt is excreted with the faeces. The
infectivity retains several weeks at room tempemrtit is stable after incubation at &b
but boiling destroys the virus after 5 minutes.

72. The illness starts with an abrupt onset of febedy weakness, loss of appetite,
nausea and abdominal discomfort, followed by jacadh a late phase of the disease.
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73.  The shortest incubation period observed was tlean 1 week after ingestion of
infection dose of 108 viral particles and 7 weekrainfection dose of 101 viruses
(Feinstone S.M. and Gust I., 2000).

74. There is an inverse correlation of symptomdhie age of the patients. Children
under 6 years have mostly mild or no symptoms.oimtrast, most adults develop jaundice
and other symptoms. However, there is no evideimgeHAV causes chronic diseases. The
HAV comprises only a single serotype. People, wherewinfected, acquire a life-long
immunity with strains from any part of the world.

75. Humans are considered to be the only impontasérvoir of HAV. The main
transmission route is ingestion of contaminateccdae This can occur from person to
person via contaminated hands or by consumpticconfaminated water or food. Usually
food which is eaten uncooked, such as salads, frifetables, ice and some dairy products
is responsible for foodborne outbreaks. HAV camw &s transmitted via food contaminated
by infected food handlers, uncooked foods, or fduatsdled after cooking. Hepatitis A has
also caused outbreaks transmitted through injeaiingon-injecting drug use. Outbreaks
have been reported after the consumption of pirii@oked shellfish, proposing that even
steaming is not sufficient to destroy the HAV (Fone S.M. and Gust I.D., 2000).

76.  The virus can appear in swimming pools and tebaseas used for bathing and
swimming. In particular, sewage can be a sourdbef/irus. The virus can persist in waste
water, seawater, soils, surface waters and wappliss for days to months. It is also quite
resistant to free chlorine, particularly when thatev contains organic matter (WHO, 2003;
Feinstone S.M. and Gust I.D., 2000).

77. Hepatitis A is particularly frequent in couesiwith poor sanitary and hygiene
conditions. In low endemic countries HAV will mooften occur as an outbreak. Countries
with economies in transition and some regions dugtrialized countries where sanitary
conditions are sub-standard are also highly afectacluding southern and eastern
Europe.

78. In addition to hepatitis, viral gastroenteritisa very important cause of diarrhoeal
disease, and seems to be on the increase, atinetd United Kingdom (Hunter, 1997).
Human caliciviruses (HuUCVs) have are of high healtnificance, with a high relative
infectivity moderate resistance to chlorine andglgrersistence in water supplies. They
include the genera Norovirus (Norwalk-like virusegyeviously referred to as “small
rounded particles”. Similarly, rotaviruses also édmgh health significance and hih relative
infectivity, moderate resistance to chlorine arghhielative infectivity (Guillot, 2010)

79. However, diagnosis of viruses, using suchiredbt advanced techniques as electron
microscopy and ELISA, is still often beyond the tine capabilities of surveillance
systems.

Protozoan Diseases

Cryptosporidiosis

80. Cryptosporidium spp. are protozoan parasitesvel@dl different species are
recognised of which Cryptosporidium parvum is priliyaresponsible for clinical illnesses.

81. The single-celled intestinal parasite (oocystlich can cause severe diarrhoea
reaches the gastrointestinal tract via ingestidre ihcubation period is generally 7 days,
although 5 to 28 days could also be observed. possible that the disease can occur
without the parasite detected. Even when the parasmains undetected, the infected
human being is a source of infection for othersiariboea, abdominal pain, vomiting,
malaise and fever are the characteristic signkeofitsease. The duration and seriousness of
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the disease strongly depend on the immunocompetesicehe infected person.
Cryptosporidiosis can become chronic in AIDS pdteand can lead to death (Haas C.N.,
1999).

82. The disease can be transmitted directly fronsgreto person or animal to person
through contact (at home, in nursery schools, @dpfe's homes, animal farms etc.) or
indirectly via ingestion of recreational water, taiminated foodstuffs and drinking-water.
The parasite is very resistant to chlorine-baseihfictants, but not resistant to ozone.
Outbreaks in public water supplies have been lirtkedulty filters.

83. The infectious dose is recognised to be vew llm theory, the ingestion of one
viable oocyst could cause infection. In healthyladalunteer studies 30 oocysts caused a
20% infection rate. The virulence of Cryptosporiditstrains is recognised to be very
different (Gibson et al. 1998).

84. The infectious oocysts come from the faecemfetcted human beings and warm-
blooded animals. Approximately 40 species of marsmake known as a reservoir of
pathogens, amongst which are domestic (cattle,, piiggs, cats) and wild animals.
Particularly calves play an important role as ammah reservoirs of pathogens. They can
excrete 7 x 106 oocysts per gram faeces.

85.  According to studies, the pathogens can bedfaumpprox. 65 - 97% of the surface
waters. Also high numbers were found in surfaceewaéceiving untreated or treated
wastewater, while the parasites occur much lespuénetly in groundwater. Significantly
high numbers of Cryptosporidium parvum are foundrduextreme rain falls (Kistemann
T., 1998; Karanis P. and Seitz, H.M., 1996; Juradbdk,, 1995; Teunis P.F., 1997).

86.  Drinking-water, extracted from surface watesByted with human or animal faeces

is a major source of contamination. The Cryptoghardetected in raw water can be found
in drinking-water (in lower concentrations) aftéarsdard treatment methods. The parasite
is characterised by a high tenacity, a low infettidose and a high resistance to
disinfectants (Exner, M. 1996).

87.  The importance as a parasite that can be tittedmia drinking-water is confirmed
by the documentation of numerous waterborne oukisreln 1983 and 1984 the first
documented waterborne outbreaks occurred in theabiikthe USA. Until now outbreaks
were frequently reported with partly very high nwergof illnesses (Hunter P., 1997).

Giardiasis

88. Giardia spp. are flagellate protozoan parasitdke genus Giardia. Giardia lamblia
(also called G. duodenalis or G. intestinalis) étidved to be the most frequent cause of
diarrhoea disease and the most frequent integpenasite in humans worldwide. Clinical
symptoms after infection with cysts includes asyonmtic cyst passages, acute, usually
self-limited diarrhoeas, and chronic syndromes iafrdoea. Further symptoms may be
abdominal cramps, malabsorption and weight loss.

89. The infectious dose is very low. The incubatpemniod is usually about one to two
weeks. Generally, the acute illness heals aftettey®, but can last for 4-12 weeks. (Hunter
P, 1997).

90. In developing countries Giardia is one of tlwstfenteric pathogens to infect
children with prevalence of 15-20 percent occuriimghildren less than 10 years old.

91. The parasite is widely distributed in the eaniment occurring in the small intestine
of human beings and many vertebrates and entenmgvater resources via sewage, storm
water discharge or droppings of infected animalse Eysts are able to survive in the
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aquatic environment for long periods of time with¢esing their infectiousness (Gibson,
C.J., 1998; Gleeson, C. and Gray N., 1997).

92.  Water plays a major role in the transmissio®i@frdia. Most waterborne outbreaks
occurred due to inadequate chlorination or/andfiitéent filtration methods of drinking-
water. Like Cryptosporidium parvum, the parasiteecigitively resistant to chlorine and has
a high tenacity.

93. In a number of studies it was shown that thestnfiequent association between
Cryptosporidium and Giardia had been found in sgrfavater sources with a high density
of domestic and wild animals. Whereas, on one h&wgptosporidium occurred almost
ubiquitously at concentrations that correlate vad#iry farming and density of fallow deer
in the catchment area, on the other hand Giardésayere principally associated with the
presence of sewage (Atherholt T.B., 1998; Kistemanr2002; Ong C., 1996; Payment P.,
2000; Robertson LJ, 2001).

Diseases of High Local Importance

94. The previous section has summarized some ki&yniation on water-related
diseases recognized of importance by the PartigbedProtocol on Water and Health.
However, contributors to the present document adsmgnise that, while of local rather
than regional importance, two additional patholsgieed to be recognized.

Helminthic diseases

95.  Although not retained as a health problem ofegal importance in all countries that
ratified the Protocol, Parties concurred that hethic diseases can be of considerable local
importance. This is the case when water supplggsfficient to meet basic hygiene needs,
as is common in rural areas in central Asia. Thay miso be of local importance when the
decision has been made to use treated wastewadgricultural applications, for example
as a climate change mitigation measure. In vievtheir localized importance, a short
description was deemed appropriate.

96. Helminths are generally known as parasitic verithey usually invade their hosts
in a larval stage and migrate through the body feefoaturing in the gut. They can cause
serious tissue and organic damage and malnutrition.

97.  The major helminth infections of humans areseduby nematodes (roundworm),
trematodes (flukes) and cestodes (tapeworms). Témesrnission route is through the
ingestion of eggs and contact with faecally comteted soil and food (Mahmoud A.A.F,
2000). A problem is the use of inadequately treatedtewater in irrigation and faecal
sludge in soil fertilisation. This practice is aftassociated with an elevated prevalence of
intestinal helminth infections and diarrhoeal ds==ain workers, farmers and consumers
(Mara D. and Cairncross S., 1989).

98. Infections with nematodes comprise ascariasighuriasis and hookworm.
Trichuriasis is among the most prevalent human mehiasis. About 800 million cases
occur worldwide, mostly in warm and moist regioMafimoud A.A.F, 2000). In humans
the infection may manifest as mild anaemia, bloddyrrhoea or chronic gastrointestinal
diseases. Malnutrition and growth retardation dan accur. The worldwide prevalence of
ascaris infections is estimated to be more thaiilibrb people. The disease occurs in all
ages but is most common in pre-school and youngdetged children. Predominant
symptoms include pulmonary and nutritional disosddhe present geographic distribution
of hookworm diseases lies in tropical and subtr@piones. Anaemia and malnutrition are
the major manifestation of the infection (Mahmoud\A-., 2000).
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99. Flukes are parasitic worms which cause sclust@sis, clonorchiasis and
fasciolasis. Humans are the definitive host foe fachistosome species. Each species has a
specific geographic distribution. Two major facter® responsible for the occurrence of
schistosomiasis: the presence of the snail inteiatedhost and the method of disposal of
human excreta. Chronic disease affects commonlyriiestine and the liver. Clonorchis
sinensis is a parasite of fish-eating mammals. dgh humans are incidental hosts,
millions of people are infected in the far Eastenéhtraditionally raw or undercooked fish

is eaten (Mahmoud A.A.F., 2000).

100. Common cestode parasites of humans are thedpeworm, beef tapeworm and
pork tapeworm. The names indicate the main trarsarnissource. Cysts are ingested via
freshwater or fish, or contaminated meat. Symptassociated with infection are usually
minimal but can also show abdominal discomfort (K&, 2000).

101. Transmission of helminth infection dependstaninterruption of the parasitic life
cycle. Transmission can be reduced or eliminatedérgful disposal of human sewage to
limit environmental spread, the use of safe feedwéctor animals such as cattle, swine or
fish, meat inspection and thorough cooking totkiél cysts.

Cyanobacteria in drinking-water

102. Cyanobacteria are ubiquitous procariotic nuoganisms that occurr especially in
inland and coastal surface waters. In favourableitimons they reach high densities and
may form blooms and scums. As secondary metabpliteost cyanobacteria produce
cyanotoxins, which can be grouped according ta thielogical effects (Codd et al., 2005)
into:

(@)  hepatotoxins (microcystins and nodularines);
(b)  neurotoxins (saxitoxins, anatoxin-a, homoaniatax anatoxin-a(s));
(c)  cytotoxins (cylindrospermopsin);

(d) irritants and gastrointestinal toxins: aplysidh, debromoaplysiatoxin,
lyngbyatoxin (produced by marine cyanobacteria);

(e) lipopolisaccharidic (LPS) endotoxins;

)] other cyanotoxins whose toxicological or ecatokogical profile is still only
partially known, as microviridin J arfidN-methylamino-L-alanine (BMAA).

103. The production of BMAA, a non essential amawid, by a wide variety of both

free-living and symbiont cyanobacteria (Cox et 2005) is of particular interest. Indeed,
although with contrasting opinions, BMAA has beamsidered as a potential etiological
agent of some serious neurodegenerative diseasdker(M2006; Lobner, 2007). In

favourable conditions for their growth (i.e nuttieavailability, temperature, light),

cyanobacteria can form blooms and scums. The tgxafia given bloom is determined by
its strain composition (toxic/ non-toxic genotypeEhe amount of microcystins production
by a cyanobacterial population in culture is diegroportional to its growth rate, the

highest amount being produced during the late Itdgaic phase. Beyond population
dynamics, microcystin concentrations in water bsdiare influenced by some
environmental parameters, like nutrient availapiltemperature, pH, light, etc. (Sivonen
and Jones, 1999). Cyanotoxins may be localized ithin the cyanobacterial cells and
dissolved in the water, depending on both the patfrthe toxin and the growth stage
(Chorus and Bartram, 1999; van Apeldoorn et alQ720 The highest cyanotoxin levels
have been reported in blooms and scums, hencetthi@irconcentrations in surface waters
are strongly influenced by the occurrence of tHeses of biomass. Total concentrations
up to 25,000, 12.1 and 3,300 pg/L have been regpantesurface waters for microcystins
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(MCs), cylindrospermin (CYN) and anatoxin-a(s),mestively (Sivonen and Jones, 1999 ;
Rucker et al., 2007). Intracellular MCs contengénerally higher than that dissolved in
the surrounding water (van Apeldoorn et al., 200@Jings and Chorus, 2007) but on the
contrary, higher CYN levels are reported in digedlform than within cells (Ricker et al.,
2007). Scarce information is available on the propn of dissolved form with respect to
the total level for the other cyanotoxins. Aftecallapse of ageing, declining blooms or
their treatment with algaecides, high concentratiohdissolved cyanotoxins can be found
in the surrounding water (van Apeldoorn et al., 2QIbnes and Orr, 1994).

Risk associated to cyanotoxin exposure

104. Humans may be exposed to cyanotoxins throagéral routes: the oral one is by
far the most important, occurring by consumptiorcofitaminated drinking water or food
(including dietary supplements) or by ingestingevaturing recreational activities. Dermal
and inhalation exposure may also occur due to atioreal, sport and professional activities
(i.e. fishery) in infested waters, or to the dorieesse of cyanotoxin-containing water, as in
the case of showering. The parenteral route of @xmois also possible when water from
contaminated superficial water bodies is used @&nddialysis. The human risk associated
with the different route of exposure to cyanotoximss been assessed and reviewed in
several publications (Chorus and Bartram, 1999;aFiend Testai, 2008; van Apeldoorn
et al., 2007; Ibeling and Chorus, 2007).

Episodes of human intoxication attributed to #ivg water contamination by
cyanobacteria

105. Human exposure to cyanotoxins has been assdcisith several episodes of
diseases. The most important one has been repgorBra@zil, where 56 patients out of 130
in hemodialysis treatment died after receiving wateéhich subsequently turned out to be
contaminated by MCs (Jochimsen et al., 1998, Adeet al., 2002). Indeed, the parental
route of exposure considerably increases the iatetose of toxins, directly entering the
bloodstream; therefore, it represents an extremagrant route of exposure, with respect
to the risk evaluation for human health (Funari &edtai, 2008). Taking into account the
particular exposure together with the pathologazaiditions of patients, the water used for
hemodialysis should be free of cyanotoxins. Whefested surface waters serve as
drinking water supply, cyanotoxins can contamirtateking water if they are not properly
removed by treatment systems. From this point efwyithe highest risk of dangerous
exposures coincides with the use of unfilteredfeated surface waters. Depending on
cyanotoxin levels in drinking water, both acutefslierm and chronic effects in humans
may occur (Chorus and Bartram, 1999; Funari andai,e2008). Acute/short-term effects
are associated either with the consumption of ratevs infested by cyanobacteria or with
high cyanotoxin dissolved concentrations in drigkimater as a consequence of either the
breakdown of a natural cyanobacterial bloom oait#icial lysis followed by the failure of
water treatments.

106. Many episodes of human intoxications have beparted so far, some of which are
indicated in the followingable 2
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Table 2 Episodes of human intoxication from cyanobaeria

Etiological agent Place Outbreak Effects Reference
Blooms of Brazil 2000 cases of gastro- Teixera et al, 1993
Anabaena & enteritis and 88 deaths
Microcystis spp in a period of 42 days
Treatment with Australia 140 children and 10 Total Byth, 1980
copper sulphate adult; rgqu!red recovery of Hawkins and
used of a hospitalization for all patients o

. . . Griffiths, 1993
Cylindrospermo liver and kidney
psis raciborskii damage within a week
bloom
Different Australia, Gastro-enteritis and ?7?? Botes et al, 1985
cyanobacteria  Austria liver damages Fawell at al, 1993
blooms

Zilberg, 1996
El Saadi et al, 1995

Falconer. 1989,
1994

107. Acute/short term effects can be preventedutittcadequate reduction of both cell
number (>99%) and dissolved cyanotoxins (Jones @md 1994; Dietrich and Hoeger,
2005).

108. For poor countries, recommendations can beematito use surface waters infested
by cyanobacterial blooms without filtering to remsogells (i.e. simple sand filters), and to
avoid the use of water when the bloom is senes¢deteriorating with age) and
extracellular cyanotoxin concentration is expedtedbe higher (Funari and Testai, 2008).
Chronic effects are difficult to identify and denstrate; information from epidemiological
studies carried out in China (Ueno et al., 1996) mnFlorida (Fleming et al., 2001; 2002)
failed in demonstrating that cyanotoxin exposurthésactual cause of the observed effects
(i.e. hepatic and colorectal tumours), but gavé gusindication that they are simply among
the most likely one. The poor quality of the aable epidemiological data, due to the
study design and/or to the presence of strong cofiong factors, has lead the IARC
(2006) to the conclusion that it is not possibl@s$sociate the excess risk of hepatocellular
carcinoma and of colorectal cancer specificallyhwéxposure to MC. Although the
epidemiological data are not conclusive, some tigiical data are available and can be
used, at least for some cyanotoxins, to evaluaeishk associated to contaminated drinking
water consumption, making use of consolidated riationally accepted risk assessment
procedures. In the case of MC-LR, WHO (2004) dekb¢he subchronic NO(A)EL=40
pna/kg bw/day (Fawell et al., 1994). The choiceto$ tNO(A)EL represents an example of
the application of a conservative approach, siitceas been obtained in a study on mice,
more sensitive to acute effects of MC-LR than rétg; effects at LO(A)EL (200 pg/kg
bw/day) are slight and involve a limited numbemafmals; the route of exposure is gavage
rather than dietary, which gives a higher NOAELueal(Funari and Testai, 2008) By
applying an Uncertainty Factor (UF)=1000 (takingoiraccount inter-and intra-species
variability (100) and the lack of chronic toxicithata) a provisional Tolerable Daily Intake
(TDI) value of 0.04 ug MC-LR/kg bw/day is obtainghis means that an adult with a body
weight of 60 kg could be orally exposed to 2.4 pegr play all life long, without
experiencing any toxicological effect. In light ahe approach used, this value is
conservative enough to consider that the exposura fimited period of time to MC-LR
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values similar or slightly exceeding the TDI vatiee not represent a real risk for the human
population. On this basis, WHO (2004) has calcdlaterovisional Guideline Value (GV)
of 1pg/L for MC-LR in drinking water, considering daily consumption of 2L of drinking
water and an Allocation Factor (AF) = 0.8 (meanthgt drinking water was assumed to
contribute for the 80% of the total intake of MCLR

109. Specific GV for different MC congeners (enddweith different acute toxicity,
generally lower than MC-LR) are not available, #fere a recommendation to use
concentration equivalents as default value fort¢ii@ concentration of all MC variants has
been suggested (Chorus and Bartram, 1999). WHOnbaglerived GV for any other
cyanotoxins due to the lack of adequate toxicolmlgitata; however some considerations
leading to provisional risk assessment can be {Buoerari and Testai, 2008). Regarding
anatoxin-a, an actual NO(A)EL has not been idezdifisince no effects were observed at
the highest tested doses in a sub-chronic study ((%tkg bw/day) (Astrachan et al., 1980;
Fawell et al., 1999). However, by using the highesiue as a NO(A)EL, a provisional
TDI= 0.51 pug/kg bw/day can be derived by applyimgld= =1000, as for MC-LR, leading
toa GV 1.2 pg/L (Duy et al., 2000). Based on thesesiderations, it has been proposed
that a GV=1 pg/L for the total concentrations chtmxins in drinking water could provide
an adequate margin of safety to protect human hedlpotentially exposed populations
(Fawell et al., 1999). The limit = Ag/l established by New Zealand for total anatoxins
content in drinking water and the one adopted bgtralia equal to 3ug/l for anatoxin-a
(Chorus, 2005) are in agreement with these coresider.

110. Concerning CYN, starting from the subchroniO(N)EL= 30 pg/kg bw/day
(Humpage and Falconer, 2003) and dividing it fol= =1000, as previously done for the
other cyanotoxins, a TDI value = 0.03 pg/kg bw/dsyderived. Therefore no risk is
expected to be associated with CYN ingestion ufh.80pg per person (weighing 60 kg)
every day during the life span. Since CYN metabslihave been suspected of genotoxic
potential, this TDI should be updated, once mote dall be available. A GV=0.81 pg/L
(rounded to 1 pg/L) can be derived (Humpage andoralr, 2003; Codd et al., 2005), by
using the same approach described for MC-LR. daagical data can be also used for
defining safe concentrations with regard to theteausk. The starting point is the
identification of an acute dose inducing no effette acute NOAEL) . In the oral acute
toxicity studies with MC-LR signs of hepatic toxiciwere present even at the lowest dose
tested (LOAEL= 50Qug/kg bw); however, some i.p. acute studies arelablai indicating
that doses in the range of 25 - p@/kg bw produced no effects in the mouse liver, the
target organ (Fromme et al., 2000).

111. Considering that MC-LR is 30-100 fold more itoxhan after oral exposure, a
correction factor =10 should be applied, in additio an UF = 100 to account for inter- and
intra-species variability. An acute no-effect dose2.5 ng/kg bw is then obtained,
corresponding to 15(@g/person for an adult weighing 60 kg bw. Since dbse-response
curves in the i.p. studies is very steep, spedi@nton should be exercised, when the
exposure to MC-LR is close to the acute no-effexted At this level of exposure to total
MCs, no acute effect is expected, also considetiag the evaluation has been based on
data on MC-LR, which is among the most toxic vaisanAlthough no evidence of human
intoxication from drinking water contaminated by)Shas been reported so far, they could
also represent a source of concern for acute sftke to their occurrence in freshwaters up
to 2700 pg/L (Batoréu et al., 2005). For this oeassome countries proposed GV or
adopted mandatory regulatory requirements: a goeleoncentration of 3 pg/L STX
equivalents in drinking water has been adoptedustilia (NHMRC, 2001) and 1pg/L in
New Zealand (Orr et al., 2004). Considering a daitpke of 2L drinking water, these
regulatory limits correspond to 2-6 ug STX /persdnch is only a small fraction of the
limit established by the European Union (EU) forahve mollusks (8qug STX eq/100 g of
meat, see below), in order to protect consumersn fiecute effects (EU Directive
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91/492/EEC of 15 July 1991 laying down the heaflthditions for the production and the
placing on the market of live bivalve molluscs).

Monitoring

112. The discovery of pathogenic organisms in teeosd half of the 19th century
quickly clear led to the realization that thesehpgens may be transmitted by drinking-
water. Towards the end of the 19th century, théqgens of two diseases - cholera and
typhoid fever - were the first to be recognizecbamg transmitted by drinking-water. The
following period witnessed the recognition of manyher pathogens as being also
transmitted by watefTable 2 informs on water-transmissible pathogens thatammur in
aquatic resources. This led to the realization thase pathogens may be transmitted by
drinking-water. Towards the end of the 19th centuhe pathogens of two diseases -
cholera and typhoid fever - were the first recogdias being transmitted by drinking-
water. The following period witnessed the recogmitof many other pathogens as being
also transmitted by watefTable 3 below lists pathogens that can occur in sourcemiat
health-endangering concentrations (Schoenen, 0§)199

Table 3 Water-transmissible pathogens

Bacteria Viruses Protozoans
Vibrio cholerae Polio virus type 1,2 and 3 Entamoeba histolytica
Salmonella typhi Hepatitis A and E virus Giardia lamblia
Salmonella paratyphi Enteroviruses Cryptosporidium parvum
Salmonella enteritidis Rotaviruses Toxoplasma gondii
Shigella spp. Adenoviruses
Yersinia enterocolitica Noroviruses (Norwalk-like
Campylobacter jejuni viruses)
Eschercichia coli Coxackieviruses

(pathogen strains)
Leptospira spp.

113. In the following text, no attention is paidgathogens which are found in water in
amounts insignificant to health, but which carrogloice in the water-distribution networks
(seeTable 4); the minimization of the health risk posed bysh@athogens requires special
preventive measures.

Table 4 Pathogens that can reproduce in the waterigtribution system
(Adapted from: Ainsworth R, 2004,p 5-8)

Pathogens that can reproduce in the water distidhusystem

Pseudomonas aeruginosa

Legionella spp.

Aeromonas hydrophila

Flavobacterium spp.

Acinetobacter spp.

Amoebae (Acanthamoebae, Naeglerias)

Atypical mycobacteria
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114. With the exception of leptospira, the pathegdisted in Table 3 Water-
transmissible pathogens are transmitted by theafaeal route, i.e. these pathogens are
excreted from the human or animal digestive tract are ingested orally. The pathogens
can be transmitted directly either from person ¢ospn, or from animal to person, or the
transmission can take place via foods, drinkingewat other objects, since they are highly
resistant to environmental damage. In contrastpgira arises as a rule via a contact of
the skin with contaminated objects or, exceptignadllso via ingestion of contaminated
water.

115. In recent years, attention has turned to thesipility of health risks posed by
emerging parasitic pathogens such as G. lamblipavum discussed earlier.

[1l. Health risks from chemicals

Lead author: Annette Loock

A. Basic chemical considerations

116. A human being is able to survive without oxyder three minutes, without water
for three days and without food for thirty days.eféfore, water is extremely important for
humans. The medium water is a solution of diffeiegtedients which stem from different
sources:

(a) Naturally occurring chemicals (for example caréte, calcium, magnesium,
chloride, sodium, potassium, but also arsenicritioand radio-active substances)

(b)  Chemicals from drinking-water treatment andctieen products (aluminum,
chlorine, phosphate, trihalomethanes)

(c) Chemicals which enter the drinking-water thriowgpntact with materials of
the drinking-water distribution network (iron, leawbpper)

(d)  Chemicals which enter the drinking-water reseuthrough anthropogenic
activities (pesticides, antibiotics, estrogenicgtahces)

Organoleptic assessment

117. The senses of smell, appearance, taste aagtanp criteria in assessing drinking-
water quality. Smell can be impaired by putrefattgroducts such as hydrogen sulfide.
The instinct of smell may provide a warning meckanifor the presence of toxic
substances or microbiological pollution, e.g. by gmoducing pathogens. Smell can be
categorised as metallic, earthy, aromatic, puttid &he human nose can detect trace
amounts of chemicals many times lower than theyéinal detection limits. However,
although the sensory assessment is importantnibti€apable of assessing all health risks
and can not be regarded as the sole and suffiagsatssment method.

