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Foreword

Among the infectious diseases, diarrhoeal diseases are the second major cause of death, killing an
estimated 2.2 million people annually, the vast majority children in developing countries. In 2000,
heads of state adopted the Millennium Development Declaration at a special session of the United
Nations General Assembly, and this led to the universal adoption of eight Millennium Development
Goals (MDGs). One of the targets under MDG 7, environmental sustainability, is to halve, by 2015,
the proportion of people without sustainable access to safe drinking-water and basic sanitation; this
target links to targets under MDGs 4, 5 and 6 (the so-called “health MDGs” —reduction of child
mortality, improvement of maternal and child health and reduction of the burden of HIV/AIDS,
malaria and tuberculosis-) in that it creates the basis for sustained progress in the overall reduction of
the burden childhood illness.

Since 2000, the WHO/UNICEF Joint Monitoring Programme for Water Supply and Sanitation (JMP)
is the formal instrument to measure progress towards achieving MDG 7 target C. The JMP builds on
monitoring experience gained during the International Drinking Water Supply and Sanitation Decade
of the 1980s. In 2000 it took a major methodological departure from its past practice, and started to
base its estimates on household surveys and censuses. The definitions of drinking-water and
sanitation facilities are categorized as “improved” and “not improved”. This refers to the probability
that “improved” water sources give access to safe drinking-water and that improved sanitation
facilities effectively separate human waste from drinking-water sources.

The JMP statistics on water and sanitation do not, however, provide specific evidence about the
quality of water being provided to communities, households and institutions through direct
measurements; so far, in these statistics, the safety of the drinking-water can only be inferred. There
is, therefore, an urgent need to obtain independently verifiable water-quality data, using reliable, low-
cost methods that ideally can be correlated with the datasets on access obtained through the household
surveys and censuses. On the basis of such data, governments will be able to make informed decisions
to further improve the situation with respect to drinking-water supply in their countries, actions to
accelerate progress towards achieving MDG 7 target C can be better targeted and the evidence base
on the correlation between lack of access to safe drinking-water and the burden of water-borne disease
will be further strengthened. The data are also expected to reveal the extent of major water-quality
problems at national, regional and global levels and inform future investment priorities.

A possible method to obtain the data on drinking-water quality could be a rapid, low-cost, field-based
technique for assessing water quality. As a result, at a consultative meeting in Bangkok in 2002
organized by the World Health Organization (WHO) and the United Nations Children’s Fund
(UNICEF) six countries were selected to implement pilot projects on the Rapid Assessment of
Drinking-Water Quality (RADWQ). The countries were China, Ethiopia, Jordan, Nicaragua, Nigeria
and Tajikistan.

The project was initiated in Tajikistan in June 2004 with the collection of statistical data needed to
develop the survey. To plan and oversee the project, a project steering committee was established,
made up of representatives of government institutions (Ministry of Health, Ministry of Melioration
and Water Resources, and the State Committee for Environmental Protection), the State Statistics
Committee, UNICEF and WHO. The Republican Sanitary Epidemiological Service (SES) was
designated by the Ministry of Health as the lead agency for implementing the RADWQ project in
Tajikistan. Dr Samaridin Aliev, Chief Doctor of the Republican SES, was appointed national project
coordinator and Dr Pirnazar Shodmonov, Head of the Sanitary Department at the Republican SES, as
his deputy.

International consultants provided the training on survey methodology, field implementation, use of
the field-test equipment and sanitary inspection methods during September 2004. Between October
2004 and April 2005 1780 water samples were taken in the four oblasts (i.e. regions)of Tajikistan that
were visited. A final review meeting was organized in Dushanbe during a second consultants’ visit in
November 2005. At the meeting, the results of the RADWQ survey were shared and
recommendations made as to how to improve the RADWQ methodology, these recommendations are
included in this current report.
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Executive summary

During 2004 and 2005 the Republic of Tajikistan and five other countries participated in a World
Health Organization/United Nations Children’s Fund (WHO/UNICEF) pilot project to test a rapid,
low-cost, field-based technique for assessing water quality. The project was named the Rapid
Assessment of Drinking-Water Quality (RADWQ), and its purpose was to develop a tool that would
help the WHO/UNICEEF Joint Monitoring Programme monitor global access to safe drinking-water.
The RADWQ methodology is based on the UNICEF Multiple Indicators Cluster Surveys and uses
cluster sampling across a country to select individual drinking-water sources for testing. The number
and types of parameters used to test the drinking-water sources will depend on the extent of the survey
and on local potential health hazards. The output of a RADWQ survey is a snapshot of drinking-
water quality for each improved source tested.

In Tajikistan, four field teams visited 1620 sample sites in 53 clusters over a period of six months
(from October 2004 to April 2005). The samples were taken from four broad areas (Khatlon; Rayons
under direct Republican Subordination (RRS) & Dushanbe; Sughd; and Gorno-Badakhshan
Autonomous Oblast), and from two improved water-supply technologies (utility piped supplies and
protected springs). Using portable field kits, water samples were analysed for the following
parameters: thermotolerant coliforms, faecal streptococci, pH, turbidity, residual chlorine, appearance,
conductivity, arsenic, nitrate, fluoride and iron. In addition, samples were taken from 160 households
(or ca. 10% of the total sample size), to analyse the deterioration of water quality during distribution
and storage.

The results of the RADWQ project in Tajikistan show that the microbiological and chemical quality
of water sources is generally high. Of the 1620 sites tested, 87.2% complied with the WHO guideline
value and the national standard for thermotolerant coliforms, with utility piped supplies showing
slightly better compliance than protected springs (88.6% versus 82.0%). The RADWQ results do not
match those coming out of national surveillance statistics for bacteriological parameters in 2003 and
2004, which found that only 69.0% and 66.5% of utility piped systems met the national standard,
respectively.

All sample sites in the broad areas visited were in compliance with WHO guideline value and national
standards for arsenic and nitrate, regardless of technology type used at the site. The maximum
concentrations of nitrate and arsenic measured were 22.8 mg/l and <10 pg/l, respectively, which were
consistent with data from the Tajik surveillance system. For fluoride, 99.7% of the sites were in
compliance with the WHO guideline value of 1.5 mg/l, but only 73.8% with the national drinking-
water standard of 0.7 mg/l. The highest fluoride concentrations were detected in Sughd, which not
surprisingly had the lowest compliance level of all the oblasts (51.9%). The maximum fluoride
concentration measured was 1.95 mg/l, and the median 0.50 mg/l. If the arsenic, fluoride and nitrate
results were included with the microbiological results in the RADWQ analysis, overall compliance for
water sources in Tajikistan was 86.9% and 65.9% for WHO guideline values and national standards,
respectively.
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1 Introduction

1.1 The WHO/UNICEF Joint Monitoring Programme for Water Supply and Sanitation

In 1990, at the end of the International Drinking Water Supply and Sanitation Decade, WHO and
UNICEF decided to combine their experience and resources in a Joint Monitoring Programme for
Water Supply and Sanitation (JMP). At its inception, the overall aim of the JMP was to improve
planning and management of the water supply and sanitation within countries by assisting countries in
the monitoring of their drinking-water supply and sanitation sector. This concept, and the associated
objectives, evolved over time. The Millennium Declaration in 2000 and the subsequent formulation of
targets under the Millennium Development Goals (MDGs) marked a fundamental change. As the
official monitoring instrument for progress towards achieving MDG 7 target C, the JMP prepares
biennial global updates of this progress. Prior to 2000, JMP assessments had been undertaken in 1991,
1993, 1996 and 2000. The results for the year 2000 survey are presented in Global water supply and
sanitation assessment 2000 report (WHO/UNICEF, 2000), which contains data for six global regions:
Africa, Asia, Europe, Latin America and the Caribbean, Northern America, and Oceania. This report
introduced a monitoring approach based on household surveys and censuses which has subsequently
been refined. The methods and procedures lead to an estimate of numbers of people with access to
improved water sources and improved sanitation. Since the 2000 report, five more JMP reports have
been published. The latest, published in March 2010, shows that by the end of 2008 an estimated 884
million people in the world lacked access to improved sources of drinking-water and 2.6 billion
people lack access to improved sanitation facilities. If the current trend continues, the MDG drinking-
water target will be exceeded by 2015, but the sanitation target will be missed by about 1 billion
people (over and above the 1.7 billion who would not have access even if the target were achieved).

In the past, the JMP drew guidance from a technical advisory group of leading experts in water supply,
sanitation and hygiene, and from institutions involved in data collection and sector monitoring. With
the formulation and adoption of the JMP Strategy for 2010-2015, this technical support structure will
be further strengthened. The JMP strategy further states the vision and mission of the JMP as,
respectively: To accelerate progress towards universal, sustainable, access to safe water and basic
sanitation by 2025, including the achievement of the MDG targets by 2015 as a key milestone and to
be the trusted source of global, regional and national data on sustainable access to safe drinking-
water and basic sanitation, for use by governments, donors, international organizations and civil
society.

To fulfil its mission, the JMP has three strategic objectives:

e to compile, analyse and disseminate high quality, up-to-date, consistent and statistically
sound global, regional and country estimates of progress towards internationally established
drinking-water and sanitation targets in support of informed policy and decision making by
national governments, development partners and civil society;

e toserve as a platform for the development of indicators, procedures and methods aimed at
strengthening monitoring mechanisms to measure sustainable access to safe drinking-water
and basic sanitation at global, regional and national levels;

e to promote, in collaboration with other agencies, the building of capacity within government
and international organizations to monitor access to safe drinking-water and basic sanitation.

These priorities translate into four strategic priorities for the JMP over the next five years:
e maintaining the integrity of the JMP data base and ensuring accurate global estimates:
e dissemination of data to sector stakeholders;
o fulfilling JMP's normative role in developing and validating target indicators;
e interaction between countries and the JMP

The JMP defines access to drinking-water and sanitation in terms of the types of technology and
levels of service afforded. The JMP definitions used at the time of this study are shown in Table 1.1,
while current definitions can be found on www.wssinfo.org .
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Table 1.1 JMP definitions of water supply and sanitation (2004)

Category Water supply Sanitation
Improved e Household connection e Connection to a public sewer
e Public standpipe e Connection to septic system
e Borehole e  Pour-flush latrine
e Protected dug well e Simple pit latrine
e Protected spring e  Ventilated improved pit latrine

e Rainwater collection

Unimproved e  Unprotected well e Service or bucket latrines (where

e  Unprotected spring excreta are manually removed)

e Vendor-provided water *  Public latrines

e  Bottled water® e Latrines with an open pit

e  Tanker truck-provided water”

Normally considered to be “unimproved” because of concerns about the quantity of supplied water.
Considered to be “unimproved” because of concerns about access to adequate volumes, and concerns regarding inadequate treatment
or transportation in inappropriate containers.

b

The JMP database is the source for WHO and UNICEF estimates on access to and use of drinking-
water and sanitation facilities. At the time of the RADWQ pilot studies the database drew upon some
350 nationally representative household surveys, but the database has rapidly expanded and by the
beginning of 2010 contained over 1200 such datasets. The data come from household surveys and
censuses, including the Demographic Health Survey, the UNICEF Multiple Indicators Cluster
Surveys, the World Bank Living Standard Measurement Survey and the World Health Survey (by
WHO). These are national cluster sample surveys, covering several thousand households in each
country. The samples are stratified to ensure that they are representative of urban and rural areas of
each country.

Prior to 2000, coverage data were based on information from service providers, such as utilities,
ministries and water authorities, rather than on household surveys. The quality of the information thus
obtained varied considerably. Provider-based data, for example, often did not include facilities built
by householders themselves, such as private wells or pit latrines, or even systems installed by local
communities. For this reason, in 2000, JMP adopted the use of household surveys, which provide a
more accurate picture by monitoring the types of services and facilities that people actually use.

Information collected by the JMP is analysed and presented for dissemination in the form of maps and
graphs, which can be found, together with other information, on the JMP web site www.wssinfo.org.

Although the use of household surveys and the presentation of data by drinking-water and sanitation
ladders and wealth quintiles have significantly increased the quality and comparability of information
on improved drinking-water sources and sanitation, there continues to be room for further
improvements in the JMP database so it will be even more useful to policy-makers by:

e Harmonizing indicators and survey questions. Surveys use different indicators and
methodologies, making it difficult to compare information. A guide that harmonizes questions
and response categories for drinking-water supply and sanitation, Core questions on drinking-
water, sanitation and hygiene for household surveys (WHO/UNICEF, 2007), has been prepared
and is regularly updated. On-going discussions aim to incorporate updated and new questions into
major household survey programmes and population censuses. Currently, the Demographic
Health Survey, the Multiple Indicators Cluster Surveys, and the World Health Survey have all
adopted the harmonized set of questions for their surveys.
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o Measuring gender disparities. Data on water and sanitation are collected at the household level
and therefore gender-specific data cannot be calculated. However, questions can be designed to
determine who bears the main responsibility for collecting water and how much time is spent
collecting it. Questions along these lines are being incorporated into the design of new surveys.

o Measuring water quality. Existing surveys do not provide reliable information on the quality of
water, either at the source or at the household level.

In response to the third challenge, WHO and UNICEF, with the support of the Department for
International Development of the Government of the United Kingdom, developed a method for the
rapid assessment of drinking-water quality. Pilot studies using the method, referred to as RADWQ
(rapid assessment of drinking-water quality), have been carried out in China, Ethiopia, Jordan,
Nicaragua, Nigeria and Tajikistan. The six pilot countries represent different regions of the world
with a range of environmental and socio-economic conditions, presenting different water quality
issues and at various stages of development.

At the conception of the RADWQ pilot studies it was foreseen that the methodology, if proved
feasible and successful, could be of value to many countries as a vehicle for building capacity in water
quality monitoring at policy, institutional and technical levels. The direct involvement of water
authorities and national experts in the studies was also expected to enhance a sense of ownership.
Countries could benefit from RADWQ surveys by using the data to create a baseline for future
monitoring programmes (e.g. post-2015); for external evaluations; to assess the drinking-water quality
in specific geographical areas; or to assess a specific drinking-water supply technology. The
RADWQ approach would also provide the international community with the tools to measure
improvements in access to safe drinking-water worldwide.

1.2 Historical water-quality data, the current water-quality surveillance/monitoring system
and national standards in Tajikistan

The Republican Sanitary Epidemiological Service (Republican SES), the central public-health
surveillance agency under the Ministry of Health of Tajikistan, provided the information on water
supply coverage and drinking-water quality for the RADWQ project. The Republican SES collects all
information from the regional (or oblast) SESs in the oblasts of Khatlon, Sughd and Gorno-
Badakhshan Autonomous Oblast (GBAO), as well as directly from the district (or rayon) SESs in
those rayons that are under direct republican subordination (known as RRSs).

Types of water-supply technologies and coverage

A summary of the types of water supply technologies used in the different oblasts and the population
coverage rates is given in Table 1.2. According to Republican SES statistics, at the time of the study
approximately 58% of the total population was served by utility piped water supplies, but coverage
for urban populations (99%) was much higher than for rural ones (30%). People without utility piped
supplies rely on water from more-or-less protected point sources, such as boreholes, shallow wells,
and springs (ca. 13%), or from open sources (25.8%) such as small canals (“ariks”), irrigation
channels, rivers, lakes and transported water (2.4%), without any treatment prior to consumption.

In addition to the information shown in Table 1.2, a rayon database of springs and utility piped
supplies was compiled for the RADWQ project, which detailed the number of supplies in a rayon as
well as the population served by technology (see Annex 1). A detailed inventory of utility piped
supplies was also available that included information on the maximum serving capacity (expressed as
the number of people served) and the current working condition of an individual supply (see Annex 2).



Table 1.2 Water-supply coverage for Tajikistan, by technology and

oblast®
Region Total Utility piped Boreholes Shallow Springs Transported Open
(oblast)® population  supplies wells water sources
) (%) (%) (%) (%) (%) (%)
Dushanbe 641 075 98.0 0.0 0.0 0.2 0.8 1.0
RRS 1467 524 47.7 0.3 1.1 21.2 1.1 28.4
Khatlon 2308 675 50.3 0.0 5.0 6.5 4.6 33.6
Sughd 1973 890 67.1 3.8 1.0 6.0 0.9 21.0
GBAO 205 302 17.1 0.4 1.6 253 8.2 473
National 6 596 466 58.4 1.2 23 9.6 2.4 25.8

Source: Republican Sanitary Epidemiological Service records for 2003 and 2004.
®  GBAO = Gorno-Badakhshan Autonomous Oblast. RRS = Rayons under direct republican subordination.

On the basis of the inventory, it is estimated that at the time of this study approximately 22% of the
650 utility supplies were currently not working (i.e. they are not supplying the population with
drinking-water), mainly as a result of the civil war during the 1990s and the lack of maintenance.
When the working condition of individual supplies is taken into account, Republican SES estimates
indicate that only 42% of the population is served by utility supplies, in contrast to the official figure
of 58.4%(Table 1.2). Experience suggests that, of the population without access to utility supplies
(officially 42% of the total population of Tajikistan) most use open, non-protected sources for their
water supply.

Water-treatment works of urban piped supplies are generally better equipped, maintained and
operated than rural supplies. This is particularly true with respect to the availability of functioning
disinfection units Financially constrained rural supplies frequently do not have sufficient stocks of
disinfectant (i.e. chlorine or hypochlorite). Water disinfection therefore is a rare practice and often
applied only during and after outbreaks of intestinal infectious diseases. In most utilities, disinfection
is carried out by dosing the water with dry chlorine, which is a low-cost method. It is estimated that
more than 70% of the water distribution network in Tajikistan is in poor condition due to the lack of
regular maintenance, low water pressure and frequent pipe breaks.

Surveillance and monitoring of water quality

The main responsibility for independent surveillance and monitoring of drinking-water quality rests
with the SES at different administrative levels, according to the Tajik Water code (2000). Rayon and
municipal SESs are responsible for surveying the supplies in their areas, while oblast SESs also
monitor water quality to provide a backup source of data to the SES measurements. The operators of
utility piped supplies (e.g. “Vodocanal” agencies, rural water works, municipalities, government
departments) have the responsibility to inspect the water production process and monitor its impact on
water quality. The State Committee for Environmental Protection is responsible for monitoring open
water sources such as rivers, canals, ariks and lakes.

The parameters and frequencies of water-quality monitoring for the operators and rayon SESs are
defined by the Soviet Standard GOST 2874-82 Drinking water (see below) and the sanitary norm
Provision of sanitary epidemiological safety to the population (2003). The monitoring frequencies
can differ, depending on the parameter being measured, the type of water source, the population
served, and whether disinfection is applied. The list of legally defined parameters in the GOST
standard is even longer than, for example, that provided by the European Union Drinking-water
Directive, but as a practical matter regular water quality monitoring in Tajikistan currently focuses on
the following basic set of parameters:



e Microbial parameters. This involves taking heterotrophic plate counts, as well testing for indicator
organisms such as Escherichia coli (“coli index”) and faecal streptococci. Further investigations of
specific pathogenic organisms are carried out as necessary.

o Physical and chemical parameters. This involves measuring basic water quality and organoleptic
parameters (e.g. taste, odour, colour, turbidity, pH, temperature, residual chlorine), as well as levels
of selected potentially toxic chemicals such as nitrates, various metals, chlorides, sulfates, iron,
copper and fluoride.

At the time of this study, many laboratories were unable to follow standard procedures for water
quality sampling and analysis, owing to a lack of financial, technical and trained human resources.
Although the laboratories of the Republican and oblast SESs had basic equipment for water quality
analysis, most of the equipment in the rayon SESs was outdated or did not work. Most of the rayon
laboratories lacked adequate transportation, communication equipment and staff trained in water
quality sampling and analysis. For these reasons, the ability and capacity of the rayon labs to carry
out water quality analysis in rural areas was generally limited, and thus most of the current water
quality data for Tajikistan focused on utility piped supplies in urban centres. The overall situation
made it difficult to survey and monitor drinking-water quality independently, to prevent infectious
disease outbreaks and to improve sanitary conditions.

The responsibility for sanitary inspections belongs, by law, Provision of sanitary epidemiological
safety to the population (2004), to the rayon SESs. Surveillance is to be carried out by “preventive”
and “scheduled” sanitary inspections. During the design, construction and commissioning of a water
supply, for example, regular inspections are carried out to prevent the development of conditions that
would lead to poor sanitary conditions. Regularly scheduled sanitary inspections are to be undertaken
quarterly to assess the sanitary condition of a water supply during operation. Currently, most rayon
SESs are not in a position to carry out any sanitary inspections, mainly owing to a lack of staff (i.e.
sanitary doctors) and transportation.

The main responsibility for data collection, storage and analysis belongs to the SESs at the different
administrative levels (i.e. oblast SESs collect information from rayon SES, and the Republican SES
collects data from oblast SESs). All records are generally handwritten and stored as paper files,
which are often lost owing to improper storage. The lack of electronic equipment, particularly at the
rayon and oblast level, makes data analysis difficult and time consuming. It is impossible to establish
an electronic database, for example, which means that the paper information can only be accessed by
personnel in the government agency dealing with water quality issues. Currently, there are no plans
to share the information with the general public through the mass media (such as the internet) because
the technical facilities do not exist.

Historical water-quality data

In recent years, drinking-water quality in Tajikistan has been deteriorating. Many of the utility piped
supplies break down frequently and service can be intermittent; both phenomena adversely affect the
microbial content of the drinking-water. The extent of the problem can be seen from the data in Table
1.3 for utility piped water supplies during the years 2001-2004. In 2004, for example, 33.5% of the
water quality samples tested did not meet the national standard for E. coli.

The deterioration in the chemical quality of water has been mainly attributed to a decline in source
protection measures and sanitary conditions. In 2004, for example, 46% of water samples tested did
not comply with national standards for one or more of: residual chlorine, nitrate, sulfate, ammonia,
hardness and metals (Table 1.4).

In 2001, the Republican SES, with support of the WHO and the Federal Environmental Agency,
Germany, carried out a countrywide survey to assess the level of organochlorine insecticides in Tajik
drinking-water sources (Schmoll, 2002). Historically, the country witnessed an intense use of
pesticides, particularly in cotton growing areas, but in the 1990s there was a sudden drop in pesticide
use. However, no current data were available on pesticide levels in Tajik groundwater and surface
waters used for drinking-water. The Republican SES study showed that insecticide contamination
was widespread, with 86% of the 110 sites investigated having concentrations of one or more



substances above the detection limit. However, insecticide levels were generally below the WHO
guideline values, except at one site where one parameter exceeded the WHO guideline value.

Table 1.3 Noncompliance of water samples in Tajikistan with national
standards for E. coli, 2001-2004"

Region 2001 2002 2003 2004
(oblast)”
No. of Non- No. of Non- No. of Non- No. of Non-
tests compliance tests compliance  tests compliance. tests  compliance
(%) (%) (%) (%)

Dushanbe n/a n/a 3249 22.0 3305 19.7 3517 23.8
RRS 563 16.7 227 34.4 253 24.9 3 655 23.2
Khatlon n/a n/a 5827 64.0 5789 46.8 8 000 46.8
Sughd 1 843 18.7 2 682 19.6 2702 12.7 2 459 19.6
GBAO n/a n/a n/a n/a 243 16.9 33 27.3
National 2 406 18.2 11985 425 12295 31.0 17 664 33.5

Source: Republican Sanitary Epidemiological Service records.

b GBAO = Gorno-Badakhshan Autonomous Oblast. n/a = data not available. RRS = rayons under direct republican subordination.

Table 1.4 Noncompliance of water samples in Tajikistan with physical
and chemical national standards, 2004*

Region No. of samples Noncompliance

(oblast)® (%)
Dushanbe 2 878 58.0
RRS 378 18.0
Khatlon 996 69.7
Sughd 1155 6.8
GBAO 66 28.8
National 5473 46.2

a

Source: Republican Sanitary Epidemiological Service records. Noncompliance is for one or more of residual chlorine, nitrate, sulfate,
ammonia, hardness and metals.

b GBAO = Gorno-Badakhshan Autonomous Oblast. RRS = Rayons under direct republican subordination.

National drinking-water standards

At the time of the RADWQ study, national sanitary norms and regulations for drinking-water quality
were being developed. Examples include defining norms for water quality monitoring in centralized
and non-centralized water supply systems, and setting up administrative zones to protect water
sources. A draft of a national law on drinking-water had been developed, and it was under
government review. Generally, the development of legal and normative documents on drinking-water
supply and quality is the responsibility of the Republican SES, operating under the Ministry of Health.
In the absence of a national drinking-water law, the 1982 Soviet Standard GOST 2874-82 Drinking-
water is still the valid legal reference in the Republic of Tajikistan (see Annex 3 for standard values of
parameters included in the RADWQ project).

It worth mentioning that this is only the beginning of the process to develop and harmonize the
national water sector and substantial work continues to be anticipated, requiring financial, technical
and consultative support, both from national institutions and international organizations.



2 Methods

2.1 Survey design

The methodology for the RADWQ pilot project is detailed in the handbook, Rapid assessment of
drinking-water quality: a handbook for implementation (Howard et al., 2003). In essence, the method
involves selecting representative sampling points using a statistically-based survey; analysing the
water quality for a suite of parameters; carrying out sanitary inspections at the selected sampling
points; analysing the data and its relation to historical data; and making conclusions and
recommendations. There are six countries in the pilot study and data from each will be presented in
individual country reports (of which this is one) and in an overall summary report.

The survey design selected for the RADWQ project uses a cluster sampling approach to identify the
number, type and location of water supplies to be included in the assessment. Cluster sampling means
that the water supplies selected for inclusion in the assessment are geographically close to one another
(in “clusters”), but are representative of all water-supply technologies. This approach was selected for
RADWAQ as it is used in other international surveys addressing water, sanitation and health (such as
the Multiple Indicator Cluster Survey) that contribute to the WHO/UNICEF JMP. In addition, cluster
sampling improves the efficiency of the assessment by making access to the water supplies easier and
by reducing costs.

The key element of the survey design is to ensure that the selection of the water supplies to be
included reflects their importance; therefore only improved technologies supplying more than 5% of
the population are included. The basic sampling unit is the water supply, rather than the households
that use them. The rapid assessments are primarily designed to assess the quality and sanitary
condition of the water supplies and hence the risk to water safety. A limited analysis of water stored
in households, matched to water sources, is included in the assessment.

The number of water samples to be taken was calculated using Equation 2.1:

| _4P(I-P)D _4*0.5(1-0.5)*4

=1600 Equation 2.1
& 0.05° (B )
n= required number of samples;
P= assumed proportion of water supplies with a water quality exceeding the water-quality
target(s) established;
D= design effect;
e= acceptable precision expressed as a proportion.

For the RADWQ) pilot project, the proportion was assumed to be 0.5, with a precision of +0.05 and a
design effect of 4. This gave the number of water supplies to be included within each country
assessment as 1600 (Equation 2.1). The steps of the rapid assessment are summarized in Figure 2.1
and the steps in survey design are summarized in Figure 2.2. The range of parameters tested and the
inspections undertaken are shown in Table 2.1.

2.2 Country-specific survey design

A training workshop on the survey methodology was conducted on the 15-16 September 2004,
followed by several meetings of a core technical working group for in-depth discussions about the
data and the design of the survey for specific countries. A Russian translation of all training materials
and the RADWQ methodology was available at the time of training.

A summary of the country-specific survey design is shown in Table 2.2 and Figure 2.3, and the
frequency of testing for individual parameters is shown in Table 2.3. The individual steps used to
design the survey are documented in Annex 4. A more detailed explanation of the survey design in
Tajikistan follows.



Figure 2.1 Steps in the rapid assessment of drinking-water quality

Establish availability of JMP or similar
data on access that can be disaggregated
by technology type. Use updated
information when available.

\ 4

Identify stakeholders and establish
an intersectoral steering committee
with an agreed lead agency.

Capability and capacity assessment for parameters,
using the agreed methods. Review skills required and
identify a potential implementation team.
Standardize methodologies within the team.

Collate and analyse existing water-quality data to
help inform survey design and provide broader
country context.

Evaluate the pre-test pilot, and plan for scaling-up.

Design the survey (see Figure 2.2)

Plan field implementation

Undertake assessment

National review and preparation of report.




Figure 2.2  Steps in the design of the RADWQ survey for Tajikistan

Calculate sample size
Carry out primary stratification:

Proportional weighting by technology type
(based on population served)

l

Carry out secondary stratification:
Proportional weighting by broad areas
(based on number of water supplies)

\ 4

Define cluster size:
Number of clusters needed based on water supplies
that can be visited in one week by one team

\ 4

Define and select sampling units:
Areas from which clusters are selected
(by proportional weighting)

\ 4

Select clusters and individual water supplies:
Supplies that will be visited




Table 2.1 RADWQ parameters and inspections

Microbiological and related Physical and chemical Inspections
parameters parameters
Thermotolerant coliforms Appearance Sanitary inspection
Faecal streptococci Conductivity
Turbidity Nitrate
pH Iron
Residual chlorine Arsenic
Fluoride
Copper

Database. Data on water supply coverage and technology were available at three administrative
levels (i.e. national, regional and district level), as required by the methodology (see alsoTable
1.2). Additionally, a detailed rayon inventory of individual utility piped supplies was available,
which included information about the serving capacity and working condition of individual water
supplies (Annex 2). The database allowed an exact calculation of supply zones.

Criteria for including a water supply in the survey. The cut-off size for supplies to be included in
the survey was set at a serving capacity of 500 people. Also, even though the utility piped
supplies in Tajikistan are subdivided into four categories, only three of the categories were
included in the survey. The fourth supply category was judged not to be a primary source of
drinking-water and therefore was not relevant for the RADWQ project. The included categories
of water supply were: municipal/communal supplies; kolkhoz supplies, which serve the rural
population; and supplies serving individual hospitals, kindergartens or schools. The fourth
category, supplies serving workers at individual combines or industries, was not included.

Primary stratification. At the national level, utility piped supplies and springs serve more than
5% of the population' (Table 1.2). Other improved technologies (according to JMP definitions)
serve less than 5% of the population. In contrast, it is estimated that ca. 42% of the total
population uses water from open sources (i.e. rivers, channels, irrigation canals) for domestic
purposes (see also Section 1.2). It was decided to include in the survey only water supplies that
served more than 5% of the national population. The option of applying the 5% criterion to the
oblast, rather than national, level was discussed but rejected. Following that option would have
meant that transported water would have be included in the oblast of GBAO, and dug wells
included in the oblast of Khatlon. The data would therefore have better represented the primary
source of drinking-water of the rural population in these regions.

Secondary stratification. The oblast administrative level was selected as the broad area category.
It is the most accepted broad division within the country, and the oblasts divide the country into
geographical categories (e.g. mountainous and flatland areas). An overview of the broad areas
selected is given in Figure 2.3.

Sampling units. Rayons were chosen as the sampling unit category from which the clusters were
to be selected, because rayon data on the served population were available. Towns that
represented an independent administrative unit were annexed to the overlying rayons, with the
exception of the city of Dushanbe, which was treated as an independent sampling unit. The
selection of sampling units or rayons to be included in the survey used proportional weighting
tables, as suggested by the RADWQ methodology (see Annex 4 for a list of selected rayons).

! Even though national figures for springs do not differentiate between protected and non-protected sources, all
springs were included in this study as a way to verify their level of protection.
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Cluster size. Cluster sizes ranged from 12 to 30. They were selected individually for each
technology and broad area, so as to adequately reflect local conditions (such as the accessibility of
rayons, and the road and weather conditions).

Selection of clusters and individual water supplies. Individual water supplies to be visited were
selected during a week in the field, after seeking advice from local authorities (particularly the
rayon SES and/or water-supply operators) or from the local population. Where official sampling
taps were not available, a nearby household tap was chosen as the sampling point, and the results
recorded as if they were from an official sampling tap.

Repeat sampling approach. According to the primary stratification, 1286 sampling points in the
utility piped system needed to be included in the survey. However, the 5000 people per zone
criterion suggested in the handbook meant that only ca. 800 sampling points could have been
achieved for the whole of Tajikistan. Three options were discussed by the technical group. First,
reduce the size of the supply zone from 5000 to 2500 people, which would mean a size of 1336
sampling points could be achieved. Second, take a repeat sampling approach. Visiting each
sampling point twice would give an idea of water-quality changes over time, and only 1286/2
sampling points would be needed. The third option was a combination of the first two, and this
was seen as the most suitable option as it maintains the advantages of a cluster-based approach.
In contrast, the first two options practically change the survey from a cluster to a cross-sectional
study, in which 95% or 80%, respectively, of all theoretically possible sampling points in utility
piped systems would have been included.
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Figure 2.3 RADWQ sampling distribution in Tajikistan, by broad area®

Sughd

Clusters: 15

Utility piped supplies: 410

Protected springs: 46

Households: RRS & Dushanbe
Clusters: 15
Utility piped supplies: 506
Protected springs: 108
Households:

GBAO

Clusters: 7
Khatlon Utility piped supplies: 24
Clusters: 16 Protected springs: 63
Utility piped supplies: 346 Households: 15
Protected springs: 103
Households: 40

: Source: RADWQ Team, Tajikistan. The designations do not imply any opinion whatsoever on the part of the World Health
Organization or the United Nations concerning the legal status of any country, territory, city or area; or of their authorities; or
concerning the delimitation of their frontiers or boundaries. GBAO = Gorno-Badakhshan Autonomous Oblast. RRS = rayons under
direct republican subordination.
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Table 2.2

Country-specific survey design for Tajikistan®

Step Method described in Survey design in Tajikistan Justification for variation from

project handbook handbook method

1 Calculate sample size. In total, 1780 sampling points were Because of rounding during secondary
(= 1600). included in the survey: 1620 from source stratification, the sample size for source

waters and 160 from households. waters is 1606. This number increased
to 1620, owing to a mistake in the
sampling plan.

2 Primary stratification. The study area covered the whole of the To achieve the required number of
Proportional weighting by  Republic of Tajikistan. sample points in utility piped supplies:
technology type, based on  Two technologies served more than 5% of the e the zone size was reduced from 5000
% of population served. population, which were therefore selected in  to 2500 people per zone;

(Note: only technologies the primary stratification: e arepeat sampling approach was
serving >5% of the e utility piped supplies (1286 sample points); adopted (i.e. 643 sampling points were
population were included o protected springs (320 sample points). selected, but each point was

in the survey). tested/inspected twice).

3 Secondary stratification. Broad areas correspond to oblast
Proportional weighting by administrative areas. Four broad areas were
broad areas (based on the  selected (see also):
number of water supplies e RRS & Dushanbe : 253 utility piped
across the country). supplies and 108 protected springs;

o Khatlon: 173 utility piped supplies and 103
protected springs;

o Sughd: 205 utility piped supplies and 46
protected springs;

e GBAO: 12 utility piped supplies and 63
protected springs.

4 Define clusters (size and In total, 53 clusters were identified. Asthe  Cluster sizes were selected for each
number). Based on 30 clusters for utility piped supplies were technology and broad area, to
supplies that can be visited visited twice, this resulted in 83 team-weeks adequately reflect local conditions (such
in one week by one team  or 21 project-weeks with 4 teams. The as accessibility, road and weather
(cluster size). clusters in the broad areas were defined as conditions).

follows (cluster size, number of clusters):

e Dushanbe and RRS: utility piped supplies
(30, 9); protected spring (20, 6).

o Khatlon: utility piped supplies (20, 9);
protected spring (15, 7).

o Sughd: utility piped supplies (20, 11);
protected springs (15, 4);

e GBAO: utility piped supplies (12, 1);
protected springs (12, 6).

5 Deﬁne_ and s.elect Rayons were used as the sampling units for
sampling units. These are ¢ third administrative level. The results of
the areas from which proportional weighting are given in Annex 4.
clusters are selected by
proportional weighting.

6

Select clusters and
individual water supplies.
These are the supplies that
will be assessed for water
quality.

Sampling plans were prepared for the field
teams (e.g. Annex 6). They provided details
on the rayons from which clusters or supplies
were to be selected, and on the water supply
scheme numbers to be assigned. Selection of
individual supplies/sample points was
undertaken by the field teams, after seeking
advice from the local authorities or
population.

a
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Table 2.3 RADWQ parameters and frequency of testing in Tajikistan

Water supplies tested Households tested

Parameter (%) (%)
Thermotolerant coliforms, turbidity, pH, free residual 100 100
chlorine, appearance, conductivity, arsenic, fluoride and iron
Faecal streptococci 10 0
Total residual chlorine® 15 0
Nitrate 35 100
Copper” 0 100

Total residual chlorine was tested in only ca. 15% of samples, owing to the limited number of DPD3 tablets available.
Testing for copper is only necessary if it is used in the household plumbing.

23 Field implementation and data recording
Field implementation

The fieldwork was carried out immediately after finalization of the survey design. It lasted exactly six
months, starting on 18 October 2004 and ending on 18 April 2005.

The survey design was planned for four field teams. Teams were formed by staff members of the
Republican SES and the oblast SESs of Sughd, Khatlon and GBAO (see Annex 5 for a list of field
team members). Each field team consisted of one microbiologist and one chemist, both with
experience in water quality analysis and water sampling procedures. At the first consultants’ visit in
September 2004 all team members were trained in the correct use of the Wagtech field testing
equipment that was provided and in the correct procedures of sanitary inspections. In addition to the
training provided by the international consultants, the Republican SES organized a separate meeting
of field team members for an in-depth follow-up training in sanitary inspection, including practical
exercises in water works.

On the basis of the survey design, each field team was provided with detailed sampling plans (an
example is presented in Annex 6). For each of the broad areas, the plans provided detailed
information on the rayons from which the clusters or individual supplies were to be selected; on the
water supply scheme numbers to be used both for water sources and household samples; and, on the
water quality parameters to be tested at individual sampling points. As mentioned (Section 2.2),
individual water supplies to be visited were selected during the week in the field, after seeking advice
from local authorities, particularly from the rayon SES and/or water-supply operators. For this
purpose, the Republican SES provided field teams with supporting letters that outlined the purpose of
the study and asked local authorities for their collaboration and support.

An initial workplan was prepared after finalizing the survey design. It specified project weeks and
assigned clusters to the four field teams (Annex 7). Since GBAO was considered to be the most
difficult region, in terms of accessibility during the winter, the fieldwork started in mid-October in
GBAO with three teams in the region. After fieldwork was finished in GBAO, the Republican SES
and UNICEF organized a one-day meeting in Dushanbe, where field teams reviewed their first
experiences in GBAO and planned the work in other regions.

The initial workplan was modified several times, mainly in response to suggestions by the field teams.
Unforseen delays played a large role and resulted from a variety of factors, such as the deployment of
field team members in collective cotton-picking works in Sughd; the severe road and weather
conditions during winter, which limited the accessibility of some areas; power cuts; family problems;
and national holidays. The delays led to an extension of the initial workplan by four weeks and all
field teams frequently worked weekends to compensate for the delays, otherwise it would not have
been possible to implement the field studies in the allotted six-month period.
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Throughout the field visits, field teams faced transportation problems, especially when travelling to
mountain villages. Most of the time, field teams rented appropriate vehicles in the survey area. Only
in broad area 1 (i.e. RRS & Dushanbe) were the vehicles provided by the Republican SES appropriate
for undertaking the assessment.

A further challenge during fieldwork was the lack of methanol. This was initially supplied by the
international consultant before the start of the project, because there was no methanol locally available.
However, some teams ran out of methanol during fieldwork and had to rely on methanol stocks from
the rayon SES, if available. Items such as gloves, lighters, markers, etc., were also in short supply in
remote areas.

The national coordinator or his deputy, together with the responsible project assistant at UNICEF,
undertook regular supervision visits to the field (at least one visit a month to each of the four broad
areas). Field teams sent biweekly progress reports to the project coordinator, which also included the
results of water-quality analyses and sanitary inspections. The status of project implementation was
summarized in monthly reports prepared by UNICEF, which were forwarded to the international
consultant (see Annex 8 for an example report).

The total budget for project implementation was approximately US$ 32 000, mostly for transportation
costs and daily subsistence allowances (Annex 9). It had to be revised during fieldwork to cover the
additional costs of car hire in the regions.

Data recording

Each day the sampling results were recorded in daily report forms, together with the cluster number,
date, name of analyst, community and sample sites visited (see Annex 10 for a sample form).
Completed sanitary inspection forms for each day’s activity were attached to the daily report sheets,
and all forms were kept in a folder. On a weekly or bi-weekly basis, report forms were sent to the
project coordinator and later to the data clerk for entry into the SanMan database. The data clerk was
trained to use the SanMan software during the first consultants’ visit in September 2004.

The format of the daily report forms proved to be useful and thoroughly developed. They could be
considered for any future water quality survey conducted by the SES at different administrative levels.
Nevertheless, as field practice has shown, in some situations it was more convenient for the field
teams to record the data in their notebooks first and to copy them onto the record forms after one
day’s work, particularly during bad weather periods and in mountainous regions.

In SanMan, each sample site was identified by a unique water supply scheme number, an eight digit
code. In the case of Tajikistan, the following coding system was used:

e Digits 1-3: country code (= TJK);

e Digit 4: broad area code (RRS & Dushanbe = 1; Khatlon = 2; Sughd = 3; GBAO = 4);
e Digits 5-6: cluster code (consecutive numbering within one broad area);

e Digits 7-8: sample code (consecutive numbering within one cluster).

2.4 Data analysis

Data analysis is one of the most important parts of the project, because it is the principle mechanism
by which raw data are transferred into usable information for project managers, communities and
other decision-makers. Raw data itself is of little use — most people will not understand what it means
and few will have sufficient time or interest to analyse the data. What is required is simple, direct and
comprehensible information that can be used without further manipulation and is meaningful to the
target audience.

All water quality and sanitary inspection results were stored in the SanMan database, and later
exported to Excel for analysis. Data were analysed following the guidelines provided by the
international consultant. This included an analysis of compliance for microbial, physical and
chemical parameters by broad areas (oblasts) and supply technology, and for compliance to WHO
guideline values and national standards (i.e. the Soviet Standard GOST 2874-82 Drinking water).
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Household samples were also analysed for microbiological and chemical parameters, with a focus on
how drinking-water quality deteriorated between the distribution system and household taps.

In line with the WHO guidelines for drinking-water quality (WHO, 2004), all samples were assessed
for sanitary risks by inspections that used a standard set of questionnaires developed for the RADWQ
pilot project. Individual water supplies were assigned to risk categories using a “risk-to-health
matrix”’, which cross-checks a sanitary risk score with the count for thermotolerant coliforms, to give
a measure of the potential health risk.

The value of proxy parameters for assessing water quality (i.e. turbidity for bacteria, conductivity for
chemicals) was also examined. The output of the analysis was Pearson’s r, a linear correlation
coefficient that can easily be calculated within MS Excel. A drawback is that the derivation of
Pearson’s r assumes the data are distributed normally, and the analysis uses means and standard
deviations, so that outlier values® can disproportionately influence the results. More rigorous analyses
exist, such Spearman's r4o0, which does not assume the data are normally distributed, and uses a rank
transform method that makes it resistant to outliers, but which cannot be calculated within MS Excel.

2 An outlier is a value far from most others in a set of data.
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3 Results

3.1 Microbiological parameters

A variety of microorganisms may be found in water, including pathogenic and non-pathogenic species.
Non-pathogenic microorganisms may cause taste and odour problems with water supplies, which can
influence whether people use the water for consumption, but the principle concern for microbiological
quality is contamination by pathogenic species. Most water-borne pathogens derive from faeces, and
to analyse the microbiological quality of drinking-water the usual practice is to test for the presence of
indicator organisms, normally bacteria such as E. coli and thermotolerant coliforms.

The following microbial parameters were included in the RADWQ project:

o Thermotolerant coliforms. The ease of use and rapidity of tests for thermotolerant coliforms
justify their use, but it is recommended that confirmation tests for E. coli be undertaken for each
type of water source whenever possible.

o Faecal streptococci. Some 10% of all water-source samples were tested for faecal streptococci.
This was designed to provide a small-scale within-study investigation to evaluate the usefulness
of these bacteria.

Thermotolerant coliforms

The thermotolerant coliforms are a group of coliform bacteria that grow at 44°C and include E. coli as
well as other species that may have an environmental source. In temperate climates, it has been
estimated that approximately 95% of thermotolerant coliforms are E. coli, but in tropical climates this
proportion may be significant lower. This shows that the results of analyses should be interpreted
cautiously, and highlights the need for other data collection methods. Thermotolerant coliforms
analysis can be performed using a variety of different techniques and results can be obtained within
14—-24 hours using relatively inexpensive methods.

E. coli derives almost exclusively from human and animal faeces and some strains are pathogenic (e.g.
E. coli O157:H7). There is some evidence that E. coli is able to multiply in nutrient-rich tropical soils,
although it is generally recognized that this ability is limited and in most case the indigenous bacteria
would out-compete the E. coli. The identification of E. coli is simple but time consuming, as it
typically requires a two-stage process of presumptive and confirmative testing.

In the RADWQ project, a total of 1620 sites from utility piped supplies and protected springs were
selected to be tested for thermotolerant coliforms. As shown in Table 3.1, 87.2% of all samples tested
in Tajikistan met the requirements of both the national standard and the WHO guideline value.
Compliance was generally higher for utility piped supplies (88.6%) than for protected springs (82.0%).
The difference in compliance likely derived from the fact that water from springs was not disinfected.
The cumulative frequency of thermotolerant coliform counts is shown in Table 3.2. Most of the test
results ranged between 1-10 cfu/100 ml. Fewer than 14 samples (less than 1% of the sampling points)
showed counts or more than 10 cfu/100 ml, most from protected springs.

For utility piped supplies, compliance varied between broad areas and ranged from 66.7% in GBAO
t0 93.3% in RRS and Dushanbe. The variation between broad areas was largely due to differences in
the quality of the supply infrastructure and in regular maintenance activities, particularly in Dushanbe.
It was also assumed that the supply of chlorine (or hypochlorite) for disinfection was better in
Dushanbe and RRS than in other regions of the Republic.

As mentioned in Section 2.2, we used a repeat sampling approach for utility piped supplies (i.e. each
site was visited twice). The time between the two sampling rounds varied between rayons, from one
week to four months. The results in Table 3.1 and Table 3.2 include all sampling points, regardless of
when they were taken (in the first or second sampling round), whereas the data in Table 3.3 provide a
comparison of the results between the two sampling rounds.
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Table 3.1 Compliance with the Tajikistan national standard and WHO
guideline value for thermotolerant coliforms

Broad area® Utility piped supplies Protected springs Total
No. of Compliance No. of Compliance No. of Compliance
samples (%) samples (%) samples (%)
RRS & Dushanbe 506 933 108 86.1 614 92.0
Khatlon 346 85.5 103 94.2 449 87.5
Sughd 410 86.6 60 58.3 470 83.0
GBAO 24 66.7 63 77.8 87 74.7
National 1286 88.6 334 82.0 1 620 87.2

a

GBAO = Gorno-Badakhshan Autonomous Oblast. RRS = rayons under direct republican subordination.