118. Appearance of drinking water is assessed mnaiyl turbidity and colouring.
Coloured or turbid water can point to the fact ttiegt water is polluted and can indirectly
indicate a microbiological contamination. Water lifyaassessment using appearance might
warn the human being, as the smell does. Chemicatlyced ground water can contain
iron (II) and manganese (ll) salts in high concatidns. Coming from the tap the water
might be clear, but when exposed to air, iron amtiganese are oxidized and change from
colourless, dissolved forms to coloured, solid fermihe use of water containing iron or
manganese causes brown or black stains on housgbodi$ and clothes as well as deposits
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in the pipes and heaters. Both iron and manganesesaential to human health but adverse
effects can result from overexposure (WHO 2004).

119. The taste of water should be refreshing. Heddeking-water of a good quality
should be free from smell, colouring and turbidityd should be appetising. Depending on
the dissolved chemical substances the taste of watebe salty, bitter, metallic, soapy, etc.
At levels above 2.5 mg/l copper imparts a bittataao the water. Water containing high
levels of sodium and chloride (taste threshold 200-mg/l) taste salty. The avoidance of
water with a high concentration of salt protects Body from negative influences on the
intra and extra cellular water distribution. Antiease in the concentration of electrolytes
disturbs the enzyme activities which are esserntalife. As the two other sensory
parameters, taste may indicate the presence ahafiissubstance.

Undesired effect in drinking-water preparation

120. Further tests are necessary in order to detedt ingredients which cannot be
realised by sensory parameters. The drinking-waxéiaction process must be looked at.
Drinking-water is influenced by:

(@)  the choice of the drinking-water resource
(b)  the water treatment measures
(c)  the choice of the materials of the drinking-evadistribution system

121. For geological reasons, the drinking-waterouese can contain undesirable
substances as for example arsenic. Other contaomnatises mostly from anthropogenic
origin (nitrate, lead etc.).

122. For anthropogenic reasons, the drinking-waksource can contain several
undesirable substances:

(@  industrial products (for example heavy metsddyents)

(b)  products from extensive agriculture (for exden pesticides, nitrates,
nitrites, fattening aids such as antibiotics artdogenic substances)

(c)  products from accidents (for example oil, radiive substances)

123. In water treatment, different materials aredugor filtration, precipitation and
disinfection in order to improve the quality andagtity of the water. In order to avoid a
negative influence of the water quality at thigpsté the process, the materials used are not
to release substances in toxic concentrations.

124. Undesirable concentrations of by-products éeample trihalomethanes) must be
avoided during the process of disinfection.

125. The capacity of the finished drinking-water tssolve products or leach
contaminants from products with which it comes intmtact must be taken into account
when choosing the materials of the water distrdoutietwork. Undesirable substances can
be released by the good solvent properties of wilfater can release asbestos and heavy
metals from the pipe system. The soluble propéityater is increased by pH values below
7. The use of different metals that are in contet also negative influences on the water
quality. Electrochemical elements are formed agsult of which the base metal (for
example lead) decomposes.
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Basis for calculating the guideline values

126. Chemicals in drinking-water can have acute @monic effects on human beings.
WHO has established guidelines for several chdmioa drinking waters in order to
protect human health from long-term exposures.

127. The threshold values are based on a toledatilleintake (TDI):
TDI = (NOAEL or LOAEL) / UF

Whereby NOAEL = no-observed-adverse-effect levelAED = lowest observed adverse
effect level UF = uncertainty factor

128. For the chemicals in the drinking-water theéd8line Value (GV) is valid:
GV=(TDIxBWxP)/C
Whereby BW = body weight P = fraction of the TOlbaated to drinking-water

C = daily drinking-water consumption

Selected Parameters

129. In the following section, some chemicals ascdibed which have toxic or possibly
toxic effects on human beings. A comprehensiveesgwf guideline values (GV) may be

found in (WHO, 2004) while detailed descriptions cmemical risk assessment may be
found in (WHO, 2007) as well as in the detailedeindof background documents on

chemical hazards in drinking-water

Inorganics

Arsenic

130. Arsenic gets into drinking-water primarily eigh the dissolution of naturally
occurring minerals and ores. Commercially, indastairsenic is used as an alloying agent
in the manufacture of transistors, lasers, and-semiuctors.

131. The provisional GV is 0.01 mg/I .

132. It is technically feasible to achieve arsetimcentrations of 5 pg/l or lower by
optimizing treatment, but a more reasonable exgeatais that 10 pg/l should be
achievable by conventional methods, e.g. coaguatio

Fluoride

133. Nearly all waters contain traces of fluorid€se most important source of fluoride
is natural rocks.

134. The GV is 1.5 mg/l. Where the intake from otbeurces are likely to approach, or
be greater than, 6 mg/day, it would be approptiateonsider setting standards at a lower
concentration than the GV.

135. A concentration of 1 mg/l should be achievaldéng activated alumina (not a
conventional treatment process, but relatively &ntp install filters. However, in areas

The index is available from URL
http://www.who.int/water_sanitation_health/dwg/cheats/en/index.html accessed 17 November
2008
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with high natural fluoride levels in drinking-watehe GV may be difficult to achieve, in
some circumstances, with the treatment technolagiagable.

Cadmium

136. Occurrence of cadmium in drinking-water sosrée mainly from anthropogenic
origin. Cadmium is a concomitant element of zimu & discharged when generating and
processing zinc. Cadmium is also contained in Fofséls and discharged to the
environment through burning. Furthermore, battec@m#tain cadmium.

137. The GV for cadmium is 0.003 mg/l. Treatmerhieeability is 0.002 mg/l using
coagulation or precipitation softening.

Aluminium

138. Mobilisation of aluminium occurs via precipite, when rain and snow transport
acids from the atmosphere to the earth’s surfacdph@r dioxide from industrial and
domestic emissions in precipitation reduces thebgHorming acids. At these low pH
values, AF* can be re-mobilised from the soil and from sedimieRurthermore, Af can
enter the hydrologic cycle through an inexpert dldation process in drinking-water and
bathing-water processing.

139. In acid water, aluminium is already highlyitofor fish in concentrations below 0.1
mg/l and plankton is killed. For human beings armmtion between neurodegenerative
diseases and aluminium in drinking-water cannadguded.

140. Although there is no health-based GV for ahiom, high concentrations reaching
distribution systems can result in deposits of @himm flocs, which can cause subsequent
problems. Concentrations can normally be maintabeddw 0.2 mg/l, and 0.1 mg/I should
be achievable in well-run large treatment works.

Nitrates and nitrites

141. Nitrates can be detected in nearly all waitelew quantities. High concentrations
can be caused by leachates from saltpetre stogksubwural fertilisers and by degradation
and oxidation processes of organic and inorganistamces. Increased nitrate content in
drinking-water can cause methaemoglobinaemia enisf Nitrate is latently cancerous, as
reduction to nitrite can occur in the body.

142. The GV for nitrate stands at 50 mg/l to prbt@gainst methaemoglobinaemia in
bottle-fed infants (short-term exposure).

143. The GV / provisional GV for nitrite stands3aimg/l for methaemoglobinaemia in
infants (short-term exposure), 0.2 mg/l (provisipiipng-term exposure)

144. The GV for chronic effects of nitrite is cassied provisional owing to uncertainty
surrounding the relevance of the observed adveesdtth effects for humans and the
susceptibility of humans compared with animals.

145. A treatment achievability of 5 mg/l for niteashould be achievable using biological
denitrification (surface waters) or ion exchangeo@gmdwaters), while 0.1 mg/l should be
achievable from nitrite using chlorination.

Lead

146. Increased levels in the environment are fotlnde to lead mining areas and lead
treatment plants. The main source of lead in dnigkivater is plumbiferous pipes and
fittings. The lead concentration in the pipe sysiaoreases in case of a longer stagnation
period. A layer of calcium carbonate may prevenitact of the water with the metallic
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surface. Corrosion increases concentration, pdatiguin acidic water. Chemical and
electrochemical treatment methods exist to minirplsenbosolvency.

147. The GV for lead is 0.01 mg/l.

Pesticides

148. Several pesticides are used in agriculturiities (some 500 are sold in Europe).
In spite of this only few of them are found at d¢dle levels in ground and surface waters.

149. Indeed, after agricultural application, padés can leach into ground water or be
transported to surface water through run off oirdrge. Often a very small fraction, if any,
of the amount applied reach the water compartmieteed, once in the environment,
pesticides are subject to many degradation prose$éereover, several pesticides exhibit
more affinity for soil than water, hence they anel@ved of a scarce mobility.

150. The environmental fate of pesticides is cdiado by their physico-chemical
properties (Gustafson, 1988; Singh et al., 2003raa et al., 2002; Turusov et al., 2002).
Beyond their intrinsic properties, other factorayph role in the contamination process of
water bodies, like the type of cultivation/treatifiethe rate and frequency of application
and total use, the nature of soil (texture andpigmatter content), the hydro geological
features and climate conditions (Giuliano, 1995CR{3, 2000; Worrall and Kolpin, 2004).

151. Pesticide contamination of the water compantni@as specific features. Pesticide
contamination of surface water is seasonally degeindand generally short-lasting.
Groundwater pesticide contamination is less omlatseason-dependent. Furthermore,
groundwater generally is more protected than sarfaater from contamination processes
and represents a source of high drinking waterityual

152. A high number of monitoring studies are alddaon this issue (Senseman et al.,
1997; Garmouma et al., 1997; Thurman et al., 198ari et al., 1995, 1998; Kreuger
1998; Spliid and Koppen, 1998; EEA 1999; Tuxen let 2000; Scribner et al., 2000;

Younes, 2000; Barbash et al.,, 2001; Van Maanenl.et2@01; Squillace et al., 2002;

Cerejeira et al., 2003; Papadopoulou et al., 208féworth et al., 2006; Comoretto et al.,
2007). The main outcome from these studies is tiatbulk of water contamination is

represented by relatively few compounds. For exampmitrazine, terbuthylazine,

metolachlor, bentazone, mecoprop, isoproturon, iegae, diclorobenzamide,

desethylatrazine and desethylterbuthylazine arquémetly determined in groundwater;
atrazine, desethylatrazine, bentazone, diuron, MCmAtolachlor, molinate, oxadiazon,
terbuthylatrazine and desethylterbuthylatrazinsuirface water.

153. Lipophilic compounds like dioxins and DDT stgly interact with soil particles, are
substantially immobile and are not considered wetataminants.
Disinfection by-products (DBPs)

154. Disinfection by-products can be classifiedifaur major groups: trihalomethanes
(THMs), chlorinated acetic acids, chlorinated ke®mand haloacetonitriles. Of particular
concern is bromate, formed by oxidation of bromide.

155. The basic strategies that can be adopte@dorcing the concentration of DBPs are:

(@ Changing process conditions (including remooflprecursor compounds
prior to application).

(b)  Using a different chemical disinfectant witHaaver propensity to produce
by-products with the source water

(c)  Using non-chemical disinfection and/or
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(d)  Removing DBPs prior to distribution.

156. In attempting to control DBP concentrationss iof paramount importance that the
efficiency of the disinfection is not compromiseahd that a suitable residual level of
disinfectant is maintained throughout the distridnitsystem.

Radio-activity

157. WHO calculates guidance levels for radio-rdediin drinking-water by the following
equation:

GL = IDC/(hpg.q)

Where:

GL = guidance level of radionucleide in drinkingtema(Bg/l)

IDC = individual dose criterion equal to 0.1 mSfdy this calculation
hing = dose coefficient for ingestion by adults (MSWBq

g = annual ingested volume of drinking-water, asstino be 730 Iy
158. Guidance levels for selected radionucleidasiimking-water are as follows
“%h 0.1 Bg/l

?Ra,**®Ra and®Ra 1 Bq/l

*Ra 0.1 B/l

21%p0 0.1 B/l

235 and®*U 1 Bq/l

237y 100 Bq/l

238y 10 Bg/l (The provisional GV for uranium in drink-water is 15ug/l based on its
chemical toxicity for the kidney)

229Th 0.1 B/l

159. Detailed analysis of individual radioactiveesigs and determination of their
concentration is usually not justified. A more pgieal approach is a screening procedure,
where the total radioactivity in the form of alphad beta radiation is first determined,
without regard to the specific radionucleides. 8omeg levels for drinking-water below
which no further action is required are 0.5 Bgfl §woss alpha activity and 1 Bq for gross
beta activity.

Health Risks in the Water System

Lead authors: Friederike Dangendorf, Roger Aertgerts

160. The great majority of health-related waterligpgproblems are caused by the
presence of pathogens. Control of microbial qualgyessential, and must never be
compromised. Nevertheless, it should be recognizetiserious health outcomes are still
being caused by chemical contaminants. Chemicadatk should not be considered solved
but their assessment should form an integral parany holistic risk assessment risk
management programme aimed at ensuring water safety

161. Securing safety of dinking-water supplies asdal on the use of multiple barriers,
operating from the water resources in the catchriieabnsumer, to prevent contamination
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of drinking-water, reduce such contamination ashinaxist to negligible levels which are
not injurious to health through appropriate treattria a series of unit operations, and to
ensure that the safe water so produced reachesttsimer without deterioration in the
distribution network.

162. The holistic risk assessment risk managentett characterizes successful water
services is termed a “water safety plan”, and ithatcore of a well-managed water service.

Vulnerability of the resource

General considerations

163. In general, raw water quality is influencedlmth natural and human-use factors.
Important natural factors which may affect the dgyalinclude wildlife, climate,
topography, geology and vegetation. Human-use factoclude point sources (e.g.,
municipal wastewater and industrial wastewater hdisges) and non-point sources (e.g.,
urban and agricultural runoff including agrochertscdivestock or recreational use) of
contamination. For example, discharges of municipdtewater can be a major source of
microbial pathogens; urban runoff and livestock cantribute substantial microbial load,
body-contact with water during recreation can bsoarce of faecal contamination and
agricultural run-off can create challenges to wakstment.

164. It is important that the characteristics o fbcal catchment or aquifer be well
understood, and that hazards that could lead terwentllution be identified and managed.
The extent to which potentially polluting activién the catchment can be reduced may
appear to be limited. However, introducing goodcpca to ensure containment of
hazardous agents is often possible without subatBntrestricting activities. The
development of collaboration between stakeholdeay fpe a powerful tool to reduce
pollution without reducing beneficial developmeWHO, 2003).

New water services

165. Prior to the selection of a new resources itiportant to ensure that the quality of
the water is satisfactory for drinking, or can breated to an adequate level in an
economically sustainable manner with available tetbgy. Furthermore, the quantity
available should be sufficient to meet continuirater demands, taking into account daily
and seasonal variations and projected demand griovitie community being served. Such
growth may result not only from an increase in gupulation, but also from increasing
living standards or increase certain industriaivitas.

166. Proper selection and protection of the wagspurce is of prime importance in the
provision of safe drinking-water. It is always leetto protect water from contamination,
than to treat it after it has become contaminatghile contamination events are likely to
occur from time to time, a large proportion of diuing-water problems can be prevented
through adequate source protection.

167. To ensure that the best source is selectbdraugh analysis of source water quality
should be undertaken along with a comprehensivesasgent of the vulnerability of the
source to contamination. The assessment should riakertaken under ‘worst case'
conditions whenever possible. A sanitary inspectiod pollution vulnerability assessment
of the source should also be undertaken undertwase' conditions. A sanitary inspection
should indicate the risk to the source from micotdigical contamination in the immediate
surroundings, resulting in the identification of asares that may be taken to protect the
source from continued contamination. A pollutionnarability assessment will provide
information on the risk to the source of contamioratfrom a wider perspective and
identify potential risk from chemical contaminatigHO seminar packs for drinking-
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water quality available on-line
http://www.who.int/water_sanitation_health/dwqg/dveaging/en/).

Groundwaters

168. Rain water or surface water, which seepsthmacsoil, can collect pathogens during
its passage through the upper soil layers and pahghem into the deeper layers. In
particular, pre-formed soil capillaries can horitadly or vertically transport dissolved as
well as particulate substances rapidly over comalule distances. In the saturated phase of
the groundwater, the particulate substances trateshbdy water can be adsorbed on the
surface of soil materials. This process removesnfrimie water both the inanimate
particulate materials and the micro-organisms, uidiclg bacterial, viral and parasitic
pathogens. The adsorption capacity of the soil gharwith the pore volume (the smaller
the pore volume the better the filtration rate) dmel length of the water flow route in the
saturated phase. Water from a well-protected grevatet reservoir is free of pathogens
and exhibits only a very low count of unspecificcrororganisms. Such sources meet the
most stringent hygienic and microbiological requmients for an optimal drinking-water
supply.

169. Groundwater is vulnerable to pollution thoutitis is often neglected due to

historical conceptions, as well as to the 'outightsout of mind' mindset. The concept of

groundwater vulnerability is derived from the assgtion that the physical environment

may provide some degree of protection of groundmageinst natural and human impacts,
especially with regard to pollutants entering thbsurface environment. In arid and semi-
arid regions, such as the Caspian countries, enapggiration rates are often higher,
recharge lower and flow paths longer than in humidas. This often results in high

residence times and means pollution incidents Gare tlong-reaching consequences. As
regards the maintenance of groundwater qualityyigs many other things, prevention is

better than cure.

170. Potential hazards that can impact on the tyuafiresource and source water that
should be taken into consideration as part of aftbassessment are provided able 5
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Table 5 Examples of hazards to resource water (WHQ004)

Catchments

Geology
Rapid variations in raw water quality
Sewage and septic system discharges
Industrial discharges

Chemical use in catchment areas (e.g use of gendiand agricultural
pesticides)

Major spills/accidental spillage
Public roads

Human access (recreational activity)
Wildlife (native and feral)
Unrestricted livestock

Inadequate buffer zones

Surrounding land use (e.g. animal husbandry, alpiey forestry,
industrial area, waste disposal, mining)

Changes in surrounding land use
Poorly vegetated riparian zones and failure ofreedi traps/ soil erosion
Stormwater flows and discharges

Existing or historical waste-disposal or miningsitcontaminated sites/
hazardous wastes

Unconfined or shallow aquifers

Groundwater under direct influence of surface water
Inadequate well-head protection and unhygienictjmes
Uncased or inadequately cased bores

Saline intrusion of coastal aquifers

Contaminated aquifers

Climatic and seasonal variations (e.g. heavy rdjrdeoughts)

Bush fires, natural disasters, sabotage

171. The most logical approach to the definitiorgdundwater pollution risk is to think
of it as the interaction between:

@)

the contaminant load that is, or might be, pliagd to the subsurface

environment as a result of human activity, and

(b)

the pollution vulnerability, which is determohdy the characteristics of the

strata separating the aquifer from the land surfaddO, 2003a)
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172. Understanding how groundwater originates awmde® in aquifers is essential for

understanding its vulnerability to pollution andbsaquently in setting up groundwater

protection strategies, designing pollution contokemediation measures and establishing
monitoring networks.

173. Representation of the vulnerability of grouatlw to pollution can be achieved
using maps. However, the inevitable limitationssoth maps must be explained to the
users by the groundwater specialists who prepam.tiThese limitations come from the
simplifications imposed by the scale of heteroggned soils and aquifers compared to the
scale of the map, and from deficiencies in the datailable for whatever method of
depicting vulnerability is adopted. Given an appton of these limitations, vulnerability
maps have demonstrated that they can play a valualel in groundwater protection.

174. Legislation plays an important part in prategtgroundwater quality. Laws should
be based on a proper process of consultation tarerbat policies are well-founded and
attract widespread support. However, policies awd felating to groundwater protection
can only be effective when the socio-economic diort permit their implementation
without incurring undue costs to communities andedces.

175. The development and application of groundwatetection zones forms a key
component of water safety plans for groundwatepbeg. Protection zones, in which land-
use and pollutant discharges are controlled, reptesscommonly used approach to manage
pollution risks in aquifers. They pay particulateation to the prevention of pollution
within the recharge area. The use of protectioregda important for both microbial and
chemical contaminants and when properly implememexiides an effective barrier to
pollution of groundwater sources. Many protectiones are based upon the time taken for
contaminants to reach abstraction points for grauater from the point of discharge. Some
specific components of protection zones that maydssl as control measures are outlined
in Table 6 below, whilstTable 7 Supporting programmes for groundwater protetion
(WHO, 2006)Table 7 Supporting programmes for groundwater protectdiHQO, 2006)
Table 7 provides an indication of the additionapmarting programmes that may be
required to maintain effective control of grounderaquality.

176. The control of agricultural practices can lgada minimisation of pollution of
groundwater from these activities and are also mapb to consider in the implementation
of protection zones. For example, correct applicatiof fertilisers and pesticides,
appropriate crop selection and sowing time canifsigmtly reduce the movement of
excess chemicals from the soil horizons into theugdwater system. In agricultural
regions, widespread diffuse pollution tends to ocsi the pollutants are used over large
areas. lIrrigation can also lead to pollution if @oninated water is used as a source of
irrigation water, or if irrigation is not appliedh ian efficient manner thereby leading to
increased soil salination. Furthermore, the managerof livestock and waste materials
can also be optimised to minimise pollution, tlisparticularly important where intensive
facilities occur. These are all-important factarsonsider in the protection of groundwater
resources and quality.
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Table 6 Control measures for groundwater protectionzones, options for monitoring

and verification (WHO, 2006)

Control measure

Monitoring and evaluation

Define zones of protection for microbial

quality, based on travel time and local
hydrogeological conditions

Define zone of protection for chemical
quality, based on travel time and local
hydrogeological conditions

Define nitrate vulnerable zones

Define recharge protection zone to maintain

resource protection

Control pumping to ensure effect of draw
down does not increase risk of leaching

Monitor land-use within zone and
ensure restricted uses are controlled

Tracer tests

Verify with microbial indicators
(faecal streptococci, E. coli,
bacteriophages)

Monitor land-use within zone and
ensure restricted uses are controlled

Tracer tests
Verify with chemical analysis

Monitor fertilizer (inorganic and
organic) applications

Verify with chemical analysis

Monitor fertilizer (inorganic and
organic) applications

Audits of pumping

Monitor water levels around
pumping wells with piezometers

Pumping tests to measure draw-
down.

Table 7 Supporting programmes for groundwater protetion (WHO, 2006)

Supporting programme

Monitoring and verification

National and local programmes of
hydrogeological mapping

Vulnerability assessments of major and m

aquifers
Development of flow and contaminant
transport models for aquifers

Prioritisation of aquifers for protection zones

Hydrogeological research programme into
emerging issues and improved understanding

of aquifers

Training of hydrogeological staff in
modelling and analytical methods

Public education campaigns and awareness

raising about groundwater protection

Hydrogeological maps produced at
national and local levels.

Vulnerability maps produced

Models available

Models calibrated

Priority of aquifers indicated on
maps and reports

Research programme funded
Results and outputs of research
incorporated into groundwater
management plans

Training courses available
Training audits to establish training
needs and capacities
Certification/designation of course
by professional bodies
Campaigns implemented and
developed

Efficacy verified through assessm
of changes in knowledge and
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attitude to groundwater protection

Training of farmers and developers regarc -  Training available
acceptable land-uses - Number of farmers/ developers
trained

- Numbers of farmers/ developers
using codes of practice

Development of legislation controlling - Legislation exists and is updated
groundwater abstraction and land-use - Abstraction with specified target
levels

Sources and springs

177. Some specific measures can be employed tegbreburces. Springs, for example,
make good water supplies provided they are progandyected against contamination. To
protect a spring, a retaining wall or box is consted around the “eye” of the spring, where
the water emerges from the ground. The area behadall of box is backfilled with sand
or stones to filter the water as it enters the Hdwe backfilled area is capped with clay, and
grass is planted on top.

178. The whole area should be fenced and a ditgretiove the spring to prevent surface
water from eroding the backfill area and contamiathe spring. The collection area
should be covered with concrete and sufficient spaft beneath the outlet pipe for people
to place collecting cans if people take water diyeftom the spring. A lined drain should
be constructed to carry spilled water away fromdpeng. To prevent mosquito breeding,
water from the spring should not be allowed to faools.

Surface water

179. Surface water as a source of drinking-wateags needs to be treated. This holds
also when contamination occurs only periodically.

180. Protection of open surface water is problecnati the absence of proper
management (WHO, under preparation). It may beiplesso protect a reservoir from
major human activity, but, in the case of a riy@mtection may be possible only over a
limited reach, if at all. Often it is necessaryarept existing and historical uses of a river
or lake and to design the treatment accordinglyweéier, it is important that both localised
and wider measures are undertaken to protect sodiocedrinking-water supplies. Local
measures are required to ensure that the actuadrwsaurce is not at risk from
contamination in its immediate environment. Largals measures are required to ensure
that valuable water sources are not lost becauserdamination of the water body some
distance away from the drinking-water source.

181. Effective resource and source protection bfelilhe following elements:

(@) developing and implementing a catchment managemian, which includes
control measures to protect surface and groundwsaterces;

(b)  ensuring that planning regulations include phetection of water resources
from potentially polluting activities and are enfed; and

(c)  promoting awareness in the community of thedotpf human activity on
water quality.

182. Where surface water is used as a source midg-water, then land use within the
catchment must be controlled and preferably limtedctivities, which are relatively non-
polluting. This may be problematic as some actgitinay be well-established and in these
cases adequate standards of effluent quality shioeildstablished and enforced. In some
countries, this is dealt with using discharge p&srsét by a government agency.
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183. Land-use control has tended to be more effectihen applied to artificial
reservoirs, mainly because these are often locaed from intensive human activities.
However, land-use controls may be difficult to antuce where large-scale industry is
located or intended to be located close to the wiatdy. Reservoirs may attract intensive
arable agriculture, which utilises fertilisers, apeésticides which may pollute the water
body.

184. The rigorous enforcement of compliance witfueht quality standards backed up
with adequate legislation that has penalties réflgahe severity of the pollution event can
make a significant contribution to the improvemémtsurface water quality. However,
positive influence should also be exerted to agsikistry to employ wastewater treatment
in their plants. This may include awareness raiginthe industry sector, technical advice
concerning technology choice and may also involbheincentives to industry, such as tax
breaks or subsidies.

185. Where a number of water sources are availdbége may be flexibility in the
selection of water for treatment and supply. It rbaypossible to avoid taking water from
rivers and streams when water quality is poor (Baljowing heavy rainfall) in order to
reduce risk and prevent potential problems in sgliset treatment processes. On the other
hand, economic considerations, particularly eneagts, may make the use of groundwater
resources prohibitively expensive and force rea®rsition towards more easily accessible
surface water resources.