Table 3.2  Cumulative frequencies for thermotolerant coliforms

Count category Utility piped supplies Protected springs Total
(cfu/100 ml)*
Proportion  Cumulative Proportion = Cumulative Proportion Cumulative
frequency frequency frequency
(%) (%) (%) (%) (%) (%)
<1 88.6 88.6 82.0 82.0 87.2 87.2
1-10 11.4 99.9 14.1 96.1 11.9 99.1
11-100 0.1 100.0 3.0 99.1 0.7 99.8
>100 0.0 100.0 0.9 100.0 0.2 100.0
Total no. of samples 1286 334 1620

? cfu = colony forming unit.

Table 3.3 Comparison of sampling rounds for utility piped supplies

Compliance Proportion
(%)
Compliance with WHO guideline value and national standard in 1st sampling round 89.5
Compliance with WHO guideline value and national standard in 2nd sampling round 88.1
Compliance with WHO guideline value and national standard in 1st and 2nd sampling round 84.2
Thermotolerant coliform counts Proportion
(o)
Thermotolerant coliform count higher in 1st sampling round 6.2
Thermotolerant coliform count equal in 1st and 2nd sampling rounds 89.0
Thermotolerant coliform count lower in 1st sampling round 4.8

For protected springs, compliance was lowest in Sughd (58.3%) and highest in Khatlon (94.2%). It is
suspected that source protection measures are not adequately maintained, particularly in Sughd, but
this would need to be confirmed by an in-depth analysis of the sanitary risk factors identified by
individual site inspections. The results of the RADWQ survey suggest that approximately 44.3% of
the springs included in the survey were not adequately protected and could not be described as
“protected” (Table 3.13).
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Faecal streptococci

Faecal streptococci may also be used as indicators of the microbiological quality of water. Compared
to E. coli, these bacteria have a stronger relationship to diarrhoeal disease and to bacterial indicators
of known human faecal origin. They are generally more environmentally resistant than E. coli or
thermotolerant coliforms and it has therefore been recommended that the levels of these bacteria be
tested in groundwater receiving contaminated recharge water and in chlorinated distribution systems.
A variety of techniques can be used for analysis and although some are simple, they are time-
consuming and results cannot be obtained within 48 hours. This may limit their usefulness in routine
monitoring, but would have limited impact on their value in assessments.

The assessment results showed that 151 of 154 (98.1%) water samples tested for faecal streptococci
from utility piped supplies and protected springs met both the national standard and the WHO
guideline value (Table 3.4). For utility piped supplies, only 2 of 34 samples (5.9%) in Sughd did not
meet the requirements. Both came from the same supply scheme and also tested positive for
thermotolerant coliforms (the positive findings were not confirmed in the second sampling round, 3.5
months later). For springs, only one sample of 11 tested (9.1%) in RRS and Dushanbe was not in
compliance with the national standard, and again the sample had a high thermotolerant coliform count.

Table 3.4 Compliance with the Tajikistan national standard and WHO
guideline value for faecal streptococci

Broad area® Utility piped supplies Protected springs Total
No. of Compliance No. of Compliance No. of Compliance
samples (%) samples (%) samples (%)
RRS & Dushanbe 49 100.0 11 90.9 60 98.3
Khatlon 35 100.0 11 100.0 46 100.0
Sughd 34 94.1 7 100.0 41 95.1
GBAO 2 100.0 5 100.0 7 100.0
National 120 98.3 34 97.1 154 98.1

a

GBAO = Gorno-Badakhshan Autonomous Oblast. RRS = rayons under direct republican subordination.

Table 3.5 Cumulative frequencies for faecal streptococci

Count category Utility piped supplies Protected springs Total
(cfu/100 ml)* - : ; : X :
Proportion = Cumulative  Proportion Cumulative Proportion  Cumulative
frequency frequency frequency
(%) (%) (%) (%) (%) (%)
<1 98.3 98.3 97.1 97.1 98.1 98.1
1-10 1.7 100.0 2.9 100.0 1.9 100.0
11-100 0.0 100.0 0.0 100.0 0.0 100.0
>100 0.0 100.0 0.0 100.0 0.0 100.0
Total no. of samples 120 34 154

*  cfu = colony forming unit.

3.2 Chemical parameters

Many chemical substances that are found in water affect public health, the acceptability of the water
(aesthetics), and the operational performance of supplies. In the third edition of the WHO Guidelines
for drinking-water quality, for example, guidelines values are given for 98 such substances (WHO,
2004). However, it is expensive, difficult and largely unnecessary to test for all these parameters,
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even within an assessment, and priorities have to be set as to which chemical parameters will be tested.
Certain physical characteristics of the water should also be included in assessments of water quality,

as they are useful indicators of change in quality and are often cited by consumers as reasons for
rejecting a source. Physical and chemical parameters may have natural or anthropogenic sources, and
their occurrence and concentration can vary over time and by location. The temporal variation is
greater in surface waters and shallow groundwater, compared with deep groundwater, and the
microbiological quality of such water sources is often poor. The poor chemical quality is primarily
related to human activity, but this also means that prevention measures are usually possible and that
the contamination may be relatively short-lived if the chemical clears quickly from the water supply.

In deeper groundwater, microbiological quality is often very good and therefore chemical quality is a
higher priority. Chemical contaminations of deeper groundwater are also more likely to be natural
and therefore removal, rather than prevention, may be required. Generally, the quality of deep
groundwater is stable and monitoring is required less frequently than for shallow groundwater and
surface water sources, both of which are prone to natural (e.g. erosion, run-off) and anthropogenic
pollution/contamination. However, a slow flow rate in deep groundwater may lead to long-term
contamination problems.

Many chemicals affect the palatability and thus acceptability of water sources (e.g. salinity, turbidity
and iron; Section 3.3). However, some chemicals constitute a health hazard because of their toxicity
(e.g. fluorides, arsenic and nitrates), and others can indirectly lead to adverse health effects because
they render the water objectionable and consumers may reject the water in favour of
microbiologically contaminated water sources. Commonly, naturally occurring chemicals in water
pose a chronic, rather than acute, risk to health and exposures of several years are required to have a
health impact.

Nitrate

Nitrate is one of the most ubiquitous chemical contaminants of water bodies worldwide as it is
derived from human activities, particularly from the disposal of human wastes and the use of
inorganic fertilizers in agriculture. Nitrate is of concern because of its link to methaemoglobinaemia
of “blue-baby” syndrome. Although the actual health burden from nitrate is often considered
relatively insignificant (because of breast-feeding practices), it is likely that the health burden is
underreported.

Nitrate is also of concern because of its properties in water. If it enters a water body in which
oxidation is occurring, only dilution and hydrodynamic dispersion are likely to significantly reduce its
concentration, until the input load is reduced. Long-term resource problems and costly investments
can therefore result if nitrate is allowed to build up in source waters. As nitrate is expensive and
difficult to remove from water, blending nitrate-rich waters with low-nitrate waters may be the only
viable option. In reducing or non-oxidizing waters, by contrast, nitrate may not be formed, as organic
nitrogen would be converted to ammonia by denitrifying bacteria.

Water samples at approximately one third (or 642) of all sites visited were tested for nitrate. All
complied with the WHO guideline value (50 mg/1) and the national standard (45 mg/1) (Table 3.6).
The highest concentrations (up to 22.8 mg NOs/l) were in the broad area of Sughd. These findings are
in line with current data that indicate that nitrate is not a water quality problem in Tajikistan.

Fluoride

Excess fluoride is associated with dental and skeletal fluorosis, which may cause severe deformation
and disability in susceptible individuals. Excess fluoride in the water should always be suspected if
people have mottled teeth or skeletal deformities, even if there are no data. In contrast, a lack of
fluoride is associated with dental caries and in some countries fluoride is added to drinking-water to
improve dental health. This remains a controversial issue and fluorination may not be the most
effective way to reduce the incidence of dental caries. When fluoride levels in drinking-water
supplies are high enough to be a health concern, the fluoride usually derives from natural sources,
although some may also come from industrial pollution. Fluoride should always be analysed during
source development, particularly when developing groundwater sources.
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Water sources were tested for fluoride at all 1620 sites visited. Of these, 99.7% of the samples met
the WHO guideline value of 1.5 mg/l, although only 73.8% met the current national standard of 0.7
mg/1 (Table 3.7). Noncompliance was particularly high in Khatlon and Sughd. The maximum
fluoride concentration found was 1.95 mg/1, and the median was 0.50 mg/l. These figures are likely to
improve in the future, because it has been suggested in the current revision of sanitary norms and
water-supply rules (see Section 1.2) that a lower national standard for fluoride be used (of 1.2 mg/l).

Arsenic

Arsenic accumulates in humans and is concentrated in the food chain. It is associated with skin
disease and cancers. Exposure to drinking-water that contains low concentrations of arsenic (<50 pg/l)
over a number of years can result in toxic concentrations in humans and be carcinogenic. Most

arsenic in water is naturally occurring, from arsenic-bearing minerals associated with volcanic activity,
but it may also come from anthropogenic sources (e.g. mining and other industries). It became one of
the principal water quality issues in the late 1990s because of its increasing presence in groundwater

in Bangladesh and neighbouring countries. Prior to this, there were few data on arsenic levels in
water, mainly because sophisticated laboratory equipment was needed to measure such low arsenic
concentrations. Recently, new laboratory and field methods were developed and these are helping to
document arsenic levels in water worldwide. In Asia and Latin America, in particular, water sources
can be extensively contaminated by arsenic.

All 1620 water sources visited were tested for arsenic (Table 3.8). All sources complied both with the
WHO guideline value (10 pg/l) and the national standard (50 pg/l), which is consistent with other
national data indicating that arsenic is not present in Tajik source waters.

33 Aesthetic parameters
Iron

Iron is mainly of aesthetic importance, but its presence may cause consumers to reject water because
of the colour. Iron from natural sources usually occurs with manganese and both elements can colour
clothes and sanitary ware. Iron is a particular problem with groundwater supplies and is usually
formed from the oxidation of ferrous iron in the water itself, but it may also be caused by corrosion of
galvanized iron riser pipes and, in some cases, by the action of iron bacteria. Some surface waters
also have iron problems, particularly those related to colloidal iron.

As iron and manganese from natural sources normally occur together, a high indicator for one could
signal possible problems with the other. Iron is the primary parameter for the assessment because of
its impact on aesthetic quality, and because of its presence (and potential problems) in some rising
mains and pipes. Water-treatment processes that remove iron also remove manganese.

All water samples taken from utility piped supplies and protected springs were tested for iron. Of the
1620 water samples analysed, 8.5% met neither the value suggested by WHO for the acceptability of
drinking-water (0.3 mg/l), nor the national standard (Table 3.9). Total noncompliance was greatest in
the broad area of Sughd (19.1%), and was slightly greater for utility piped supplies than for springs,
which may be due to corrosion of iron pipes in the distribution system or in household plumbing.

Turbidity

Turbidity is a critical parameter for describing the microbiological quality of drinking-water, and is
the most basic parameter to measure when monitoring water quality. It is recommended that turbidity
measurements be included in water quality surveys, together with pH and residual chlorine, as they
either directly influence microbiological quality (in the case of chlorine) or may influence disinfection
efficiency and microbial survival (in the case of pH and turbidity). Very high turbidity, even in the
absence of faecal indicator bacteria, is cause for concern as it could indicate that sanitary integrity is
compromised.

Of the 1620 water samples tested for turbidity, 90.4% met the WHO value of 5 NTU suggested for the
acceptability of drinking-water (Table 3.10). The RADWQ results could not be compared with the
national standard, because it uses milligrams per litre as its unit of turbidity (Annex 3).
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Table 3.6 Compliance with the Tajikistan national standard and WHO guideline value for
nitrate®

Broad area Utility piped supplies Protected springs Total

No.of  Compliance Compliance No.of Compliance Compliance No.of Compliance Compliance
samples WHO GV nat. std. samples WHO GV  nat.std. samples WHO GV  nat. std.

(%) (%) (%) (%) (%) (%)
RRS & Dushanbe 197 100.0 100.0 44 100.0 100.0 241 100.0 100.0
Khatlon 147 100.0 100.0 35 100.0 100.0 182 100.0 100.0
Sughd 149 100.0 100.0 40 100.0 100.0 189 100.0 100.0
GBAO 9 100.0 100.0 21 100.0 100.0 30 100.0 100.0
National 502 100.0 100.0 140 100.0 100.0 642 100.0 100.0

a

GV = guideline value. nat. std. = national standard. GBAO = Gorno-Badakhshan Autonomous Oblast. RRS = rayons under direct republican subordination.

Table 3.7 Compliance with the Tajikistan national standard and WHO guideline value for
fluoride®

Broad area Utility piped supplies Protected springs Total

No. of Compliance Compliance No.of Compliance Compliance No.of Compliance Compliance
samples WHO GV nat. std. samples WHO GV  nat.std. samples WHO GV nat. std.

(%) (o) (%) (o) (%) (o)
RRS & Dushanbe 506 100.0 83.0 108 100.0 88.9 614 100.0 84.0
Khatlon 346 99.7 73.7 103 100.0 97.1 449 99.8 79.1
Sughd 410 99.0 50.0 60 100.0 65.0 470 99.1 51.9
GBAO 24 100.0 95.8 63 100.0 92.1 87 100.0 93.1
National 1286 99.6 70.2 334 100.0 87.7 1620 99.7 73.8

a

GV = guideline value. nat. std. = national standard. GBAO = Gorno-Badakhshan Autonomous Oblast. RRS = rayons under direct republican subordination.
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Table 3.8 Compliance with the Tajikistan national standard and WHO guideline value for
arsenic’

Broad area Utility piped supplies Protected springs Total

No.of  Compliance Compliance No.of Compliance Compliance No.of Compliance Compliance
samples WHO GV nat. std. samples WHO GV  nat.std. samples WHO GV nat. std.

(%) (%) (%) (%) (%) (%)
RRS & Dushanbe 506 100.0 100.0 108 100.0 100.0 614 100.0 100.0
Khatlon 346 100.0 100.0 103 100.0 100.0 449 100.0 100.0
Sughd 410 100.0 100.0 60 100.0 100.0 470 100.0 100.0
GBAO 24 100.0 100.0 63 100.0 100.0 87 100.0 100.0
National 1286 100.0 100.0 334 100.0 100.0 1620 100.0 100.0

a

GV = guideline value. nat. std. = national standard. GBAO = Gorno-Badakhshan Autonomous Oblast. RRS = rayons under direct republican subordination.
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Table 3.9 Compliance with the Tajikistan national standard and WHO
suggested value for iron®

Broad area Utility piped supplies Protected springs Total
No. of Compliance No. of Compliance No. of Compliance
samples (%) samples (%) samples (%)
RRS & Dushanbe 506 91.7 108 95.4 614 92.3
Khatlon 346 100.0 103 100.0 449 100.0
Sughd 410 80.7 60 81.7 470 80.9
GBAO 24 100.0 63 100.0 87 100.0
National 1286 90.6 334 95.2 1 620 91.5

a

GBAO = Gorno-Badakhshan Autonomous Oblast. RRS = rayons under direct republican subordination.

Table 3.10 Compliance with WHO suggested value for turbidity *

Broad area Utility piped supplies Protected springs Total
No. of Compliance No. of Compliance No. of Compliance
samples (%) samples (%) samples (%)
RRS & Dushanbe 506 73.5 108 98.1 614 77.9
Khatlon 346 95.7 103 100.0 449 96.7
Sughd 410 99.8 60 95.0 470 99.1
GBAO 24 100.0 63 100.0 87 100.0
National 1286 88.3 334 98.5 1 620 90.4

a

GBAO = Gorno-Badakhshan Autonomous Oblast. RRS = rayons under direct republican subordination.

Compliance was generally higher for protected springs (98.5%) than for utility piped supplies (88.3%),
probably because spring water is generally more protected from matter causing turbidity. Indeed,
utility piped supplies in the broad area RRS and Dushanbe had the lowest compliance (73.5%), which
may be explained by the fact that most raw waters in this region are surface waters (i.e. rivers). In
autumn and spring, runoff caused by heavy rainfall and/or thaw pollutes the water sources with
particulate matter, causing turbidity, but the water-treatment works of piped supplies are inefficient at
removing turbidity. As the RADWQ survey was mainly conducted between the autumn of 2004 and
the spring of 2005, the results for RRS and Dushanbe most likely reflect this situation. In the other
broad areas, the level of compliance with turbidity standards was high because the raw waters for
utility piped supplies were often groundwaters such as artesian boreholes.

Conductivity

Conductivity, the ability of water to carry an electric charge, is a proxy indicator of dissolved solids
and is therefore an indicator of the taste/salinity of the water (a conductivity of 1400 puS/cm is
equivalent to 1000 ng/l total dissolved solids). Although there is little direct health risk associated
with this parameter, high values are associated with poor taste and hence customer dissatisfaction and
complaints. If conductivity changes over time, or if conductivity values are high, this can indicate
that the water is contaminated (e.g. from saline intrusion, faecal pollution or nitrate pollution) and can
cause corrosion in rising mains and pipes.
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Table 3.11 Compliance with WHO suggested value for conductivity

Broad area® Utility piped supplies Protected springs Total
No. of Compliance No. of Compliance No. of Compliance
samples (%) samples (%) samples (%)
RRS & Dushanbe 506 99.6 108 99.1 614 99.5
Khatlon 346 100.0 103 100.0 449 100.0
Sughd 410 81.5 60 95.0 470 83.2
GBAO 24 100.0 63 100.0 87 100.0
National 1 286 93.9 334 98.8 1 620 94.9

a

GBAO = Gorno-Badakhshan Autonomous Oblast. RRS = rayons under direct republican subordination.

Nationally, only 5.1% of all water samples tested were not in compliance with the WHO suggested

value for electrical conductivity (1.4 uS/cm) (Table 3.11). Total noncompliance was greatest in the
Sughd region (16.8%), which may be explained by the “hard” water in the area (i.e. water with high
concentrations of salts, such as calcium and magnesium).

34 Overall compliance

The RADWQ project defined overall compliance as the proportion of water samples that met the
WHO guideline values and national standards for thermotolerant coliform count, and for chemicals
such as arsenic, fluoride and nitrate, which are of public health imporftance. In the case of Tajikistan,
however, overall compliance was synonymous with compliance for thermotolerant coliforms and
fluoride, as all water supplies in the RADWQ survey were in compliance with the national standards
or WHO guideline values for nitrate and arsenic (Table 3.6, Table 3.8).

Of the 1620 water supplies tested, 86.9% and 65.9% were in overall compliance with WHO guideline
values and national standards, respectively (Table 3.12). The difference in overall compliance levels
is explained by the fact that the national standard for fluoride is less than half of the WHO guideline
value. In the broad areas or oblasts, compliance with the WHO guideline values was greatest for
water supplies in RRS and Dushanbe (92.0%) and least for those in GBAO (74.7%).

3.5 Sanitary risk factors

In addition to the analysis of microbial, chemical and aesthetic parameters, sanitary inspections were
carried out at all supply points visited during the RADWQ study. Sanitary inspections are visual
assessments of the infrastructure and environment surrounding a water supply, taking into account the
condition, devices and practices in the water-supply system that pose an actual or potential danger to
drinking-water quality and thus to the health and well-being of the consumers. The most effective
way to undertake sanitary inspections is a semiquantitative standardized approach using logical
questions and a simple scoring system. Sanitary inspections are complementary to a water quality
analysis and there is an increase in the power of analysis when both types of data are available.
Sanitary inspections also provide a longer-term perspective on the risks of microbiological
contamination, and thus complements the “snapshot” water quality analysis.
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Table 3.12 Overall compliance with WHO guideline values and Tajikistan national
standards for thermotolerant coliforms, fluoride, arsenic and nitrate®

Broad area Utility piped supplies Protected springs Total

No. of Compliance Compliance No.of Compliance Compliance No. of Compliance Compliance
samples WHO GV nat. std. samples WHO GV nat. std. samples WHO GV nat. std.

(%) (%) (%) (%) (%) (%)
RRS & Dushanbe 506 93.3 77.7 108 86.1 77.8 614 92.0 77.7
Khatlon 346 85.3 60.7 103 94.2 91.3 449 87.3 67.7
Sughd 410 85.6 44.9 60 58.3 333 470 82.1 43.4
GBAO 24 66.7 66.7 63 77.8 73.0 87 74.7 71.3
National 1286 88.2 62.4 334 82.0 73.1 1620 86.9 65.9

* GV = guideline value. nat. std. = national standard. GBAO = Gorno-Badakhshan Autonomous Oblast. RRS = rayons under direct republican subordination.
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Table 3.13 Results of sanitary inspections

Questions for the sanitary risk inspection

Risk frequency (%)
PIPED WATER-TREATMENT PROCESS: 342 SITES INSPECTED
1 Are cracks evident in the pre-filters? 14.0
2 Are there leaks in the mixing tank? 21.9
3 Is the mixing tank in an unsanitary condition? 53
4 Are there hydraulic surges at the intake? 6.1
5 Is any sedimentation tank unsanitary? 47.4
6  Is the air and water-supply distribution in any sand bed uneven? 12.0
7  Are there mud balls or cracks in any of the filters? 32
8  Are there cross connections between backwashed and treated water? 4.1
9  Isthere evidence of insufficient coagulant dosing (e.g. alum)? 9.9
10 Are free residual chlorine concentrations (minimum, 0.2 mg/l) not being achieved? 19.0
PIPED WATER-DISTRIBUTION SYSTEM: 944 SITES INSPECTED
1 Do any taps or pipes leak at the sample site? 7.7
2 Does water collect around the sample site? 16.7
3 Isthe area around the tap unsanitary? 34
4 Is there a sewer or latrine within 30 m of any tap? 2.4
5 Has there been discontinuity in the last 10 days? 56.4
6  Is the supply main exposed in the sampling area? 6.9
7 Do users report any pipe breaks within the last week? 2.3
8  Is the supply tank cracked or leaking? 1.8
9  Are the vents and covers on the tank damaged or unsanitary? 6.6
10 Is the inspection cover or concrete around the cover damaged or corroded? 14.9
PROTECTED SPRING: 334 SITES INSPECTED
1 Is the spring unprotected? 443
2 Is the masonry protecting the spring faulty? 37.7
3 Isthe backfill area behind the retaining wall eroded? 7.8
4 Does spilt water flood the collection area? 12.9
5 Is the fence absent or faulty? 63.2
6  Can animals have access within 10 m of the spring? 52.4
7  Is there a latrine uphill and/or within 30 m of the spring? 1.5
8  Does surface water collect uphill of the spring? 7.2
9 Is the diversion ditch above the spring absent or nonfunctional? 18.6
10 Are there any other sources of pollution uphill of the spring (e.g. solid waste)? 12.3
HOUSEHOLD CONTAINER: 119 SITES INSPECTED
1 Is the water storage container used for storing any other liquid/material? 6.7
2 Is the water storage container kept at ground level? 21.0
3 Is the water storage container lid/cover absent or not in place? 6.7
4 Is the storage container cracked or leaking or unsanitary? 34
5 Isthe area around the storage container unsanitary? 23.5
6 Do any animals have access to the area around the storage container? 5.0
7  Is the tap/utensil used to draw water from the container unsanitary? 5.0
8  Is the water from the container also used for washing/bathing? 21.0
9  Has there been discontinuity in water supply in the last 10 days? 17.6
10 Is the water obtained from more than one source? 353
HOUSEHOLD PIPED WATER: 41 SITES INSPECTED
1 Isthe tap sited outside the house (e.g. in the yard)? 122
2 Is the water stored in a container inside the house? 19.5
3 Are any taps leaking or damaged? 4.9
4 Are any taps shared with other households? 7.3
5 Isthe area around the tap unsanitary? 17.1
6 Are there any leaks in the household pipes? 7.3
7 Do animals have access to the area around the pipe? 4.9
8  Have users reported pipe breaks in the last week? 4.9
9  Has there been discontinuity in water supply in the last 10 days? 17.1
10 Is the water obtained from more than one source? 24.4
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Five questionnaires, each with ten questions, were developed to determine sanitary risk, and they were
used in sanitary inspections of all water-supply points visited. The ten questions were formulated
with “yes” or “no” answers, which made it simple for the interviewer to fill out the questionnaire.

The five sanitary inspection forms and corresponding ten questions that were used in Tajikistan, as
well as the frequency of individual risk factors for the different water supply technologies, are shown
in Table 3.13. The most frequent risks included discontinuity in utility piped supplies (56.4%); a
generally low level of protection for the springs visited (44.3% unprotected); unsanitary water-storage
practices at household level; and water consumption from more than one source (35.3%). The data
obtained during sanitary inspection can be used for an in-depth analysis of the most significant risk
factors at the level of rayons or individual supplies, which would help to identify priorities for future
rehabilitation, maintenance or education programmes that aim to improve the safety of drinking-water
sources.

Table 3.14 Risk-to-health matrix for water supplies®

SI score Utility piped supplies Protected springs Total
TTC count (cfu/100 ml) TTC count (cfu/100 ml) TTC count (cfu/100 ml)
<t 1-10 11-100 >100 <1  1-10 11-100 = >100 <t 1-10 = 11-100 >100
02 1038 100 0 O 121 28 6 2 1159 128 6 2
3-5 91 35 1 0 146 15 3 0 237 50 4 0
6-8 10 11 0 0 7 4 1 1 17 15 1 1
9-10 0 0 0 0 0 0 0 0 0 0 0 0

: cfu = colony-forming unit. SI = sanitary inspection. TTC = thermotolerant coliform.

|VERYLow | Low | MEDIUM | HIGH |

3.6 Risk-to-health analysis

A relative measure of health risk was obtained from an analysis of the sanitary inspection and water
quality data (Table 3.14, Table 3.15). The analysis combined information about the longer-term risks
of future microbiological contamination (from the sanitary inspections) with the “snapshot” data of
current thermotolerant coliform levels in drinking-water. Such ranking of supplies is a powerful tool
that supports rational decision making and priority setting for interventions to improve water safety.

Table 3.15 Overall risk-to-health classification for water supplies

Risk category Utility piped supplies Protected springs Total
No. of Proportion No. of Proportion No. of Proportion
supplies (%) supplies (%) supplies (%)
Very low 1038 80.7 121 36.2 1159 71.5
Low 191 14.9 174 52.1 365 22.5
Medium 45 35 28 8.4 73 4.5
High 12 0.9 11 3.3 23 1.4

Only 1.4% and 4.5% of all water supplies investigated could be categorized as “high” or “medium”
risk, respectively (Table 3.15). Generally, the risk-to-health status was better for utility piped supplies
than for protected springs, mainly as a result of the low level of protection for springs (Table 3.13).
3.7 Analysis of proxy parameters

Selected water-quality parameters were examined to determine if one parameter could be used as a
proxy indicator for the other. The following parameters were analysed for correlation:
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e Faecal contamination (thermotolerant coliforms) and turbidity;
e Thermotolerant coliforms and faecal streptococci;

e Conductivity, and nitrate, fluoride and arsenic.

Pearson’s » was used to measure the strength of association. This correlation coefficient measures the
linear association between two variables. If the data lie exactly along a straight line with positive
slope, then » = 1; if they lie exactly along a straight line with negative slope, then r = -1; if there is no
correlation, then » = 0. The main limitations of Pearson’s r are that it measures only a linear
association between two variables; it assumes a normal data distribution; and it is not resistant to
outliers. The justifications for using it are that » can be easily calculated in Microsoft Excel, and that
the RADWQ snapshot nature does not justify using a more complicated analysis.

The only significant correlation was between thermotolerant coliforms and faecal streptococci (r =
0.52). For the other pairs of variables the correlations were negligible (Table 3.16).

Table 3.16 Analysis of proxy parameters®

Technology Pearson's r
TTC vs. Conductivity vs.
Turbidity FS NO; F As
Utility piped supplies -0.05 0.42 0.07 0.01 N.A.
Protected springs 0.13 0.99 0.06 0.02 N.A.
Totals 0.00 0.52 0.08 0.02 N.A.

: FS = faecal streptococci. N.A. = data not available. TTC = thermotolerant coliforms.

3.8 Household water quality

The RADWQ survey also tested the quality of water consumed in households, to assess the extent to
which water was contaminated after leaving the source. Household water was matched to a source,
which meant that this part of the RADWQ survey only tested water from households with a known
water supply. As a result, 10% of the total sample size of 1600 (i.e. 160 households) were included in
the survey, with the households being proportionally distributed by broad area and by water-supply
technology. Testing included in-house or in-yard taps, if the households were connected to a utility
piped supply; and containers in households where water was stored before consumption.

Thermotolerant coliforms

As shown in Table 3.17, 85.4% and 91.6% of household taps and household containers, respectively,
complied with the WHO guideline value and the national standard for thermotolerant coliforms. At
most sites, there was little deterioration in the water quality between source and household (Table
3.18). For example, the microbiological quality of household water samples deteriorated in only 6.9%
of all cases.

Table 3.17 Overall compliance of household water quality with the
Tajikistan national standard and WHO guideline value for
thermotolerant coliforms

Technology No. of samples Compliance
(%)

Household piped water 41 85.4

Household container 119 91.6
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Table 3.18 Comparison of thermotolerant coliform counts for source and

household water

TTC* count in household Household piped water Household container Total
water compared to the
source No. of Proportion No. of Proportion No. of Proportion
samples (%) samples (%) samples (%)
Lower 2 4.9 3 2.5 5 3.1
Equal 35 85.4 109 91.6 144 90.0
Higher 4 9.8 7 59 11 6.9

a

TTC = thermotolerant coliform.

Risk-to-health matrixes

Most households tested could be classified as “very low” or “low” (94.6%), according to the the
relative risk-to-health classification system (Table 3.19, Table 3.20). Households classified either as
“medium” or “high” (5.6%) are candidates for targeted hygiene education programmes to eliminate or
reduce the risk factors identified during sanitary inspections.

Table 3.19 Risk-to-health matrix for household water quality®

SI score Utility piped supplies Protected springs Total
TTC count (cfu/100 ml) TTC count (cfu/100 ml) TTC count (cfu/100 ml)
<t 1-10 11-100 >100 <1  1-10 11-100 >100  <I 1-10  11-100 = >100
0-2 30 2 0 0 91 6 0 1 121 8 0 1
3-5 5 4 0 0 17 3 0 0 22 7 0 0
6-8 0 0 0 0 1 0 0 0 1 0 0 0
9-10 0 0 0 0 0 0 0 0 0 0 0 0

: cfu = colony-forming unit. SI = sanitary inspection. TTC = thermotolerant coliform.

| veRYLow | Low | MEDIUM | HIGH

Table 3.20 Overall risk-to-health classification for

household water

quality
Risk category Household piped water Household container Total

No. of Proportion No. of Proportion No. of Proportion

supplies (%) supplies (%) supplies (%)
Very low 30 73.2 91 76.5 121 75.6
Low 7 17.1 23 19.3 30 18.8
Medium 4 9.8 4 34 8 5.0
High 0 0.0 1 0.8 1 0.6

Nitrate

Approximately one third of all source waters and 100% of water samples collected from households
were tested for nitrate. As with the source waters, water in none of the households investigated
exceeded the WHO guideline value or national standard value. A comparison of source water and
household water quality for nitrate is shown in Table 3.21. Of the 73 samples for which such a
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comparison was possible, 42.5% showed either the same nitrate concentration in source and
household waters, or showed a difference in concentration of no more than 10% (i.e. the estimated
precision of the nitrate test). One third of the samples showed an increase, and 23.3% a decrease, in
concentration beyond the 10% margin.

The RADWQ survey data do not allow an in-depth analysis of causes at the sites that showed changes
in water quality between source and household. In general terms, an increase in nitrate concentration
may be due to oxidation of reduced nitrogen species in the water (e.g. ammonia or nitrite), and/or to
intrusion of nitrogen species into the distribution system. A decrease in nitrate concentration may be
due to denitrification processes under reducing conditions.

Table 3.21 Nitrate concentrations in corresponding source and household
water supplies

NO; level in household water Household piped Household container Total
relative to source water

No.of  Proportion  No.of  Proportion No.of  Proportion

samples (%) samples (%) samples (%)

Higher by >10% 2 11.1 15 27.3 17 23.3
<10% 2 11.1 4 7.3 6 8.2

Equal 3 16.7 15 27.3 18 24.7
Lower by <10% 1 5.6 6 10.9 7 9.6
>10% 10 55.6 15 273 25 34.2

Free residual chlorine

It is recommended that chlorinated water supplies be tested for free residual chlorine, as this directly
influences the microbiological quality of water. Very low residual chlorine is cause for concern,
because the level of protection against microbial contamination is reduced.

A total of 130 household samples were tested for free residual chlorine, of which 34.5% showed the
same concentration in source and household waters, or decreases/increases in concentration by <10%
(Table 3.22). One third of the samples showed an increase of more than 10% in free chlorine
concentration between source and household samples, and one third a decrease of more than 10%.
The latter result was expected and explained by the use of chlorine as disinfectant and/or oxidant. It is
difficult to explain why one third of the water samples showed an increase in residual chlorine
between source and household, except as measuring mistakes and/or wrong assignment of water
supply scheme numbers to household samples and water sources.

Table 3.22 Free chlorine concentrations in corresponding source and
household water supplies

Free chlorine in household Household piped Household container Total
water compared with the source water

No.of  Proportion  No.of  Proportion  No.of  Proportion

samples (%) samples (%) samples (%)
Higher by >10% 13 32.5 29 322 42 323
<10% 1 2.5 1 1.1 2 1.5
Equal 9 22.5 32 35.6 41 31.5
Lower by <10% 2 5.0 0 0.0 2 1.5
>10% 15 37.5 28 31.1 43 33.1
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Copper

The most significant health effects from high doses of copper are gastrointestinal bleeding, renal
failure and possibly liver failure, and nausea and diarrhoea at lower doses. Copper also affects the
acceptability of water as it imparts both taste and colour at concentrations >2.4 mg/l and stains
laundry and sanitary waters at concentrations >1 mg/l. Copper can enter the body via the ingestion of
contaminated food and water. Copper in drinking-water usually derives from pipes used in household
plumbing and from copper-containing solders. However, there are natural sources of copper in
groundwater, and some industrial discharges may also contain copper. Copper concentrations in
water supplies range from <0.0005 to >30 mg/l, the higher concentrations usually being associated
with corrosion of interior plumbing. The WHO guideline value is 2.0 mg/I.

All water samples collected from households met the national standard and WHO guideline value
(Table 3.23). This is explained by the fact that the use of copper containing materials in plumbing
was discontinued in Tajikistan.

3.9 Quality control procedures

Analytical quality control is particularly important in microbiological testing, because
microorganisms are discrete particles that can vary individually, in contrast to chemicals where
variation occurs at the molecular level and which is typically below the limit of detection in routine
analytical methods. Aseptic technique is the most important way to ensure the quality of results.
Evaluating whether aseptic technique has been followed is easily accomplished using a simple form
(provided in the RADWQ Handbook). Field teams assessed aseptic technique weekly throughout the
RADWAQ project. The evaluation was supplemented with field visits by the coordinators of the
Republican SES and UNICEF staff to monitor progress.

A duplicate split-sample approach was used in quality control tests of microbiological analyses. For
any single result, a range of acceptable results from a second analysis can be defined assuming a
Poisson distribution for the bacteria in the water. In this approach, a 200 ml sample is mixed
thoroughly and then divided into two 100 ml subsamples. The count from the first sample is recorded
and the 95% confidence limit for the second (paired) count is recorded from the quality control table
for microbiological tests (provided in the RADWQ handbook). The count from the second sample is
then recorded alongside the first and if the second reading falls outside the confidence intervals it is
highlighted. It should be stressed that a second value outside the 95% confidence limits does not
indicate the sample is contaminated and that the results should be rejected. Quality control tests were
carried out on each day’s microbiological analysis.

A split-sample approach was also used in quality-control tests of the chemical analyses. A reasonable
level of precision for these assessments was 90% (i.e. the results of both tests should be within 10% of
the average value). This was calculated by finding the difference between the first result and the
average, and then dividing this by the average and multiplying by 100. If the second result was
outside of the 90% compliance range, the data were marked as suspect. Quality control checks for
chemical analyses (i.e. pH, conductivity, turbidity, free residual chlorine, nitrate, fluoride and iron)
were carried out once per week.

Quality control data were not properly recorded and filed at the beginning of the assessment, mainly
because there were no forms available. Instead, field teams recorded the quality control results in
their regular notebooks. The data were not entered into the SanMan database, but kept in files.
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Table 3.23 Compliance of household water supplies with the Tajikistan national standard
and WHO guideline value for copper®

Broad area Household piped water Household container Total

No. of Compliance Compliance No.of Compliance Compliance  No. of Compliance Compliance
samples WHO GV nat. std. samples WHO GV nat. std. samples WHO GV nat. std.

(%) (%) (%) (%) (%) (%)
RRS & Dushanbe 14 100.0 100.0 35 100.0 100.0 49 100.0 100.0
Khatlon 14 100.0 100.0 16 100.0 100.0 30 100.0 100.0
Sughd 10 100.0 100.0 28 100.0 100.0 38 100.0 100.0
GBAO 2 100.0 100.0 8 100.0 100.0 10 100.0 100.0
National 40 100.0 100.0 87 100.0 100.0 127 100.0 100.0

a

GV = guideline value. nat. std. = national standard. GBAO = Gorno-Badakhshan Autonomous Oblast. RRS = rayons under direct republican subordination.
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4 Conclusions and recommendations

4.1 Drinking-water quality

The RADWQ results show that drinking-water in Tajikistan is generally of high quality. Of the 1620
sites tested, 87.2% complied with the WHO guideline value and the national standard for
thermotolerant coliforms, with utility piped supplies showing slightly better compliance (88.6%) than
protected springs (82.0%). If arsenic, fluoride and nitrate were included in the analysis, the overall
compliance was 86.9% and 65.9% for WHO guideline values and national standards, respectively.

In contrast to the RADWQ results, national surveillance statistics indicate that compliance with the
national standard for bacteriological parameters is much lower: only 69.0% and 66.5% of the water
samples taken from utility piped systems in 2003 and 2004, respectively (Table 1.3). The reason for
this discrepancy is unclear, but may include:

e Many rayon and city SESs were unable to follow standard procedures for the storage and
transportation of microbial water samples. The recommended maximum storage time and
temperature were frequently exceeded, owing to a lack of adequate technical equipment and
transportation.

o The national data may better reflect seasonal variations, because the data include results for the
spring season, in which thaw and heavy rainfalls frequently reduce the quality of surface water
sources. In contrast, the RADWQ study mainly took place in autumn and winter.

Although the high level of compliance for thermotolerant coliforms is good news on the one hand, the
significance of the data is limited due to the snapshot nature of the RADWQ results. Clean water
supplies can become contaminated with faeces as a result of heavy rains, thaws or spills; a failure to
properly treat the water; a lack of chlorine; and low pressure or pipe breaks in the distribution system.
If not adequately controlled, such events can lead to drinking-water becoming contaminated with
microbes, potentially leading to outbreaks of waterborne disease. Such outbreaks are regularly
reported in Tajikistan, for example the typhoid fever outbreaks in 1996 and 1997 (Anonymous, 1998;
Mermin et al., 1999; Tarr et al., 1999). The RADWQ findings rarely reflect such events, but rather
provide baseline information on water quality that can be used in conjunction with the results of the
sanitary inspections to develop regional or national strategies for improving long-term water safety.

Chemical pollutants

The chemicals included in the RADWQ survey were nitrate, fluoride and arsenic (Section 3.2). For
both arsenic and nitrate, compliance with the WHO guideline values and national standards was 100%
for all technologies investigated in all broad areas. Maximum concentrations were 22.8 mg/l and <10
ug/1 for nitrate and arsenic, respectively. These results are consistent with the data from the Tajik
surveillance system.

Fluoride compliance with the WHO guideline value of 1.5 mg/l was 99.7%, whereas compliance with
the national drinking-water standard of 0.7 mg/l was only 73.8%. The maximum fluoride
concentration found was 1.95 mg/l and the median value was 0.50 mg/l. The highest concentrations
were detected in Sughd, where the level of compliance was the lowest of all oblasts (51.9%).

Sanitary risk factors

The results for the survey of sanitary risk factors were not unexpected and confirm previous and
current knowledge about the technical status and sanitary conditions of water supplies in Tajikistan.
The most frequent risk factors in the distribution systems of utility piped supplies were discontinuity
in the last ten days (56.4%), collecting potentially contaminated water from around the sample sites
(16.7%), and damaged or corroded inspection covers (Table 3.13). The risk-to-health analysis
revealed that 95.6% of utility piped supplies could be classified in the “very low” or “low” risk-to-
health category (Table 3.15).

For protected springs, the most significant sanitary risk factors were a missing or broken protective
fence (63.2%); animals having access to within ten meters of the spring (52.4%); and faulty masonry

34



protecting the spring (37.7%). Sanitary inspections confirmed that 44.3% of the springs visited were
not “protected” and thus should not have been included in the RADWQ survey, but when the survey

was designed information on the protection of individual springs was unavailable. Of all the springs

visited, 11.7% were classified in the “medium” or “high” risk-to-health categories, which means they
need particular attention when planning interventions to improve the sanitary conditions of springs.

4.2

Project management and implementation

Implementation of the RADWQ project was facilitated by the managerial and technical support of
the UNICEF country office to the Republican SES, the national implementing agency. A lack of
staff time limited the input and support of the local WHO liaison office.

The initial budget for implementing the RADWQ survey in Tajikistan was too small, but the
UNICEF country office provided additional funding so that the project could be implemented
without delay.

Being away from the workplace and home for weeks or months during the fieldwork poses an
extra burden for team members (and their families). Future RADWQ programmes should include
cost-of-living and travel allowances, to compensate field-team members for extra expenditures
they incur and provide them with an incentive.

Much time and effort was spent translating documents (e.g. handbook, presentations, guidance
notes of the consultant, report forms, field-team reports, final report) from English to Russian, or
vice versa. Most of the translation work was undertaken by the staff of the UNICEF country
office. Future RADWQ programmes should account for translation costs in countries where
English is not the mother tongue.

The international consultants provided excellent training and remote support. Potential areas for

improving training include:

- All guiding documents (e.g. presentations, handbooks, test kit manuals) should be available in
Russian prior to training for the RADWQ study.

- More emphasis should be given to testing equipment under real field conditions before
starting the project.

- More emphasis should be given to practical exercises in using sanitary inspection forms. Not
all of the questions were easily understood, particularly those for water treatment works,
where the terminology was unclear. Most of the field team members had no experience using
sanitary inspection forms.

- More detailed explanations are needed on how to charge batteries.
Comments from the field teams included:

- The timing of the fieldwork could have been better. Field implementation mainly took place
in autumn and winter when weather and road conditions led to problems in accessing the
sampling sites and in maintaining the electricity supply. If future RADWQ surveys are
implemented in winter, the cluster size would need to be smaller than that used in the present
study, particularly for the rural areas.

- Communication between local authorities and field teams was difficult or practically

impossible (such as when field teams needed local advice). Mobile phones would have
improved communications and increased the effectiveness of the fieldwork.

- Supplies of methanol and distilled water were unreliable in the field and not always available
at the rayon SES. Planning of future RADWQ projects in Tajikistan should ensure these
supplies.

- It is recommended that the RADWQ handbook includes a checklist of items needed for
fieldwork, other than the field-testing equipment itself — items such as gloves, lighters, pens,
notebooks, record forms, tissues, sterile distilled water, methanol and sampling bottles.

- In the winter, power was available for only a few hours a day in many regions, which made it
difficult for the field teams to charge the incubator storage battery.
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4.3

- Most of the spring locations in the mountainous areas were difficult to access by car and team
members frequently had to walk to reach the sampling point. Because the test kits are heavy
to carry, future field teams should have at least one man on board.

- The report forms used in the project were useful and might also be used in regular water-
quality monitoring.

- The field teams frequently encountered transportation problems (e.g. breakdowns, lack of
fuel). Cars could not always cope with the weather and road conditions, and not all sampling
sites could be easily reached.

- It was difficult to find places to sleep in rural areas.
Field Kits

Some consumables provided with the Wagtech test-kits (e.g. pH buffers and conductivity standard
solutions) leaked during transportation and damaged many of the membrane filters by soaking
them. Fortunately, Wagtech replaced both the spilled solutions and the membrane filters within
two weeks after the training.

A sealing gasket was missing from a filtration apparatus, but Wagtech again provided a
replacement within two weeks.

The digital arsenator was not used in the RADWQ project because of the low concentrations of
arsenic in the water sources investigated.

Added value of the project and potential future uses

“The experience gained in the project is not only made for the folders, but will have a life after the
project.” (Dr Aliev Samaridin, Chief Doctor of the Republican SES, and RADWQ project
coordinator).

The RADWQ project fostered collaboration between the institutions concerned with providing
drinking-water and/or dealing with drinking-water quality issues, particularly between the rayon
SES, local authorities and Vodokanal agencies. Thus, the project reinforced awareness of water
quality issues and of the impact of water quality on public health. The project also triggered
discussions about viable monitoring approaches in Tajikistan, and it re-emphasized the important
role of government bodies in that task.

A working group, led by the Republican SES, will look into the details of the sanitary risks and
will give recommendations for remedial actions/preventative measures to improve the water
supplies. This analysis will also provide input to the development of sanitary norms that are
currently being developed in Tajikistan.

National project team members (e.g. laboratory staff, coordinators) are now better qualified in
water-quality analysis, particularly in the use of field testing equipment, and they acquired
practical experience in implementating surveys to monitor water-quality. Thus, the project
contributed to building the capacity of government bodies in planning and implementing water-
quality assessments. The effects of this achievement will continue beyond the end of the project.

For the first time in Tajikistan, the RADWQ project provided a statistically representative picture
of drinking-water quality and sanitary conditions. The data provide good baseline information for
optimizing national approaches to water-quality monitoring and intervention strategies for
improving water safety in the country.

With support from international donor agencies, the Republican SES plans to extend the RADWQ
study to evaluate drinking-water quality and sanitary conditions at unimproved sources and in
rayons not covered by the pilot study. The goals are to gain a more representative picture of the
quality of the water actually consumed by the majority of the Tajik population, and to compare
water quality of improved and unimproved sources.