Water treatment

186. After source water protection, the next bardethe prevention of contamination of
the drinking-water is the use of physical and cleaiivater treatment processes. Most
treatment systems are designed to remove micrapgalb contamination and those
physical constituents, which affect the acceptgbitir promote the survival of micro-
organisms. Treatment processes usually functidmeeithrough the physical removal of
contaminants through filtration, settling or biolcg) removal of micro-organisms. There
are a number of options available to treat water gotable purposes, depending on
resources available for operation and maintenathee)evel of operator training and the
origin of the water source. However, it is usual tieatment to be in a number of stages,
with initial pre-treatment by settling or pre-fdtion through course media, flocculation and
sedimentation, sand filtration (rapid or slow) éwlled by chlorination. This is called the
multiple barrier principle. It provides a system to prevent complete treatrfalure due to

a breakdown of a single process.

Basic local water treatment

187. In many rural areas, water supply is a redpiitg of the local community which,
with limited financial means and technical insigheeds to provide water to the population
of a small settlement. Community water suppliesbioth developing and developed
countries are more frequently associated with eatks of water-related diseases than
centralized supplies. Community water supplies o best to manage them has been a
topic addressed in Vol. 3 of the WHO Guidelines @rinking Water Quality (¢ ed).
Today’s national and international policy framewsrkcognize that further attention to this
neglected topic is needed urgently if the water aaditation targets known as the
Millennium Development Goals are to be met.

188. To create a coordinated global response, &ernitional Network on Small
Community Water Supply Management has been forriéés network is open to all
working on the topic from a policy, academic or gtittoner perspective. It identifies
common management and technical issues and proliterakation to community supplies,
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and attempts to find workable solutions in geogmapénd cultural context. Further
information on the Network is available from
http://www.who.int/water_sanitation_health/dwg/sloainmunity/en/index.html

189. In small communities in rural areas, protecid the source of water (see sections
4.1.2 and 4.1.3) may be the only preventive meapossible. Where communities are
large, the demand for water is high and can ofeembt only by using additional sources
which may be of poor microbiological quality. Sughters will require all the resources of
water treatment to yield a safe and palatable drgqrwater.

190. Many rural supply programmes aim to develogewaources that can be fully
managed by users, with only limited additional supgrom local government. Although

this can make a sense of community ownership mafgeeable, it also requires

communities to make long-term commitment. Such cament may be short-term, such
as a financial contribution towards the construgtior long-term such as the regular
provision of maintenance services. Maintenancdta fut its importance is often under-
estimated. If this is not done then the water syppy deteriorate in quality. It is therefore
important to involve all community members durinly) stages of development of the
improved water supply.

191. There are a number of types of water sounstbizh may be available to rural
communities:

(a) Protected springs Although protected springgiire very little maintenance,
the following basic checks should be made ever¥ henths:

0] Does the water change colour after rain?

(i)  Has a water-quality test been carried out ntige

(iii)  Did the community receive the results of tiest?
(iv) s the area behind the retaining wall losihg grass cover?
(v)  Does the retaining wall show signs of damage?
(vi)  Can this be repaired locally?

(vii) Does the uphill ditch need clearing?

(viii) Does the downhill ditch need clearing?

(ix)  Does the fence need repairing?

(x)  Does the grass behind the retaining wall negting?
(xi) Do the outlets leak?

(b)  Ponds and lakes Ponds and lakes have tradltidmeen used as sources of
drinking-water. Although they are easily contam@thtthe water quality can be improved
by careful use. As a minimum the water should keated with a disinfectant. The most
commonly used disinfectant is chlorine, althoudfeos can be used. Chlorine can be added
as a solution of calcium or natrium hypochlorits, ehlorine gas or as other chlorine
compounds. Achieving the correct ratio of chloramed water is complicated - using too
little chlorine will not kill the pathogens, but didg too much will make the water taste
unpleasant and may create high levels of chloonaby-products.

Pre-constructed treatment systems, called 'pacikges' are available. However, if they
fail they usually require specialist repairs andipment which can be costly.

Retention of water in reservoirs can reduce thebmof faecal micro-organisms through
settling and inactivation, including solar (ultraldt) disinfection. Most pathogenic micro-
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organisms of faecal origin (enteric pathogens) di survive indefinitely in the
environment. Substantial die-off of enteric baetesill occur over weeks. Enteric viruses
and protozoa will often survive for longer periqdgeeks to months) but are often removed
by settling. Retention also allows suspended nalt¢oi settle, which makes subsequent
disinfection more effective and reduces the fororatf disinfection by-products. During
impoundment in lakes or reservoirs reductionsf daecal indicator bacteria,
salmonella, and enteroviruses are about 99%glmreatest during the summer and with
residence periods of approximately 3-4 weeks.

(c) Groundwater: Though groundwater is often seen pure and safe resource,
any new well should have a comprehensive suitehefnical and microbial parameters
tested for to ensure its safety. Chlorination is thost common form of groundwater
treatment. Consequently, it is used as a primasinfdictant only for ground waters not
directly influenced by surface waters, where thieneo risk of Giardia or Cryptosporidium
contamination. Ozone is another possibility thougay not be suitable for small rural
systems as it must be generated on-site as requifes is also the problem if chlorine
dioxide is to be considered.

The most common problems with quality in rural grdwater and possible treatment
solutions are outlined in Table 8 below.

Table 8 Contaminants associated with rural groundweers, and possible treatment
(Adopted from WHO, 2006)

Contaminant Sources Treatment

Nitrate Natural, fertilisers, human Blending with low-N waters,
and animal waste percolatioreverse osmosis, membrane
filtration, electro-dialysis
reversal, ion exchange
Iron and manganese Anaerobic, reduced waterseration, oxidation, ion
bacteria on well walls exchange, addition of a
sequestering agent to prevent
precipitation.
Tastes and odours Dissolved gases, biologicaleration, granular activated
growths or by organic or  carbon (GAC)
inorganic contaminants

Centralized water treatment

192. There are many different water treatment ee available. The following section
gives an outline of the main processes involvefdlinreatment of water. All are important
but it should be noted that not all waters requiui treatment. In any given case the
amount of treatment required has to be decidedréefonsideration is given to the best
way of providing it. It is imperative that the sefien of technology for treatment plants is
done taking into account costs, operator trainiagd the type of source water.
Consideration must also be given to the seasomalticas in the raw water quality and the
possibility of long-term changes due to developnieithe catchment area. There are many
texts providing detailed descriptions of the engiimg processes involved in water
treatment which is beyond the scope of these guiekel

193. Water treatment consists of a range of stgq@sated in sequence (Gray, 1996).
These are listed below. Normally, not all of thepst are carried out at any one particular
plant and will depend on the quality of the raw evagntering the treatment plant and the
quality of the finished water required.
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(a) Pre-treatment

(b)  Coagulation

(c)  Flocculation

(d)  Clarification

(e) Filtration

) Adjustment of the pH
(g) Disinfection

(h)  Softening

0] Sludge removal

Pre-treatment

194. Pre-treatment can broadly be defined as aogeps used to modify water quality
prior to the treatment plant, and includes storggeliminary screening, micro-straining
and aeration. Pre-treatment options may be conipatiith a variety of treatment processes
ranging in complexity from simple disinfection toembrane processes. Pre-treatment can
have the advantage of reducing, or stabilizingmiierobial load to the treatment process.

Coagulation, flocculation, sedimentation and filtation

195. Coagulation, flocculation, sedimentation (dotdtion) and filtration are unit
operations used to remove particles, including eaamganisms (bacteria, viruses and
protozoa) from the water. It is important that @ems are optimised and controlled to
achieve consistent and reliable performance. Oftese are the only operating treatment
processes that are effective at removing protogatilogens such as cryptosporidium.

Coagulation

196. After fine screening, most of the remainingmanded solids will be very small.
Coagulation removes particles (including micro-oiges) that are too small to settle
naturally. A coagulant is added to the water taal@bze the particles and to induce them
to aggregate into larger particles known as fldesariety of coagulants can be used. The
most common are: aluminium sulphate, aluminium byitfe, polyaluminium chloride,
iron (Il) chloride, iron (lll) chloride, iron (lll)sulphate and lime. Chemical coagulation is
the most important step in  determining the removadfficiency of
coagulation/flocculation/clarification processédsdirectly affects the removal efficiency of
granular media filtration units and has indirecpauts on the efficiency of the disinfection
process. While it is unlikely that the coagulatipmocess itself induces any new microbial
hazard to finished water, a failure or inefficierinythe coagulation process could result in
a high microbial risk to drinking-water consumefEhere have been many reported
incidents of cryptosporidium due to failure at teitage of treatment (see Rose et al, 2002
for a review).

197. Coagulation and flocculation require a higheleof supervisory skill. If too little
coagulant is added to the water ineffective codmrawill occur and the filtration
apparatus may become blocked too quickly: too moagtgulant results in excess chemical
being discharged with the finished water. Althowgislight excess of coagulant may not
have any significant short-term health effectshhigncentrations of coagulant can have a
severe impact on the health of consumers as exgededuring the accident in Camelford,
UK (David and Wessley, 1995). Before it is decideduse coagulation as part of a
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treatment process, careful consideration must bendio the likelihood of a regular supply
of chemicals and the availability of qualified pemgel.

Sedimentation

198. The purpose of sedimentation is to removeiquédate matter, including the floes
formed during the coagulation process. In wateatinent the water flows in an upward
direction from the base of the sedimentation taftke floes, which are heavier than the
water, settle towards the bottom, so the operatet tnalance the rate of settling against the
upward flow of water to ensure that all the paetichre held within the tank as a sludge
blanket. Correct operation of the sedimentatiokdda vital to minimize particulate matter
passing through the plant. The most serious proliteravoid is fluctuating flow rates,
which cause the sludge blanket, through which theemflows, to expand too much. This
will cause particles to be lost from the tank wihik treated water.

199. Among the factors that influence sedimentaticet size, shape, and weight of the
floe; viscosity and hence temperature of the watetention time; number, depth, and areas
of the basins; surface overflow rate; velocity tw; and inlet and outlet design. The

sludge is a concentrated mix of all the impurifiesnd in the water, especially bacteria,

viruses and protozoan cysts. Therefore, plans mesmade for the collection and safe

disposal of sludge from sedimentation tanks. Infeeq desludging can cause particles to
be lost from the tank with the treated water. Rlotais an alternative to sedimentation

when the amount of floating matter is slight.

Filtration

200. After sedimentation, the water only contaiitge fsolids and soluble material.

Filtration is required to remove this residual nite Various filtration processes are used
in drinking-water treatment, including granularpiciand slow sand filters, precoat, and
membrane (microfiltration, ultrafiltration, nandfétion and reverse osmosis) filtration.
With proper design and operation, filtration cah @& a consistent and effective barrier for
microbial pathogens. Granular media filtration niaysome cases be the only barrier (for
example for removing Cryptosporidium oocysts bdiffiltration when chlorine is used as
the sole disinfectant).

Rapid and slow sand filtration

201. Rapid sand filters contain coarse grades aftgsand (1 mm diameter) so that the
gaps between the grains are relatively large aeadvéiter passes rapidly through the filter.
These are used for water that has previously treatetd by coagulation and sedimentation,
and are less effective in removing micro-organisingbidity varies through the duration
of the run between backwashings. Immediately afsrkwashing, performance is poor,
until the bed has compacted. Performance will alsteriorate progressively at the stage
when backwashing is needed, as floes may escapegtiithe bed into the treated water.
These features emphasize the need for proper ssipenand control of filtration at the
waterworks.

202. Slow sand filtration is simpler to operate rtheapid filtration, as frequent
backwashing is not required. It is therefore pattidy suitable for developing countries
and small rural systems, but it is applicable ahsufficient land is available.

203. When the slow sand filter is first broughtointse, a microbial slime community
develops on the sand grains, particularly at thitase of the bed. This consists of bacteria,
free-living ciliated protozoa and amoebae, crugtase and invertebrate larvae acting in
food chains, resulting in the oxidation of orgasibstances in the water and the conversion
of ammoniacal nitrogen to nitrate. Pathogenic béagteviruses, and resting stages of
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parasites are removed, principally by adsorptiod &y subsequent predation. When
correctly loaded, slow sand filtration brings abthe greatest improvement in water quality
of any single conventional water treatment procBssterial removal will be 98-99.5% or
more,E. coli will be reduced by a factor of 1000, and virus osal will be even greater. A
slow sand filter is also very efficient in removirgarasites (helminths and protozoa).
Nevertheless, the effluent from a slow sand fifteght contain a fevE. coli and viruses,
especially during the early phase of a filter rurd avith low water temperatures. The
disadvantage with this type of filter is that itogerationally expensive and labour-intensive
because the dirt layer that collects on the surfd¢he sand impedes drainage and must be
removed after the filter has been drained.

204. The operation of filters, both rapid and sleand filters, is complex and poor
operation can lead to problems. The most serioobl@m is if the sand bed cracks,
allowing unfiltered water to pass.

Disinfection

205. Disinfection should be regarded as obligaforyall piped supplies using surface
water, even those derived from high-quality, ungeltl sources, as there should always be
more than one barrier against the transmissiomfgfction in a water supply. In large,
properly run waterworks, regulatory standards ¢emtbe met with a very high degree of
probability.

206. Although slow sand filters are extremely effit at removing bacteria, and the
coagulation process is good at removing viruses, fthished water may still contain

pathogenic viruses and bacteria that need to bewvedor destroyed. In practice it is
impossible to sterilise water without using a véiigh concentration of chemicals that
would make the water unpleasant and probably dangeo drink. Terminal disinfection of

piped drinking-water supplies is therefore of pamant importance and is almost universal,
as it is the final barrier to the transmission dditerborne bacterial and viral diseases.
Although chlorine and hypochlorite are most oftsed; water may also be disinfected with
chloramines, chlorine dioxide, ozone, and ultraati@radiation.

207. The efficacy of any disinfection process desenpon the water being treated
beforehand to a high degree of purity, as disiafetst will be neutralized to a greater or
lesser extent by organic matter and readily oxllzacompounds in water. Micro-
organisms that are aggregated or are adsorbedrtoutate matter will also be partly
protected from disinfection, and there are mantaimses of disinfection failing to destroy
waterborne pathogens and faecal bacteria when dhieidity was greater than 5
nephelometric turbidity units (NTU). It is therefoessential that the treatment processes
preceding terminal disinfection be always operatedproduce water with a median
turbidity not exceeding 1 NTU and not exceedingBUNn any single sample. Values well
below these levels will regularly be attained vatproperty managed plant.

208. An example of the difference between basetneoval of waterborne diseases and
maximum removal rate is shown in Table 9 below.
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Table 9 Removal rates of unit processes

Treatment process Enteric pathogen group Basebneoval Maximum removal possible
Pretreatment
Roughing filters Bacteria 50% Upto 95% if protecfesin turbidity
spikes by dynamic filter or if used
only when ripened
Viruses No data available
Protozoa No data available, some removal Performance for protozoan removal
likely likely to correspond to turbidity
removal
Microstraining Bacteria, viruses, protozoa Zero &ally ineffective
Off-stream/bankside storage All Recontamination fegignificant Avoiding intake at periods of peak

Bankside infiltration

and add to pollution levels in
incoming water; growth of algae
may casue deterioration in quality

Bacteria Zero (assumes short circuiting)

Viruses Zero (assumes short circuiting)

Protozoa Zero (assumes short circuiting)
Bacteria 99.9% after 2 m

99.99% after 4m (minimum based
on virus removal

Viruses 99.9% after 2 m

99.99% after 4m
Protozoa 99.99%

turbdity equivalent to 90% removal,

Compartmentalized storages provide
15 — 230 times rates of removal/

90% rerhiova0 — 40 days actual
detection time

93% removabO days actual
detention time

99% remnov@ weeks actual
detention time
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Coagulation/floccul ation/sedimentation

Conventional clarification

High-rate clarification

Dissolved air flotation

Lime softening

lon exchange

Filtration

Granular high-rate filtration

Bacteria

Viruses

Protozoa
Bacteria

Viruses

Protozoa

Bacteria
Viruses

Protozoa

Bacteria

Viruses

Protozoa

Bacteria

Viruses

Protozoa

Bacteria

Viruses

30%

30%

30%

At least 30%
At least 30%
95%

No data available
No data available

95%

20% at pH 9.5 for 6h at 2 —&
90% at pH<11 for 6h

Low inactivation

Zero
Zero

Zero

No data dafdlie

No data avilable

90% (depagdn coagulant, pH,
temperature, alkalinity, turbidity)

70% (as above)

90% (as above)

99.99% (depending on use of
appropriate blanket polymer)

99.9% (depending on pH, coagulant
dose, flocculation time, recycle
ratio)

99% at pH 11.5 for 6h at 2 =&

99.99% at pH>11, dependn the
virus and on settling time

99% through precipitative
sedimentation and inactivation at pH
11.5

99% under optimum coagulation
conditions

99.9% under optimum caoatiprh
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Protozoa

Slow sand filtration Bacteria

Viruses

Protozoa

Precoat filtration, including diatomaceousacteria
earth and perlite

Viruses

Protozoa

Membrane filtration — microfiltration Bacteria

Virus

Protozoa
Bacteria

Membrane filtration - ultrafiltration

Nanofiltration and reverse osmosis Viruses

conditions
70% 99.9% under optimum coagulation
conditions
50% 99.5% under optimripening,

cleaning and refilling and in the
absence of short circuiting

20% 99.99% under optimum ripening,
cleaning and refilling and in the
absence of short-circuiting

50% 99% under optimum ripening,
cleaning and refilling and in the
absence of short circuiting

30 -50% 96 — 99.9% using chemical pre-
treatment with coagulants or
polymer

90% 98% using chemical pre-treatment
with coagulants or polymers

99.9% 99.99% depending on the media

grade and filtration rate

99-:99.99% providing adequate
pre-treatment and membrane
integrity conserved

<90%

99.9-99.99% providing adequate
pre-treatment and membrane
integrity conserved

Coepe removal, providing
adequate pre-treatment and
membrane integrity conserved

Compieteoval with nanofilters,
with reverse osmosis and at lower
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Disinfection

Chlorine

Monocholoramine

Chlorine dioxide

Protozoa

Bacteria

Viruses

Protozoa

Bacteria

Viruses

Protozoa

Bacteria

pore sizes of ultrafilters, providing
adequate pre-treatment and
membrane integrity conserved.

Complete removal, providing
adequate pre-treatment and
membrane integrity conserved.

Ct99:0.08 mg.min/litre at 1°Z, pH
7; 3.3 mg.min/litre at 1-2C, pH 8.5

Ct99:12mg.min/litre at 0-%; 8
mg.min/litre at 1°C, both at pH 7 -
7.5

Giardia

230 mg.min/litre at 0.5C; 100
mg.min.litre at 10C; 41
mg.min/litre at 28C; all at pH 7 —
7.5

Cryptosporidium not killed

Ct99: 94mg.min/litre at 1°Z, pH 7;
278 mg.min/litre at 1-2C, pH 8.5

Ct99:1240mg.min/litre at°C; 430
mg.min/litre at 15°C, both at pH 6 -
9

Giardia

Ct99 2250 mg.min/litre at°C; 1000
mg.min.litre at 18C both at pH 6 -
9

Cryptosporidium not killed

Ct99: 0.13mg.min/litre at 1°Z, pH
7; 0.19 mg.min/litre at 1-2C, pH
8.5
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Viruses

Protozoa

Ozone Bacteria

Viruses

Protozoa

UV irradiation Bacteria

Viruses

Ct99: 8.4mg.min/litre at°C; 2.8
mg.min/litre at 15°C, both at pH 6 -
9

Giardia

Ct99 42 mg.min/litre at°C; 15
mg.min.litre at 10C; 7.3
mg.min/litre at 28C; all atpH6-9

Cryptosporidium Ct99: 40
mg.min/litre at 22C, pH 8

Ct99: 0.02mg.min/litre at’&, pH 6-
7

Ct99: 0.9mg.min/litre at°C; 0.3
mg.min/litre at 15°C

Giardia

Ct99 1.9 mg.min/litre at°C; 0.63
mg.min.litre at 13C pH 6 - 9

Cryptosporidium Ct99: 40
mg.min/litre at 2C; 4.4 mg.min/litre
at 22C

99% inactivation: 7mJ/cm2
99% inactivation; 59 mJ/cm2

Giardia: 99% inactivation: 5 mJ/cm2
Cryptosporidium

99.9% inactivation: 10 mJ/cm2
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209. In many countries, much of the unit operatitra together form a drinking-water

production plant do not work at the designed lefadfficiency. Poor design, bad execution
of the design, and faulty installation of designmpmnents aggravate the problem. A
comprehensive hazard assessment and risk analygisamme will need to identify the

vulnerable points inside the production plant, alllbecome one of the key components
of a water safety plan (WSP).

210. The best way to observe plant operation aedtity the vulnerable points is to
follow the same route as the water takes, i.etistawith the raw water intake and
continuing through the plant to the treated wagservoir, firstly observing the operation of
each unit, noting obvious problems, and then sdertifying possible solutions. The next
step is to review the results of routine samplimgdsess the performance of each unit.

211. The importance of plant maintenance is obvigesmaintenance may be often poor
so that continued emphasis on operation and maregeinom the side of management is
required to make the importance of this acceptethbyworkers. The subject is large and
covering it in depth is beyond the scope of thisyog. Maintenance includes the use and
care of plant structures and equipment, in a way Will extend their useful life and will
avoid breakdowns and emergencies. General rulesbeastated which cover the broad
maintenance picture:

(a) Provide good housekeeping - everything cleederty, and organised.
(b)  Develop a plan of daily operation and follow it
(c) Modify the daily plan as experience and cowndisi indicate.

(d)  Follow manufacturers' recommendations for ofp@naand maintenance of
equipment.

(e) Establish and follow an inspection and lubimatroutine for each piece of
equipment.

) Keep records of maintenance and repair for gaebe of equipment.

(g) Establish a plan for maintenance of the planticsures. Most of water
treatment is carried out in corrosive conditionsd gorotective coatings need to be
periodically repaired. The failure to repair coreresurfaces can cause exposure of
reinforcing steel with eventual structural weakegnimnd loss. Good preventative
maintenance avoids expensive waste.

(h)  Maintain a well-equipped workshop with a congpet electromechanic,
having a reasonable stock of pipes, electrical air@ essential repair parts.

212. Due to the dangerous nature of many of thentdas and activities used at
treatment plants, strict health and safety gui@slimust be drawn up and followed. The
core components of this should examine the follgwésues:

(@) Electrical and mechanical hazards

(b)  Water treatment chemical hazards

(c)  Chemical storage and handling hazards

(d)  Flammable situations

(e)  Chlorine toxicity and handling

() Traffic control in work areas

(@  On-site construction work and/or trenching hega

(h)  Working in confined and/or poorly ventilatecasps
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0] Hearing and vision hazards
0] First aid

Vulnerability in the distribution system

213. A distribution network transports water frame fplace of treatment to the consumer.
Its design and size will be determined by the sizéhe service area, and by its topography.
The aim is always to ensure that the consumer vesea sufficient and uninterrupted
supply of wholesome drinking-water; deterioratiorf the water quality during
transportation needs to be avoided as they can aasignificant health risk. Yet such
deterioration can occur because of failure of thtegrity of the network, or because of
chemical and microbial changes in the water dutiiagsport

Compromised network integrity

214. Water services play an important role in enguthe integrity of the network and
thus ensuring the continued safety of water.

215. Water entering the distribution system mustrierobiologically safe and ideally
should be biologically stable. The distributionteys itself must provide a secure barrier to
post-treatment contamination as the water is tramesg to the user. Residual disinfection
will provide partial protection against recontantion, but may also mask the presence of
such contamination.

216. Water distribution systems should be fullylesed and storages should be securely
roofed with external drainage to prevent contanimatBackflow prevention policies
should be applied and monitored. There should bectéfe maintenance procedures to
repair faults and burst mains in a manner that pvéfvent contamination. Positive pressure
should be maintained throughout the distributiostesyn. Appropriate security needs to be
put in place to prevent unauthorised access anmténference with water storages.

217. Contamination can occur in the distributiostegn through:

(a) Infiltration. Contaminated sub-surface waterdimawn into the distribution
system when contaminated water in the sub-surfaatenal surrounding the distribution
system enters a low-pressure zone in an inadeguatetected section of the distribution
network. Pressure waves in the distribution systeay cause such changes in pressure
within the network facilitating ingress.

(b)  Back siphonage. Faecally contaminated wateirasvn into the distribution
system or storage reservoir through a back-flowhaeism resulting from a reduction in
line pressure and a physical link between contatethavater and the storage or distribution
system.

(c)  Open drinking-water storage reservoirs. Micablgiontamination can also be
introduced into the distribution system through ropeservoirs for the storage of drinking-
water.

(d)  Line construction and repair. When existing msaare repaired or replaced,
or when new water mains are installed, strict prol® need to be followed with regard to
disinfection and flushing to prevent the introdaotof contaminated soil into the system.

(e)  Cross-connection. Human error resulting in theintentional cross-
connection of wastewater or storm water to theritistion system, or through illegal or
unauthorised connections.
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) Direct connection. Physical link between theipg of a potable and a non-
potable system.

(9) Indirect connection. When water makes the cotioe, e.g. a hose
connecting the drinking-water supply to contamidateater or sewer leakage entering the
drinking-water pipes.

218. When the physical integrity of the distributinetwork is compromised, even when
a small residual concentration of disinfectant iespnt, pathogens may occur in
concentrations that could cause outbreaks of watated disease.

219. Repair work on mains provides an opportunity dontamination to occur. Local
loss of pressure may result in back-siphonage ofaroinated water unless check valves
are introduced into the consumer's water systenmenNapairs are completed it is essential
that the pipes are cleaned, disinfected, and theptied and re-filled with mains water. The
water should then be tested bacteriologically &tehours.

220. If the main has been damaged, there is attlufeaontaminated water from a
fractured sewer or drain entering. The level ofodhlation should be increased and the
main not returned to service until the quality o tvater is satisfactory.

221. Underground storage tanks and service ressmmist be inspected for deterioration
and for infiltration of surface water and groundevratlt is desirable for the land enclosing
underground storage tanks to be fenced off, botfréwent access by people and animals
and to prevent damage to the structures.

222. Storage is in general a critical point in emgusafety at the point of consumption.
Structural integrity and safe management of storagés above ground, inclusive the
modest storage areas at the household level satiedgo protect human health.

223. Intermittent supplies, either because of pansiscontinuation of supplies at certain
points of the day or because of (unplanned) failarehe power supply structure, are
common in many countries. The control of water fuah intermittent supplies represents
a very significant public health challenge, as tisé& of infiltration and back-siphonage

significantly increases. The risk may be elevatedssnally as soil moisture conditions
increase the likelihood of a pressure gradient idgieg from the soil to the pipe. Once an
intermittent water supply has been contaminatestoration of the supply may increase
risk to consumers when a concentrated ‘slug’ oftaminated water is forced out of the
distribution pipes and into the homes. Intermittsapplies are also often associated with
household storage of water, which may also becdmisloto human health.