The field testing equipment provided through the RADWQ project will continue to be used by the
Tajik government for routine water-quality monitoring. The portable test kits proved to be very
useful under Tajik conditions, where the lack of transportation and an unreliable power supply
frequently hamper efficient monitoring by standard procedures. The test kits complement
laboratory based analyses and help rayon SESs fulfil their responsibilities to monitor the water
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quality. The Republican SES hopes to attract additional funding in the near future to ensure a
continuous supply of consumables, and to purchase additional test kits for rayon SESs. The
improvement of rayon SES laboratories remains a high priority.

The introduction of an electronic database (i.e. SanMan) for recording and analysing water-
quality data was the first of its kind in Tajikistan. It was received positively, because previously
all monitoring data for drinking-water quality were recorded on paper only. The Republican SES
wishes to continue using the SanMan database, and in the long term to extend its use to the oblast
and rayon SESs, and develop a unified, electronic database and national reporting scheme. The
Republican SES is interested in developing a Russian version of the database if funding can be
raised.

Suggestions for improving the RADWQ methodology

The RADWQ handbook was not always clear and self-explanatory in its description of the
methodology. It is therefore suggested that the relevant sections in the handbook be improved,
using the presentation materials and worked examples the international consultants prepared for
the training course. A Russian language resource and training package on implementing
RADWQ projects would also be helpful.

In Tajikistan, the survey methodology could be largely followed from the RADWQ handbook.

As required by the methodology, the rayon database provided information about the numbers of
supply schemes per technology and the prevailing population served at three administrative levels.
As outlined in Section 2.2, however, two deviations had to be made. First, when determining the
number of supply zones in the utility piped supplies, it was necessary to reduce the zone size from
5000 to 2500 people, otherwise the total number of supply zones required (according to primary
stratification) could not have been reached in Tajikistan. Second, a repeat sampling approach was
taken for utility piped supplies, in which each sampling point was visited twice. This halved the
number of sampling points or clusters needed for the study. These changes allowed the survey to
move forward, and it is recommended that design flexibility be allowed in future RADQW
projects, particularly for smaller countries where the population served by utility supplies is
relatively small.

The RADQW methodology could better consider the issue of seasonality. Assessments should
cover at least two seasons, to give a more realistic picture of the water quality in a region or
country, and to develop a better understanding of water-quality changes over the year. The issue
of seasonality could be addressed by a repeat sampling approach, in which each water
supply/sampling point selected is visited twice. This would keep the overall sample size constant,
but not increase costs and time for carrying out the assessment. However, the number of clusters
to be selected would be halved, and thus the geographical spread of the assessment reduced.

The RADQW survey considered only improved water souces, even though in Tajikistan more
than half of the population consumes water from unimproved sources. While this was a
legitimate approach for the pilot study, future rapid assessments should include all supply
technologies that serve more than 5% of the population.

The standard set of sanitary risk inspection forms need to be better adapted to the local conditions,
as not all of the questions were applicable or relevant to the Tajik situation.

In conclusion, the parameters used in the RADQW assessment were sufficient to produce a snapshot
of water quality in Tajikistan.
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Annex 1. Rayon database of utility piped supplies and springs®
Broad Sampling  Total Utility piped supplies Springs
area unit (rayon) pop.
(OblaSt) (N) Population.  Proportion ~ Number =~ RADWQ Population ~ Proportion =~ Number RADWQ Population Proportion ~Number
Served (STAT) UPS number served (INV) UPS number served (STAT) (STAT)
(STAT) (STAT)  (STAT) (INV) (INV)  (INV)  (STAT)

RRS & Dushb  Dushanbe 641 075 627 348 97.9% 23 251 594 253 92.7% 7 240 825 0.1% 1
RRS & Dushb  Garm 89317 20158 22.6% 2 8 20158 22.6% 2 9 48 493 54.3% 81
RRS & Dushb  Gissar 224119 87313 39.0% 24 35 73 236 32.7% 15 37 27289 12.2% 38
RRS & Dushb  Jirgital 55850 40275 72.1% 12 16 40275 72.1% 11 21 9868 17.7% 13
RRS & Dushb  Leninskiy 294 881 169 645 57.5% 24 68 157 890 53.5% 22 73 39432 13.4% 38
RRS & Dushb  Rogun 30636 13 436 43.9% 4 5 9771 31.9% 1 4 13 436 43.9% 16
RRS & Dushb  Kofarnigan 245 260 108 850 44.4% 20 44 59292 24.2% 2 24 51220 20.9% 33
RRS & Dushb  Tursunzade 200773 141313 70.4% 27 57 141 868 70.7% 29 70 7601 3.8% 20
RRS & Dushb  Fayzabad 74310 21635 29.1% 8 9 21635 29.1% 7 12 52483 70.6% 59
RRS & Dushb Darband 61058 10573 17.3% 4 4 8381 13.7% 3 4 45118 73.9% 51
RRS & Dushb  Varzob 54368 3682 6.8% 1 1 3682 6.8% 1 2 23 680 43.6% 56
RRS & Dushb  Tavildara 14 560 4731 32.5% 2 2 2590 17.8% 2 2 4160 28.6% 31
RRS & Dushb  Tajikabad 34398 18279 53.1% 9 9 15217 44.2% 5 9 0 0.0% 0
RRS & Dushb  Shakhrinau 87 994 41777 47.5% 8 17 40 904 46.5% 6 19 4462 5.1% 7
Subtotal 2108599 1309015 62.1% 168 526 1189152 56.4% 113 526 328 067 15.6% 444
Khatlon Bokhtar 254 946 106 937 41.9% 21 43 62 895 24.7% 2 27 0 0.0% 0
Khatlon Yavan 136 200 84155 61.8% 13 34 84155 61.8% 2 35 12243 9.0% 17
Khatlon Vakhsh 131174 33899 25.8% 6 14 43703 33.3% 3 19 2061 1.6% 5
Khatlon Kumsangir 92111 2915 3.2% 2 2 3813 4.1% 1 2 0 0.0% 0
Khatlon Qabadiyan 129 846 27 841 21.4% 14 14 25435 19.6% 6 13 0 0.0% 0
Khatlon Kolkhozabad 132 698 30717 23.1% 9 12 28122 21.2% 5 13 0 0.0% 0
Khatlon Khoja Maston 115107 91795 8.5% 21 21 7845 6.8% 3 5 0 0.0% 0
Khatlon Shaartuz 87332 20 622 23.6% 12 12 32371 37.1% 8 17 0 0.0% 0
Khatlon Panj 89995 8505 9.5% 23 23 5589 6.2% 3 4 0 0.0% 0
Khatlon Jillikul 73142 5476 7.5% 3 3 5476 7.5% 1 3 0 0.0% 0
Khatlon Gozimalik 75188 15435 20.5% 3 6 15 106 20.1% 3 8 0 0.0% 0
Khatlon Sarband 33460 15 400 46.0% 4 6 11 680 34.9% 1 5 0 0.0% 0
Khatlon Nurek 42 800 19 750 46.1% 3 8 28907 67.5% 2 12 4958 11.6% 8
Khatlon Beshkent 25297 0 0.0% 1 1 0 0.0% 0 0 3646 14.4% 7
Khatlon Shurabad 45 496 11068 24.3% 6 6 11791 25.9% 4 6 25111 552% 38
Khatlon Vosse 154 124 140 270 91.0% 21 56 56 813 36.9% 17 32 4402 2.9% 11
Khatlon Dangara 104 902 51294 48.9% 8 21 12713 12.1% 5 7 20736 19.8% 23
Khatlon Kulyab 163 746 78 898 48.2% 12 32 97 344 59.4% 12 43 2342 1.4% 13
Khatlon Muminabad 69 365 28072 40.5% 17 17 26 527 38.2% 14 19 39653 57.2% 46
Khatlon Moskovskiy 112780 73201 64.9% 27 29 106 397 94.3% 23 54 2330 2.1% 6
Khatlon Farkhor 121 926 48 384 39.7% 12 19 36292 29.8% 7 17 0 0.0% 0
Khatlon Sovietskiy 52478 15 684 29.9% 2 6 13 989 26.7% 2 7 22308 42.5% 44
Khatlon Khovaling 41 506 19578 47.2% 9 9 8923 21.5% 7 7 21116 50.9% 93
Khatlon Baldjuvan 23056 8700 37.7% 1 3 8785 38.1% 1 4 14918 64.7% 109
Subtotal 2308 675 856 596 37.1% 250 397 734 671 31.8% 132 359 175824 7.6% 420
Sughd Asht 116 137 75 174 64.7% 22 30 57371 49.4% 15 31 18732 16.1% 10
Sughd Ayni 72 531 25900 35.7% 14 14 25 665 35.4% 12 15 15076 20.8% 19
Sughd Ganchi 120 369 85577 71.1% 17 34 89732 74.5% 19 44 12441 10.3% 6
Sughd Zafarabad 53041 50720 95.6% 4 20 16 334 30.8% 3 8 0 0.0% 0
Sughd Isfara 205291 125 638 61.2% 16 50 32569 15.9% 8 17 0 0.0% 0
Sughd Kanibadam 169 000 91 440 54.1% 10 37 72023 42.6% 9 34 0 0.0% 0
Sughd Matchinskiy 91 500 85326 93.3% 19 34 38130 41.7% 13 21 5032 5.5% 8
Sughd Nauskiy 103 479 66 108 63.9% 18 26 118457 114.5% 18 56 1281 1.2% 4
Sughd Jabor Rasulov 104 342 63 998 61.3% 18 26 29416 28.2% 10 18 554 0.5% 2
Sughd Penjakent 201393 125791 62.5% 13 50 66 162 32.9% 14 32 25085 12.5% 49
Sughd Istravshan 193 032 131276 68.0% 20 53 117 690 61.0% 10 53 12 896 6.7% 16
Sughd Gafurova 497 660 374 252 75.2% 43 150 201 790 40.5% 21 92 13244 2.7% 9
Sughd Shakhristan 27 498 25391 92.3% 5 10 10 404 37.8% 5 6 4220 15.3% 11
Sughd K. Mastchonskiy 18617 0 0.0% 0 0 0 0.0% 0 0 18617 100.0% 55
Subtotal 1973890 1326591 67.2% 219 534 875743 44.4% 157 427 127178 6.4% 189
GBAO Shugnon 62 600 26 637 42.6% 7 11 25657 41.0% 6 14 4271 6.8% 13
GBAO Murgab 15925 0 0.0% 0 0 0 0.0% 0 0 0 0.0% 0
GBAO Ishkashim 26102 2698 10.3% 1 1 2698 10.3% 1 2 6120 23.4% 19
GBAO Roshtkalla 23724 3544 14.9% 1 1 3544 14.9% 1 2 6655 28.1% 41
GBAO Rushon 24531 4993 20.4% 1 2 4993 20.4% 1 2 17 624 71.8% 83
GBAO Vanj 28 360 3650 12.9% 1 1 3650 12.9% 1 2 9450 33.3% 47
GBAO Darvoz 24 060 4110 17.1% 1 2 4110 17.1% 1 2 7990 33.2% 53
Subtotal 205 302 45 632 22.2% 12 18 44 652 21.7% 11 24 52110 25.4% 256
TJK 6596466 3537834 53.6% 649 1475 2844218 43.1% 413 1336 683179 10.4% 1309

a

39

INV = data derived from the rayon database. STAT = data derived from the republican SES. UPS = utility piped supply.



Annex 2.

Inventory of utility piped supplies®

Rayon Water supply Working RADWQ Serving RADWQ RADWQ
condition inclusion capacity inclusion zones
(TYPE) (SIZE)

RRS & Dushanbe RRS & Dushanbe 141 134 1280 775 140 526

Dushanbe city 1Oro-3ananubiii Jlyman6e Bogoxkanan 1 1 235000 1 94
Hanopwsiit Bosonposos Jlyman6e BoiokaHa 1 1 65 000 1 26
KaapHuroHCkuit BoIOIPOBOL 1 1 189 000 1 76
CaMoTeuHbI# BOOTPOBO 1 1 94312 1 38
Bogomnposoy nocesnok I'unposzem 1 0 458 0 0
Bogomnposoz 10 ITamup 1 0 2800 1 0
Bononpososn Apmaryproro 3aBoaa 1 1 2600 1 2
Bogomnposoza 3aBoxa JKBK u CT 1 0 6 100 1 0
Bogomnposoj nocenok KoMcoMombekHit 1 0 3957 1 0
MsicokoHCepBHbIH KOMOMHAT 1 0 1567 1 0
JICY' 5 1 0 1348 1 0
TInonoxomGuHaT 1 0 411 0 0
3asox JIMK -1 KOOII Jlomoctpourens 1 0 2456 1 0
ATII-1 MuscTpoii 1 0 7250 1 0
JIIXBO MunJlernpom 1 0 635 1 0
A6 10 1 0 584 1 0
IIxona unrepuar Ne2 MunO6p 1 0 636 1 0
Bogonposox Bap3o6 coser no Typusmy 1 0 1853 1 0
110 Tamxuk uemeHT 1 1 2450 1 1
Inonepckuii nareps Ilapopa 1 1 5891 1 3
3ason O3HT 1 0 1456 1 0
T1O TaKkukme6es 1 0 1560 1 0
Subtotal: 22 7 627 324 20 240

Garm HapoGox 1 1 12764 1 6
Humua Jlxado 1 1 7394 1 3
Subtotal: 2 2 20158 2 9

Gissar c-k Kapin Mapxke 1 1 7586 1 4
Kanuunna 1 1 988 1 1
JL.Myponosa 1 1 12218 1 5
Mocksa 1 1 6822 1 3
JI3epxuHCKHit 1 0 234 0 0
Vuxo3 1 1 2351 1 1
HIIO 3emnenenue 1 1 8200 1 4
VBK I'uccap 1 1 11 564 1 5
Ta/UKHKBOIOKAHAT 1 1 10 586 1 5
50 net okTs6pst CenbX03BOLOMPOBOL 1 1 4415 1 2
¢dupma Daiizdaxur 1 1 550 1 1
IlIxona unTepHar Baran 1 0 0 0 0
JlecHas 1mikosa MHTEpHAT 1 0 230 0 0
VIIK cremnbix 1 1 1529 1 1
¢dupma dapyx 1 1 1920 1 1
CeNbXO3TEeXHHUKA 1 0 407 0 0
paanoCTaHLKsA 1 0 373 0 0
XIIMIIPO 1 1 2 660 1 2
OTBTIIC 1 0 384 0 0
TIMK-7 1 1 1214 1 1
TYBBAJIbHULIA 1 0 0 0 0
Canaropus [ITamGapst 1 0 0 0 0
Jlenpo3opuii 1 1 633 1 1
c-K JIeHuHU3M 1 0 0 0 0
Subtotal: 24 15 74 864 15 37

Jirgital OTP Opmxonnkumzeadba 1 1 14078 1 6
C-3 Hamyna 1 1 6395 1 3
C-3 KommyHH3M 1 1 1677 1 1
C-3 Kynpuk-6omiui 1 1 1355 1 1
C-3 Bycron 1 1 3644 1 2
C-3 OnopHblit MyHKT 1 1 983 1 1
C-3 JIsxm 1 1 1423 1 1
C-3 fnru llaxp 1 1 5433 1 3
C-3 Opunacs 1 1 1774 1 1
C-3 lllecronanos 0 1 0 0 0
C-3 60 set OKT0pst 1 1 1482 1 1
C-3 Kbi3b11 Cyy 1 1 2031 1 1
Subtotal: 11 12 40 275 11 21

Leninskiy noc. ComoHHeH 1 1 24 600 1 10
noc. HoBo6ox 1 1 6 780 1 3
HapoGox B.4. 1 0 450 0 0
noc. Heprsauux 1 1 6 800 1 3
noc. PM3 1 1 1420 1 1
noc. {11 1 1 3280 1 2
noc. XJ10m3aBo/ 1 1 3100 1 2
noc. MUC 1 1 5250 1 3
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Rayon Water supply Working RADWQ Serving RADWQ RADWQ
condition inclusion capacity inclusion zones

(TYPE) (SIZE)
noc. Paauocranims 1 1 5490 1 3
noc. Paiicenbxo3TexHuKyM 1 1 4230 1 2
PKIIB 1 1 1 720 1 1
Koc. Wwm. [Tynorosa 1 1 12 290 1 5
Koc. Poccust 1 1 20110 1 9
Koc. ITo6ena 1 1 2009 1 1
Cos. Kuposa 1 1 2065 1 1
Cos. JIenunrpan 1 1 1110 1 1
Cos. KommyHH3M 1 1 14 605 1 6
Cos. P. [laBnstoB 1 1 12 090 1 5
Cos. Bap3o6 1 1 16 040 1 7
Cos. laitnak 1 1 7150 1 3
Cos. Konesasosn 1 1 5790 1 3
3asox Hepya. Marepuan 1 0 380 0 0
Mexkapbep 1 1 2111 1 1
Asrobasa 1 1 850 1 1
Subtotal: 24 22 158 720 22 73
Rogun AOOT "PI'C" r. Poryn 1 1 9771 1 4
I1. O6u-rapm 0 1 4448 1 0
urs 0 0 0 0 0
Subtotal: 1 2 14219 2 4
Kofarnigan T'op. Bogomnposoa YBK Kodapuuron 1 1 45000 1 18
K-3 ®upnasen yu baitnan 1 1 14292 1 6
K-3 baxop y4. Maunton 0 1 13 845 1 0
K-3 K. Ucmonsos yu. TypkoGox 0 1 3158 1 0
K-3 Jlenun yu4. Xomkaboukyn 0 1 1940 1 0
K-3 JKaBOHM y4. AMOHIIAXN 0 1 1981 1 0
k-3 lyctn yu. Tanrau 0 1 7214 1 0
k-3 ['ymucton yu. bomkapacy 0 1 0 0 0
Bogonposoy IOI'TD nocenok Pa3senunkos 0 1 2705 1 0
Icnuedabpuka nocenox Haspys 0 1 6 600 1 0
AsrokononHa 2929 nocenok Skkaron 0 1 0 0 0
PKTB 3 nocenok Maunton 0 1 2600 1 0
Hudekunonnas Gonpuuna k-3 bycron 0 1 0 0 0
AT'PD nocesok Pa3seuukon 0 1 1215 1 0
JICK rop. Kodapuuron 0 1 0 0 0
MPM Cenbxo3rexHuka rop. Baxaar 0 1 1810 1 0
K-3 K. UcmonnoB yd. Dckurysap 0 1 2042 1 0
J1/0 Pomur "PogHuk" 0 1 0 0 0
J1/0 S1Bpo3 "Poanuk" 0 1 0 0 0
k-3 3aprap yu. 3aprap 0 1 3740 1 0
K-3 X. A3umoB y4. AHIHIOH 0 1 2721 1 0
Subtotal: 2 21 110 863 15 24
Tursunzade TTaxtao6on YBK 1 1 4065 1 2
ITaxTao6on MPM 1 1 1670 1 1
k-3 Jlyctn yu. KyiiGumien 1 1 4854 1 2
k-3 lyctn yu. barom 1 1 2000 1 1
k-3 Jlyctn yu. SInruapeix 1 1 2034 1 1
k-3 Haszupos yu. Kpacun 1 1 5806 1 3
-3 Hasupos yu. Bopoumiios 1 1 2373 1 1
k-3 Haszupos yu. 3axmaTkamr 1 1 3725 1 2
k-3 Hasupos yu. Yuprak 0 0 0 0 0
k-3 Mup3soes y4. Kuposa 1 1 8568 1 4
K-3 Mup3oeB yu. 3apkamap 1 1 7841 1 4
K-3 Mupsoes yu. A. Kypraxn 1 1 6365 1 3
K-3 Mup3oes yu. Cep/uio 1 1 2451 1 1
K-3 Mup3oeB yu. Mocksa 1 1 5262 1 3
K-3 HaBpy3 y4. MUKOsSH 1 1 2043 1 1
K-3 HaBpy3 yd. YelrockuH 1 1 1472 1 1
K-3 HaBpy3 y4. YamaeBa 1 1 4050 1 2
K-3 HaBpy3 yu. Tomrysap 1 1 3860 1 2
k-3 Bypuesa yu. K. Huion 1 1 3113 1 2
k-3 Bypuesa yu. K. Huimon-2 1 1 3345 1 2
k-3 bypuesa yu. Jloxyru 1 1 5573 1 3
k-3 bypuea yu. Baiinanmunan 1 1 4188 1 2
k-3 bypuesa yu. UkanoBck 1 1 2198 1 1
k-3 Bypuesa y4. omumr 0 0 0 0 0
c-3 Dduponoc yu. Llentp 1 1 2764 1 2
c-3 Duporoc yu. Kpyncxas 1 1 2216 1 1
c-3 abypaxMoHoBa yu. byeHHbIi 1 1 2483 1 1
c-3 abaypaxmonosa yu. Capkop 1 1 4175 1 2
c-3 IpaBna yu.Ac606 1 1 3317 1 2
Jlom MnTepHar yd. batom 0 0 0 0 0
. Typcynsane YBK Yunop 1 1 10 032 1 5
XIIB TAJIA3 1 1 30025 1 13
PMII] TAJIA3 1 0 75 0 0
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Rayon Water supply Working RADWQ Serving RADWQ RADWQ
condition inclusion capacity inclusion zones

(TYPE) (SIZE)
Subtotal: 30 29 141 943 29 70
Fayzabad MIDKKX ®daiizo601 1 1 9283 1 4
TTII3 k. Jlonaru 1 1 3617 1 2
OKT- 24 k. Jlybena 1 1 1163 1 1
K. Mexpaban 1 1 2226 1 1
k. Tarnazapu 1 1 1011 1 1
. Boru - Mupu 1 1 2647 1 2
K. Yykypak 1 1 1688 1 1
Musep ncrounuk Paitzo6ox k. Mexpobox 0 0 0 0 0
Subtotal: 7 7 21635 7 12
Darband VBK Komcomonobo/ 1 1 4785 1 2
JlaGmxap 1 1 1350 1 1
Jlonasop 1 1 2246 1 1
Subtotal: 3 3 8381 3 4
Varzob Bap306 kana 1 1 3682 1 2
Subtotal: 1 1 3682 1 2
Tavildara KoMMyHanbHbIiT BOIOTIPOBO 1 1 1 860 1 1
c-3 Ynnapa 1 1 730 1 1
Subtotal: 2 2 2590 2 2
Tajikabad VBK Takukada 1 1 5670 1 3
VBK Taukukaban-2 1 1 2981 1 2
Bogomnposoj ®atxo6os 1 1 3000 1 2
Masopummsr 1 1 2449 1 1
Jlapou Masopu bono 1 1 1117 1 1
Subtotal: 5 5 15217 5 9
Shakhrinau noc. OkrsbpbeKas 1 1 7104 1 3
noc. Illaxpunas 1 1 7468 1 3
PATC Kaparar 0 0 0 0 0
K-3 um. Jlennna 1 1 17 504 1 8
TTAIIO ITaxpuHas 1 1 6653 1 3
Bunkombusnar 1 1 730 1 1
Koncepsueiii nex Kumosaps 1 0 0 0 0
UynrypuHckas nTunedadpuka 1 1 1445 1 1
Subtotal: 7 6 40 904 6 19
Khatlon Oblast 152 207 994 908 203 359
Bokhtar k-3 Kommynusm yu. Jluns6ap 0 0 0 0 0
k-3 KommynusM yu. I'ynuctoH 0 0 0 0 0
¢-3 ®. Canjos | ornenenue 0 1 6120 1 0
c-3 @. CaujioB 2 oT1eeHUe 0 0 0 0 0
c-3 @. CaunjioB 3 oTaeneHue 0 1 4960 1 0
c-3 @. Canjo 4 oTzencHne 0 0 0 0 0
c-3 ®. Cauzos 4 oraenenue 6purazna 17 0 0 0 0 0
c-3 ®@. Cauzos 2 oraencHue Opurazna 18 0 0 0 0 0
BOTHUHM3 0 0 0 0 0
c-3 Ca03aBox 0 0 0 0 0
c-3 Cab3aBoz yu. bun-Kano 0 0 0 0 0
k-3 Kommynusm yu. Bopoumnosa 1 1 5320 1 3
k-3 H. Cadpapos yu. 18 ner Okra6ps 0 1 2260 1 0
VYBK. Ucmounu Comonu 0 1 7350 1 0
Kurgan-Tyube city MIIYB 1 1 57575 1 24
MacnoskcTpaunoHHblii 3aBoj 1 0 0 0 0
KoncepsHblii 3aBoj 0 0 0 0 0
MarnouHslit 3aB0j 0 0 0 0 0
TTuB 3aBoj 0 0 0 0 0
Subtotal: 3 6 83 585 6 27
Yavan Bononposon Kapapruran 1 1 23 000 1 10
Bog-ox [Tapuacoit TXIT Nel 1 0 0 0 0
Boz-01 [Tapuacoit YOMB c-3 Nel 1 1 61155 1 25
Subtotal: 3 2 84 155 2 35
Vakhsh Baxm YBK 1 1 19 166 1 8
Baxm YOMB 1 1 1 20 900 1 9
Cos. Kupos 1 o1 1 1 3637 1 2
Cos. Kupos 3 o1 0 1 2256 1 0
Cos. Kupos 4 o1z 0 0 0 0 0
Cos. Baxur 0 0 0 0 0
Subtotal: 3 4 45959 4 19
Kumsangir Kymcanrup YBK. Ioc Tyctu 1 1 3813 1 2
VBK. Huxnuit ITanmx 1 0 65 0 0
Subtotal: 2 1 3878 1 2
Qabadiyan VBK Kabaausa MKX PT 1 1 5320 1 3
C-3 50 ier CCCP yu. Xaer 1 1 3100 1 2
C-3 50 ner CCCP yu. BosnblieBnk 1 1 3120 1 2
C-3 50 ner CCCP yu. Yapkypran 0 1 3220 1 0
K-3 Oxonrut yu. SIHrutons 1 1 5000 1 2
K-3 Ukanosa 0 1 5148 1 0
K-3 HaBou yu. Kanuuun 1 1 4526 1 2
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Rayon Water supply Working RADWQ Serving RADWQ RADWQ
condition inclusion capacity inclusion zones

(TYPE) (SIZE)
K-3 Ilaxo6 yu. JIennun 1 1 4369 1 2
K-3 Kommyruswm yu. Llentp 0 1 5414 1 0
K-3 Kommynusm yu. Connanusm 0 1 4200 1 0
K-3 I'ynucron 0 1 5206 1 0
K-3 IMaxraxop yu. Mctuknonust 0 1 14 534 1 0
k-3 Tenbman y4. I'opbkuii 0 1 15 646 1 0
K-3 boGorynos y4. benrremup 0 1 7110 1 0
Subtotal: 6 14 85913 14 13
Kolkhozabad III'T Hcaesa 1 1 11 900 1 5
noc. Op3y 0 0 0 0 0
x-3 beros 1 1 3518 1 2
k-3 C. Jlxymacsa 1 1 4944 1 2
k-3 McankynoBa 0 1 2595 1 0
K-3 ABrOHOBa 0 0 0 0 0
k-3 Jlenuna 1 1 7199 1 3
k-3 ['opbkoro 0 0 0 0 0
c-3 Uttudok yu. Y3yn 1 1 561 1 1
Subtotal: 5 6 30717 6 13
Khoja Maston c-3 Kypbanos yu. 1 maii 0 1 5143 1 0
c-3 KypbanoB y4. KoMMyH#H3M 0 1 4282 1 0
-3 Kanuuns yu. Kanuana 0 1 7165 1 0
k-3 Kannunn yu. Hapmm 0 1 2431 1 0
K-3 AsepOaiikan yu. [Torurornen 0 1 7415 1 0
k-3 [aiipar yu. Conmnanusm 0 1 9632 1 0
k-3 Taiipar yu. Tyt 0 1 2073 1 0
k-3 [aiipar y4. Yanaes 0 1 4792 1 0
c-3 HaBoGox 0 1 1364 1 0
K-3 JIeHuH y4. SIHrUIeXKOH 0 1 4087 1 0
k-3 Jlenun yu. Apan 0 1 4419 1 0
k-3 lycru yu. SIkkatyT 0 1 1911 1 0
k-3 lycru yu. Iymkus 0 1 2 869 1 0
K-3 Asepbaii/pkaH yu. 3aps BOCTOKa 0 1 2145 1 0
CITVY 37 0 0 311 0 0
K-3 Komcomon y4. [Ipasna 1 1 2 800 1 2
MonokonyHKT 0 0 23 0 0
KBILIU MITO 1 0 375 0 0
TIMK 7 n. Kyii6blmeBck 0 0 0 0 0
Paiiuonk 1 1 3500 1 2
TIKJIO 1 1 1545 1 1
Subtotal: 4 17 68 282 17 S
Shaartuz noc. [laapry3 1 1 10900 1 5
K-3. AliBaJK 1 1 7 694 1 4
k-3 JlIomoHocoB yu. JIonazop 0 1 4500 1 0
k-3 JlJomoHocoB yu. CosT 0 1 4980 1 0
k-3 JlomonocoB yu. Jlenun FOmun 1 1 1680 1 1
k-3 JlomoHoCOB yu. UysHun 1 1 2500 1 1
k-3 Sluru Typmym yu4. bepisi 0 1 4200 1 0
k-3 Sluru Typmym yu. K. Mapke 1 1 2831 1 2
k-3 BakupoB yu. ITaxTaobas 1 1 2600 1 2
K-3 bakupos yu. CyntoHo6ox 1 1 2060 1 1
k-3 bakupos y4. ManuHuHa 1 1 2106 1 1
k-3 JlkypaeB yu. 1 mast 0 1 1903 1 0
¢-3 Baran 0 1 2110 1 0
Subtotal: 8 13 50 064 13 17
Panj sk YBK 0 0 0 0 0
k-3 1 Mast yu. Tyryn 1 1 2700 1 2
k-3 1 Mast yu. ['ymucron 0 1 4350 1 0
k-3 1 Mass yu. Yeuka 0 1 3867 1 0
K-3 1 Mast yu. Tenbman 0 1 2480 1 0
MT® 1 0 1 4022 1 0
K-3 Jlennn y4. Komcomon 0 1 3555 1 0
k-3 JlenuH yu. SIHru TypmyIn 0 1 1790 1 0
k-3 IIpaBia yu. Bypka 0 1 2090 1 0
k-3 [IpaBna yu. Cenbra 0 1 400 0 0
MT® 2 1 1 1 400 1 1
K-3 Mazanusr yu. Kyibumesa 0 1 2342 1 0
K-3 MagaHust yd. DHreiasc 1 1 1489 1 1
k-3 JI3epxxuncknii yd. Typapimex 0 1 2670 1 0
K-3 JI3epxxunckuii y4. Cadenopon 0 1 1820 1 0
k-3 JI3epskunckuii yd. CapmaHTO# 0 1 1 860 1 0
k-3 Kammunna yu. Kynsaum 0 1 1970 1 0
k-3 Kannanna yu. Knposa 0 1 1700 1 0
k-3 Kamuauna yu. Kusun 0nay3 0 1 4550 1 0
k-3 D. PaxmonoBa yu. Tenrus 0 1 4550 1 0
k-3 [Torpannunuk y4. Kymcait 0 1 4900 1 0
c-3 Tk 0 1 800 1 0
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Rayon Water supply Working RADWQ Serving RADWQ RADWQ
condition inclusion capacity inclusion zones

(TYPE) (SIZE)
c-3 ABaHrapj 0 1 880 1 0
Subtotal: 3 22 56 185 21 4
Jillikul noc. JOKUUTHKYITb 1 1 5476 1 3
k-3 CynToHOB 0 1 0 0 0
c-3 lapaytn 0 1 0 0 0
Subtotal: 1 3 5476 1 3
Gozimalik coB. Ysbl yu. Kommynusm 1 1 1801 1 1
coB. Ysuibl y4. Bynaenstit 1 1 2830 1 2
®daxpabanckuii Kackag 1 1 10475 1 5
Subtotal: 3 3 15106 3 8
Sarband Bogonposoy r. Capbang MKX 1 1 11 680 1 5
K-3 Onnnaes YOMB 0 0 0 0 0
T'1aBHOCOPTHPOBOUHBIIT BOJIONIPOBOJL 1 0 0 0 0
Crannus ocsersienns BT3 1 0 0 0 0
Subtotal: 3 1 11 680 1 5
Nurek Hypexcxas I'DC 1 1 19 800 1 8
Hypexckas I'DC Tyrkaynu Has 1 1 9107 1 4
VYCH HES Sangtuda 1 0 300 0 0
Subtotal: 3 2 29207 2 12
Beshkent Bemkenrckuii: c-3 Onrunoit 0 0 0 0 0
Subtotal: 0 0 0 0 0
Shurabad Ioc. [ypa6an 1 1 6335 1 3
Capuarma 1 1 2420 1 1
Jloructon 1 1 1910 1 1
Munkopon 1 0 320 0 0
Jawru Yym 1 0 450 0 0
Yaram 1 1 1126 1 1
Subtotal: 6 4 12 561 4 6
Vosse noc. Bocce komm. Boa-n1 1 1 19 194 1 8
T'eonoropassenka 1 0 0 0 0
IluB 3aBox 0 0 0 0 0
Jlom MHBanuaos 1 0 393 0 0
Apan 0 1 1823 1 0
Xynbyx 0 1 3051 1 0
TlpaBaa 1 1 2931 1 2
Bocceobon 1 1 3493 1 2
Daiizo6011 1 1 3700 1 2
Kanyan 1 1 5203 1 3
Kuposa 1 1 2462 1 1
DOMomanu 1 1 2303 1 1
1eHtp Jlenun 1 1 2887 1 2
Kapn Mapkce I'enor 1 1 1114 1 1
Vukyn 1 1 1260 1 1
JapHaiiun 1 1 1344 1 1
Tyrapak 1 1 3178 1 2
Mockaa 1 1 1101 1 1
Wnpuu 1 1 650 1 1
lo6uka 1 1 1502 1 1
Tockana 0 1 3674 1 0
Kpynckas 1 1 3552 1 2
Kadrapxona 1 1 939 1 1
Myinonues 0 1 1915 1 0
Subtotal: 19 21 67 669 21 32
Dangara noc. Cebucron 1 1 5347 1 3
TumxoBak 1 1 1981 1 1
yu. I'yaucron 1 1 2400 1 1
yu. baxop 1 1 1283 1 1
yu. Okey 0 1 3773 1 0
Ilymmur 0 1 3437 1 0
Kopes 1 1 1702 1 1
T'aprapa 0 1 2016 1 0
Subtotal: 5 8 21939 8 7
Kulyab Yauranboum 1 1 54314 1 22
Tebanait 1 1 26 580 1 11
TopTtopr 0 0 0 0 0
Bog-1 KOCTO 0 0 0 0 0
K-3 Xamaznonn y4. HaBoGox 0 1 1322 1 0
3upaku 1 1 1961 1 1
Jhxepkana 1 1 1796 1 1
K-3 Amupimes yd. Jlaposa 1 1 1419 1 1
Jlarana 1 1 1422 1 1
Jlarman 0 1 1619 1 0
K-3 XatnoH yu4. I'ynaucron 1 1 1622 1 1
Jlyaukyrans 1 1 1170 1 1
c-3 Haszapos yu. Kyxnanap 1 1 2122 1 1
Capoce6 1 1 1475 1 1
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Rayon Water supply Working RADWQ Serving RADWQ RADWQ
condition inclusion capacity inclusion zones

(TYPE) (SIZE)
Yopbor 1 1 2115 1 1
Yopbor 1 1 1348 1
Subtotal: 12 14 100 285 14 43
Muminabad noc. Mymunaban xom. Boa-n 1 1 12 535 1 6
JlexOanang 1 1 1203 1 1
[laxpuxas 1 1 2100 1 1
Kynpuamma 1 1 1161 1 1
Borran 1 1 780 1 1
Tyry 1 1 1743 1 1
jRe)ii 1 1 2470 1 1
Yykypak 1 1 760 1 1
Todunoboa-Hasobox 1 1 500 1 1
Mawmannon 1 1 704 1 1
OxuKap 1 1 820 1 1
Xomxan Hyp 1 1 742 1 1
T'ynomobox-Hasobox 1 1 504 1 1
[ynymy 1 1 505 1 1
Banxosu 1 0 346 0 0
Jlnuax 1 0 210 0 0
Puckunapa 1 0 134 0 0
Subtotal: 17 14 27217 14 19
Moskovskiy VBK noc. Mocksa 1 1 16 991 1 7
Daiizabaz 1 1 9326 1 4
XNONMmyHKT 1 1 3165 1 2
TarHo6 1 1 2930 1 2
Yoitnobkamap 1 0 449 0 0
Jasnaro6ox 1 1 4621 1 2
Tynanu 1 1 728 1 1
Cadenob 1 1 1971 1 1
Amnpxupkon-Koznapa 1 1 2207 1 1
Canuncosxo3 Uybek 1 2 3 1 1 6971 1 3
CayBrHCcOBX03 Uybek 4 1 1 590 1 1
Byneunbrii 1 1 1501 1 1
Japau Kanot 1 1 18 061 1 8
Yanaes 1 1 4404 1 2
MexHato60/1 1 1 15753 1 7
Slarurons 0 1 563 1 0
Xaeru Has 1 1 1703 1 1
Tyryn 0 1 2064 1 0
Typnues uentp 1 1 3773 1 2
Cogerobon 1 1 2022 1 1
Caiien 0 1 905 1 0
Depma 0 0 275 0 0
Bemkanna 1 1 558 1 1
Oxmasop 1 1 5260 1 3
Komcomon 1 1 1351 1 1
T11040ITUTOMHUK 1 1 1351 1 1
Pri6x03 1 0 290 0 0
Konc. 3aBost 1 0 450 0 0
XI10MK03aBOg 0 1 590 1 0
KBH 1 0 50 0 0
CenbX03TeXHHKA 1 1 580 1 1
I'pas. Copr. 3aBox 1 1 580 1 1
Kupnny 3aBos 0 0 0 0 0
Subtotal: 27 27 112 033 27 54
Farkhor noc. ®apxop KOMMYyH. Bo-11 1 1 21693 1 9
yu. OuHCKHit 0 1 2210 1 0
yu. [Tobeaa-KoMMyHH3M 0 1 1300 1 0
yu. Urtudpox 1] 1 2816 1 0
yu. I'nccap 0 1 2186 1 0
y4. Cypxo6 0 1 1954 1 0
yu. Jlenun 0 1 1257 1 0
yu. Kanuaun 0 0 0 0 0
y4. Mocksa 0 1 2 885 1 0
lypxys 1 1 1 600 1 1
yu. ITo6ena-C. Cadapos 1 1 2080 1 1
Kapn Mapke 1 1 2622 1 2
30 et okTAOPs 1 1 1500 1 1
Kusuncy 1 1 2128 1 1
Cynman 1 1 4669 1 2
VYpraby3 1 0 0 0 0
Subtotal: 8 14 50 900 14 17
Sovietskiy noc Coser koMM. Bozi-1 1 1 7737 1 4
c-3 Coer 2 yu. YopyOkyn 1 1 6252 1 3
c-3 Coser 1 0 0 0 0 0
c-3 lanaba yu. TanoGuu 0 0 0 0 0
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Rayon Water supply Working RADWQ Serving RADWQ RADWQ
condition inclusion capacity inclusion zones

(TYPE) (SIZE)
Subtotal: 2 2 13 989 2 7
Khovaling noc. Xosanuar Komm. Boa-x 0 0 0 0 0
Jloxyru 1 1 1625 1 1
Yykypak 1 1 1125 1 1
JlxoHbax 1 1 1580 1 1
JlopoGu 1 1 1570 1 1
Xonako 1 1 1400 1 1
3apaakn 1 1 641 1 1
Hleiixmeson 1 1 400 0 0
Cedapk 1 1 982 1 1
Subtotal: 8 8 9323 7 7
Baldjuvan banmxyBoH 1 1 8785 1 4
Subtotal: 1 1 8785 1 4
Sughd Oblast 203 163 919 380 161 427
Asht p-k Shaydon KoncepsHuii 3aBoj 1 0 0 0 0
x-k aiion Amrckoro paifona 1 1 13253 1 6
Jjuk. Jarbulok Selkhoztehnika 1 1 3550 1 2
Jjuk. Jarbulok ITKKX um.. K. Hazapos 1 1 2980 1 2
k. Kamnmikypras Solzavod 1 0 211 0 0
oK. Jarbulok Leskhoz 1 1 850 1 1
Slurucapoit mk. [[xapOynok 1 0 397 0 0
Aksukon 1 0 468 0 0
K-k Asht k-x um. Hazaposa 1 1 6190 1 3
Dusti 1 1 3276 1 2
Uzbekagjar k-x um. Hasapoa 1 1 2242 1 1
Guliston 1 1 720 1 1
Tajik Axxkap k-x uM. Hazaposa 1 1 2477 1 1
oK. Jarbulok OOO "Awr" Surucapoit 0 0 0 0 0
k-x uM. Mrtuox Kurkuduk 1 1 4271 1 2
Jigda k-x um. Uttndox 1 1 2971 1 2
Akkan Bepxunii k-x um. Kanununa 1 1 3781 1 2
K-k Jlarana k-3 uMm. CuHO 1 1 750 1 1
K-k baxman k-3 Cuno 1 0 499 0 0
AxkaH k-3 M. Kanuunxa 1 1 910 1 1
K-k Omoba 1 1 9150 1 4
Subtotal: 20 15 58 946 15 31
Ayni K-k 3apeduan 111 1 1 1567 1 1
K-3 Y30eKHuCTaH K-K YpMUTaH 1 1 1247 1 1
K/c Y30ekucTaH K-k YpMeTan 1 1 1644 1 1
k-3 Cornue -k Jlap-Zlap 1 1 2111 1 1
k-3 Y30eKHCTaH K-K YPMHTaH 1 1 1 441 1 1
Bogomnposo Pynuuk 1 1 1254 1 1
Bogomnposoz k-ka ['roxyH 1 1 2112 1 1
K-3 Y36eKHCTOH JieTcajt 1 1 1863 1 1
k-3 Coranés x-k 3epobox 1 1 2789 1 2
300cyH 1 1 2456 1 1
®dabdpuxa Anzodekuii FTOK 1 1 4662 1 2
k-3 Poccust k-k Jxen 1 1 2519 1 2
IleHTpabHO# pailoHHOM GONBHUIBI 1 0 235 0 0
Ha3BaHHE 0 1 0 0 0
Subtotal: 13 13 25900 12 15
Ganchi Tanuu ITITNBK 1 1 17 524 1 8
K-k SIxTaH yu. SIxy6oB 1 1 1833 1 1
noc. JlauTuKoH 1 1 1130 1 1
K-k Kusunu k. SIxTan 1 1 3879 1 2
k-k bacmannia. K-3 KypGosos 1 1 7386 1 3
K-k Kanuunnaban. K-3 Urtudox 1 1 3972 1 2
K-k B. Jlanbsn k-3 Ceepiion 1 1 5239 1 3
K-k H. Tanbsia c-3 Jlanbsx 1 1 6503 1 3
Jok. O6ubopuk Jlamkopa k-k Ap606 1 1 4915 1 2
K-K My3ym c-3 CaromoB 1 1 5378 1 3
1. Kyukuna k. MymkyH 1 1 2213 1 1
K-k 'a3aHTapox 1 1 9393 1 4
K-k Kakaii Jlyct k. Mup3o6oit 1 1 8310 1 4
K-k B. Xymrroup 1 1 1817 1 1
K-k H. Xymrroup 1 1 1867 1 1
K-k Cypxo6 c-3 Cypxo0 1 1 1606 1 1
K-k XaByrak B. AmOaprain 1 1 1255 1 1
K-K Yprakypras K. MymKyH 1 1 3202 1 2
K-k B. Sluruapeix jox. Kanuaunaban 1 1 2310 1 1
Subtotal: 19 19 89732 19 44
Zafarabad 3adapabay YBK 1 1 12335 1 5
noc. baxt 1 1 2879 1 2
no. Xaetn Has 1 1 1120 1 1
Subtotal: 3 3 16 334 3 8
Isfara KommynanbHsiii Bogonposos 1. Mchapa (I'ymbGasn) 3akpbIThiii 1 1 2490 1 1
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Rayon Water supply Working RADWQ Serving RADWQ RADWQ
condition inclusion capacity inclusion zones