224, It is estimated that over half of the urbantewasupplies in Asia, operate
intermittently. Intermittent water supply is a siggant constraint on the availability of
water for hygiene. While the average intermitteygtem is reported to operate for more
than half the time, this disguises large local atéons between systems and within each
distribution network. When the systems functioreintittently, contamination may also
occur by intrusion of contaminated water into thiepnes through faulty joints, cracks,
etc. In addition, the pipelines are subject to todal stress caused by transient flows,
affecting the durability of the system and weakgrpipes and joints (Global Water Supply
and Sanitation Assessment Report, 2000).

225. Control measures include using a more stagerslary disinfecting chemical (such
as chloramines instead of free chlorine), makingrafional changes to reduce the time that
water spends in the system (avoid stagnation image tanks and looping dead-end
sections), undertaking a program of pipe replacémdénshing and relining, and
maintaining positive pressures in the distributsgstem.
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226. The monitoring most often used to determire dfistribution system has delivered
water of an acceptable quality is the presencebeerce of microbial indicator bacteria.
However, there are pathogens that are more resistalorine disinfection than the more
commonly used indicator organisms such as therm@tot coliforms and/or Ecoli and
enterococci.

Deterioration of the microbial water quality

227. A drinking-water distribution system providesabitat for micro-organisms that are
sustained by organic and inorganic nutrients preisethe distributed water.

228. Bacteria and fungi grow freely in the waterd dorm films on the side of pipe walls,
which make them more resistant to residual chltiona Among the major genera found in
distribution systems are Acinetobacter, Aeromonakisteria, Flavobacterium,
Mycobacterium, Pseudomonas and Pleisiomonas. Tpe ¢&f micro-organisms and the
number depend on numerous factors such as the ws@tece, type of treatment, residual
disinfectant and nutrient levels in the treatederalhe development of biofilms leads to
the survival of other bacteria such as Legionefipp (Steinert, et at., 2002). The
development of non-pathogenic coliforms is possihldiofilms but the operator should
not dismiss a non-faecal cause.

229. Drinking-water entering the distribution systenay contain free-living amoebae
and environmental strains of various bacterial |3 mften referred to as heterotrophic
bacteria. Under favourable conditions (see sectid8 amoebae and heterotrophs will
colonise a distribution system and form biofilmsafy environmental strains of bacteria
such asCitrobacter, Enterobacterand Klebsiella may also colonise distribution systems
(van der Kooij, 2003). There is no evidence at gnéso implicate the occurrence of these
micro-organisms from biofilms (excepting for examplegionellaor Mycobacteriumwith
adverse health effects in the general populatiath Wie possible exception of immuno-
compromised population groups.

230. Harmless bacteria may be present in the loigion system, even in the presence of
residual disinfectant, and this water can stillviighout health risks. However, excessive
microbial activity can lead to a deterioration @sthetic quality and interfere with the

methods used to monitor parameters of health sigmite.

231. Water temperatures and nutrient concentratiwasnot generally elevated enough
within the distribution system to support the growdaf E. coli (or enteric pathogenic
bacteria) in biofilms. Thus the presenceEofcoli should be considered as evidence of
recent faecal contamination. Chemical hazards neaintsoduced from materials such as
pipes, solders/jointing compounds, taps and chdmigsed in cleaning and disinfection of
distribution systems.

232. A number of steps can be taken to reduce bigrgrowth within the distribution

system. Maintaining a disinfectant residual thraughthe distribution system can provide
protection against recontamination and limit proiseof re-growth of micro-organisms.
Where a disinfectant residual is used within ariigtion system minimisation of the
production of disinfection by-products which areolm to be carcinogenic at higher
concentrations than those found in water needsetadnsidered. Chloramination has
proved successful in controllingaegleria fowleriin water and sediments in long pipelines.

233. The growth of fungi and actinomycetes is aalgd by temperature, with optimum

growth occurring at 25°C. It is therefore essertiaprevent water in distribution systems
from standing for long periods and warming up. Lawgidence times also encourage
organic material to flocculate and settle, whickrthacts as a source of food for micro-
organisms. Where the water contains appreciablen#aisle organic carbon and where the
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water temperature exceeds 20°C, a chlorine residtid.25 mg/l may be required to
prevent the growth of Aeromonas and other nuisédacteria.

234. Maintaining good water quality in distributiall also depend on the operation and
design of the distribution system and maintenancé survey procedures to prevent
contamination and to remove and prevent the acatioal of internal deposits. Well-
documented hygiene procedures are essential t@mreeontamination when maintenance
work is being undertaken.

Water safety plans WSP

235. Water Safety Plans (WSPs) were introducetien3rd edition of the Guidelines for
Drinking-water Quality WHO,2008) as “the use ot@mprehensive risk assessment and
risk management approach that encompasses all istepater supply from catchment to
consumer”. Its aim is clear: “to consistently emsuhe safety and acceptability of a
drinking-water supply”. The great advantage of WiSP strategy is that it is applicable to
ensuring the safety of water in all types and sifewater supply systems, no matter how
simple or complex. A further important specificiof the WSP approach is that it is
dynamic and practical, and not a standardizeddfigperating procedure. It is therefore
suited to deal with the changes in quantity andityuaxpected to result from extreme
weather events. In the following paragraphs, thg &eeps of a water safety plan are
reviewed on the basis of the official WHO manuae8al manuals were released shortly
thereafter (Bartram et al, 2009)

WSP Team creation

236. Technical expertise for the development of @PWheeds to be brought together as
the first step towards the development of a waadetg plan. Team members are usually
sourced from within the utility, but may also indki members from a wider group of
stakeholders, with the collective responsibility tommderstanding the water supply system
and identifying hazards that can affect water qualnd safety throughout the water supply
chain. The team will be responsible for the daylg- development, implementation and
maintenance of the WSP as a core part of theirtiome It is essential that all involved
play an active role in the development of the WE&Rport the WSP approach and have the
visible support of senior management.

237. A vital early task of the team is to set owwhthe WSP approach is to be
implemented and the methodology that will be usadiqularly in assessing likelihood and
consequences of risks.

Description of the water supply system

238. Many water utilities have a description ofitlsystem. This documentation needs to
be extensively reviewed including through inspewion the field. Experience shows
however that such descriptions may have to be efdatspecially with regard to older
parts and towards new developments in the resocagure area. Also existing and
potential connections between one system and sysems need to be taken up in the
descriptive process. Basically, two types of cotinas need to be considered:

(a)  Those from which the water utility concernedudoreceive support in case
of accident, disturbance of other emergency

(b)  Those to which the water utility concerned vebaked to provide support in
case of emergency conditions prevailing in thatefgn) service area. The latter should
include not only service areas reachable througbsscconnections of the different
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distribution systems, but also need to take intwant the potential to come to the aid of
populations in areas which can not be reached sdptonnections.

239. The objective is to ensure that subsequentrdentation of the nature of the raw,
interim, and finished water quality, and of theteys used to produce the water of that
quality is accurate to allow risks to be adequatslyessed and managed. Each supply needs
to be assessed on its own. Data should be gatfaréuat supply, and all other steps taken
leading to a WSP should be exclusive to that paeicsupply.

Identification of hazards and hazardous events ahrisks
240. In this step:

(@)  All potential biological, physical and chemidazards associated with each
step in the drinking-water supply need to be idetti

(b)  All hazards and hazardous events that couldtresthe water supply being,
or becoming, contaminated, compromised or inteedipieed to be identified

(c) Risks identified at each point of the flow diagn need to be evaluated and
ranked

Determine and validate control measures, reasseasd prioritise risks

241. The WSP team should document existing andnpatecontrol measures, and

consider whether existing controls are effectivepénding on the type of control, this

could be done by site inspection, manufacturerscsjgation, or monitoring data. The

risks should then be recalculated in terms of iil@dd and consequence, taking into
account all existing control measures. The reductio risk achieved by each control

measure is an indication of its effectiveness. Agmaining risks after the control measures
have been taken into account, and which the WS temsiders unacceptable, should be
investigated in terms of additional corrective awti

Develop, implement and maintain an improvement épgrade plan

242. Improvement plans address controls that wawed to be inexistent or faulty in the
previous step. Each identified improvement needsommer” to take responsibility for
implementation, and a timeline. Improvement / uggralans can include short-, medium-
and long-term programmes and might include capitaéstment, but may also include
revisions of documentation, standard operationatgulures etc. Significant resources may
be needed, and therefore a detailed analysis amdutarioritization should be made in
accordance with system assessment. Implementafioimmmrovement / upgrade plans
should be monitored to confirm improvements havenbmade, and are effective, and the
WSP upgraded accordingly.

Operational monitoring

243. Operational monitoring includes defining aradidating the monitoring of control
measures and establishing procedures to demonsiiatehe controls continue to work.
These actions should be documented in the manadgqresess. Defining the monitoring
of the control measures also requires inclusiorthef corrective actions necessary when
operational targets are not met.

Verify the effectiveness of the WSP

244. Having a formal process for verification analiing of the WSP ensures that it is
working properly. Verification involves three adtigs which are undertaken together to
provide evidence that the WSP is working effectivel
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(@  Compliance monitoring
(b) Internal and external auditing of operationzhaties
(c)  Consumer satisfaction

245. Verification should provide the evidence thibe overall system design and
operation is capable of consistently delivering evaif the specified quality to meet the
health-based targets. If it does not, upgrade fdavgment plans should be revised and
implemented.

Prepare management procedures

246. Two types of documentations form an integralt pof a WSP: documented
management procedures when the system is openatidgr nominal conditions, the so-
called Standard Operating Procedures (SOPs), amdctiove actions when the system is
dealing with an ‘incident’. The procedures shoukl written by experienced staff, and
should be updated as necessary, particularly iht ligf the implementation of the
improvement / upgrade plan and reviews of incideaitsergencies and near misses. It is
preferable to interview staff and ensure their\dtidis are captured in the documentation.
This also helps to foster ownership and eventuplémentation of the procedures

Develop supporting programmes

247. Supporting programmes frequently relate tmiing, research and development but
can also cover strengthening indirect services sash laboratory improvement,
accreditation, equipment upgrade etc. Examples tbéroactivities include continuing
education, calibration of equipment, preventive ntexiance, hygiene and sanitation, legal
aspects of water supply etc.

Period review

248. The WSP team should periodically meet ancevevhe overall plan, and learn from
experiences and new procedures (in addition tolaggureviewing the WSP through
analysis of the data collected as part of the madniy process). The review process is
critical to the overall implementation of the WSRdgrovides the basis from which future
assessments can be made. Following an emergemigent or near miss, risk should be
reassessed and may need to be fed into the impentdrapgrade plan.

Revision after incident

249. Itis important that a WSP be reviewed afterg emergency, incident or near miss
to ensure that the situation does not recur andhehehe response was sufficient or could
have been handled better.

Typical challenges

250. The followingTable 10 summarizes the challenges and expected outputsaf
step in the WSP process
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Table 10 Challenges and outputs of the different sps in a WSP (WHO, 2009)
WSP Step Challenges Outputs
1. Assemble the WSP team = Finding skilled personnel Establishment of an experienced, multidisciplin
* Organize the workload to fit with existing struetarand  team that understands the components of the
roles ) system, and is well-placed to assess the risks that
= ldentifying and engaging external stakeholders may be associated with each component of the

2. Description of the water
supply system

3. Hazard identification and ri
assessment

4. Risk assessment

Keeping the team together throughout the WSP eseerci system. The team needs to understand the health
Getting the team to communicate effectively witl thst of 5 other targets to be achieved, and have the

the utility and the stakeholders expertise to confirm, following an assessment,
whether the system can meet relevant water q

standards.
Lack of accurate maps of the origin of the watsr, i 1. A detailed, up-to-date description of the
geohydrological characteristics, recharge pattans water supply system, including a flow
interconnections diagram
Lack of maps showing the distribution system, dad i 2. Anunderstanding of water quality
interconnection with neighbouring systems currently being provided by the water
Lack of knowledge of industry, landfills and higtaily utility
contaminated sites 3. lIdentification of the users and uses of the
Finding all government and local agencies with ptité water

information or a role to play
Time required by staff to undertake field work
Out-of-date procedures and documentation

The ssibility of missing new hazards and hazardousits\ 1. Description of what could go wrong and

Risk assessments should be reviewed on a regudariba where in terms of hazards and hazardous
order not to miss new hazards. This will increase i events.

importance as better predictive models with higher 2. Assessment of risks expressed in an
geographic resolution become available. interpretable and comparable manner,
Uncertainty in assessment of risks due to the ulzbitity of such that more significant risks are cle
data, poor knowledge of activities within the watapply distinguished from less significant risks.

chain and their relative contribution to the rigngrated by
the hazard or hazardous event

Properly defining likelihood and consequence wiffisient
detall to avoid subjective assessment and to enable
consistency.

Identify staff responsibilities in terms of who Wilndertake 1. Identification of the controls
the field work to identify the hazards and detemrtime 2. Validation of the effectiveness of the
control measures controls
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5. Develop, implement and
maintain an improvement /
upgrade plan

6. Define monitoring of the
control measures

7. Verification

8. Management procedures

] Ensure appropriate controls are identified thatcass-
effective and sustainable
] Uncertainty in prioritizing the risks due to undaaility of
data; poor knowledge of activities within the wagapply
chain and their relative contribution to the hazype
generated by the hazardous event as well as theaise o
that events
= Ensure that the WSP is kept up to date
. Secure financial resources
= Lack of human resources, including technical experto
plan and implement needed upgrades
" Ensuring new risks are not introduced by the imprognt
programme

= Lack of sufficient laboratory facilities to carryanalysis

= Lack of sufficient human resources to carry out itwwimg anc
analysis

= Financial implications of increased monitoring

= Inadequate or absent evaluation of data

= Changing the attitudef staff members who are used to cel
ways of monitoring

= Ensuring that corrective actions identified for tohmeasure
are agreed between the water safety managementtrdepi
and the operations department.

= Ensuring that resources are availalie the operatior
department to carry out corrective actions

= Lack of capable external auditors for WSPs

= Lack of qualified laboratories to process analgéisamples
= Lack of human and financial resources

= Lack of knowledge of consumer satisfaction or canyb

= Keeping the procedures up to date
= Ensuring that staff are aware of changes
= Obtaining information on near misses

wh e

Identification and prioritization of
insufficiently controlled risks

Development of a prioritized upgrade /
improvement plan for each significant
uncontrolled risk.

Implementation of the improvement plan
according to the planned schedule of
short-, medium- and long-term activities
Monitoring the implementation of the
upgrade / improvement plan.

An assessment of the performance of
control measures at appropriate time
intervals

Establishment of corrective actions for
deviations that may occur

Confirmation that the WSP itself is sound
and appropriate

Evidence that the WSP is being
implemented in practice as intended, and
working effectively

Confirmation that the water quality meets
define targets

Response actions

Operational monitoring
Responsibilities of the utility and other
stakeholders
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9. Supporting programmes

10. Periodic review

11. Incidents

Plans for emergency water supplies

Communication protocols and strategies,

including notification proceduresd staf

contact details

6. Responsibilities for coordinating
measures to be taken in an emergency

7. A communication plan to alert and info
users of the supply and other stakeholi
(e.g. emergency services)

8. A programme to review and revise
documentation as required

9. Plans for providing and distributing

emergency supplies of water

ok

Human resources Programmes and activities that ensure that the
Equipment WSP approach is embedded in the water utility’s
Financial resources operation/

Support of management

Not identifying procedures and processes as paheofVSP

Reconvening the WSP team A WSP that is up to date and continues to be
Ensuring continued support for the WSP process appropriate to the needs of the water utility and
Ensuring that where original staff have left thilityt, their dutiestakeholders

are maintained by others

Keeping records of changes

Keeping in contact with stakeholders

An open and honest appraisal of causes, chainesitevand 1. Comprehensive and transparent review of|
factors influencing the emergency, incident or neéss situation why the incident occurred and the
Focussing and acting on the positive lessons learagher than adequacy of the utility’s response
apportioning blame 2. Incorporation of the lessons learned into
WSP documentation and procedures
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E.

Point of use treatment

251. Point-of-Use treatment (POU) refers to simpleceptable, low-cost interventions
that can be implemented at the community or hoddekuel and that offer the possibility
of dramatically improving the microbial quality efater. The techniques can be applied to
where people can rely only on their own initiatteeensure microbial safety, but also in
locations where the quality of piped water has beempromised. Point-of-use treatment
also needs to be accompanied by safe storage. IAared Colford, 2007; Fewtrell,
Kaufmann et al 2005; Clasen et al 2007; Clasern 20@6; Clasen et al 2005; Clasen and
Bastable 2003; Trevett and Carter 2005). A variefytechnologies for treatment of
household water have been described, and manyideywsed in different parts of the
world.

252. Pre-treatment, either by settling or coagohativill often also help to reduce faecal
contamination to some extent. Pre-treatment teduyned for removal of turbidity
(suspended matter) from water suitable for suctiegions potentially include:

(@)  Settling or plain sedimentation. Where watecl@®idy, a simple treatment is
to allow particulates in the water to settle ovghti Clear water at the top of the container
is then poured into a clean container. Addingaierthemicals can help settling, such as
aluminium sulphate, or powder from the ground sedgddoringa olefera (horseradish tree)
onto the water surface. Settling does not remolvpathogens, silt or clay. Water should
be boiled or disinfected before consumption.

(b)  Candle filters. These are commercially producedontaminated water is
allowed to filter slowly through a porous ceramiaterial. Larger micro-organisms - ova,
cysts, and most bacteria - are left in the outgeraof the filter material, which is
periodically cleaned by gentle scrubbing of théefilunder clean, running water. Smaller
micro-organisms - such as viruses that cause hispAti may not be removed by candle
filters.

(c)  Stone or ceramic filters. These are similacaadle filters except they are
carved from porous local stone. They may be diffito clean and heavy to lift but are
relatively inexpensive if they can be produced llgca It is important though to test water
with a representative sample to determine the ieffcy of removal of faecal
contamination.

(d)  Slow sand filter. Although slow sand filterseavery efficient at removing
micro-organisms from contaminated water, they nega continuous flow of water to
function effectively. They are the least likely be implemented and sustainable at the
household level. This is because the preferredrfittesigns and installations often are
larger and capable of treating more water than eday individual households and
because they require technical skills for mainteeaand operation that may not be
practical for individual users.

().  Once particulate matter has been removed,ralP®U treatment techniques
exists. The most common are:

(e) Boiling. Although some authorities recommendttivater be brought to a
rolling boil for 1 to 5 minutes, the WHO GDWQ recorand bringing the water to a rolling
boil as an indication that a high temperature heentachieved. These boiling requirements
are likely to be well in excess of the heating dbads needed to dramatically reduce most
waterborne pathogens, but observing a rolling badisures that sufficiently high
temperatures have been reached to achieve pathliggtmiction. For every 1000m above
sea level, 1 minute of extra boiling time shoulddagled. The disadvantages with boiling
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are that large amounts of fuel are required whichy nbbe costly; it may give an

unacceptable taste to the water; very hot water az@arse accidents; boiled water can
become re-contaminated once it has cooled. Ther@maental consequences of
deforestation in arid areas should be consideredetisas health implications due to smoke
inhalation.

) Solar disinfection by the combined action ofahend UV radiation - this
method has been shown to effectively treat watet, dan take longer than chlorine
disinfection.

(@) Solar disinfection by heat alone ("solar cogKjn
(h) UV disinfection with lamps

0] Chlorination The addition of chlorine will killmost bacteria and some
viruses. Since the taste of chlorine disappearsw¥eder is left in open containers, a very
small lump of bleaching powder or one drop of hnadé bleach can be added to a 20-litre
water container and the mix left to stand for aiste30 minutes. After this time, if a faint
smell of chlorine can be detected in the wateshduld be low-risk and palatable to drink.
Chlorine should only be added to clear water otist would be absorbed by the dirt in
the water. In addition, chlorine that has beenestdor some time will be less efficient. The
use of disinfectants as a household treatmentraylses been successfully implemented in
Asia and South America.

0] Combined systems of chemical coagulation-filom and chlorine
disinfection Even the most promising household wateatment systems remain a
challenge. This is because microbial reductionsdaereased or prevented by turbidity
particles that reduce access to target microbegharwise protect them from inactivation
by other mechanisms. Suspended matter in watercesdthe microbiocidal efficacy of
chlorine and other chemical disinfectants, andhiggically shields microbes from the UV
radiation that is present in sunlight and emitteoirf mercury arc lamps and responsible for
much of its disinfection activity.

253. As afinal step in POU, the safety of thelffraduct needs to be guaranteed. Water
treated at the POU, if not consumed immediatelpukh be safety stored independently
from the treatment method.

Essential Epidemiology

Lead author: Angela Queste, Thomas Kistemann

Basic Definitions

254. Epidemiology is the study of the distributiamd the determinants of health-related
states or events in specified populations, andagiication of this study to control health
problems (Last, 2001). Waterborne Disease Epidemyolincludes the study of the
occurrence, distribution, and control of waterbodmseases in populations and their origin,
spread or communication, and the eradication ofghdiseases. Knowledge about the
burden of waterborne diseases in populations isngiss for action by health authorities, to
use the limited resources most effectively for prgion and care.

255. There are some fundamental epidemiologicahdethat are also important for
waterborne disease epidemiology.
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Surveillance

256. Surveillance is the systematic collection,lgsia and interpretation of health data in
the process of describing and monitoring a healéme

Mortality
257. The death rate (or crude mortality rate) fbdeaths or a specific cause of death is
calculated as follows (Bonita R et al, 2006):

Numberofdathsduringspecifiegeriod
Numberofpesonsatrikofdyingduingthesaneperiod .,y

258. The main disadvantage of the crude mortabkitie ris that it does not take into
account issues like age, sex, socio-economic @#ssso that further refinements are
usually required such as the calculation of thesgmgeific death rate, the infant mortality or
child mortality rate etc.

Crudemortdityrate =

259. Mortality rates in waterborne disease epidégip can be calculated for example

for investigating the relationship between the asc& safe drinking-water and child

mortality rates. Here, a countrywide comparisomedith rates of children under the age of
five with the percentage of the population that hesess to safe drinking-water would be
made.

Morbidity

260. Morbidity describes any departure from a stateell-being (Last, 2001). Morbidity
describes the proportion of patients with a paléicdisease during a given year per unit of
population. More specifically, it describes theid®ence of a particular disease or disorder
in a population, usually expressed as cases pefA@0®r per million in one year. This
includes all cases, which means also fatal andfath-cases. An example would be the
morbidity due to hepatitis A infections, includirgyl diseased and dead persons. For
diseases with a low case fatality, like self-limg@idiarrhoea, data on morbidity are more
useful than mortality rates. In many countries, somorbidity data is collected to meet
legal requirements, e.g. in respect of notifiablgerborne diseases.

Prevalence and incidence

261. Prevalence and incidence measure the occertdracdisease in the population or in
special population subgroups.

262. Prevalence is a measure of pheportion of the diseased population (percentage) at
a specified point in time (Last, 2001). Anotherrforiation of the term is: “the number of
affected persons present in a population at a fipdaine, divided by the number of
persons in the population at that time” (GordiD@0 The term Point prevalence’ refers

to a condition in a population at a given pointime; the term fperiod prevalence” is a
combination of point prevalence and incidence. Blence data provide an indication of the
extent of a condition and may have implicationghe provision of services needed in a
community. An example for the prevalence would e @ccurrence of bladder cancer on
the 1st January 2003 in a country that chlorinegditnking-water.

Prevalence per 1,000 =
Noof case®f adiseasgresentnt he populationat aspecifiedime

Noof persongresentatthatspecifiedime

263. Incidence is the number of new cases of adésé a defined population within a
specified period of time, for example during a ydhast, 2001, Gordis, 2000). The

X1,000
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incidence rate uses new cases in the numeratadvidodls with a history of the condition
are not included. The denominator for incidencesds the population at risk.

Incidence per 1,000 =
Noof newcase®f adiseas®ccurringinthe populationduringa specifiedperiodof time

X1,000
Noof personstrisk of developindhediseaseluringthat periodof time L

264. Mathematically incidence is often expressed aases per a given population base
(e.g. 10,000 or 100,000).

265. The choice whether to calculate the incidenceprevalence depends on the
character of the disease and the purpose of thstigation.

Endemic, epidemic and pandemic disease distribun

266. The terms endemic, epidemic and pandemic ibesdistribution patterns of
infectious diseases, which are important for infect waterborne diseases.

267. Anendemic disease is a disease constantly present in a giopuolation, e.g.
hepatitis A in several Eastern European regions.

268. A disease that occurs epidemically shows awomtally high local incidence, i.e. an

occurrence of cases of disease in excess of whetuially expected for a given period of
time. This could be for example a typhoid feverboeék in a community with a sewage
contamination of the drinking-water source, as lesyepl in southern Kyrgyzstan at the end
of 2003.

269. A pandemic is a disease that has an abnormally high incideme a large
geographic area. Cholera pandemics are the mosbunpandemics of waterborne
diseases. The seventh pandemic, which was causétehyacteriunV. choleraeEl Tor,
broke out in Indonesia in 1961 and has since spt@dddia, the mainland of Asia, West
Africa, and Latin America. The last pandemic, tighth one, has begun in 1992 in India
and Bangladesh and is caused by Vibrio choleraedion0139 Bengal.

270. Confusion sometimes arises because of ovdsktreen the terms epidemic,
outbreak and cluster. Although they are closelgtesl, epidemic may be used to suggest
problems that are geographically widespread, whiltoreak and cluster are reserved for
problems that involve smaller numbers of peoplarar more sharply defined in terms of
the area of occurrence.

Outbreak

271. An outbreak is a short-term local increaseaidisease (Last, 2001). The WHO
definition of an outbreak comprises two or moreesasf illness arising from the same
source (Andersson Y and Bohan P, 2001). A possiblece for a waterborne disease
outbreak could be a contamination of the centradkifig-water supply. The considerable
difficulty of detecting small outbreaks whether rfrowater or any other source is well
recognized (Hunter P, 2002); however, it may pravébe even more difficult to detect
outbreaks affecting a bigger number of people lbatioing in a larger population such as a
metropolitan areas (Kozisek, 2010).

Population at risk

272. In waterborne disease epidemiology, the pdipulat risk has to be defined. This is

the part of the population which is susceptible tdisease, for example children, pregnant
women, or people connected to the public water Isugopd therefore at risk when the water

quality no longer meets the quality criteria (Bedmlle R, 1993).
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Basic Study Designs

273. Descriptive and analytical studies can be usedcarry out epidemiological
investigations of waterborne disease outbreaks.riibst important descriptive studies are
ecological studies and surveys. Case-control arrecstudies are the most important
studies used for analysing outbreaks of waterbdiseases.