(TYPE) (SIZE)
KommynanbHslii Bosonposos 1. Micdapa (MyinaoH) OTKpbITHIH 1 1 3000 1 2
r. lllypa6 (OTKpBITHIIT) 1 1 8019 1 4
noc. HedpreaGa (OTKpbITHIH) 1 1 3675 1 2
noc. Kum (OTKpBITBI U 3aKpBITHI) 1 1 1614 1 1
Ban Xum3aBon (BeOMCTB) 1 0 340 0 0
T'unpomerautypurayeckuii 3aBoj 1 0 247 0 0
KoHcepsHoro 3aBona 1 0 141 0 0
Kenesnoii noporu 1 0 420 0 0
c-3 Urtudox Yopkyx 0 1 7945 1 0
¢-3 Urtndpox OKTIO6pH 0 1 1715 1 0
k-3 [IpaBja K-k Bopyx (OTKpbITBIit) 1 1 1430 1 1
3okupxyka XacaHoB 0 1 11385 1 0
K-3a MykappamoBa 0 1 9107 1 0
Jpyx6a TCXBC 1 1 5325 1 3
Yoprkyx-Hchapa TCXBC 1 1 7016 1 3
Subtotal: 12 12 63 869 12 17
Kanibadam Kaun6anam YBK I'VIT XMK 1 1 21322 1 9
JuK. ApteikoBa AO Upan Box-ox Illaxuakapararax 1 1 5741 1 3
K-k Kyukak mk. Xampabaesa 1 1 18 534 1 8
K-k Kusumnyp ok, ITarap 1 1 3962 1 2
K-k Hus36ex jok. lapunosa 1 1 6987 1 3
k-K Sluru - Pasor k. [lynoton 1 1 2945 1 2
K-k Hlypkypran mx. ApreikoBa AO Hpau 1 1 5529 1 3
noc. l'anaba k. [atap 1 1 1875 1 1
noc. Jlycru juxk. IMarap 1 1 5128 1 3
Subtotal: 9 9 72 023 9 34
Matchinskiy noc. bycron. YBK 1 1 18176 1 8
k. O0ypnon AXJ ®upnaycu 1 1 1170 1 1
k. O6ypron Box-o1 YBK AXJT CyntoHoB 1 1 2176 1 1
Ay3HMKeHT K. Dpraies 1 1 1189 1 1
noc. bycron YBK LIPB 1 0 278 0 0
noc. Taksin 1 1 993 1 1
k. Margo AX]] X. Amupos 1 1 1776 1 1
AXJT Comonnen juk. Mactdao 1 1 1 560 1 1
Bo-o1 3apaduion 1 1 667 1 1
noc. Kypreoit 1 1 2453 1 1
Bo-o11 okono Macnozason 1 1 851 1 1
Xnonmyskr 'yancron 1 0 489 0 0
CYB Mact4o 1 0 353 0 0
AX]T Kanunuu 1 1 2055 1 1
noc. TCXT 1 0 344 0 0
CYB O60ypron 1 0 276 0 0
noc. Bycron ya. C. Akpamos oxono CIITY 35 1 1 3175 1 2
AX]I Xakukar 1 0 399 0 0
CrnukausiTHelf 3aBox Kpyxkcait 1 1 1889 1 1
Subtotal: 19 13 40 269 13 21
Nauskiy III'T Hay YBK-1 1 1 15475 1 7
III'T Hay YBK-2 1 1 6125 1 3
TII'T Hay YBK-3 1 1 7089 1 3
K-k Kymrrerupmon 1 1 3156 1 2
AO Jlexxon noc. Hay 1 1 1080 1 1
AO Vinkabaesa k-xk Camrap 1 1 891 1 1
K-k Kypkar 1 1 18 954 1 8
K-k Okrenmna k. Okrenmna 1 1 9671 1 4
K-K Meraprarask 1 1 18 120 1 8
Hay mx. Tarask 1 1 11410 1 5
Arponpomkombunar noc. Hay 1 1 1525 1 1
K-K AHsapcait 1 1 6120 1 3
y4. MexHaro6o 1 1 2765 1 2
yu. XaBoTar 1 1 1862 1 1
k-k Camaxypran k. Okrenmna 1 1 8 640 1 4
Xne63aBon noc.Hay 1 1 1485 1 1
Tloc Haycenpmamn 1 1 2124 1 1
Paifarponpomrexcuab noc. Has 1 1 1965 1 1
Subtotal: 18 18 118 457 18 56
Jabor Rasulov VBK Ilponerapck 1 1 12 660 1 6
Xion3aBoa 1 0 389 0 0
Sturukunuiak AO TypauGoes 1 0 370 0 0
Surukunuiak AO TypauGoes 1 1 692 1 1
Kupnusslii 3aBoj 1 0 182 0 0
1IPB 1 0 491 0 0
[I1® IMapannanapsap Jurmoit 1 0 390 0 0
O6aTy6601bHNIA 1 1 1000 1 1
JloM UHBaIIMI0B 1 0 420 0 0
T10 Iapananapsap -k JIurmoit 1 1 1089 1 1
XPIIM noc. IIponerapck 1 1 950 1 1
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AO CamaroB yu. SIHTOK30p JUK. SIHTHXAET 1 1 1500 1 1
yu.Yupuk 1 1 5840 1 3
AO Typaun6oes Tampkukaba 1 1 1705 1 1
KOOII urmoit k-k Kynan6om 1 1 1 000 1 1
I'ynakanno3 AO "k-x CamajoB" 1 1 2980 1 2
noc. [Tponerapck XKJIC 1 0 482 0 0
Subtotal: 17 10 32140 10 18
Penjakent MITYBK r.Ilenmxukent 1 1 35475 1 15
JUK. AMOH/apa K-k Maiikarra 1 1 890 1 1
jux.Epn k-x Epn 1 1 2980 1 2
Bogonposoy lanikar k. Pynakn 1 0 138 0 0
noc. Corana CIT "3apadman” k-k Ouiamangap 1 1 4980 1 2
Juk. X.Xacan k-k Illypua 1 1 1220 1 1
k. Konxosuuen k-k HaBaGan 1 1 2350 1 1
K-K Mapruznap 1 1 980 1 1
Bogonposoy LlypHosa k-k UnMmkypraxn 1 0 450 0 0
BOJIONPOBOJ UnMKyprax 1 0 389 0 0
Bogonposog MI'PD 1 1 2231 1 1
oK. Cymxuso yu. Jlamr 1 1 2120 1 1
Bostonpoost Masap u Konxosuunen 1 1 1670 1 1
oK. Pynaku k-x Heknor 1 0 193 0 0
k-k CoBerobaji k. Bapy 1 1 3008 1 2
BOJONPOBOJ Moruex 1 1 4156 1 2
Sor 1 1 2094 1 1
Amondara 1 1 2008 1 1
Subtotal: 18 14 67332 14 32
Istravshan VYpa-tio6e YBK 1 1 71237 1 29
Canat-Xapotar 1 1 180 0 0
TCXT n.Mcrapasian 1 0 0 0 0
Iaucuonar 1 0 345 0 0
ATK Ne3 noc Ucrpasuian 1 1 2100 1 1
MIIMK 1 0 259 0 0
c-3 Ypa-Tro6e k. K-Kanon 1 1 5772 1 3
c-3 MockBa MT® 1 0 83 0 0
ATII-36 noc. Ucrpasian 1 1 10 004 1 5
k. Yopbor 1 1 2361 1 1
¢-3 20 TTapr cwesn k. ynuzapn 1 1 2534 1 2
k. ToGkoH 1 1 2544 1 2
¢-3 Yanaes k. Boror 1 1 5687 1 3
c-3 Poxu Jlenun . Maxanusun 1 1 13 872 1 6
ITunepadbpuka 1 0 256 0 0
s-z Kommunist k. Kypranua 1 1 1579 1 1
s-z Istravshan YXPCY 1 0 0 0 0
s-z Istravshan YXPCY 1 0 0 0 0
Subtotal: 18 11 118 813 10 53
Gafurova Bogonposoa Bunzasox 0 0 450 0 0
Oxapuk 2 0 0 480 0 0
k-X Y6aiiaynnoes. yu. Kataran 1 0 110 0 0
Ilymaykyp 1 1 58 000 1 24
Pacymnuen 1 1 1200 1 1
J1. XonmaToB 1 0 490 0 0
yu. Kanununa ITYBK 1 1 1990 1 1
VHun yd. AHapuK 1 0 350 0 0
Kk-x Jlxymaesa Hcnucop 1 1 2112 1 1
r.l'apyposa AOOT O6u Poxar 1 0 96 0 0
K-X Muuypun jxamoar A-Kanbaua 1 1 780 1 1
K-X bo6okanonos k. ['o3uen 1 1 1218 1 1
r.l'apypoBa AOOT Kompon 1 1 980 1 1
Jok.Kucrakys AO "Asuzosa u Tamkukucran " 1 1 4302 1 2
Kucrakys AO "lllap6atn Kucrakos " 1 0 0 0 0
ok ITaxTakop yu.Jl. Xonmaros 1 0 380 0 0
k. Mcmonnos k-x Kymaros 1 0 158 0 0
Taboshari city Tancait 1 1 7770 1 4
Takmak 1 1 5283 1 3
VYTkeHcy 1 1 2715 1 2
Chkalovsk city VIKKX 1 1 25200 1 11
Kayrakum city VBK Kaiipokym 1 1 12 490 1 5
MXKKX 1 1 650 1 1
noc. Kancait 1 1 4800 1 2
noc. Yoiipyx-/laiipox 1 1 3900 1 2
1oc. AxpacMaH 1 1 1 800 1 1
1oc. AJITHTONKAH 1 1 6000 1 3
ATPY B. ITocenok AnTHHTONKaH 1 0 110 0 0
ATPY H. Ilocenok AnTuHTONKAaH 1 0 275 0 0
Khujand city T'VII Bonokanan Huxe 34 Mukpopaiona 1 1 29 000 1 12
JIT O6epu 1 1 2 600 1 2
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T'VII Bonokanan nuxe 18 Mukpopaiiona 1 1 29 000 1 12
Subtotal: 30 21 204 689 21 92
Shakhristan kunuiak Capoou OJIX 1 1 2253 1 1
K-k Kankyx 1 1 778 1 1
k-k Kaxop Kunron 1 1 2033 1 1
K-k Byparen 1 0 472 0 0
Kopobu Kymkypran 1 1 2480 1 1
K-k Ilaxpucran Macio3aBos 1 0 0 0 0
KommyHanbHblIi Bogomnp. 1 1 2 860 1 2
Subtotal: 7 5 10 876 5 6
Kuhistoni Mastchonskiy 0 0 0 0 0
Subtotal: 0 0 0 0 0
GBAO 12 12 49 942 13 24
Shugnon Benomcrennslii 1 1 3957 1 2
Khorog city KommyHanbHbIH BoJ0NpOBO 1 1 2870 1 2
KomMyHabHbIH BOIOIIPOBOJ 1 1 13 560 1 6
Benomcreennbiii MMK 1 1 2612 1 2
Asponopt BejoMmcTBeHHbII 1 0 980 1 0
Benomcrsennsiii ICY 1 1 2008 1 1
O6:1. Bonphuna 1 1 650 1 1
Subtotal: 7 6 26 637 7 14
Murgab KoMMyHabHbIiT BOIOTIPOBO 0 1 4310 1 0
Subtotal: 0 1 4310 1 0
Ishkashim KoMMyHabHBIiT BOIOTIPOBO 1 1 2698 1 2
Subtotal: 1 1 2698 1 2
Roshtkalla Kommynanbublii BOAOIPOBOI 1 1 3544 1 2
Subtotal: 1 1 3544 1 2
Rushon KommyHaibHbIi BoAOIPOBO 1 1 4993 1 2
Subtotal: 1 1 4993 1 2
Vanj KommyHasbHbli BoA0IPOBOL 1 1 3650 1 2
Subtotal: 1 1 3650 1 2
Darvoz KommyHanbHbIiH Bog0NpOBO 1 1 4110 1 2
Subtotal: 1 1 4110 1 2
TJIK 508 516 3245 005 517 1336

a

TYPE = type of water-supply technology (defined in Section 4.2). SIZE = “0” for water supplies serving fewer than 500 people, and
“1” for supplies serving more.
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Annex 3. Soviet standard GOST 2874-82 “drinking-water” *

Microbiological and related parameters

Parameter Unit WHO guideline value National standard
Thermotolerant coliforms cfu/100 ml 0 0
Faecal streptococci cfu/100 ml 0 0
Turbidity ® NTU <1 for chlorination 1.5 mg/l
<5 for drinking
pH 6.0-9.0
Chlorine free mg/1 0.3-0.5
Chlorine total mg/1 0.8-1.2

Physical and chemical parameters

Parameter Unit WHO guideline value National standard

Appearance Acceptable

Conductivity ° pS/cm 1.4

Iron (Fe) ® mg/l 0.3 0.3
Nitrate (NOs) mg/1 50 45
Arsenic (As) mg/1 0.01 0.05
Fluoride (F) mg/1 1.5 0.7
Copper (Cu) mg/1 2.0 1.0

a

The hygienic requirements and quality control standards issued by the USSR National Standards Committee on 18 October 1982 are still
used in Tajikistan as the national standards. cfu = colony-forming unit.

There is no guideline value. The values for iron, turbidity and conductivity were adopted because drinking-water is acceptable at these
values. The values were used in the RADWQ project. pS = microSiemens.

b
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Annex 4.  Steps of the RADWQ survey
Primary stratification®
Technology category Population Included Reasons for including or Primary
served in excluding stratification
RADWQ number
STAT INV
(%) (%)

Utility piped supplies 58.9 41.8 YES Improved technology: MORE than 5% of 1282
population

Community-managed piped supplies 0.0 0.0 NO Improved technology: LESS than 5% of 0
population

Boreholes or tubewells 1.4 1.4 NO Improved technology: LESS than 5% of 0
population

Protected dug wells 22 22 NO Improved technology: LESS than 5% of 0
population

(Protected) springs 9.6 10.4 YES Improved technology: MORE than 5% of 318
population

Transported water 2.4 24 NO Improved technology: LESS than 5% of 0
population

Community rainwater systems 0.0 0.0 NO Improved technology: LESS than 5% of 0
population

Open sources (rivers, channels, 25.5 41.8 NO Unimproved technology according to 0

ariks) IMP

Totals 100.0 100.0 1 600

a

Secondary stratification

INV = data derived from the rayon database. STAT = data derived from the republican SES.

Broad Utility piped supplies Protected springs
area
2 RADWQ Proportion Sec. Strat. Cluster Weeks or Household RADWQ Proportion Sec. Strat. Cluster Weeks or Household
(oblast) " . .
number (%) No. size  clusters samples number (%) No. size  clusters samples
required required

RRS & 526 394 253 30 9 5.0 444 33.9 108 20 6 2.0
Dushanbe
Khatlon 359 26.9 173 20 9 3.0 420 32.1 103 15 2.0
Sughd 427 32.0 205 20 11 4.0 189 14.4 46 15 1.0
GBAO 24 1.8 12 12 1 1.0 256 19.6 63 12 1.0
Totals 1336 100.0 643 30 13 1309 100.0 320 23 6

a

stratification number.

Total team weeks

Utility piped supply 1st sampling round

Utility piped supply 2nd sampling round

Protected spring

Total weeks for field implantation

(83 weeks with 4 teams)

83
30
30
23
21
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Selection of sampling units or rayons by proportional weighting
Example: utility piped supply in broad area 1 (RRS & Dushanbe)

Clusters required: 9
Cluster size: 30
Total number: 526
Sampling interval: 58.4
Random number: 12

Proportional weighting table Proportional weighting table

(original) (consolidated)*
Map Rayon RADWQ Cumulative Map Rayon or RADWQ Cumulative
no. number number no. geographical area number number
6 Dushanbe 240 240
3 Darband

1 Garm 9 249 8 Fayzabad

5 Gissar 37 286 7 Kofarnigan 46 46

2 Jirgital 21 307 10 Rogun

o 13 Tavildara

6 Leninskiy 73 380

10 Rogun 4 384 6 Dushanbe 240 286

7 Kofarnigan 24 408 1 Garm

4 Tursunzade 70 478 2 Jirgital 39 325

8  Fayzabad 12 490 11 Tajikabad

3 Darband 494 5 Gissar

9 Varzob 496 12 Shakhrinau 58 383

13 Tavildara 498 9  Varzob

11 Tajikabad 507 6 Leninskiy 73 456
12 Shakhrinau 19 526 4 Tursunzade 70 526

Data in the consolidated table were used to select the sampling units. Rayons in the original version of the table, in which the number
of supply zones was below the cluster size, were consolidated into one geographical area by merging with neighbouring rayons, to
give the consolidated version of the table. The order of rayons or geographical areas was set alphabetically in the consolidated version
of the table.

Cluster no. for Calculation for Rayon Samples per
UPS in broad proportional weighting rayon
areal®

1 12 Darband/Tavildara/Rogun/Fayzabad/Kofarnigan 30

2 70.4 Dushanbe 30

3 128.9 Dushanbe 30

4 187.3 Dushanbe 30

5 245.8 Dushanbe 30

6 304.2 Garm/Jirgital/Tajikabad 30

7 362.7 Gissat/Varzob/Shakhrinau 30

8 421.1 Leninskiy 30

9 479.6 Tursunzade 13

a

UPS = utility piped supply.
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Rayons included in the RADWQ survey *

Broad area  Technology  Cluster Rayon/Sampling area Samples per
number cluster
RRS & Dushanbe  UPS 1 Darband/Tavildara/Rogun/Fayzabad/Kofarnigan 30
RRS & Dushanbe UPS 2 Dushanbe 30
RRS & Dushanbe UPS 3 Dushanbe 30
RRS & Dushanbe ~ UPS 4 Dushanbe 30
RRS & Dushanbe =~ UPS 5 Dushanbe 30
RRS & Dushanbe ~ UPS 6 Garm/Jirgital/Tajikabad 30
RRS & Dushanbe  UPS 7 Gissar/Varzob/Shakhrinau 30
RRS & Dushanbe  UPS 8 Leninskiy 30
RRS & Dushanbe UPS 9 Tursunzade 13
RRS & Dushanbe PS 10 Darband/Rogun 18
RRS & Dushanbe PS 11 Fayzabad 18
RRS & Dushanbe  PS 12 Garm/Jirgital 18
RRS & Dushanbe ~ PS 13 Gissar 18
RRS & Dushanbe PS 14 Shakhrinau/Tursunzade 18
RRS & Dushanbe  PS 15 Varzob 18
Khatlon UPS 1 Bokhtar 20
Khatlon UPS 2 Dangara/Farkhor 20
Khatlon UPS 3 Gozimalik/Khoja Maston/Yavan 20
Khatlon UPS 4 Khovaling/Muminabad/Shurabad 20
Khatlon UPS 5 Kulyab 20
Khatlon UPS 6 Moskovskiy 20
Khatlon UPS 7 Moskovskiy 20
Khatlon UPS 8 Sarband/Vakhsh 20
Khatlon UPS 9 Vosse 13
Khatlon PS 10 Baldjuvan 15
Khatlon PS 11 Baldjuvan 15
Khatlon PS 12 Khovaling 15
Khatlon PS 13 Khovaling 15
Khatlon PS 14 Moskovskiy/Shurabad 15
Khatlon PS 15 Muminabad 15
Khatlon PS 16 Sovietskiy 13
Sughd UPS 1 Asht 20
Sughd UPS 2 Gafurova 20
Sughd UPS 3 Gafurova 20
Sughd UPS 4 Ganchi 20
Sughd UPS 5 Ganchi 20
Sughd UPS 6 Isfara/Kanibadam 20
Sughd UPS 7 Istravshan/Zafarabad 20
Sughd UPS 8 Jabor Rasulov/Nauskiy 20
Sughd UPS 9 Jabor Rasulov/Nauskiy 20
Sughd UPS 10 Matchinskiy 20
Sughd UPS 11 Penjakent 5
Sughd PS 12 Asht/Gafurova/Matchinskiy 15
Sughd PS 13 Ganchi/Shakhristan/Nauskiy/Jabor Rasulov 15
Sughd PS 14 Kuhistoni Mastchonskiy 15
Sughd PS 15 Penjakent 1
GBAO UPS 1 Shugnon/Ishkashim/Roshtkalla/Rushon/Vanj/Darvoz 12
GBAO PS 2 Darvoz 12
GBAO PS 3 Darvoz 12
GBAO PS 4 Roshtkalla 12
GBAO PS 5 Rushon 12
GBAO PS 6 Rushon 12
GBAO PS 7 Vanj 3

a

GBAO = Gorno-Badakhshan Autonomous Oblast. PS = protected spring. RRS = rayons under direct republican subordination.
UPS = utility piped supply.
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Annex 5.

Field-team members ?*

Field team Name Position in the project

RRS & Dushanbe Nasurdinov, Rakhmonali Bacteriologist
Babadjanova, Sara Bacteriologist
Baronina, Ekaterina Chemist

Sughd Mavlyuda, Domulodjanova Chemist
Mumina, Dadabaeva Bacteriologist

Khatlon Saidalieva, Sharifamoh Bacteriologist
Yakubova, Menzifa Chemist

GBAO Salomatshoeva, Mukhabbat Chemist
Sharifkhonova, Mavzuna Bacteriologist

a
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Annex 6.

Example of a sampling plan for field teams *

WSS Nr. Country Oblast Oblast Name of cluster (Rayon) Cluster S Sampl Sampling Samp Appearance TTCFS ClI Cl NO3AsCu
code code code  code type rounds day Turbidity freetotal F
pH Fe
Conductivity

TIK40101 TJK GBAO 4  Shugnon/Ishkashim/Roshtkalla/Rushon/Vanj/Darvoz 01 01 UPS 2 Mon 1 1 1 1 1 1
TIK40102 TIK GBAO 4  Shugnon/Ishkashim/Roshtkalla/Rushon/Vanj/Darvoz 01 02 UPS 2 Mon 1 1 1 1
TIK40103 TIJK GBAO 4  Shugnon/Ishkashim/Roshtkalla/Rushon/Vanj/Darvoz 01 03 UPS 2 Mon 1 1 1 1
TIK40104 TIK GBAO 4  Shugnon/Ishkashim/Roshtkalla/Rushon/Vanj/Darvoz 01 04 UPS 2 Tue 1 1 1 11
TIK40105 TIK GBAO 4  Shugnon/Ishkashim/Roshtkalla/Rushon/Vanj/Darvoz 01 05 UPS 2 Tue 1 1 1 1
TIK40106  TIK GBAO 4  Shugnon/Ishkashim/Roshtkalla/Rushon/Vanj/Darvoz 01 06 UPS 2 Tue 1 1 1 1
TIK40107  TIK GBAO 4  Shugnon/Ishkashim/Roshtkalla/Rushon/Vanj/Darvoz 01 07 UPS 2 Tue 1 1 11 11
TJIK40108 TJK GBAO 4  Shugnon/Ishkashim/Roshtkalla/Rushon/Vanj/Darvoz 01 08 UPS 2 Wed 1 1 1 1
TIK40109 TJK GBAO 4  Shugnon/Ishkashim/Roshtkalla/Rushon/Vanj/Darvoz 01 09 UPS 2 Wed 1 1 1 1
TIK40110 TJK GBAO 4  Shugnon/Ishkashim/Roshtkalla/Rushon/Vanj/Darvoz 01 10 UPS 2 Wed 1 1 1 1 1
TIK40111 TIJK GBAO 4  Shugnon/Ishkashim/Roshtkalla/Rushon/Vanj/Darvoz 01 11 UPS 2 Wed 1 1 1 1
TIK40112 TIK GBAO 4  Shugnon/Ishkashim/Roshtkalla/Rushon/Vanj/Darvoz 01 12 UPS 2 Thu 1 111 1
TIK40113  TIK GBAO 4  Shugnon/Ishkashim/Roshtkalla/Rushon/Vanj/Darvoz 01 13 Household 1 2 Thu 1 1 1 1 1 11
TIK40114  TIK GBAO 4  Shugnon/Ishkashim/Roshtkalla/Rushon/Vanj/Darvoz U 14 Houschold 2 2 Thu 1 1 1 1 11
TIK40115  TIK  GBAO 4  Shugnon/Ishkashim/Roshtkalla/Rushon/Vanj/Darvoz U 15 Houschold 3 2 Fri 1 1 1 111
TIK40116 TIK GBAO 4  Shugnon/Ishkashim/Roshtkalla/Rushon/Vanj/Darvoz 01 16  Houschold 4 2 Fri 1 1 1 1 11
TIK40117 TIK GBAO 4  Shugnon/Ishkashim/Roshtkalla/Rushon/Vanj/Darvoz 01 17 Household 5 2 Fri 1 1 1 1 11
TIK40201 TIJK GBAO 4 Darvoz 02 01 PS 1 Mon 1 1 11
TJK40202 TIK GBAO 4 Darvoz 02 02 PS 1 Mon 1 1 1
TJK40203 TIK GBAO 4 Darvoz 02 03 PS 1 Mon 1 1 1
TIK40204 TIK GBAO 4 Darvoz 02 04 PS 1 Tue 1 1 11
TIK40205 TIK GBAO 4 Darvoz 02 05 PS 1 Tue 1 1 1
TIK40206 TIJK GBAO 4 Darvoz 02 06 PS 1 Tue 1 1 1
TIK40207 TIJK GBAO 4 Darvoz 02 07 PS 1 Wed 1 1 11
TIK40208 TIK GBAO 4 Darvoz 02 08 PS 1 Wed 1 1 1
TIK40209 TIK GBAO 4 Darvoz 02 09 PS 1 Wed 1 1 1
TJK40210 TIK GBAO 4 Darvoz 02 10 PS 1 Thu 1 1 11
TJK40211 TIK GBAO 4 Darvoz 02 11 PS 1 Thu 1 1 1
TIK40212 TIK GBAO 4 Darvoz 02 12 PS 1 Thu 1 1 1 1
TIK40301 TJK GBAO 4 Darvoz 03 01 PS 1 Mon 1 1 11
TIK40302 TJK GBAO 4 Darvoz 03 02 PS 1 Mon 1 1 1
TIK40303 TIK GBAO 4 Darvoz 03 03 PS 1 Mon 1 1 1
TIK40304 TIK GBAO 4 Darvoz 03 04 PS 1 Tue 1 1 11
TIK40305 TIK GBAO 4 Darvoz 03 05 PS 1 Tue 1 1 1
TIK40306 TIK GBAO 4 Darvoz 03 06 PS 1 Tue 1 1 1
TIK40307 TIK GBAO 4 Darvoz 03 07 PS 1 Wed 1 1 11
TJK40308 TIK GBAO 4 Darvoz 03 08 PS 1 Wed 1 1 1
TIK40309 TIJK GBAO 4 Darvoz 03 09 PS 1 Wed 1 1 1
TIK40310 TJK GBAO 4 Darvoz 03 10 PS 1 Thu 1 1 11
TIK40311 TIK GBAO 4 Darvoz 03 11 PS 1 Thu 1 1 1
TIK40312 TIK GBAO 4 Darvoz 03 12 PS 1 Thu 1 1 1 1
TJK40401 TIK GBAO 4 Roshtkalla 04 01 PS 1 Mon 1 1 11
TJK40402 TIK GBAO 4 Roshtkalla 04 02 PS 1 Mon 1 1 1
TJK40403 TIK GBAO 4 Roshtkalla 04 03 PS 1 Mon 1 1 1
TIK40404 TIK GBAO 4 Roshtkalla 04 04 PS 1 Tue 1 1 11
TIK40405 TIJK GBAO 4 Roshtkalla 04 05 PS 1 Tue 1 1 1
TIK40406 TIJK GBAO 4 Roshtkalla 04 06 PS 1 Tue 1 1 1
TIK40407 TIK GBAO 4 Roshtkalla 04 07 PS 1 Wed 1 1 11
TIK40408 TIK GBAO 4 Roshtkalla 04 08 PS 1 Wed 1 1 1
TJK40409 TIK GBAO 4 Roshtkalla 04 09 PS 1 Wed 1 1 1
TJK40410 TIK GBAO 4 Roshtkalla 04 10 PS 1 Thu 1 1 11
TJK40411 TIK GBAO 4 Roshtkalla 04 11 PS 1 Thu 1 1 1
TIK40412 TIJK GBAO 4 Roshtkalla 04 12 PS 1 Thu 1 1 1 1
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WSS Nr. Country Oblast Oblast Name of cluster (Rayon) Cluster 1 Sampl S ling S: ling Appearance TTCFS ClI Cl NO3AsCu