Descriptive studies

274. In generaldescriptive studies describe the pattern of disease in a communitgyTh
are an essential starting point in the investigatib any outbreak or possible waterborne
disease, and help to generate hypotheses for figtihdies.

275. Mostly data from routine surveillance such desath reports, notifications of
infectious diseases, laboratory reports, or cas#irfg exercises are used as data source. For
case finding exercises, information is searchedutlibe temporal, geographic and
demographic distribution of the disease (time, @lgmerson). Thus, within these studies,
data on the date-of-onset, place of residenceeltfaigtory, age, sex as well as food and
water consumption of those affected is collectedngidr PR, 1997).

276. In descriptive studies, the possibility tolgee is usually restricted to summarizing
and presenting the data in tabular and graphicai.fo

277. One of the most important variants of desiépstudies is the so-callestol ogical
study. This study design is based on conclusions onadeseausation that are drawn by
correlating incidence or prevalence rates for pajoh groups (e.g. communities) with
possible risk factors, such as the proportion afppe drinking well water or the proportion
of unemployed people (Hunter P, 1997). Though theye the advantage to be simple to
conduct, to be economical, and that population eadta widely differing characteristics
can be used, they have some major disadvantagesmbilt important factor is that no
individual link between exposure and effect canraale. This problem is called ecological
fallacy. They are also unable to control for mareffects of potentially confounding
factors. Because of these limitations, n@abd¢ conclusion can be drawn from them
either way (Beaglehole R, 1993 and, Hunter P, 1997)

278. An ecological study design could be the ingasion of the relationship between
chlorinating by-products and cancer rates in pdpmra with differing water supplies. An
example for an ecological study is this of Mungerak (1997). Here, the intrauterine
growth retardation in 13 lowa communities that ree¢ water from the herbicide
contaminated Rathbun water system was compareth&y towa communities of similar
size. The results showed a higher rate of intringegrowth retardation with maternal
exposure to Rathbun drinking-water. However, litiitas of this ecological study design
led to the conclusion that the association cannbg @onsidered as a preliminary finding.

279. Surveys are another variant of descriptivediesau Here, the characteristics of
individuals in the population are described, inahgd their personal attributes, their
experience of a particular disease and their expotu putative causal agents (e.g. well
water) (Hunter PR, 1997). That means that expoanceeffect are measured at the same
time. For data collection a sample of the popuhai® interviewed by means of personal
interview, telephone interview or postal questiagrmaThe most important advantage of
this study design is that they are relatively easg economical to conduct (Beaglehole R,
1993). When using this study design, the problerhia$ should be taken into account, in
particular selection bias, e.g. individuals haviegently experienced diarrhoea are more
likely to participate in the study on diarrhoeadatise. On the contrary, if a high proportion
of people with diarrhoea are admitted to hosphialytmay not be available for interview in
the community (Hunter P, 1997). In an outbreak aditm, a cross-sectional survey
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involving the measurement of multiple exposuresfien the first step in an investigation
to unveil the cause (for example contaminated dmgpkvater)

Analytical studies

280. Though descriptive studies are often usedusecaf their advantages, analytical
studies mostly lead to conclusions and evidencedaanot be extracted from descriptive
studies.

281. Case-control studies are the most common gaelgpidemiological investigation
of potential waterborne outbreaks. Here, hypothasegested by comparing the incidence
of a preceding event in those persons with disézsges) with those persons in a group of
individuals unaffected by the disease (controlsirtér P, 1997). The advantage of case-
control studies is that they are simple, quick &wdnomical to carry out, and that a
multiple exposure can be examined. Although theylanited to the examination of only
one disease, a case-control study has the advanfabeing able to examine multiple
exposures at the one time so that the relativeribomibn of each can be estimated (e.qg.
food, water etc.)Figure 1demonstrates the procedure for conducting caseaasitidies.
Case control studies are retrospective, which maeaighe direction of the inquiry is going
into the past.

Figure 5 Basic waterborne disease surveillance stig
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282. Case-control studies normally proceed asvalldFirst, cases have to be selected
that should represent all the cases from a spdcff@pulation. Then controls have to be

selected to sample the exposure prevalence indpelgtion that generated the cases. The
controls should represent people who would have liesignated study cases if they had
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developed the disease. The controls need to beitetrin a timely fashion, to avoid a
recall bias. The cases and controls can be resfritd specified subgroups (females,
children). The key to success in case-control sti@ the correct definition of cases and
the selection of controls. The case definition nmsglude clinical, epidemiological and
microbiological or other laboratory features. Cotgrshould be free of the disease, i.e. free
of symptoms like diarrhoea or vomiting. The methdiolst can be used for selecting the
cases may include telephone recruitment or the eusafy administrative registers
(Beaglehole, 1993).

283. After identifying cases and controls, a matghbf controls to cases has to be
performed. One case can have up to four contrbis. important to ensure that there is

sufficient similarity between cases and controlewlhhe data is to be analysed by, for
example, age group or social class (Beaglehole3)19Bhe proportions of cases and

controls that for example are exposed to drinkiregew are then compared and deductions
can be made about whether or not drinking-watea i$sk factor. The exposure can be

defined by using hypotheses or specific diseaserexmes. In the case of the occurrence
of gastroenteritis of unknown origin in a communitlye food consumption, consumption

of unsafe drinking-water or consumption of drinkiwgter contaminated with chemicals

could be taken into account as exposure.

284. The measured value in a case-control stuthei©dds Ratio (OR). An example for
calculating an OR is given ifiable 11 The Odds Ratio is the ratio between the proligbili

that someone with disease has experience of trentpat environmental factor and the

probability that someone without the disease hasemence of the same factor (Hunter,
1997). In the given example it is tested, whetheopbe with Cholera were exposed to a
specific risk factor, e.g. consumed seafood, or hofTable 51 the OR is given as 11.6.
This suggests that the cases were 11.6 times rikefg than the controls to have recently
ingested seafood (Beaglehole, 1993). In case-dostudies, a relative risk (RR), which is

the measured value of cohort studies which wilekplained below, cannot be calculated,
because cases and controls are not random sanfiptessemtire population.

Table 11 Calculation of the Odds Ratio (OR)
Exposure: consumption of seafood

Disease (cholera) Yes No Total
Yes 5Q 11, 61
No 16 41, 57
Total 66 52 118

OR = (a*d)/(b*c) = (50%41)/(11*16)=11.6

285. Contrary to case-control studies, cohort s&idire studies of a group of individuals
for whom exposure data is known. The directionhef inquiry is normally the future, and
the level of risk is investigated with which thepesure leads to diseases.
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Figure 6 Characteristics of a cohort study
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286. In a cohort study a cohort (group of peoptek fof disease is selected first. This

group is classified into subgroups according toosxpe to a potential cause of disease or
outcome. Then variables of interest are specified measured and the whole cohort is
followed up to see how the subsequent developmkenew cases of the disease differs

between the groups with and without exposure (BRdaxe, 1993). As example exposures
can be named e.g. chemicals in water, like nitratsenic, trihalomethanes or different

kinds of water supplies (groundwater vs. bankéfit).

287. As cohort studies start with exposed and uoseg) people, the difficulties of
measuring exposure or finding existing data on viddial exposures are important in
determining the ease with which this type of stadg be carried out.

288. The advantage of cohort studies is that theyige the best information about

causation of disease and the best measuremengkofTiie relative risk (RR) is used to

compare the incidence of disease between thosesedpand those not exposed to a
potential causative agent (Hunter, 1997). Besidehprt studies are conceptually simple.
The basic disadvantage of cohort studies is thatdtmajor undertaking and that it requires
long follow-up periods due to the disease oftenuodeg long time after exposure.

Retrospective cohort studies are one special kirmblort studies which is typically used

for outbreaks affecting water supplies of small comities.

289. Retrospective cohort studies are performednvatiepeople are potentially exposed
to a single risk factor (i.e. supplied by waternfr@a single well) (Hunter, 1997). One
example for the application of this kind of cohsttidy is described in detail in chapter 6 of
this manual. As cohort group all primary schoolldt@n of a small region in Germany
were selected, where a Giardiasis outbreak occudwihg May and August 2000.
Questionnaires were used to investigate potentigdogures like water and food
consumption habits, contact to animals and batimngcreational water. The Relative Risk
indicated that the exposure to contaminated tapmiedm a special water supply zone was
responsible for developing the disease in some reesydf the cohort group.
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C. Sources of errors in Epidemiological Studies

290. Epidemiological studies are sometimes vulrer&d potential errors, confounding
factors and biases.

Random error

291. Random errors can occur due to individualdgidal variation, sampling errors and
measurement errors. They can be reduced by carefaturement of exposure and
outcome thus making individual measuremest precise as possible. But they can
never be completely eliminated. This is due tofém that it is only possible to study a
sample of the population (e.g. children), that vidlial variation always occurs (e.g.
morning and evening differences of blood pressurethe same person) and that no
measurement is perfectly accurate (e.g. laboratomestigation of stool samples)
(Beaglehole, 1993).

Systematic error

292. Systematic errors or biases can also occuhawd to be always taken into account
in outbreak investigations. An error is systematitien there is a tendency to produce
results that differ in a systematic manner from thee values. Principal biases are the
selection, the measurement and the recall bias. sigeematic difference between the
characteristics of the people selected for a stuntlythe characteristics of those who are not
is called selection bias, which can occur whenigipents select themselves for a study.
The measurement (or classification) bias means almt different laboratories measure
different concentrations of pathogens. And an exanipr a recall bias is the recall
difference as regards food consumption betweeandl healthy persons that participate in a
case-control study.

293. Confounders or confounding factors can alad ® potential errors. Confounding
factors provide misleading estimates of effectseyltarise because the non-random
distribution of risk factors in the source popudatialso occurs in the study population. In a
study of the association between exposure to aedausisk factor) and the occurrence of a
disease, confounding can occur when another exp@ists in the study population and is
associated both with the disease and the exposimg btudied. The relationship between
the exposure, the disease and the confounding rfastwisualized inFigure 7. In
investigating a hepatitis A outbreak contaminatedhking-water there could be a
confounder for example if only contaminated foodudobe taken into account as exposure
factor.
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Figure 7 Confounding: contaminated food and water ad hepatitis A (modified after
Beaglehole et al., 1993)
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Specific Methodological Challenges of ConductmEpidemiological
Studies

294. Most gastrointestinal illnesses such as thels¢ed to drinking-water can be spread
by more than one route. Epidemiological study & dhly method that can utilise real data
to separate the risk of the illness caused by caintted water from other risk factors for
the outcome illness. Without such control, risk che overestimated. The use of
epidemiology has been criticised because the apbrosed to collect the data is not
experimental in nature. Although there are a langeber of variables associated with risk
from drinking contaminated water, it is possiblectory out credible studies by following

standard practices. Epidemiological studies musivék-designed and conducted in order
to estimate health risk with a good degree of amyrbut also to control for other risk

factors and/or confounders of the outcome illnesadpstudied.

Study Design

295. There are a number of methodological challentat must be addressed when
designing and conducting epidemiological studiesritter to minimise the biases that can
occur. The type of study employed is dependent on:

(@)  The objectives of the study
(b)  The nature of the exposure and illness undetyst

(c) Available epidemiological and biostatistical pextise, together with
economic constraints

296. It is vital that these three elements areidensd at the outset of any investigation.
The primary criteria to be considered in the chaitan appropriate epidemiological study
protocol are the objectives of the study and thidiy of the findings, both of which
determine the use to which the data acquired cgube

297. The limitations and methodological challengégepidemiological studies lie in the
need for unrealistically large sample sizes toatetery small increases in risk, in the costs
incurred and expertise needed to conduct a goaty.s@ompared to many other types of
scientific endeavours, epidemiological studies takeng time to complete. Often due to
the budget limitations epidemiological studies aatraddress all the aspects of importance
or all the population groups. But, it should ber®oin mind that inadequately designed
studies will result in inadequate outcomes.
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298. Before beginning the study the following mbst easily available to enable high
quality epidemiological investigation of outbreaksvaterborne illness:

(a). Relevant information including maps of watestribution and supply zones
(provided by water companies) and population datdife affected area.

(b). Staff with appropriate skills including epiderogical, statistical, data
handling, interviewing, leadership and organisatiakills.

(c). Facilities including an 'incident room' to ocdinate the work of the
investigations team and collect all the data. (8euHunter, 2003).

Which study design is most suitable?

299. Experimental or intervention studies are thutp provide the most accurate
results, once the potential for selection bias @mfounding has been minimised, but these
types of design may not be suitable in some casedalethics or cost. Prospective cohort
studies are the next best option, but again costdamistics may prove prohibitive. In such
cases cross-sectional studies can provide usefotniation where attention is paid to
measuring exposure and disease accurately andirsdidar potential confounding factors
(Blum and Feacham, 1985).

300. Reducing bias is a major challenge in epidegical studies. Bias is any
systematic error that results in an incorrect estinof the association between exposure
and disease. The main types of bias are selectas) imformation bias, recall bias, and
confounding.

(@) Selection biamccurs when inclusion of study subjects on thasbafseither
exposure or disease is somehow related to thesgisgaexposure being studied.

(b) Information biasoccurs when there are systematic differencesamidy data
on exposure or outcome are obtained from the @iffiestudy groups.

(c)  Recall biasoccurs when the reporting of disease status ferdift depending
on the exposure status.

(d) Interview bias occurs where interviewers are aware of theosupe status
of individuals and may influence the answers oeate status.

(e)  Confoundingoccurs when the relationship between the exposodedisease
is attributable (partly or wholly) to the effect ahother risk factor, i.e. the confounder (see
below for examples of non-water related risk fagtfur gastroenteritis). It happens where
the other risk factor is an independent risk faéborthe disease and is also associated with
the exposure. It can result in an over- or undemnasé of the relationship between exposure
and disease. For example, personal hygiene is enfpadt confounder of the association
between drinking-water quality and gastrointestithaéss.

Examples of non-water related risk factors fostgaenteritis
0] Age
(i)  Gender
(iii)y  History of migraine headaches
(iv)  History of stress or anxiety
(v)  Frequency of diarrhoea (often, sometimes, yaoelnever)
(vi)  Current use of prescription drugs

(vii)  llinesses within 4 weeks prior to the trisdyllasting more than 24 hours
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(viil) Use of prescription drugs within 4 weeksarto the trial day

(ix)  Consumption of any of the following foods imet period from 3 days prior to
7 days after the trial day: mayonnaise, purathasandwiches, chicken,
eggs, hamburgers, hot dogs, raw milk, cold meaeafood.

(x)  lliness in the household within 3 weeks aftes trial day

(xi)  Alcohol consumption within the 7-day periodeafthe trial

(xii)  Frequency of usual alcohol consumption

(xiii) Taking of laxatives within 4 days of the atiday

(xiv) Taking of other stomach remedies within 4 slay the trial day
(xv) (Adapted from Kay and Dufour, 2000).

Exposure Assessment

301. Exposure assessment is critical in all epidégical studies, particularly in
drinking-water studies. Many studies assume thaiwsehold uses the closest water source
or the intervention water supply as the drinkingevaource, and very often the actual use
of water supply is not recorded. Different wateppglies may be used for different
purposes, and the drinking-water supply may beersfit from the water source used for
bathing or laundry for example. Children may natkithe same water as adults, and this
should be considered in the exposure assessmesbnie situations it may be critical to
observe water-use patterns rather than rely onrrrdton from questionnaires or
interviews, because actual water use may diffenfreported water use.

302. It is important to measure the appropriateapaters of water quality rather than
types of water source but this is still not a ggoddictor of water quality. For example,
often inadequate indicators of microbiological watguality and/or poor laboratory
methods are used when assessing microbiologicarveatality. Total and faecal coliform
concentrations are generally measured in watehofijh these are standard indicators of
microbiological water quality in temperate climateshey have acknowledged
shortcomings. These indicators do not work weltrimpical climates because of higher
ambient temperatures and nutrient loads. The higbeperatures help the growth of
thermotolerant aquatic micro-organisms that ard agépted to the higher temperatures
used to detect thermotolerant coliforms during watealysis. Some investigators have
reported problems of false-positive results duengdurally occurring thermotolerant
coliforms in the aquatic environment. In additidhe growth of thermotolerant, non-
faecal micro-organisms in the test media can makéficult to detect and enumerate the
target indicator organism. In order to overcomes¢hissues in warmer climates, the use of
E. coli as an indicator of water quality has beleowa to be more successful (Hunter et al,
2003).

303. Assessment of the microbiological quality otice water can be complicated by
high variability of source water quality, espegjalh water sources that are impacted by
run-off during rainfall events. Rainfall can incsearun-off entering surface water supplies
and bring increased faecal contamination resultimgdegradation of water quality.
Alternatively, water quality may improve during treny season, where increased dilution
of faecal contamination in the water source mayuncthe water quality may degrade
during periods of drought due to the concentratidrfaecal contamination in smaller
volumes of water. Groundwater quality can also fected by precipitation and flooding.
The quality of water provided by traditional wasempplies can vary considerably and water
quality is often variable with time. Some water @s with low averageE. coli
concentrations may have occasional high peaks ofacunation that may be missed if



ECE/MP.WH/2010/L.3
EUDHP/1003944/4.2/1/5

water sampling is infrequent or only for a shontipe of time. It is therefore recommended
that for accurate exposure classification of a wateirce, investigators should consider the
average and peak concentrations of a sufficientbmumof samples collected over an
extended time period though costs may be high. @épeinprotected water sources need
to be tested more frequently than protected soutdéesever, even water quality in piped
water supplies can show temporal and geographiahiity. Water distribution systems
can have local peaks of contamination from illegahnections, and power outages that
result in negative pressure and an influx of coitated water or sewage.

304. Depending on the location of the epidemiolabiovestigation, exposure setting
may also involve measuring household water qualibe quality of the water stored in the
household can be significantly different from theality at the source. It is important to
determine whether the households being studiedrtaldeany forms of water treatment,
including boiling, filtration or disinfection. Traport and storage of water in contaminated
vessels has been shown to be a cause of watemuoat&gon. Withdrawal of water from
storage vessels by dipping, which involves handamirmay result in contamination of the
water quality. Contamination of water at the soupmses a different health risk than
contamination of stored water in the household.aabntaminated outside the household
can introduce new pathogens into a household ornuomty. In contrast, household
contamination of stored water is likely to involpathogens that are already within the
household that are probably already being transthitta other routes in the household.

305. Other household members may be exposed te fhehogens by other routes of
transmission or may already have immunity.

Measurement of Health Outcomes

306. The most common health outcome considereduities of waterborne disease is
diarrhoeal morbidity. It can often be difficult ttefine an 'episode of diarrhoeal disease
because of age, diet or cultural factors. Accordminternational literature, diarrhoea can
be defined as “Three or more incidences of flu@bbktvithin 24 hours” or “ Two or more
incidences of fluid stool with at least one of ttedlowing symptoms: abdominal pain,
cramps, hausea, emesis or fever” or “The incidesfca single fluid stool with blood or
mucus” (Baqui et al, 1991; Isenbager et al. 2004igii et al. 2006). In addition, diarrhoea
incidence or prevalence is usually measured byogerihousehold interviews where
participants are asked to recall their personakds history and/or the illness history of
their children and other members of their houselsihde the time of the last interview.
The longer the time in between interviews the nldely it is that errors will occur in
disease reporting. It is therefore important thétriviews are conducted as soon as possible
after an event.

307. Egorov et al. (2002) undertook a cross seatiepidemiological study in Russia to
assess an association between decline in residuafire concentrations and risk of
gastrointestinal illness. The study comprised ofewaguality monitoring and an extensive
guestionnaire survey of city residents.

308. In the city of Cherepovets, in north-westeras®a, a series of epidemiological
studies on waterborne diseases have been outccarriecent years. Egorov et al. studied
residual chlorine levels and gastrointestinal dise2002), exposure to disinfection by-
products (2003a), the relative frequency of Cryptoglium infections (2004). Furthermore
the association between drinking-water turbidityd agiarrhoeal disease was assessed
(2003b).

309. All residential areas of Cherepovets receiviekihg-water from a single water
treatment plant, which uses the Sheksna Riverveater source. The water treatment plant
uses chlorination with liquid chlorine, coagulatiaith alum and rapid upward filtration
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through sand filters. Chlorine is also used assaltml disinfectant. Re-chlorination in the
distribution system is not practiced and many rsisl are regularly exposed to drinking-
water with no free chlorine residual, while coneations of dissolved organic compounds
in treated water are high. This creates a favoarabhdition for biofilm growth. The study
aimed to show that health risks associated withwtafer consumption are higher in areas
with chronically low concentrations of residual atihe.

310. Exposures of study participants were chargei@r with mean water quality
parameters by predefined areas of the city. Wateptes were taken from taps in selected
apartments and analysed in accordance with stanaaatiytical methods. In addition,
routinely collected effluent water quality datarfrahe treatment plant were also made
available for analysis.

311. Questionnaires were administered to studyigiyeeihts by trained interviewers.
Participating families were recruited from resideat randomly selected apartments within
pre-selected areas. The questionnaires allowegddmntially confounding factors such as
socio-economic and demographic characteristich®fpopulation. The health outcome of
interest, an episode of gastrointestinal illnesss vdefined as diarrhoea or other Gl
symptoms, such as vomiting or abdominal crampsl#siéd one day after at least a two-
week long symptom-free period. Information wasectd on episodes of Gl illness during
a three-month and one-month period prior to thestioenaire survey.

312. The results demonstrated an association betdeeline in free residual chlorine

concentrations in the distribution system and iaseein the risk of Gl illness in the city of

Cherepovets, Russia. Re-chlorination of water lacded points in the distribution system,

such as local pumping stations, to maintain adeqleaels of free chlorine throughout the
distribution system is recommended to reduce thiddyuof gastrointestinal diseases in the
population.

Analysis

313. Epidemiological studies can provide stronglence linking disease incidence and
environmental or other exposures. However, thisissizal inference does not provide
absolute proof of a direct cause and effect, aljhothe combination of strong statistical
association with biological plausibility offers stig evidence of causality.

314. Analysis of complex data from studies of waterd health typically require
multivariate regression techniques to control foe effects of potentially confounding
factors related to community, household and chifcracteristics. These confounding
factors include income, family size, type of samjtéacility, age and education. Many
regression models (e.g. logistic, proportional gagdsume that each of the observations are
independent. In reality, this is unlikely becaudge tnumber of diarrhoea episodes
experienced by a single individual over time or agnandividuals together in a household
are more likely to be related, and therefore addél analytical approaches are needed to
adjust for individual and family clustering such B®isson regression or generalised
estimating equations (Liang and Zeger, 1986).

315. The analytical approach must also examinepthtential for interaction between
exposure and covariates, such as age or seasagnificant covariate indicates that the
covariate modifies the effect of water supply oe tlisk of diarrhoeal disease. If age-
specific analysis of morbidity is not undertakere tbffects of a water intervention on
specific subgroups of the population may be mis3ée: rates of many health outcomes
vary by age. Some of this difference is due todgaal differences in host susceptibility
for different age groups. Different age groups haliferent water-use patterns and
different risks from other exposures. Children unfige have higher rates of diarrhoeal
disease and different environmental exposuresdlder children and adults.
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316. Seasonal effects on morbidity should also dresidered in the analysis. In most
parts of the world, diarrhoeal disease has spes#fasonal peaks that should be considered
in studies of the association between diarrhoestatie and water quality. Water-use
patterns may change throughout the year, for exaimpsummer where water is scarcer.
The quality of source water can also change quitesiderably by season depending on the
type of water source and its vulnerability to conitaation.

Association

317. 1t is not possible to detail all the statigtionethods and analysis available to
undertake measures of association and potentighdimip this manual and the reader is
referred to the bibliography for further readingbAef outline is provided below. Measures
of association show the degree of relation betvwe®nor more variables. In epidemiology,
it is usual to use the term 'exposure' to denoyeeaplanatory or independent variable that
can be considered a possible health determinamt.tditm 'disease* is used to denote any
health outcome (‘dependent’) variable. Measuresssbciation are calculated to quantify
the effect of an exposure on the frequency of diselt should be clear that an 'association’
is not the same as 'causation’.

Absolute measure of association

Calculation of risk ratio

318. The risk ratio is the incidence proportiorthie exposed group (P1) divided by the
incidence proportion in the non-exposed group (R&k ratio = R/ Po

319. The risk ratio indicates the direction of asaxiation between an exposure and
disease. The baseline ratio is 1, indicating no@aton between the exposure and disease.
Risk ratios greater than 1 indicate a positive @ssion, and risk ratios less than 1 indicate
a negative association. The risk ratio also quiastithe strength of association. For
example, a risk ratio of 5 indicates that the ergogroup had 5 times the risk of the non-
exposed group.

Calculation of Odd Ratios

320. When working with incidence proportions andvalence proportions, the disease
frequency can be expressed in terms of odds, ancethtionship between the exposure and
disease frequency can be expressed in terms aldsratio. This calculated as follows:

A, = the number of cases in the exposed group
B;= the number of non-cases in the exposed group
Ao= the number of cases in the non-exposed group
B, = the number of non-cases in the non-exposed group
The odds of disease in the exposed group £Q\,/B;
The odds of disease in the non-exposed groyp£@./By
321. The odds ratio is
O1 _ Al/Bl _ A1*BO
02 A0/BO  AO* Bl
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322. The final expression (A1*B0/A0*B1) is the smoproduct ratio in the 2-by-2 table
shown below:

Disease + Disease -
Exposure + Al B1 N1
Exposure - A0 BO NO

323. An odds ratio of 1 indicates no associatiotwben the exposure and disease. In
addition, the odds ratio is also an index of thmerggth of association between the exposure
and disease - the further it is away from 1 in aitpee or negative direction, the stronger

the associations. When the disease is rare, the radid is approximately equal to the risk

ratio.

324. A checklist is provided below to assist in tievelopment of epidemiological
studies:

(@)  The design of the epidemiological study isicait because it affects every
aspect of the study. It should address why theysisidbeing done, and how it will be
conducted.

(b)  Health outcomes and exposure should be cledefijned. The endpoint
results of exposure to microbiological hazards el as the exposure itself are key factors
in describing the results of an epidemiologicalgtuThe endpoint might be self-reported
symptomatology, indicative of exposure to a potdhtibroad spectrum of pathogens or it
might be more specific. Where possible, the respdn exposure endpoint should be as
specific as possible.

(c) The population to be studied should be welliragaf in terms of the
participating individuals. This will include demagphic information, the means of
selecting the population sample and the naturedtisions.

(d)  The numerical size of the exposed and non-eegb@soups is also critical.

The sizes of these groups are determined by th@drecy of occurrence of the health effect
under study. llinesses or infection that occurkigher frequencies require smaller groups.
The size of the required populations is affected by the magnitude of the
differences in the frequency of illness or infenSobetween exposed and non-exposed
groups. The smaller the differences to be detebetiveen exposed and non-exposed
groups the larger the number of subjects requineelaich group. Expert advice should be
sought with regard to population size before cotidgan epidemiological study.

(e) The approaches for collecting exposure andtiesffects data should be
described in detail.

)] Data analysis should include the steps taken ctntrol selection,
misclassification and confounding bias. Thkéatistical evaluation procedures should
be fully described.

(g) All of the measures taken to ensure the quabtythe data should be
described including the technical qualificationghef scientists participating in the study.

(h)  The study plan should be submitted to the gmte authorities to ensure
that any regulatory limitations regarding human dia will be met especially
confidentiality restrictions and informed conseragedures.
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Detection, Investigation and Reporting of WaterRelated Disease
Outbreaks

325. A waterborne outbreak is given when two oremgersons (better: more cases than
would be expected (Quigley, 2003)) experience dlainilness after ingestion of water
from the same source. Drinking-water-related owtkseare both a demonstration of a
breakdown or failure in the water supply systend, present an opportunity to provide new
insights into disease transmission and improvemémtthe supply system (Andersson,
2001).

326. In this chapter, we will discuss the way hanatiequately manage the event of a
water-related disease outbreak. We will addresé biwe pro active phase (see chapter
5.6.1: preparation) and the reactive phase (sept@h&.6.2: response) of water-related
disease outbreak management. First of all howeret to facilitate focusing on the major

problems of outbreak management, we will have ef bobk on

(a) (emerging) risk factors of water-related digeastbreaks, and
(b)  major obstacles in detecting water-relatedatiseoutbreaks.

327. The range of factors attributing to the riskvater-related disease outbreak events is
rather wide, including natural, anthropogenic, teéchl, social, economic and political
aspects. The importance of different factors stiypngries due to both natural conditions
and socio-economic development of countries, angffexcted and triggered by different
global change processes. However, from the expaief the last decades can be stated
that until now no country has achieved the goaiminimise the risk of a water-related
disease outbreak to zero.

328. Among the major risk factors the following gps should explicitly be mentioned
(Kistemann and Exner, 2000):

329. Concerning sources of water supply:

(@ increasing amount of raw water abstracted fimorly protected surface
water bodies, animal husbandry, pasture farmingage discharge, industrial activities,
transportation, use and disposal of dangerousautes in catchment areas

(b)  non-existence of legal catchment protectioreson

(c) increasing variability of precipitation patterboth in time and space due to
climate change

330. Concerning water processing:
(@) insufficient, over-used and/or inadequate watsEtment facilities

(b)  change of water pressure in water distribuggstems causing mobilisation
of micro-organisms and biofilms

(c) lack of education and training of water workergonnel leading to
insufficient planning, running and/or maintenanééagilities

331. Concerning water use and misuse:

(a) growing amount of people with reduced immunoipetence, due to age
(demographic transition), drugs, and medical treatm

(b) new and complex technical applications of wateng. dental units, air
conditioning, cooling towers, spas

83



ECE/MP.WH/2010/L.3
EUDHP/1003944/4.2/1/5

84

(c) increasing awareness of possible misuse ofevable water supply systems
for health threatening attacks

332. Despite this, the issue of emerging pathogems become a major concern
throughout the last decade (NAS, 1992). Emergirtgquens comprise different groups of
micro-organisms which have newly been detected. (fog water-related pathogens:
Cryptosporidium parvumnlLegionella pneumophi)a of which pathogenic mutants have
newly been detected/( cholerae0 139), of which human-pathogenic aspects havdynew
been detecteddampylobacterspp.), which have newly been identified as theseanf a
well-known infectious disease (hepatitis E virum),of which the association with a well-
known malignant or degenerative disease has nesdy detectedHelicobacter pylor).

333. To detect and report water-related diseaskreaks is often impeded by various
obstacles. It is probable that many water-relatsdade outbreaks remain undetected for
several reasons. Cases with only mild symptoms remgain unregistered due to the fact
that these patients would not contact health cac#itfes. Especially doctors would rarely
be consulted if patients have to pay for healthises. Medical doctors only rarely let stool
samples of their diarrhoea patients being examipadicularly if this would stretch their
budget. If gastrointestinal symptoms dominate thgept's syndrome, a foodborne disease
is often supposed even by specialists, and watexr pstential source is not thoroughly
taken into account.

334. Many health care systems, even under advasceid-economic conditions, are
lacking adequate capacities in more public heaftented skills such as epidemiology,
microbiology, and toxicology. Another point is tr@mmunication between public health
and environmental agencies (regularly being respengfor raw water quality and
treatment processes) are weak, insufficient angregared for emergency situations. This
leads to the fact that the number of outbreaksfigult to compare between countries, as
differences often reflect the readiness of natiagaiveillance systems to detect water-
related outbreaks rather than the number of ouitsrizself.

Preparation

335. The facts and obstacles mentioned above kedbet necessity that public health
services have to be well prepared to be able tddig¢ct water-related outbreaks, and (ii)
adequately react if a water-related outbreak oc@Exser M and Kistemann T, 2003).

336. The infrastructure and processes of a sufficiencident and/or outbreak
management has to be prepared and trained befoates-related disease outbreak occurs.
An outbreak management team (OMT) has to be iestadind the central task of this OMT
is the preparation for an outbreak. The OMT shatithd under the headship of the local
Public Health Officer. Further, officially desigeat members of the OMT should be:

(@) a specialist for hygiene and environmental wiedifrom a regional centre, if
available;

(b) leading representatives of the water utilitiesponsible for the water supply
of the population;

(c) representatives from the water department ef mbgional environmental
agency and from the agricultural and/or forest ages) if necessary;

(d)  representatives from the police, and the fiigdzles should be in the team as
well.

337. The OMT should meet regularly to build up trasd reduce communication
barriers. Deputy regulations should be installeddmance to make sure that representatives
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of each relevant institution are always availabflan outbreak is to be suspected, the terms
of reference of an OMT comprise

(a)  toreview the evidence for an outbreak

(b)  toidentify the population at risk

(c)  todecide on control measures

(d)  to make arrangements for the commitment ofqersl and resources
(e)  to monitor the implementation and effectivenefssieasures taken
) to decide on the end of an outbreak

(g) to prepare areport and make recommendatiorfsitiare prevention.

338. Sound proactive preparation is necessarydblerthe OMT to manage an outbreak
of water-related disease under the circumstancas efnergency situation.

339. A detailed outbreak plan has to be developad, occasional exercises have to be
performed. Site-specific risk factors have to bentified, and each of the above-mentioned
general risk factors has to be taken into accouettd their local and/or regional potential
importance. To successfully manage an outbrealat®iy it is absolutely necessary to
build up a data basis of relevant information, vkhis quickly available for the OMT in
case of an outbreak. The entire water supply syatahthe relevant processes, i.e. from the
catchment to the consumers' tap, have to be clesisedd and documented thoroughly. This
can very efficiently be done by use of a Geogragdhiicformation System (GIS), which is
described with more detail in chapter 7. Key stepthe outbreak management have to be
defined earlier.

340. Communication of information to the public @ key problem in emergency
situations. Therefore, it has to be clarified irvace how and to whom the work of the
OMT will be communicated in an emergency situatibo.avoid contradictory information,
only one person should be authorized to talk topthiglic. It will be very helpful to have a
professional press officer in the OMT to underttike task.

Response

341. The response phase of an outbreak managemerslystematically be divided into
different steps:

(@)  Trigger event: outbreak detection and confiramat

(b)  Acute reaction: outbreak declaration, quick aomtliminary descriptive
hazard investigation, initial and immediate contr@asures

(c)  Analysis: in-depth analytical hazard investigat continuous re-evaluation
of control measures

(d)  Normalisation: conclusion and declaration ofmalisation
(e) End: evaluation, formal report, learning lesstor the future

342. Although the process is generally sequentiake than one step can be undertaken
at a time. Furthermore, a good outbreak investigatiill continue to iterate back to earlier
steps to check its previous conclusions and hygetheFinally, all outbreak investigation
should be circular in that lessons learned shoetdl finto preparation and planning for the
next outbreak (Quigley C and Hunter P, 2003).
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Trigger Event

343. Possible trigger events have been definedvarece. The most obvious event is an
increase in the number of cases of a particularentially water-related disease being
reported through the surveillance system. Howetherquestion has always to be answered
whether or not there are really more cases today e would expect given our previous
experience of the disease in question in the supptpa. For example, has the outbreak
really started? There are several problems in deatification of epidemiological trigger
events. Mostly, they are related to time trendshsas: day-to-day random variation,
seasonal variations, secular trends, and effecpgesfious outbreaks on the assessment of
the expected disease rate.

344. Drinking-water sample results exceeding mimolgical or chemical limits are
always alarming and should prompt immediate actiRelevant technical failures in water
treatment or distribution facilities comprise fa#uin the water treatment process
(flocculation, filtration, disinfection), especigll short-circuits, burst pipes in the
distribution net or unusual loss of water in thé. iénusual events in the catchment area,
e.g. a transport accident, extreme rainfall andffurflooding, sewage or liquid manure
accidents, are trigger events which can be recednigry early, if an early warning
mechanism is established. Clusters of customersiptznts from one supply zone
concerning changes in organoleptic quality of tagten are to be handled as potential
trigger events as well. Effects due to war or téstactivities may also affect water supply
safety. The threat or use of biological and/or cleainweapons within armed conflicts, and
the detection of unusual and high potential miagaoisms (particularlySalmonella
Shigella dysentericeE. coli 0 157:H7,Cryptosporidium parvuinshould prompt highest
vigilance.

Acute Reaction

345. Any trigger event should prompt an immediatgt ineeting of the OMT. The team
uses descriptive epidemiological techniques to rilescand summarise certain key
information about the people affected and theirelis: Who? When? Where? A first case
definition has to be formulated. It is based on dimease (clinical symptoms, laboratory
results), the time period for dates of onset, aoohes geographical locator. The main
outcomes of the descriptive study are (i) an epidecnrve, and (i) an epidemic map
depicting the important information about time gpidce. Based on this information, the
epidemiological risk must be assessed and a hypistba the causes of the outbreak has to
be generated. The latter is important for both amgnting control measures and designing
an analytical study.

346. The major goal of this phase, however, igthuce the risk by quickly implementing
preliminary control measures. Treatment failureweh& be corrected; eventually an
additional disinfection step may help. Sometiméppssible, an alternate water supply has
to be activated. High-risk persons should be exadudom water consumption (it is good to
identify those persons and institutions in advanaaid consumers may be advised to boil
all water before consuming it.

347. Information has to be given to the public Ioyycone person, who is authorised by
the OMT, and it is without any doubt advantageaulsave a professional in this position.
Analysis

348. The in-depth analysis of the situation is Hasethree approaches:

(a) Different analytical epidemiological study tgpean be used for the risk
assessment of water-related disease outbreaksogéeall time series, case-control,
(retrospective) cohort, intervention and sero-plevee studies.
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(b)  The detailed hygienic-ecological site inspettiocluding catchment area,
treatment plant and distribution net may lead tpantant hypotheses concerning the causes
of an outbreak. Mapping is the central method lfics &pproach.

(c)  The hygienic investigation of raw water, trehteater, disinfected water, and
water at the consumers' tap is normally based etintkrpretation of some microbiological,
physical and chemical standard parameters.

349. A scheme of criteria for the strength of aigamn of water with human infections
has been developed for application in the natisnaleillance for water-related disease in
England and Wales (Tillett HE, 1998).

350. During the analytical phase, the further demedent of the outbreak situation has to
be checked critically: Do new cases occur? Doesiticglence of cases increase or
decrease? The immediate control measures have naoosly to be revaluated.
Recommendations for long term control measures ldhioe given. This could comprise
new controls and/or procedures, an improved plasigh, changes in best practice and
inspection procedures, or new legal requirements.

Normalisation

351. Before normalisation of the situation can belared, the following questions have
to be answered:

(@)  Arethe causes of the outbreak completely atded?
(b)  Have efficient control measures been implendhte
(c)  With respect to the incubation period, do newas occur?

(d) Do water sample results meet microbiologicatlemical requirements since
at least three days?

352. Finally, the OMT formally declares the endha outbreak to the public.

Final Report

353. The work of the OMT is not yet at its end aftermalisation. A formal outbreak
report has to be written. The efficiency of incidemfmanagement has to be evaluated: What
worked? What could have been done better? Addiligrthe costs of the outbreak should
be assessed, to give decision makers an idea dfasbll be saved if adequate preventive
measures would be installed. Finally, lessons kzhirave to be identified, order to prevent
or at least to better manage future outbreaks.

Essential Surveillance

Lead author: Christine L. Moe

General

354. Public health surveillance has been defined"tae ongoing and systematic
collection, analysis and interpretation of healtitadto describe and monitor a health event"
(Klaucke, 1992). Note that in this chapter the wtsarveillance" refers to the collection of
health data, not water quality data. Informatioonirsurveillance systems is used to plan
public health interventions and monitor whetherytlimave been effective in improving
public health. Surveillance systems vary in thdijeotives, methods of data collection and
data dissemination and in their scope and compleXitis chapter discusses reasons for
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conducting public health surveillance, describesiow approaches for monitoring
waterborne disease cases and outbreaks, and exaonitezia for evaluating waterborne
disease surveillance systems.

Why specific surveillance for Water-Related Disese?

355. When considering setting up a surveillancetesysor conducting surveillance
activities, it is important to first ask "why"? Wisphould a health authority commit financial
resources and personnel time to the surveillancevaiBrborne disease? Is waterborne
disease an important health problem? How will tiferimation collected in a waterborne
disease surveillance system be used to improvéeaéh of the public? The answers to
these questions may be that surveillance datahelpp identify communities where there
are problems with waterborne disease that requitervention measures to control and
prevent disease. Information on which areas of @enty or a city have problems with
waterborne disease can help target resources tdham@eas with the greatest needs. After
water and sanitation interventions have been imeteed, a surveillance system can show
whether these interventions have been effectivedacing disease.

356. In countries with limited resources, the vabfiglisease surveillance and the type of
surveillance that is appropriate needs to be vergfally considered. Continuing to use
traditional surveillance systems (such as passiseade notification) that do not function
well may not meet current public health informatineeds. Surveillance data must be
linked to public health objectives and monitorirte timpact of interventions that are
feasible, effective and economical. Information specific diseases related to water and
sanitation can suggest specific interventions, déimg on the types of disease that are
prevalent and the types of water systems thatsed.or example:

(a) Information on incidence of typhoid fever magicate the need for targeted
vaccine campaigns in specific geographic locations.

(b)  Information on epidemic and endemic giardiaigl cryptosporidiosis in
communities that use surface water supplies maicatel the need for water filtration
processes because chlorination is not very effeegainst these pathogens.

(©) Information on outbreaks of waterborne diseasadequately treated; piped
water supplies may indicate intrusion problemshia tvater distribution system and the
need for booster chlorination systems in the distion system or additional water
treatment on a household level. Studies in Uzbaki¢Semenza et al., 1998) showed that
>30% of households with piped water had no detéetizivels of chlorine residual in their
water despite two stage chlorination at the wateatinent plant. Home chlorination of
drinking-water resulted in a 62% reduction of dmmea - suggesting that much of the
diarrhoea in households with piped water was dudrittking-water contaminated in the
distribution system.

(d) Information showing a high prevalence of helihimfections may suggest
the need for improvements in sanitation and in@éagater availability for hand washing.

Approaches for Waterborne Disease Surveillance

357. There are several approaches for waterbossask surveillance systems. Knowing
how the data from a surveillance system will beduseimportant for planning how the
surveillance system should be set up and decidimag data is the most important to collect
and how quickly it needs to be collected and aradyPlanning a surveillance system can
be divided into several steps:

(& What information (health outcomes, demograpdéta, and risk factors)
should be collected in the surveillance system?
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(b) What are the sources of the target informataomd who collects the
information?

(c)  What mechanisms are used to transfer the irdtbam from the data collector
to the data compiler, data analyst and data user?

Waterborne Disease Health Outcomes

358. For waterborne disease, there is a spectruposgible health outcomes ranging
from asymptomatic infection to death (Table 5.1)lscd waterborne pathogens are
associated with a large range of symptoms. Typjicallaterborne disease involves
infections of the gastrointestinal tract and sympgoof diarrhoea, nausea, vomiting,
abdominal cramps and sometimes fever. Howevers iimportant to recognize that
waterborne pathogens can also cause other hedtthnoes such as: hepatitis (Hepatitis A
virus and Hepatitis E virus), conjunctivitis {enteiruses), aseptic meningitis
(enteroviruses), respiratory symptoms (enterovs)shaemolytic uraemic syndromg.(
coli O157:H7), myocarditis (Coxackieviruses), diabet@Soxackieviruses), reactive
arthritis (Yersinia Shigella Salmonelly, peptic and duodenal ulcerddlicobacter pylor),
stomach cancerHglicobacter pylor, Guillain-Barre syndromeQampylobactér Toxins
from waterborne agents, such as cyanobacteria, lbeee associated with various adverse
health outcomes such as gastroenteritis, liver defma@ervous system damage, pneumonia,
sore throat, earache and contact irritation of skid eyes (Codd and Bell, 1989; Turner et
a;. 1990).

359. Surveillance for waterborne disease can foouhe detection of individual cases of
infection by waterborne pathogens or it can targetbreaks of waterborne disease.
Surveillance systems may monitor broad categofidgealth outcomes, such as diarrhoeal
disease, or a surveillance system may focus omwasfecific pathogens such as typhoid
fever, hepatitis or cholera.

360. Table categorizes health outcomes by level of severitg &ndicates various
approaches to collecting information on these auts Mild to moderate disease
outcomes may result in absenteeism from work oroakhself-treatment with anti-
diarrhoeal medications, or calls to health careviglers. These outcomes can be detected by
surveillance approaches such as monitoring: absisntein sentinel institutions (schools),
sales of anti-diarrhoeal medications, nurse hottiakls at large health care facilities, and
gastrointestinal illness in sentinel populatiorsn(flies, nursing homes). Clinical cases of
infection may result in visits to health care pdarns, laboratory-confirmed infections,
hospitalizations, or mortality. Sources of inforinaton these outcomes include: automated
patient visit records at large health care faetitihospital emergency room visits, hospital
admissions and discharge records, clinical laboyatecords of confirmed infections, and
death certificate listing of underlying and coniing causes of death. Some of these
surveillance approaches may provide a relativepydraneans of detecting an outbreak of
disease and will be discussed in more detail lat¢his chapter. However, the information
from these surveillance approaches cannot distshgbetween waterborne infections and
infections transmitted by food or other routes. YOoepidemiological studies that compare
health outcomes in populations exposed to diffeneater sources can determine the
proportion of iliness or infection that can beiatited to waterborne transmission.
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Table 12 Surveillance approaches for specific healtoutcomes

Health outcome  Outcomes that could be detected in @ossible surveillance approaches
surveillance system

Asymptomatic Immune response in » Serological surveys
infection infected case

» Possible secondary
transmission to contacts

Mild infection Absent from school or «  Telephone surveys of iliness in

work sentinel households
* Self-treatment with anti- «  Telephone-based or computer-based
diarrhoeal medications reporting system of absenteeism
(ADM) from sentinel schools, factories or
« Telephone consultation workplaces
with health care providere  Monitoring ADM sales at sentinel
pharmacies

* Monitoring telephone calls to health
care providers (“nurse hotline

calls”)
Moderate » Absent from schoolor ¢ Monitoring medical records from
infection work sentinel health care providers.
* Self-treatment with anti- «  Monitoring hospital emergency
diarrhoeal medication room visits records
» Seeks medical care * Monitoring hospital laboratory

records of school testing and/or
pathogen detection.

Severe * Absent from schoolor ¢ Monitoring medical records from
infection work sentinel health care providers
* Seeks medical care * Monitoring hospital emergency
+  Hospitalization room visits records

*  Monitoring hospital admissions and
discharge records

* Monitoring hospital laboratory
records of stool testing and/or
pathogen detection

Death * Death * Monitoring death certificates

» Survey of households to identify
household members who died of
diarrhoeal disease

Data collection approaches

361. After decisions about the health outcomedHersurveillance system to target, the
next step is to decide how the surveillance dathhei collected, and who will collect it.

Some surveillance systems are "passive" systemsininge that the system relies on
voluntary participation of health workers or laltorées to report specific infections, cases
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(symptoms or illness) or events (clusters of cdbas may indicate an outbreak) to the
surveillance authority or coordinator. Many couegrihave regulations on what diseases
must be reported. Harmonization at the global I®fghese "notifiable diseases" has been
achieved through the 2005 International Health Reguns? Countries in Central Asia
usually report cholera, salmonellosis, shigellopathogenic E. coli, typhoid and hepatitis
A. In some countries, clusters of >5 cases of agagtroenteritis must be reported. In most
parts of the United States, health workers are asgyp to report individual cases of
salmonellosis, shigellosis, hepatitis A virus, tgjth fever, cholera. coli O157:H7,
cryptosporidiosis and giardiasis. Some disadvastagethis type of passive surveillance
system are that:

(a) It is not very sensitive. There are many stepthe reporting process and
some cases may be lost at each tggu(e 8). Many cases are probably never reported.

(b) Itis slow. Because there are many steps imaperting process, it may take
several weeks from the time a case occurs to e itiis reported to health authorities.

(c) It relies on voluntary participation of healtlorkers who are very busy and
may not take the time to report cases. There isnfiorcement of reporting and no penalty
for failure to report cases.

Figure 8 Sequence of events before an individual Bfellosis infection is reported
Indvidusl s infected ——
(G inction cime Himmphorre—

D e ingividual seak mediacs! |
attantion?

V4

Cad the heath care provider
. request a stoot spacimen?

" Did the il indidusl provide an | b
adequate stool sampha? ™

" Didthe heshh care peovider
epacificafy requast that the lab  ——]
| testihe specmen for Shigella? |

Was the specimen tested
L appropriataly?

4

Was the spacinman poaitive
for Shigella?

v

Drict the laboralory repart the
Shigells est rasun?

om4x0oUuTmAu HOZ

4 For further information on the 2005 IHR visit URNttp://www.who.int/csr/ihr/wha_58_3/en/
accessed 17 November 2008.
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362. A passive surveillance system is usually tlmwsand insensitive to detect an
outbreak at the time the outbreak occurs. Howeseme outbreaks may be identified
retrospectively when the data is analyzEdjure 9 illustrates how a surveillance system
can provide information on endemic illness ratesl dmas a sensitivity threshold for
detecting outbreaks once they exceed a certain eudilzases.

Figure 9 Epidemic to endemic illness as detected tsurveillance systems (Modified
from Frost et al (1996)

30 7= S e -
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detected detectad endemic
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363. Surveillance systems typically collect mor®iimation than just the occurrence of a
case of disease. Depending on the type of surme#lasystem, information is often
collected on:

(a) Date of onset of illness

(b)  Symptoms

(c)  Etiology (diagnosis, laboratory confirmation)
(d)  Geographic location

(e) Age

) Sex

(@) Risk factors such as other ill household membgource of drinking-water,
exposure to animals, travel, exposure to recrealtioater

(h)  Underlying health problems

364. Although all of this information could be uskfor learning about susceptible
populations and important risk factors for disede,information in a surveillance system
needs to be limited to the most essential inforomatior public health planning and
intervention. The more information that is requdste a report form, the more personnel
time is involved and it becomes less likely that tase will be reported. Health authorities
should realize that some of this information cdiee might be better suited for a specific
epidemiologic research study of a target populatiod disease rather than including it in a
surveillance system. Conducting surveillance incgjme sentinel populations is another
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surveillance approach that could be useful andlvéldiscussed in more detail in a section
of this chapter on enhanced surveillance approaches

365. Passive surveillance for cases of acute gagwdtis or specific diseases has
strengths and limitations. This type of surveillancan provide useful information on

changes in disease incidence over time. Also, pasgirveillance may allow retrospective

identification of outbreaks when the data is coexgpiland analyzed. However, it is

important to use this data. For example, peakdseade incidence should be investigated,
even retrospectively, to determine if a failurewater treatment occurred or if other risk
factors were involved. The limitations of passivevgillance are:

(@) Passive case surveillance has low sensitiebabse only a small percentage
of cases provide stool specimens and are diagreosgdeported.

(b)  Some waterborne diseases, such as viral gagtries, may not be included
on list of notifiable diseases.

(c)  There is usually a significant time lag betwéles time of disease occurrence
and the time that a case report is received.

Surveillance for Waterborne Disease Outbreaks

366. Another approach to waterborne disease slawed is passive surveillance for
outbreaks. This is practiced by several countieshe European Union (Kramer et al,
2001), the United Kingdom and in the United Stdte et al., 2002).

367. Inthe United Kingdom, some reports of watembalisease outbreaks exist since the
1850's. However, a formal surveillance system faterborne disease was not instituted
until the 1990's (Stanwell-Smith, 2003). This systeeceives information from four main
sources: 1) Reports of suspected outbreaks froal fealth officers and microbiologists in
the Public Health Laboratory Service; 2) Laboratbaged surveillance of notifiable
diseases; 3) Surveys of water quality and envirariaiesampling reports; and 4) Reports
from drinking-water authorities on suspected or feored incidents of water
contamination. Information on reported outbreaksdsnpiled and published every six
months in Communicable Disease Weekly. These repoctiude information on the
number of outbreaks, number of cases, etiologiniagef the outbreaks, and whether the
water supply involved was public or private.

368. Sweden has a multi-part surveillance systernfectious diseases (Stanwell-Smith,
2003), which requires reporting of notifiable dises by health care providers and
laboratories. This includes amoebiasis, campylayais, cholera, infection with
enterohaemorrhagi&. coli 0157, giardiasis, hepatitis A virus, typhoid arargiyphoid
fever, salmonellosis, shigellosis, and yersiniosisaddition, there is voluntary reporting by
laboratories of infections of noroviruses, cyclasparyptosporidiosis, other pathogefic
coli strains and rotavirus. Waterborne disease outbrea®weden are seldom detected by
this surveillance system at the time they occum&autbreaks have been detected by an
alert medical officer who notices a cluster of caaed initiates an investigation.

369. Inthe United States, passive voluntary sllargie for waterborne disease outbreaks
started in 1971 and is a collaboration between Gemtres for Disease Control and
Prevention (CDC), the United States Environmentatdetion Agency (USEPA) as well as
state and regional epidemiologists. This surveiéasystem includes outbreaks associated
with drinking-water as well as outbreaks associatéll recreational water. The objectives
of this surveillance system are to: 1) Charactetfiseepidemiology of waterborne disease
outbreaks; 2) Identify the etiologic agents thaiseathe outbreaks; 3) Determine the risk
factors that contributed to the outbreak; 4) Infoamd train public health personnel to
detect and investigate waterborne disease outhremkd 5) Collaborate with local,
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regional, national and international agencies oategies to prevent waterborne diseases
(Stanwell-Smith, 2003).

370. From 1971 through 2000, 731 drinking-wateboerks have been reported through
this surveillance system. Although this is beliewedbe an underestimate of the true
number of waterborne disease outbreaks that oatulueng this period, the information
collected in this surveillance system has beenemty valuable for improving our
understanding of the pathogens that cause waterlibisease and the risk factors involved
in waterborne disease outbreaks. The data colléctinils surveillance system includes:

(@  Type of exposure (drinking-water or recreatlanater)

(b)  Location and date of outbreak

(c)  Actual or estimated number of persons expatietipspitalized, deaths
(d)  Symptoms, incubation period, duration of illees

(e) Etiologic agent

) Epidemiologic data (attack rate, relative rigskodds ratio)

(g) Clinical laboratory data (results of faecal aedology tests)

(h)  Type of water system (community, hon-commuratyindividual drinking-
water supply)

0] Swimming pool, hot tub, water park or lake fecreational water

0] Environmental data (results of water analyssmitary survey, water plant
inspection)

(k)  Factors contributing to contamination of water

371. This data is summarized in biannual reportorfidlity and Mortality Weekly
Report Surveillance Summaries) that are publishethb CDC and distributed to public
health authorities and practitioners throughout tlmuntry. The information is also
available on the internet at www.cdc.gov/immwr. Axample of the summary data on
waterborne disease outbreaks associated with dgnkiater for one year is shown in in
Table 13.
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Table 13 Waterborne disease outbreaks associated ttvidrinking-water (USA 1998
n=10)

State Month  Class Etiological agent No of Type of Deficiency7 Source Setting
cases systen®

Florida May 11} Giardia 7 Com 2 Well Community
intestinalis

Florida Sep 1} Copper poisonidd  Com 3 Well Community

Florida Dec 1 Giardia 2 Ind 2 Well House
intestinalis

lllinois May 1l E. coli 0157:H7 3 Ind 2 Well House

Minnesota Aug | Shigella sonnei 83  Com 4 Well Fairground

Montana Jul 1 AGY 5 Ind 3 Well Home

New Mexico  Jul | Cryptosporidium32 Ind 5 Well Group housing
parvun’

Ohio Oct i AGP 10 Com 4 Surface Treatment

Texas Jul | Cryptosporidium1400 Com 3 Well Subdivision
parvun”

Wyoming Jun | E. Coli 0157:H7157 Com 2 Well/l  Community

spring

" An outbreak is defined as (a) at least two persomqeriencing a similar illness after ingestion of
drinking-water and (b) epidemiological evidencettimaplicates water as the probable source of the
illness.

® Based on the epidemiological and water-quality gataided on CDC form 52.12

¢ Com=community, Ind = individual. A community watystem is a public water system that serves
year-round residents of a community, subdivisiarmobile home part witk 15 service connections
or an average at 25 residents foe 60 days per year. Individual systems are smatesys that are
not owned or operated by a water utility and tleave <15 connections or <persons.

U 1 = untreated water, 2 = untreated groundwater, Beatment deficiency (e.g. temporary
interruption or disinfection, occasionally inadetgudisinfection, and inadequate or no filtratiof):
distribution system deficiency (e.g. cross conmexti contamination of water mains during
construction or repair, and contamination of aagerfacility) and 5 = unknown or miscellaneous
deficiency (e.g. contaminated bottled water).

U Acute gastrointestinal illness of unknown etiology

™ Nine persons had stool specimens that tested ymsitily for Cryptosporidium and one person
had a specimen that was positive Béastocystis hominis.

2 One person had a stool sample that was positivB.fbominis
U Surface water from an unknown source

# Eighty-nine persons had stool specimens that tgstsitive only forCrytposporidium and one
person had a specimen that tested positive onl@iardia. None of the specimens were positive for
both organisms.

372. Analyses of this surveillance data over tina@ehprovided insight into trends in
waterborne disease in the United States. For exanipé data shows that the overall
number of reported outbreaks associated with dngtkvater has been steadily declining
since the mid-1980s. However, the number of oultsr@esociated with recreational water
has been gradually increasing since 1978 whenuhe#lance system started to include
recreational water outbreaks. For the majority wheeaks, the pathogen is not identified.
Giardia and Cryptosporidium are the most commonly reported etiologic agents of
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waterborne disease. Finally, most of the outbréakslve groundwater systems, especially
small, groundwater systems.

373. The strengths of this waterborne disease ealtbsurveillance system are that it has
provided useful information on changing trends imtevborne disease outbreaks in the US
and it is flexible. It includes both drinking-watand recreational water, captures outbreaks
of unknown etiology and those associated with boffiectious and chemical agents,
captures outbreaks associated with gastroentexitis those associated with respiratory
disease and dermatitis, and captures outbreaksamdus sizes. The limitations of this
surveillance system are: 1) It has low sensitijitys estimated that only one of every 25
waterborne disease outbreaks is reported); 2) @sdoot capture sporadic cases of
waterborne disease; 3) There is lack of uniformiigtween states and outbreak
investigation (some are well investigated includoignical and environmental samples -
others only to a minimal extent); 4) There is insigtent quality and completeness of data
collected by different states; and 5) Data analyseslly occurs at federal and not at the
local level. The overall problem is that many whtene disease outbreaks are never
recognized by local health authorities. Even if nigeirecognized, they may not be
investigated or reported because of a shortageiofed health personnel available to work
on waterborne diseases at local health departments.

374. All surveillance systems of waterborne diseag®reaks need to include a method
for evaluating the evidence that an outbreak iséaddue to contaminated water or whether
it may be due to another transmission rotigble shows the criteria used by the national
surveillance system for water-related diseasesnigladhd and WalesTable shows the
criteria used to classify waterborne disease oallwen the surveillance system in the
United States (Stanwell-Smith, 2003). Both setscuferia combine and evaluate the
evidence from the epidemiologic investigation, tigter quality data and information on
the performance of the water treatment plant.

Table 14 Criteria for strength of association of weer with human infectious disease

Event Strength of association

Pathogen found in human case samplesStrong association if: a+c, a+d or b+c

was also found in water samples s
P Probable association if: b+d, only ¢ or only a

Documenteql water quality failure or watq:n;Ossible association if- b + d
treatment failure

Significant result from analytical
epidemiological study (Case control or
cohort)

Suggestive evidence of association from a
descriptive epidemiological study

National surveillance for water-related disease&imgland and Wales.
Source: Stanwell-Smith, Andersson and Levy 2003
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Table 15 Classification of investigations of watertrne disease outbreak in the USA

Class Epidemiological data Water quality data

I Adequate data to implicate water asa  Provided and adequate: could be
source of outbreak; data were provided historical information or lab data
about exposed and unexposed persons, @nd. history that the chlorinator
the relative risk or odds ratio was2 or ~ malfunctioned, or water main
the p-value was <0.05 broke, or no chlorine residual, or

positive coliform detections in
water)

Il Adequate Nor provided or inadequate (e.qg.
stating that a lake was
overcrowded)

1 Provided by limited epidemiologic data Provided and adequate

provided that did not meet the criteria for
Class I, or claim made that ill persons had
no exposures in common, besides water,
but no data provided
\Y% Provided but limited Not provided or inadequate

Alternative Surveillance Approaches for Watera®ed Diseases

375. Another approach to surveillance is "activevaillance" which means that the

surveillance authority contacts health workersalyotatories on a routine basis to ask if
they have identified any infections, cases or exe@enerally, active surveillance systems
are more sensitive and rapid in collecting inforioratthan passive surveillance. Active

surveillance for cases of specific diseases magplievtelephoning sentinel health care
providers and/or laboratories on a routine basish(sas weekly) to determine how many
cases of a specific disease they diagnosed inakevpeek. This approach results in more
cases being reported, and it cuts down on the laigéetween diagnosis of an infection and
reporting an infection. However, cases that do sestk medical care or do not provide
clinical specimens for diagnosis are still not detd by active surveillance systems. Also,
active surveillance is more costly than passiveveillance because it requires more
personnel time and resources for communication.

376. Table lists a number of active surveillance approachas cbllecting data on
specific health outcomes, ranging from mild to sevidness, in a community. Some of
these approaches have been called "enhanced tamgell because they may be performed
in addition to traditional passive surveillance fostifiable diseases (Frost et al., 1996).
Some of these approaches can be useful for radhtifying outbreaks of disease in a
community. Each approach and its strengths andtdiirons will be described in the
following sections.

377. Surveys: Surveys are a flexible and often ¢owst approach to collect information
on a specific infection or health outcome. Serogl&we surveys that collect and test sera
from a specific population can indicate symptomaticd asymptomatic infections from
specific pathogens. Stool surveys of school childran indicate the presence of helminth
infections such as Ascaris. Sometimes these deivinay be considered research rather
than surveillance. However, the results of suchviiets could indicate the success or
failure of specific public health programs suchvascine campaigns or school-based anti-
helminth treatment interventions. The limitation #dme surveys may be difficult in
obtaining subject compliance for providing specimemd the cost of laboratory assays.
Also, there is evidence that community surveysetifieported diarrhoea can overestimate
the size of an outbreak (Hunter, 2001).
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378. Monitor absenteeism: Often the first consegaef an infection is that the infected
subject will stay home from school or work. Largembers of absent school children is
often an indication of an outbreak of disease @@mmunity. Telephone or computer-based
systems can be set up to monitor absenteeism ookchnd sentinel workplaces (factories
or government offices with large numbers of empésyesho must check in and check out
on a daily basis). The strengths of this type dfteay are that it is relatively easy and
inexpensive, has the potential to be set up adeatrenic reporting system and may allow
early detection of outbreaks. However, even if atbeak is detected, this type of system
does not provide any indication if the outbreakwiaterborne. With this surveillance
approach, it is possible to examine whether a péakbsenteeism at one institution also
occurs simultaneously at other institutions inefint areas using the same water supply. If
so, then outbreak is more likely to be waterbofaeritical aspect of this approach is that it
requires the cooperation of participating instidns that are able to accurately track
absenteeism in a stable population of studentsookevs.

379. Monitor inquiries to community health workess nurse hotlines: Mild cases of
illness may seek advice from a community healthkeoror nurse via telephone or in
person instead of going to a clinic or private tteahre provider. This behaviour may be to
avoid the expense of a doctor's visit or simplgétermine if the symptoms justify seeking
medical attention. Some health care providers Hauese hotlines" where a patient first
speaks to a nurse on the telephone to describer hier illness, and then the nurse decides
whether the patient needs to be seen by a physician

380. For some health care systems, it may be gedsibmonitor these types of inquiries
and use this as an inexpensive and timely methodliease surveillance. Community
health workers could be instructed to keep recastisnquiries or visits related to
gastrointestinal illness. Nurses are usually reglito keep records of all telephone
inquiries including information on the patient athé symptoms. This type of surveillance
approach clearly requires time and cooperationoafraunity health workers and nurses at
health care facilities. An advantage of this appho&s that it can collect information on
specific symptoms and may capture mild illnesseg thould not be seen at a medical
facility. Limitations of this approach are thatist based on self-reported symptoms, and
there is no indication that the symptoms are aasediwith water quality.

381. Monitor sales of anti-diarrhoeal medicatiofiscreased sales of anti-diarrhoeal
medications have been observed to be an earlyatidicof outbreaks of diarrhoeal disease
(Sacks, 1986). Monitoring sales of anti-diarrhosadications has also been used as an
indicator of community gastrointestinal illness studies of water quality and disease
(Beaudeau, 1999). This surveillance approach irembeveloping a network of pharmacies
that agree to keep records on the sale of antittieal medications and then setting up a
system to routinely collect this information frohletpharmacies. Again, this is a relatively
easy and inexpensive method to collect informatarnincidence of gastroenteritis in the
community and could be set up as an electronicrtiegosystem. This approach also
captures mild cases of illness that may not seetticakcare and could be designed to
collect information on frequent basis (weekly) imder to rapidly detect rises in
gastroenteritis incidence. However, this survedklasystem requires the cooperation of a
large number of pharmacies and participating musive accurate bookkeeping of
sales of specific medications. It is importamnhote that some peaks in sales may not be
associated with illness but may be due to discptines or new advertisements.

382. Monitor illness in sentinel families or ingtibns: Another surveillance approach is
to routinely collect illness/symptom data from hesiof sentinel families who agree to
record episodes of gastrointestinal illness. Data lee collected in health diaries followed
by periodic household interviews by community heaitorkers or telephone interviews.
This system can also be used to routinely collbeéss/symptom data from institutions
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(such as nursing homes, residences for the eldedidences for students, or prisons) that
agree to record episodes of gastrointestinal #in&his surveillance approach can detect
mild illnesses, could be designed to collect infation on a frequent basis and could
possibly be set up as an electronic reporting syst€learly, this system requires
cooperation and time from a large number of famibed institutions to record data. The
data is based on self-reported illness/symptomsthnsg may have low accuracy. Also,
some institutions (e.g. nursing homes) may havé background illness rates because of
susceptible populations and multiple disease trasom routes within institutions.
However, if disease peaks are detected, it woulddssible to examine whether a peak of
illness at one institution also occurs simultangpas other institutions in different areas
using the same water supply. If so, then the oatbi® more likely to be waterborne.

383. Monitor visits to health care providers fosmaintestinal illness: Depending on the
health care system in the region, it may be poasdibldesign surveillance systems that
routinely collect information from patient records various medical providers (including
community clinics, hospital emergency rooms, andpital admissions) for patients with
gastrointestinal illness. This surveillance apphosieould capture moderate to severe cases
of illness and could be set up as an electroniorteyy system. However, this system again
requires the cooperation and time of a large nurobéealth care providers and does not
indicate that the gastrointestinal illness is wadene. This is similar to the notifiable
disease surveillance approach, except that it cautget sentinel health care providers who
are interested in providing surveillance data aadlth providers with automated patient
visit records.

384. Monitor laboratory activity and results: Ctial laboratories can provide much
valuable information for surveillance purposes. Roacking diarrhoea rates in a
community, information can be collected on the ltatambers of stool samples submitted
for microbial analyses on a weekly or monthly badikis data should be stratified by
inpatients and outpatients with gastrointestinkde#s in order to roughly differentiate

between nosocomial infections and community-acquidéarrhoea. Even without the

etiologic results, information on the number of dteamples submitted for microbial

analyses could be useful to detect sudden changdasidence of gastrointestinal illness. In
addition, laboratory-confirmed infections of entepathogens can be routinely monitored.
In many regions, hospital and clinic laboratorigsjvate medical laboratories, and
government public health labs are already requicedecord and report the detection of
specific enteric pathogens {Giardia, Entamoebaohyjista, V. cholera, etc.). Laboratory-

based active surveillance and electronic repoiifiers a rapid method to detect confirmed
infections that cause moderate to severe symptbaigptompt the subject to seek medical
care. This surveillance approach is very specific farget infections. However, the

sensitivity of this type of surveillance may be pdfocare providers do not request stool
specimens or cases do not provide specimens.

385. Monitor death certificates: Death certificates an important source of information
for surveillance of many diseases. Informatiomfrdeath certificates is also fundamental
source for official mortality statistics which argsed to support epidemiological and
statistical research other than to better defimenttortality impact for a particular events.
Death certificate data are generally analyzed layréming the "underlying cause of death™:
the disease or injury that initiated the eventaultesy in death. For each death the
underlying cause is selected from an array of dondi reported in the medical
certification section on the death certificate.sIbéction provides a format for entering the
cause of death sequentially.

386. For waterborne disease surveillance, it isiptes to set up a system to routinely
check death certificates for deaths associated evitaric pathogens. However, the data in
death certificates is of variable quality, and Heegrtificates may only record immediate
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cause of death and not underlying causes of dé&itter limitations of this approach are
that many enteric infections may be undiagnosedramdecorded in death certificates, and
there is usually no evidence that mortality from amteric infection was linked to
waterborne transmission. Another consideratiorhé for some regions, mortality from
waterborne disease is an infrequent event andnibtisvorthwhile to set up a surveillance
system for such a rare event.

387. Monitor water customer complaints: A final eggch that could be relevant for
waterborne disease surveillance is to monitor cantd from water customers about water
quality and aesthetics. In some countries, watsattnent plants keep records of customer
complaints about water and collect information be type of complaint (taste, odour,
turbidity) and the location of customer who fildeetcomplaint. Whenever possible, water
utilities should try to send a team to collect wagamples from the household with the
complaint and analyze the water for chlorine residturbidity and coliforms. Customer
complaints can provide an early indication of diigaint problems with water quality. One
of the first indications of the 1993 outbreak offosporidiosis in Milwaukee, Wisconsin
was customer complaints about water turbidity (Mewke et al., 1994). Customer
complaint records can provide useful geographiormftion about sources of water quality
problems although they usually do not provide infation about water-related illness. It is
also possible to add Geographical Information 3ystéGIS) information to a database for
tracking customer complaints.

388. Summary of general strengths and limitatiofsermhanced surveillance: These
alternative surveillance approaches can provideadé information on changes in disease
rates over time. Some of the more sensitive methwigsbe able to show the effect of new
water quality regulations or implementation of nawatment processes. Some of these
systems can provide real-time information to atesalth authorities to the occurrence of a
waterborne disease outbreak and enable rapid igaden and control. More detailed
information on the application of many of these Imoels and their evaluation is provided in
a 2001 report from the American Water Works Asdimia Research Foundation on
Waterborne Gastrointestinal Disease Outbreak Dete¢Emde, 2001). It is important to
remember that most of these approaches are sanagllfor enteric illness rather than
waterborne disease and many enteric pathogensearatsmitted by food or person-to-
person contact as well as water. In order to deterithe proportion of enteric illness in a
community that is due to water contamination itnecessary to conduct epidemiologic
studies or evaluations of water supply intervergion

Surveillance Approaches for Regions with LimRexsources

389. When resources are limited, innovative sulareile approaches are needed. In these
situations, it is critical that surveillance acties be linked to specific health goals. For
example, if a regional health goal was to redu@erbdoea morbidity and malnutrition in
young children by 25% in two years, then the regidrealth authorities need reliable data
on diarrhoea morbidity and nutritional status. Tdaa users need to be involved in the
design of the information collection system - esplcin the definition of the data to be
collected and the format in which the resultingomfiation will be presented. This way, the
data users can be assured of having the type af tthatt meets their needs. Several
surveillance approaches that have proven useftédgions with limited resources (White,
2000) are described below.

390. Sentinel clinics and laboratories: One apgrdhat works well in areas where there
is a wide range in the quality of health clinicsldaboratories is to establish a network of
sentinel sites. These should be clinics and/orritbdes that have more resources and
more experienced and dedicated personnel can lietosmllection information on more

diseases and detailed information on each caseeTdlmics and laboratories may receive
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additional support from the national government/anihternational agencies that allows
them to perform more diagnostic tests and more rately record patient visits and
laboratory results in computer databases. Dataedtell at sentinel sites may not be
representative of the population. Typically thesmntiel clinic and laboratories are
concentrated in urban areas and the surveillanstersy may need to make special
arrangements to set up small, rural sentinel dinidth additional resources for better
diagnoses and data collection. Such a network ofired clinics can be useful for
collecting more detailed and accurate information specific risk factors, susceptible
populations, the presence of antibiotic resistamirss of organisms, etc.

391. Focused surveys: Another useful approach icaoduct intermittent targeted
surveys for a specific purpose on an as-needed Ifighite, 2001), such surveys can
collect information on a variety of health outcomesd provide population-based
information. Examples of this approach are schoovesys of children for anaemia due to
worm infections and household surveys of diarrhaésgase in young children. Surveys in
elementary schools that include stool collectiod #esting can indicate the need for anti-
helminthic medication interventions for a high r@lopopulation or can be used to measure
the success of such interventions. Household dieatsurveys can be linked to education
interventions on the use of oral rehydration thgrap

392. Sharing resources: Waterborne disease sanvedlsystems should also explore the
possibility of integrating with other existing seillance systems, such as those for polio
eradication, child survival, malaria, etc. Somevsillance programs already sponsored by
national or international agencies may be willing $hare information, personnel,

transportation, computers, reference laboratotiestieat would be relevant for waterborne
disease surveillance.

393. Training and staff incentives: Successful siliance programs everywhere require
competent and dedicated staff, high quality andoorgytraining, supervision and career
paths with rewards for advancement for surveillasggtem staff. In regions with limited
resources, it is particularly important for surlasice programs to include appropriate
training for designated data collectors becausér theéucational backgrounds may be
inadequate. Methods to check data quality and erguality control should be included in
the training program. The completion of surveillaractivities should be part of routine
formal performance evaluations for health workesponsible for data reporting. Feedback
from higher levels of the surveillance system omvitbe surveillance data is used can
provide additional incentive for quality data calien and analyses.

394. Infrastructure needs Public health authoritesponsible for surveillance need to
carefully consider the goals of the surveillancstsyn, choose an appropriate approach to
meet those goals and then identify the criticabueses needed to collect and analyze the
data. Some transportation and communication infresires are necessary for all
surveillance systems. One barrier to surveillarystesns in rural areas or areas with limited
resources is lack of transportation for healthfd@finvestigate cases, collect specimens
and transport specimens to the laboratory. As maeeatl above, sharing transportation and
communication resources with other government derivational programs may help
overcome this barrier. Data collection forms andnownication systems (telephones,
internet or reliable mail service) are also neefdediata transfer from the data collectors to
the data compilers and analysts. In some regiampaters may not be available or may be
too old or needing repair to be useful. Manual ¢fan and tabulation of data on
handwritten forms takes time and can introducersrrtf manual data collection and
transfer is the only feasible option, then formewt be designed to include check lists that
are easy to complete. Data transfer and entry dhinalude practices to reduce error, such
as double data entry and comparing duplicate ds¢ebf@r discrepancies.
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Setting up a National Surveillance System

Introduction

395. The success of any surveillance system statfisthe commitment and quality of
the staff that collect data on the local level. legractitioners who have contact with
patients, who notice clusters of cases, and whiateiinvestigations of outbreaks need to
have a good understanding of the goals of the 8lamvee system, how it works and what
the disease rates look like in their region. Thergethe people who act as the first point of
contact for data that is eventually included inioval and international surveillance
systems (Stanwell-Smith, 2003; Hunter, 2003, Quigk®03).

396. Usually, outbreaks are first recognized ancestigated at the local level. Later,
national experts may assist with the outbreak itigason, but the most critical period in
an outbreak investigation is often at the beginniffgen it is possible to collect the best
clinical and environmental specimens for determgniime aetiology of the outbreak,
interventions to stop or prevent disease outbred&s usually occur at the local level.
However, it must be recognized that local healtbviglers and public health authorities
have many critical responsibilities, and it may difficult for them to commit sufficient
time to surveillance activities. Therefore, it mgortant when setting up a surveillance
system to consider at what levels specific actmowur. If public health action and problem
solving related to water and sanitation occurs &ical level, then local surveillance for
waterborne disease is critical and must be supgpovith adequate personnel and resources
(White, 2000). National surveillance may be lesspantant or unnecessary if the
appropriate response is more likely to involve Idezalth, water and sanitation authorities.

397. Whether establishing a surveillance systemadacal level or on national scale,
similar decisions about the basic operation of¢hgem need to be made. These can be
summarized as a series of questions:

(@)  Who is responsible for reporting a case?

(b)  Towhom are the cases reported?

(c)  What information is collected?

(d)  Who collects the information?

(e) How are data transferred among administragvels?
4] How is information stored?

(@ Who analyzes the data?

(h)  How are the data analyzed?

0] How often are the data analyzed?

)] What types of reports are prepared?

(k) How often are the reports disseminated?

0] To whom are the reports disseminated?

(m)  Through what mechanisms are the reports digedy

(n)  Are there any automatic responses to casetsspor

Data Collection

398. The method of data collection and data trard#eends on the available technology
in the region. Data collection can be done on haitghm forms or directly into a database
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on laptop computer taken out on a field investmatiLaboratories may report their results
directly into an electronic website that is setfaplocal hospital laboratories or national
reference laboratories. Data storage can be orr ffaqpes in notebooks and filing cabinets
or on computer databases that are backed up ontiagdasis. Whatever system is used,
the priorities should be to: 1) maintain confidality of personal patient information, 2)
minimize data loss during storage and transferm®)imize inaccurate data entry, 4)
minimize inaccurate data transfer, and 5) keepiplalbackups of the data both electronic
versions and paper versions.

Data Management and Analysis

399. Free epidemiology software such as "Epi Infodn be used to assist with
surveillance data management and analyses. Epi ikifavailable over the internet
(http://mvww.cdc.gov/epiinfo/) in seven languagesngish, French, Spanish, Arabic,
Russian, Chinese and Serbo-Croatian), and manuas ako available in Italian,
Portuguese, German, Norwegian, Hungarian, CzedishPand Rumanian. It is usually not
necessary to conduct complicated analyses of dlanvee data. For outbreak surveillance
systems, usually the number of outbreaks and tingbeu of cases are reported by month,
by geographic region, by type of water supply, biglegic agent and sometimes by risk
factor or deficiency. For surveillance systems thggort number of cases of specific
diseases, calculations of disease incidence bysggeographic region, age group and sex
are useful for showing temporal and geographicepadt of disease occurrence and what
populations are most affected. Perhaps the mostleobing analytical aspect is
determining the denominator when calculating stedidad disease rates for specific
populations. For example, when comparing diarrhoésgase rates in an urban area to a
rural area, hospital records may be used to pradéda on the number of cases. In order to
calculate disease rates (incidence or prevaleiids)necessary to have information on the
size of the population served by a particular haspr health facility during the time
period that the cases were reported.

Information Flow

400. In most surveillance systems, informationdlected on a local level and sent to
regional and national health authorities who compihd analyze the data. The results of
the data analyses are then summarized in repatsath provided to national and perhaps
local health authorities. The general pattern érimation flow in a disease surveillance
system is illustrated ifrigure 10. In some countries, these reports are also maaiable

to the public and to international agencies sucthadVorld Health Organization and non-
governmental organizations. It is critical that therveillance reports get to the health
policy makers who can use these results to guidésides about water and sanitation
interventions, vaccine strategies, primary heallhecetc. It is also vital that there is
dissemination of surveillance results and analysask to the local level in order to
maintain the interest and cooperation of the dat&ectors and data providers. In most
countries, surveillance data collectors (healtte gaoviders and laboratories) rarely face
consequences for failure to report cases. Thereftata collectors must understand the
purpose of the surveillance system, be committethéogoals of the surveillance system
and see evidence that the information is used poome public health.
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Figure 10 Flow of surveillance information betweerocal, regional and national levels
(From Klaucke, 1992)
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401. The final step in a surveillance system is hbe information collected from the
surveillance system is used to protect public hedor waterborne disease surveillance,
action may occur at the national level by the impatation of appropriate guidelines for
water treatment and water quality and by allocatiregessary resources for improving
water supply and sanitation systems in areas wighen rates of enteric illness. At the
regional level, information from surveillance mapmpt local health and water authorities
to inspect and maintain water supply systems tarenproper treatment and delivery of
safe water. It is important to build links betweeater supply authorities and public health
authorities to be able to work quickly to recogniaad control waterborne disease
outbreaks. Ultimately, the success of a waterbdisease surveillance system depends on
whether the surveillance system provides the typdata that public health authorities and
water authorities can use to address causes ofbwate disease.
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Evaluating a Surveillance System

402. Any public health program should be periodicaivaluated to determine if it is
meeting its objectives. Evaluation is particuldrhportant for surveillance systems because
they can become routine data collection activities are continued for their own sake and
lose track of the purpose they were meant to fulfilis section describes criteria that are
usually used to evaluate a surveillance systemhamwd these criteria can be applied to
waterborne disease surveillance systems.

Evaluation Criteria

403. When evaluating a waterborne disease sumedlaystem, it is important to refer
back to the purpose of the surveillance systemeakd

(a) Should there be a surveillance system for \watee diseases?

(b) Is the surveillance system useful? Does therimétion from this surveillance
help with policy decisions about water supply aaditgtion interventions?

(c) Does waterborne disease surveillance lead podwed public health?

404. For the first question about whether thereukhde surveillance for waterborne
disease, one should consider whether waterborreaghisis an important public health
problem. If data is available, one can consider:

(a) Magnitude of waterborne disease

(b)  Level of morbidity associated with waterborrigedse

(c) Severity of disease

(d)  Premature mortality associated with waterbalisease

(e) Economic costs (including medical costs, atesssm and lost productivity)
() Whether waterborne disease is preventable.

405. Usually, some type of surveillance systenesessary to provide the information on
whether waterborne disease is an important puldath problem. In the absence of such
information, public health authorities may mistalkeconclude that waterborne disease is
not a problem in their country because they wetdauking for waterborne disease. On a
global basis, the importance of waterborne diséasell documented. It is estimated that
4% of all deaths and 5.7% of the total disease drumdorldwide is associated with lack of
access to safe drinking-water, inadequate sanitagéiod poor hygiene (Pruss, 2002).
However, the burden from waterborne disease cay slemmatically by region. Many
countries throughout the world have some type devmrne disease surveillance system
regardless of whether they are high-, middle- av-locome countries, and waterborne
disease outbreaks have been documented even itriesuhat have advanced technology
for water treatment. Finally, there is evidencerfroumerous studies conducted in a variety
of settings that indicate that waterborne diseasebidity and mortality can be reduced by
improvements in water and sanitation (Esrey, 199Me challenge of an effective
waterborne disease surveillance system is to peowitbrmation to guide effective water
and sanitation interventions that result in impibbealth.

406. Evaluating the usefulness of a waterborneadsesurveillance system depends on
the objectives of the system. Typically, one shoedgbect that an effective system can

detect trends in the occurrence of waterborne gisaad outbreaks of waterborne disease.

The surveillance system should also be able to igeoaccurate information on the
magnitude of morbidity and mortality associated hwivaterborne disease. Ideally, the
surveillance system should also be able to idenisty factors for waterborne disease (both
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endemic and epidemic) and stimulate implementagod/or research on control and
prevention strategies. Finally, the surveillancstem should permit assessment of the
effectiveness of control and prevention measuresdace waterborne disease.

Output Evaluation Criteria

407. The output of a surveillance system can béuated by five criteria: 1) sensitivity,
2) predictive value positive, 3) timeliness, 4)regentativeness and 5) data quality.

408. Sensitivity: The sensitivity of a system is #@bility to detect the events under
surveillance, such as cases of shigellosis. Seitgitan be expressed as A/ (A+C) which is
the proportion of all the true cases in the popotatA+C) that are reported to the
surveillance systenT@ble ).

Table 16 Detection of health conditions with a sumillance system

Conditions present

Yes No
29 Yes True positive A False positive B A+B
3
g E No False negative C True negative D C+D
o5
oo A+C B+D Total

Sensitivity = A/(A+C)

409. The sensitivity of a system is affected by thenber of steps in the reporting
process and the level of compliance at each stbe.dFeater the number of steps in the
reporting process, the more likely it is that imf@ation will be lost in the process. Most
surveillance systems are not sensitive enough tima@&® the true disease burden. For
example, it is inevitable that some cases of shigisl will not be recognized or reported
(Figure 11).

Figure 11 Stages of identification, reporting andrivestigation of shigellosis

Negative follow-up cultures obtained |] 2%

Patient contacted [] 5%
Reported to local health department [7] 6%

Culture positive [] 7%

Culture obtained ] 9%

Consulted physician 28%

Symptomatic | 78%

Infected ] 100%

0% 20% 40% 60% 80% 100% 120%

410. A surveillance system should be sensitive ghoto detect changes in disease
incidence. For example, surveillance data on watesd disease outbreaks in the United
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States indicates that the number of reported wateebdisease outbreaks in the United
States decreased from 1971 to 1998 and that there miore outbreaks associated with
parasitic agents in the early 1980Biglre 12). Although this voluntary, passive
surveillance system is not very sensitive, it dilhgovide useful information on trends in
the incidence of waterborne disease outbreakshaidaetiologies.

Figure 12 Number of waterborne disease outbreaks byear and by etiologic agent
(USA 1971 — 1998 n=691)
ekl
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411. Sensitivities of surveillance vary from systersystem and between countries and
geographic regions, it can be difficult to compase combine data from different
surveillance systems. A recent review of waterbatisease surveillance systems in Europe
concluded that the data was not comparable amongtries because of differences in
reporting methods, case definitions, structurehef surveillance system and quality of the
data (Kramer, 2001).

412. Predictive Value Positive: "Predictive valussitive" is a measure of the accuracy
of a surveillance system and is defined as the gutgqm of cases included in the
surveillance data set that actually have the déseafs all the cases reported to the
surveillance system. IMable , the predictive value positive is shown as A/A+Bere A =
the number of true positive cases that were datdryesurveillance and B = the number of
false positive cases detected by the surveillance(A+B) = all the cases reported to the
surveillance system. Some false positive casesm®y be included in the surveillance
system because of misdiagnosis or because thetimonthat is being detected is not well
defined. For example, monitoring the sales of di#@ithoeal medication has a low
predictive value positive for cases of waterborisease because some peaks of increased
sales may be due to a discounted price or a newrégkment campaign. Therefore it is
important to compare the results of a system thanitors the sale of anti-diarrhoeal
medications with another surveillance system forenzorne disease.

Table 17 Number of waterborne disease outbreaks byear (Germany 1945 — 2008, n =
10) adapted from (Thofern, 1990)

Year Location Disease/Pathogen Cases
1946 Neu-Oetting Typhoid ~ 400
1948 Neu-Oetting Typhoid ~ 600
1956 Hagen Typhoid/paratyphoie¢t 500
1971 Heidenau Dysentery 482
1972 Worbis Dysentery ~ 1,400
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1972 Dingelstedt Hepatitis A ~ 40
1978 Muenchen-Ismaning Dysentery 2,450
1980 Jena Typhoid 69
1981 Halle Rotavirus 11600
2000 Regensdorf Giardiasis 10
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413. Timeliness: The timeliness of a waterborneealie surveillance system can be
assessed by measuring how long it takes for aafasaterborne disease or an outbreak of
waterborne disease to be recognized and reportélgetsystem. As with sensitivity, the
timeliness of a surveillance system may be relédethe number of steps involved in the
reporting process. The greater the number of stipes|onger the reporting process will
take. For example, laboratory-based surveillans¢esys can have a long lag time between
the time a patient is exposed to a pathogen antrtieethe laboratory-confirmed infection
is reported to the surveillance systeigUre 13). If the lag time in a surveillance system
for Shigella infections is 11-14 days, this is egloutime for secondary and tertiary
transmission of infection, and the timeliness oé thystem may not be sufficient for
effective disease control. The lag time in a sulaete system may also depend on the
technology that is involved in the process. Systarhere the data is collected in person,
transcribed manually on paper and then enteredaintatabase will be slower than systems
that are automated and use a telephone or intexpetting system.

414. Finally, the type of surveillance system, passs. active, will affect the speed with
which events are reported. Whether the timelindsa surveillance system is adequate
depends on the objectives of the system. Doesutveifance system provide information
early enough to allow appropriate public healthicactto prevent and control disease
transmission? Most passive surveillance systems@treapid enough to detect waterborne
disease outbreaks at the time they occur. Outbre&ksaterborne disease are usually
detected after the primary contamination eventgassed. If rapid detection of waterborne
disease outbreaks is a goal of the surveillancaesysthen the enhanced, active
surveillance methods described in the previousi@eehust be used. If the goals of the
surveillance system are to monitor long term treandsaterborne disease or to evaluate the
impact of improved water and sanitation intervemsi@r stricter water quality regulations,
then the longer reporting times that are charastterof passive surveillance systems may
be acceptable.
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Figure 13 Lag-time in lab-based surveillance
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415. Representativeness: The data collected in raeiflance system should be
representative of true situation in the populatbavered by the surveillance system. Are
the cases of disease that are reported to theikamee system typical of the cases that
occur in the population? Often severe individuatesaof illness are more likely to be
reported than mild cases because they are moréy like seek medical care and be
diagnosed. Waterborne outbreaks of more seveesglrsuch as typhoid, cholerakorcoli
0157:H7, are also more likely to be recognized eepbrted because mortality may be
involved. Surveillance systems should also assésther there is over-reporting or under-
reporting of cases in certain economic classeggions because of access to medical care.
Often rural areas and poorer groups in the pomragire less likely to be included in a
surveillance system because of limited access tiaakcare. Sometimes alternative active
surveillance approaches must be used to capturetrttee disease burden in these
populations. Surveillance systems for waterborreeate outbreaks are more likely to
detect larger outbreaks that occur in large mualciyater systems because more people are
likely to be affected by the outbreak and therebétter access to medical care and
diagnostic laboratories that can detect and repertiiness.

416. Of course, if ill people in a big city visitame general practitioners, information on
unusual high incidence may be “diluted” and lasir Example, the “famous” outbreak of
crytposporidiosis in Milwaukee, USA (1993) was rgoized as outbreak only when about
200,000 people (about half of the affected popaigtbecame ill.

417. Smaller water utilities may be at greater oélproblems with waterborne disease
because water quality at these facilities may baitaed less frequently, the facilities may
have fewer treatment processes, and the operatayshawve less training and may only
work part-time. However, it is more difficult to et waterborne disease outbreaks
associated with small water utilities because fepeple may be affected and there may
be limited access to medical care and there mdiyrtited communication with regional or
national health authorities.

418. Data Quality: The final area of output thabudd be evaluated is the quality of the
data that is collected by the surveillance systdasessments of data quality can be made
simply by inspection of the data forms and the lofasa. Is the data collected in the system
complete? Are the data forms filled out completetyare there many blank or unknown
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responses? |Is the database complete or are thenefialls with missing data? Assessing
the accuracy of the data collected in the survakasystem requires a confirmation system.
In some systems, a portion of the data is reviewed checked with follow-up
investigations to confirm that the cases or outksegaported to the surveillance system are
real events.

Process Evaluation Criteria

419. The surveillance system process can be eealunt four criteria: 1) acceptability,
2) simplicity, 3) flexibility, and 4) cost.

(@)  Acceptability: Acceptability depends on makihg surveillance system easy
for the user - especially for those who are resipte$or making the initial reports of the
cases or outbreaks. Surveillance forms should beise, have clear instructions, be easy
to fill out and minimize the amount of time requr® fill them out. A surveillance system
must also be acceptable to the population undeveBlance. Health surveillance
sometimes involved collecting information about stve, painful or embarrassing risk
factors for disease such as HIV status or sexuaipsmitted diseases. Surveillance
systems must be committed to protecting the priwadiie cases that are reported.

(b)  Simplicity: Simple surveillance systems areslesstly and are more likely to
be successful and sustainable. Case definitionsoatiteak definitions need to be clear.
Reporting information should be limited to the mostical information that is required.
Data transfer from local to regional and natioradels should be as simple as possible -
especially in low and middle-income areas with tedi communication resources. Much
valuable information can be obtained from simpleaightforward data analyses that
calculate disease incidence by season, geograggdim;, age group and sex.

(c)  Flexibility: Sustainable surveillance systeneed to be flexible and adapt to
changes in health, politics and technology. Theag tve changes in the epidemiology of
certain waterborne diseases because of the inttioduof new sensitive populations or
new strains of pathogens into a geographic areaalpepulation movement, war, severe
weather events or other new risk factors. Changg®vernment may result in changes in
political priorities, public health information né® and reporting regulations. Changes in
communication technology may lead to changes int¢bbnology used for reporting and
data transfer. Flexible surveillance systems velasier to modify to accommodate future
changes.

(d). Cost: Cost is often a major factor in the eatibn of a surveillance system
and usually determines whether a system will belémpnted and sustained. Surveillance
systems can be very costly in both financial ancho resources. Public health authorities
need to weigh the costs of the system against ubéicphealth benefits to decide whether
the costs are acceptable and if the critical sliaveie information is being collected in the
most economical wayTable 18 compares the estimated costs of active vs. passive
surveillance at a local health department in thetddn States (Vogt, 1983). In this
situation, the active surveillance system repoi@dcases and the passive surveillance
system reported 37 cases. The active surveillaepdris were more complete, the
physicians commented that they liked the activeveiliance system because it relieved
them of the responsibility of remembering to repodtifiable diseases, and the active
surveillance system improved communications betwphgsicians and public health
authorities. However, the cost of each additioaalecreported by the surveillance system in
this specific situation was US$861. (Vogt, 1983).
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Table 18 Comparing estimated costs for active andggsive surveillance systems
Vermont Health Department Costs (1 June 1980 — &} M81)

Type of surveillance syste

Active* Passive*

(USD) (USD)

Paper 114 80
Mailing 18t 48
Telephone 1947 17t
Personnel (Secretary) 300c 2000
Personnel (Public health nurse) 1402¢ 0
Total 19271 2303

" Active: weekly calls from health department to resfureports
" Passive: provider-initiated reporting

(e) Evaluation of Staff Capability Finally, the Biyi of local health staff and
clinics to effectively run and sustain a local ®illance system can be evaluated by
several basic indicators. The staff should beepprting data regularly, b) displaying the
pooled data they have collected, c) able to exglenmeaning of the data, d) able to use
the data to suggest solutions to local health proB| and e) able to use the data to
evaluate interventions targeted at specific water sanitation problems, if the local public
staff is doing these activities, then it is likehyat they understand the usefulness of the
surveillance information for planning public healifiterventions and can sustain the
surveillance system (White, 2000).

Summary

420. A good surveillance system should be usetué Joals of a waterborne disease case
or outbreak surveillance system should be linkedpecific and achievable public health
objectives such as eliminating waterborne typhadef or reducing the incidence of
paediatric gastroenteritis. Surveillance systenmikhbe designed to provide reliable data
that is relevant to the waterborne disease conadériine region.

421. Good waterborne disease and outbreak sumedllaystems can provide important
information for designing and implementing wated aanitation interventions to improve
public health. Surveillance can also be used tcerdehe the effectiveness of an
intervention by comparing disease rates beforeatat the intervention. The costs and
benefits of waterborne disease and outbreak slamed depend on the problem addressed,
the context and the priorities of the society.ufvgillance data is only being collected and
not being analyzed and used, then the system &laef. Dissemination of waterborne
disease surveillance reports needs to occur ataldegels. For the system to be effective,
the results of the analyses must go to public healthorities who will use the results to
take appropriate action - including health, watad aanitation authorities at local, regional
and national levels. Dissemination of the survedk results to the local data collectors is
also critical - otherwise data collection activitibecome meaningless requirements with
little incentive for compliance. There is no indeatfor busy, overburdened clinical or
public health staff to collect surveillance infoioa unless they can see that this
information is used to make significant improvensentpublic health.
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VII. Data Management and Analysis using Geographil
Information Systems (GIS)

Lead authors: Thomas Kistemann, Angela Queste, mWienand, Thomas Classen

A. Introduction to GIS

422. A Geographic Information System (GIS) is a pating technology for the capture,
storage, manipulation, analysis, and display oftiajya referenced data (Clarke, 1996;
Croner, 1996; Moore, 1999; WHO, 1999). Mostly GIS used to combine mapping
facilities and spatial statistical methods

Figure 14 Disease mapping, spatial analysis and GiSource: Institute for Hygiene,
University of Bonn, Germany
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423. GIS can be used to define the condition acdtion of disease events, to analyse
time trends, to investigate spatial patterns and pwform modelling of disease
developments. The functions of a GIS are to geedhsmatic maps, to allow overlaying of
different pieces of information, and to create bufireas around selected features. It can be
used to carry out specific calculations, like théualation of distances.

424. A GIS is working with dynamic data bases, Wwhiermit a dynamic link between
spatially related data and maps. Due to this, dpthates are automatically reflected on the
map.

425. One of the most important features in a Glgéslayer-structure, which allows a
combination of disease data with influencing fastdrayers can be districts, topographical
maps, and land use patterns, the place of residehtdiseased persons, the water
distribution system, or the incidence of gastratiteal infections for exampl€igure 15
demonstrates the different layers "districts”, tggmaphical map", "land use" and "location
of drinking-water wells". The link between thesdfefient kinds of data enables the
generation of new information as well as the rgai@nd analysis of data.
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Figure 15 Layered structure of a GIS

426. GIS applications can be of high value duriregénd identification, exposure
assessment, as well as preventive, control anéi#lance measures.

B. Application of GIS to Waterborne Disease Epidefiology

427. After explaining the basics of GIS, it is thext step to show some examples how a
GIS can be used in waterborne disease epidemioldgyapplication of a GIS is an urgent
task for risk assessment, outbreak managemente édestification or risk communication
for health authorities, water supplies and othéddipunstitutions.

428. In outbreak situations urgent Public Healttioaicis needed. In those situations it is
important to understand spatial relations which areondition for successful prevention,
control and surveillance of diseases. GIS is aalitiol for monitoring waterborne disease
interventions over time. It helps to determine ge®graphical distribution and variation of
diseases, simply analysing spatial and longitudireaids, mapping population at risk and
assessing resource allocations. Much of the retei@ormation is space-related, for

example distribution of cases, patterns of riskdes; health services, infrastructure, and
emergency medical services. As a part of an in¢igkm or outbreak management it is an
important condition to prepare GIS facilities befdhe outbreak. With enormous volumes
of data on land use patterns in catchment areater vgaiality, pipe-materials customer

complaints etc. the capacity of a Water Supply Gtme-GIS (WSS-GIS) combines large
volumes of data from widely different sources, nsakean ideal tool for storing, analysing

and displaying data concerning water supply strestyKistemann T, 2001). The Institute
for Hygiene and Public Health (IHPH) in Bonn designa so-called Water Supply

Structure (WSS) - GIS module to handle the refgrdata. The principle of the module is

shown on the followindgrigure 16

113



ECE/MP.WH/2010/L.3
EUDHP/1003944/4.2/1/5

Figure 16 Elements of a WSS GIS- Source: Kistemanet al., 2001 [Kistemann, T.,
Herbst, S., Dangendorf, F. and Exner, M. (2001). (&-based analysis of drinking-
water supply structures: a module for microbial risk assessment, International
Journal of Hygiene and Environmental Health 203, 30-310]
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429. As with all databases, GIS is only as poweafuthe raw data allows. It is therefore
essential that the data are of the highest qualithough some datasets can be purchased,
such as some digitized maps, data requirementsftare specific to the task.

430. The water supply infrastructure strongly iefiaes the spatial pattern of drinking-
water-related-ill-health. Therefore, and in partéeuif applying the HACCP concept of
quality management, it is a huge importance to hdewiled information on water
purification facilities, disinfection points, feedj points, and water distribution. One of the
most immediately obvious benefits of GIS is the wawhich data can be presented. Maps
are able to display and convey complex rangesftdrdnt data types which allow patterns
and relationships to be quickly and easily ideetifin the mass of information. In Figure
17, feeding points and digitized pipes are showachEdifferent colour of the points

characterizes different health authorities whiah @sponsible for the surveillance in those
regions.
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Figure 17 Pipes and feeding points of water supplie in Germany- Source: Institute
for Hygiene, University of Bonn, Germany
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431. Itis very helpful to use such a spatial t@sl water supply infrastructure, at least in
densely populated areas, is often very complicateduding confusing relationships
between different waterworks. By using spatial gsial tools in a GIS, it is possible to
describe spatial patterns, calculate distancesetdced features or predict values of
unmeasured locations. Figure 18 shows the appitati a buffer tool for a small creek in

Germany in order to calculate areas in a specifitadce of the creek that is influenced of
agricultural activities, like live stock farmingtce
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Figure 18 Creating buffer areas in GIS- Source: Instute for Hygiene, University of
Bonn, Germany
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432. A more sophisticated approach of spatial @imsin a GIS is the use of interpolation
techniques. One example is the kriging interpofgtassuming that things that are close to
one another are more alike than other farther awigyre 19 shows the spread of chemical
contamination with volatile halogenated hydrocash@WHH) in the catchment area of
ground water abstraction in Germany.

Figure 19 Kriging interpolation in a GIS- Source: Institute for Hygiene, University of
Bonn, Germany
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433. With the interpolation technigue contaminatisncalculated for non-measured

areas. It weights the surrounding measured valueeitive a prediction for each location.

As a result, the contaminations could be displayederies of maps. Spatial analysis
showed in this example that concentrations decdedsgnstream, but this decrease was
stronger for highly chlorinated pollutants. The @i$abled to calculate the total VHH load

of the ground water, and it was clear that contatidn considerably endangered the water
work.

434. Comprising, high quality spatial informatiom @atchment areas, water supply
infrastructure and epidemiology of water-relatededises allow assessing the burden of
water-related disease caused by specific condititris a precondition for well-founded
priority defining in water-related disease managetimi is obvious that high-quality map
outputs may easily support results, especially¢sé outside the field.

Example: GIS-Supported Epidemiological Confirmdion of the First
Waterborne Giardiasis Outbreak in Germany

435. The aim of the last chapter was to give aa idiethe numerous opportunities for
epidemiology offered by GIS. Let us now take a etdsok at an investigation carried out
in 2000/2001, where a Giardiasis-outbreak coulddbatified as drinking-waterborne by a
GIS-supported epidemiological study. (KistemannQ20Gornik, 2001; Atherholt, 1998;
Ong, 1996; Craun, 2002; Howe, 2002; Hunter, 199&nker, 2001; Steiner, 1997; States,
1997; Kistemann, 2001)

436. Since May 2000, a general practitioner (GRhiwia small municipality in Germany
(Rengsdorf) had noticed an increasing number afrltieal diseases within her patients.
This was not uncommon for Rengsdorf as in 199061&2%8 1999 there had been several
sporadic cases of Giardiasis within these diarrtpsgents. However, the GP got the stool
of all of her patients with diarrhoea tested forl@nblia. The stool samples of 8 out of
totally 43 patients were tested positive for Giardi cyst, which means a prevalence of
18.60%. The GP suspected the cases to be intedetatd reported all infections to the
District Health Authority as in accordance with thederal Epidemic Act every infection
normally has to be. The Public Health Officer knalout water being a possible route for
transfer of Giardia infections and asked the latifor Hygiene and Public Health in Bonn
to support the performance of parasitological apiemiological investigations into the
guestion whether the Rengsdorf Giardia cases vedated to water.

437. A retrospective cohort study was conductedNovember 2000 comprising the
catchment area of the GP practice (primary schawoigdorf) as well as a control area
(Melsbach). All primary school pupils were choseniavestigation population (N=418).
383 pupils participated in the study, the respaase being 91,6% and the share of the total
population being 4.1%.

438. At least two stool samples were taken fromneysrticipant, and their parents
answered a questionnaire investigating potentisk fiactors for Giardiasis infection.
Furthermore, the origin of domestic tap water wased back for every pupil via place of
residence. As a precondition, the drinking-wateupdy structures of the investigation area
had to be investigated. All the data were stored database (MS-Access®) and analysed
for statistics by use of a standard software paek&pilnfo2000®). Geo-referenced data
were transferred to a Geographical Information @ys(ArcView®) via SQL-connections
to support spatial analysis and communication etilte. The followingFigure 20 Water
supply structures shown as layers in a GIShows the complex structure of water supply
in the investigated area:
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Figure 20 Water supply structures shown as layersiia GIS
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439. In the village of Rengsdorf, the water sugplgivided up into two zones. The low
altitude zone is provided by a high-level resenaaintainer, which is fed by four wells and
five springs situated in the surrounding forestd &armland. The water is disinfected by
use of chlorine-dioxide, but there is no furtheatment. About 600,000 | of drinking-water
are fed into the net daily. The high-altitude zaeeeives drinking-water from another
reservoir, which is fed by several wells and smingdditionally, continuously about 10%
of the water come from the low-altitude zone resgnAbout 700,000 | of drinking-water
are fed into the net, after chlorination, but with@ny other treatment. The village of
Hardert has its own supply system, which is notneasted to the Rengsdorf zones. The
sub-municipalities of Melsbach and Ehlscheid reedheir drinking-water from the large
district waterworks, which abstracts ground watemf the well-protected, quaternary
sediments of the Rhine valley. All the informatioan be derived by clicking the info-
button. Additionally, photos were connected to @18 via hotlinks.

440. Among the 383 participants, 13 cases of Gaaislicould be identified (six girls and
seven boys). As the cases were asymptomatic, itifeiction had been unknown before
entering the study group. The prevalence of thal sitidy group was 33.9/1000. The next
step was to link the cases to the villages and tbecalculate prevalence for the water
distribution zones (seeigure 21 andFigure 22).
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Figure 21 Cases of giardiasis in each village
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441. To investigate the potential relation betweases and water supply, those supply
zones were combined which are not related to theg&#orf supply zones, i.e. Hardert,
Ehlscheid and Melsbach. The risk of infection wacréased by 6.9 within the Rengsdorf
low-altitude zone (p=0.008). For the Bonefeld syppione, as well, the risk was
significantly increased by 3.5 (p=0.078). The camaliibn of both zones showed an
increase by 5.1 (p=0.009). The results concerniatemwconsumption habits showed that
the risk of Giardia infection is significantly ireased if a soda streamer is used at home to
prepare tap water for consumption. Other factdes tiutritional habits, travelling, animal
contacts and bathing in natural waters were nattified to be significant for acquiring a
Giardia infection.

442. Simultaneously with the epidemiological inVgstion, microbiological and
parasitological investigations of the raw and dirigkwater in Rengsdorf as well as a field
investigation were conducted. They verified thepgtien as Giardia cysts artl coli were
detected in raw and drinking-water samples. Adddldfield investigation (stored in the
GIS as a shape and by hotlinks) confirmed sevendr@nmental risk factors very close to
a spring to have been responsible for contaminatfaaw water with high probability just
like a deer enclosure or the outlet of combinedaggwoverflow. But it was impossible to
definitely identify the contamination source of g@ring retrospectively.

443. Rengsdorf has re-vitalised the discussion abvater-related diseases in Germany.
Politicians, authorities, the waterworks organimatiand researchers have been very
interested in the casuistry. This GIS-supportedda@piological investigation has
impressively demonstrated that waterborne outbreaésnot impossible in Germany and
possibly do occur more often than we get to know.
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