code code code code type rounds d;y Turbidity freetotal F
pH Fe
Conductivity
TIK40501 TIK GBAO 4 Rushon 05 01 PS 1 Mon 1 1 11
TIK40502 TIJK GBAO 4 Rushon 05 02 PS 1 Mon 1 1 1
TIK40503 TJK GBAO 4 Rushon 05 03 PS 1 Mon 1 1 1
TIK40504 TIK GBAO 4 Rushon 05 04 PS 1 Tue 1 1 11
TIK40505 TIK GBAO 4 Rushon 05 05 PS 1 Tue 1 1 1
TIK40506 TJK GBAO 4 Rushon 05 06 PS 1 Tue 1 1 1
TIK40507 TJK GBAO 4 Rushon 05 07 PS 1 Wed 1 1 11
TIK40508 TIK GBAO 4 Rushon 05 08 PS 1 Wed 1 1 1
TIK40509 TIK GBAO 4 Rushon 05 09 PS 1 Wed 1 1 1
TIK40510 TJK GBAO 4 Rushon 05 10 PS 1 Thu 1 1 11
TIK40511 TIJK GBAO 4 Rushon 05 11 PS 1 Thu 1 1 1
TIK40512 TIK GBAO 4 Rushon 05 12 PS 1 Thu 1 11 1
TIK40601 TJK GBAO 4 Rushon 06 01 PS 1 Mon 1 1 11
TIK40602 TJK GBAO 4 Rushon 06 02 PS 1 Mon 1 1 1
TIK40603 TIK GBAO 4 Rushon 06 03 PS 1 Mon 1 1 1
TIK40604 TIK GBAO 4 Rushon 06 04 PS 1 Tue 1 1 11
TIK40605 TIK GBAO 4 Rushon 06 05 PS 1 Tue 1 1 1
TIK40606 TIK GBAO 4 Rushon 06 06 PS 1 Tue 1 1 1
TIK40607 TIK GBAO 4 Rushon 06 07 PS 1 Wed 1 1 11
TIK40608 TIK GBAO 4 Rushon 06 08 PS 1 Wed 1 1 1
TIK40609 TJK GBAO 4 Rushon 06 09 PS 1 Wed 1 1 1
TIK40610 TJK GBAO 4 Rushon 06 10 PS 1 Thu 1 1 11
TIK40611 TIK GBAO 4 Rushon 06 11 PS 1 Thu 1 1 1
TIK40612 TIK GBAO 4 Rushon 06 12 PS 1 Thu 1 11 1
TIK40701  TIK GBAO 4 Vanj 07 01 PS 1 Mon 1 1 11
TIK40702 TIK GBAO 4 Vanj 07 02 PS 1 Mon 1 1 1
TIK40703 TIK GBAO 4 Vanj 07 03 PS 1 Tue 1 1 1
TIK40704 TIK GBAO 4 Vanj 07 04  Household 1 1 Tue 1 1 11
TIK40705 TIK GBAO 4 Vanj 07 05  Household 2 1 Wed 1 1 11
TIK40706 TIK GBAO 4 Vanj 07 06  Household 3 1 Wed 1 1 11
TIK40707 TIK GBAO 4 Vanj 07 07  Household 4 1 Thu 1 1 11
TIK40708 TIK GBAO 4 Vanj 07 08  Household 5 1 Thu 1 1 11

a

FS = faecal streptococci. GBAO = Gordo-Badakhshan Autonomous Oblast. PS = protected spring. TTC = thermotolerant coliforms.
UPS = utility piped supply. The country, oblast, cluster and sample codes are defined at the end of Section 2.3.
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Annex 7.

Fieldwork plan

Initial fieldwork plan

Project
weJe K Team "RRS" Team "Khatlon" Team "Sughd" Team "GBAO"
1 RRS Cluster 02 GBAO Cluster 02 GBAO Cluster 04 GBAO Cluster 01
Round 1 Round 1
2 RRig&‘;Ztﬁr 03 GBAO Cluster 03 GBAO Cluster 07 GBAO Cluster 05
RRS Cluster 04 Khatlon Cluster 01 Sughd Cluster 02
3 Round 1 Round 1 Round 1 GO Cluster 0
4 RRS Cluster 05 Khatlon Cluster 08 Sughd Cluster 03 GBAO Cluster 01
Round 1 Round 1 Round 1 Round 2
5 RRS Cluster 08 Khatlon Cluster 02 Sughd Cluster 01 RRS Cluster 06
Round 1 Round 1 Round 1 Round 1
Khatlon Cluster 03 Khatlon Cluster 01 Sughd Cluster 10
6 Round 1 Round 2 Round 1 R e 12
RRS Cluster 07 Khatlon Cluster 08 RRS Cluster 01
7 Round 1 Round 2 sl Clsiee 12 Round 1
Khatlon Cluster 02 Sughd Cluster 02
8 RRS Cluster 13 Round 2 Round 2 RRS Cluster 10
9 RRS Cluster 15 Khatlon Cluster 05 Sughd Cluster 03 RRS Cluster 11
Round 1 Round 2
10 RRS Cluster 09 Khatlon Cluster 09 Sughd Cluster 01 RRS Cluster 01
Round 1 Round 1 Round 2 Round 2
Khatlon Cluster 06 Sughd Cluster 10 RRS Cluster 06
1 RRS Cluster 14 Round 1 Round 2 Round 2
12 RRS Cluster 02 Khatlon Cluster 07 Sughd Cluster 08 Sughd Cluster 06
Round 2 Round 1 Round 1 Round 1
13 RRS Cluster 03 Khatlon Cluster 04 Sughd Cluster 09 Sughd Cluster 07
Round 2 Round 1 Round 1 Round 1
RRS Cluster 04 Sughd Cluster 04 Sughd Cluster 11
14 Round 2 ieilon Clvstiar L2 Round 1 Round 1
RRS Cluster 05 Sughd Cluster 05
15 Round 2 Khatlon Cluster 13 Round 1 Sughd Cluster 15
RRS Cluster 08 Sughd Cluster 11
16 Round 2 Khatlon Cluster 15 Sughd Cluster 13 Round 2
Khatlon Cluster 03 Khatlon Cluster 05 Sughd Cluster 08
17 Round 2 Round 2 Round 2 sl Ll 1l
13 RRS Cluster 07 Khatlon Cluster 09 Sughd Cluster 09 Sughd Cluster 06
Round 2 Round 2 Round 2 Round 2
19 RRS Cluster 09 Khatlon Cluster 06 Sughd Cluster 04 Sughd Cluster 07
Round 2 Round 2 Round 2 Round 2
20 Khatlon Cluster 10 iitlorn Clvitizir U7 S| € s 5 Khatlon Cluster 16
Round 2 Round 2
21 Khatlon Cluster 11 illonC rgiEr (s Khatlon Cluster 14
Round 2
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Actual fieldwork plan *

Project
weJe K Datre Team "RRS" Team '"Khatlon" Team ""Sughd" Team "GBAO"
1 18-24 Oct GBAO Cluster 04 GBAO Cluster 02 - Deployment in collective = GBAO Cluster 01
cotton picking work Round 1
2 25-31 Oct GBAO Cluster 07 GBAO Cluster 03 Deployment in collective - ;) cyyg1er 05
cotton picking work
3 1-7 Nov Deploymet}t in collective Deploymer'n in collective Deploymer'lt in collective GBAO Cluster 06
cotton picking work cotton picking work cotton picking work
4 S_14 N RRS Cluster 01 Deployment in collective Sughd Cluster 11 GBAO Cluster 01
ov Round 1 cotton picking work Round 1 Round 2
5 15221 Nov RRS Cluster 07 Khatlon Cluster 01 Sughd Cluster 14
Round 1 Round 1 :
: RRS Cluster 12
6 22-28 Nov RRS Cluster 10 LGEileCk i ECA Sughd Cluster 15
Round 1
RRS Cluster 01 Khatlon Cluster 02 & 03 Sughd Cluster 01 & 02
7 29 Nov=5 Dec Round 2 Round 1 Round 1
RRS Cluster 13
3 6-12D RRS Cluster 06 Khatlon Cluster 04 & 05 Sughd Cluster 10
ce Round 1 & Round 2 Round 1 Round 1
9 13-19 Dec RRS Cluster 07 Khatlon Cluster 06 & 07 g 14 Cluster 12 & 13 RRS Cluster 11
Round 2 Round 1
10 20-26 Dec S Khatlon Cluster 10 BTl RRS Cluster 15
Round 1 Round 1
11 27 Dec-2 Jan R Khatlon Cluster 11 e Clie O
Round 1 Round 1
12 3-9 Jan RRS Cluster 02 Khatlon Cluster 12 Sughd Cluster 09
Round 1 Round 1
13 10-16 Jan RRS Cluster 03 Khatlon Cluster 13 Sughd Cluster 04
Round 1 Round 1
14 17-23 Jan RRS Cluster 04 Khatlon Cluster 14 Sughd Cluster 05 & 07
Round 1 Round 1
15 24-30 Jan RRS Cluster 05 Khatlon Cluster 15 Sughd Cluster 06
Round 1 Round 1
16 31 Jan- 6 Feb RRS Cluster 08 & 09 Khatlon Cluster 16 Sughd Cluster 02
Round 2 Round 2
Khatlon Cluster 01 & 08 Sughd Cluster 03
17 7-13 Feb RRS Cluster 14 Round 2 Round 2 The GBAO field team
returned, but couldn't
18 14-20 Feb Khatlon Cluster 02 Sughd Cluster 08 continue the
RRS Cluster 02 Round 2 Round 2 assessment in RRS for
1o 2197 Feb Round 2 Khatlon Cluster 03 Sughd Cluster 09 (il o
—ehke Round 2 Round 2
20 28 Feb— 6 Mar Official holidays
21 13 M Khatlon Cluster 09 Khatlon Cluster 05 Sughd Cluster 01
B ar Round 2 Round 2 Round 2
RRS Cluster 03 Khatlon Cluster 04 Sughd Cluster 04 & 05
2 14-20 Mar Round 2 Round 2 Round 2
RRS Cluster 04 Khatlon Cluster 06 Sughd Cluster 06 & 07
23 21-27 Mar Round 2 Round 2 Round 2
24 28 Mar—3 Apr Sughd ClL(lister 10
RRS Cluster 05 Khatlon Cluster 07 Round 2
Round 2 Round 2 Su
ghd Cluster 11
25 4-8 Apr Round 2

a

All changes in cluster order were undertaken to finish the assessment in remote districts first. Acronyms: GBAO = Gordo-
Badakhshan Autonomous Oblast. RRS = rayons under direct republican subordination.
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Annex 8. Example of a monthly progress report

SEVENTH NARRATIVE REPORT

Rapid Drinking-Water Quality Assessment Project in Tajikistan
(15 February 2005)

I. BACKGROUND

The following points summarize the 6th Narrative Report (situation for 31 January 2005):

e Assessment in RRS continued from mid-January 2005 in Dushanbe city with 70 samples
taken. Of 674 planned analyses, 466 (69.1%) were implemented since the launch of the
project in the RRS broad area. The plan is to cover two clusters with 25 analyses over the next
two weeks (in Tursunzade and Varzob).

e Assessment in Sughd continued from mid-January in Ganchi Istravshan and Zafarabad
districts with 65 samples. In total, 280 out of 515 (54.3%) planned analyses in Sughd district
were implemented since the launch of the project. Over the next two weeks, the plan is to
finalize 55 analyses for three clusters (in Isfara and Gafurova districts).

o Assessment in Khatlon continued at the beginning of January 2005 with 48 analyses in
Moskovskiy, Shyrabad, Muminabad and Sovetskiy districts. In total, 253 analyses were
completed by 15 January 2005, with a further 48 analyses planned by mid-February.

e Results of 1121 analyses from four broad areas were available by 31 January 2005. The
data represented 62.98% of the total number of analyses (1780). Data was inserted into the
SanMan database and the forms filed.

¢ Monitoring field visits were undertaken over a two-week period (16-31 January 2005) by
Republican SES officials to:

- RRS (1 field trip undertaken by Gulom Erdanov, SES data manager).
- Khatlon (1 field trip undertaken by Sara Babadjanova, bacteriologist from the
Republican SES).

II. FIELD IMPLEMENTATION
Field teams continued working from 1 February 2005, according to workplans in the 6th Narrative
Report (summarized below):

Table1 Summarized field plan of analyses for three broad areas, for 1-15 February
2005

Week Broad area No. of UPS° samples No. of PS samples Total no. of analyses

1 RRS 0 25 25
2 Sughd 55 0 55
3 Khatlon 0 48 48

Totals 55 73 128

a

Acronyms: PS = protected spring. RRS = rayons under direct republican subordination. UPS = utility piped supply.

The tables below describe progress for the two weeks, 1-15 February 2005.
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1.

Assessment in RRS continued from 1 February 2005 in
Varzob, Tursunzade and Leninskiy districts, and covered

RRS oblast

the second round of 62 UPS and 11 PS analyses.

In total, 539 analyses have been completed in RRS, or
79.97% of the 674 analyses planned in this broad area.
Two laboratories were utilized during these two weeks,
and 73 analyses were completed instead of the 25 that

had been planned.
Table 2. Number of planned and completed analyses for the two weeks, 1-15 February
2005
No. Planned Completed
Cluster Districts  Type? No. of Cluster Districts  Type  No. of No. of Total no.
analyses samples rounds of
completed analyses
1 7 Varzob PS 14 Varzob UPS 14 2 14
2 14  Tursunzade PS 11 Leninskiy UPS 30 2 30
3 Tursunzade UPS 18 2 18
4 14  Tursunzade PS 11 11
Total: 25 Total: 73

a

PS = protected spring. UPS = utility piped supply.
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Table 3. Total number of analyses completed in RRS by 15 February 2005 *

# Implemented Remarks

Cluster District Type No. of No. of Total no. of
samples  rounds done  analyses

1 1 Darband 6 2
Tavilda 6 2
Rogun 6 2
Fayzabad 6 2
Kafernigan UPS 6 2 60
2 6 Garm 10 2
Jirgital 10 2
Tajikabad UPS 10 2 60
3 7 Gissar 11 2
Varzob 14 2
Shahrinav UPS 10 2 70
4 8 Leninskiy UPS 30 2 60
5 9 Tursunzade UPS 18 2 36
6 10 Darband 9
Rogun PS 9 18
7 11 Fayzabad PS 18 1 18
8 12 Jirgital 12
Garm PS 11 1 23
9 13 Gissar PS 18 1 18
10 14 Shahrinav 7
Tursunzade PS 11 1 18
11 15 Varzob PS 23 1 23
12 2 Dushanbe UPS 35 1 35
13 3 Dushanbe UPS 20 1 30
14 4 Dushanbe UPS 35 1 35
15 5 Dushanbe UPS 30 1 35
Total number of analyses completed: 539

a

PS = protected spring. RRS = rayons under direct republican subordination. UPS = utility piped supply.

The following analyses are planned by the end of February 2005 in the RRS broad area:
e Cluster 2: Dushanbe (35 UPS) 2nd round

2. Sughd oblast

Assessment in Sughd continued from 1 February 2005. In
Isfara, 10 first round samples were taken for UPS, and in
Gafurova, 45 second round UPS samples were taken. At
present, only 10 analyses have been submitted to the
Republican SES, but it is planned to send the other 45
samples in the coming days. Analyses have been
completed for 290 of the 515 (56.31%) planned in Sughd.
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Table 4. Number of planned and completed analyses for the two weeks, 1—15 February

2005
No. Planned Implemented
Cluster  Districts Type?  No.of | Cluster Districts Type  No. of No. of  Total no.
analyses samples  rounds of
done analyses
1 2 Gafurova  UPS 20 6 Isfara UPS 10 1 10
2 3 Gafurova UPS 25
3 6 Isfara UPS 10
Total: 45 Total: 10
: UPS =utility piped supply.
Table 5. Total number of analyses completed in Sughd by 15 February 2005
No. Implemented Remarks
Cluster Districts Type ? No. of No. of Total no. of
samples  rounds done analyses
1 1 Asht UPS 20 1 20
2 2 Gafurova UPS 20 1 20
3 3 Gafurova UPS 25 1 25
4 4 Ganchi UPS 20 1 20
5 5 Ganchi UPS 25 1 25
Kanibadam
6 6 Isfara UPS 20 1 20
Istravshan
7 Zafarabad UPS 20 1 20
Jabor Rasulov
8 Naunskiy UPS 25 1 25
Jabor Rasulov
9 Naunskiy UPS 20 1 20
10 Matcha UPS 20 1 20
11 Penjakent UPS 10 1 10
Asht
Matcha
7 12 Gafurova PS 15 1 15
Ganchi
Shahristan
Nauskiy
8 13 Jabor Rasulov  PS 15 1 15
Kuhistoni
9 14 Matchonskiy PS 15 1 15
10 15 Penjakent PS 20 1 20
Total number of analyses completed: 290

a

PS = protected spring. UPS = utility piped supply.
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The following analyses are planned by the end of the
month:
e Cluster 2: Gafurova (20 UPS) 2nd round results to
be submitted.
e Cluster 3: Gafurova (25 UPS) 2nd round results to
be submitted.
e Cluster 1: Asht (20 UPS) 2nd round.

3. Khatlon oblast

The assessment in Khatlon was ongoing from the beginning of February in Moskovskiy & Shurabad,
Muminabad and Sovetskiy districts. The results were delayed, but are planned to be finalized by the
7th narrative report. In total, 346 analyses of 489 planned (70.76%) have been completed in Khatlon.

Table 6. Number of planned and completed analyses between 16 January and 15

February 2005
No. Planned Implemented

Cluster ~ Districts  Type ® No.of [Cluster Districts  Type  No. of No. of  Total no.

samples samples  rounds of
analyses

Moskosvkiy Moskosvkiy

1 14 Shurabad PS 15 14 Shurabad PS 15 1 15

2 15 Muminabad PS 15 15 Muminabad PS 15 1 15

3 16 Sovetskiy PS 18 16  Sovetskiy PS 18 1 18

1 Bokhtar  UPS 20 2n 20

Sarband
8  Vakhsh UPS 25 2 25
Total: 48 Total: 93

a

PS = protected spring; UPS = utility piped supply.
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Table 7. Total number of analyses completed in Khatlon by 15 February 2005

No. Implemented Remarks
Cluster Districts Type ? No. of No. of Total no. of
samples rounds analyses
1 1 Bokhtar UPS 20 2 40
Dangara
2 2 Farhor UPS 20 1 20
Gozimalik
Khoja Maston
3 3 Yavan UPS 25 1 25
Khovaling
Muminabad
4 4 Shurabad UPS 20 1 20
5 5 Kulyab UPS 25 1 25
6 6 Moskovskiy UPS 20 1 20
7 7 Moskovskiy UPS 20 1 20
Sarband
8 8  Vakhsh UPS 25 2 50
9 9 Vosse UPS 13 1 13
10 10 Baljuvan PS 15 1 15
11 11 Baljuvan PS 15 1 15
12 12 Khovaling PS 15 1 15
13 13 Khovaling PS 20 1 20
Moskovskiy
14 Shurabad PS 15 1 15
15 Muminabad PS 15 1 15
16 Sovetskiy PS 18 1 18
Total no. analyses completed: 346

a

PS = protected spring. UPS = utility piped supply.

The following analyses are planned by the end of the month:
e Cluster 3: Gozimalik. Khoja-Maston, Yavan (25 UPS) 2nd round.

The planned and completed analyses for 15 February 2005, as well as the percentage of completed
analyses, are shown in Table 8 for each broad area.

Table 8. Total number of planned and completed analyses

No. Broad area Total no. of Actual no. of analyses Completed
analyses completed by 31 analyses

January 2005 (% of total)
1 GBAO? 102 102 100.0
2 RRS & Dushanbe 674 539 80.0
3 Sughd 515 290 56.3
4 Khatlon 489 346 70.8
Total: 1780 1277 71.7

a

GBAO = Gordo-Badakhshan Autonomous Oblast. RRS = rayons under direct republican subordination.
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Remarks:
The Sughd team is continuing the assessment in Gafurova and should have the results in the coming days. The
number of analyses shown in the table are the actual number of results available.

Table 9. Number of completed analyses, compared to the number completed in the
previous narrative reports

No. Broad Total No. and proportion of completed analyses in the narrative reports
area no. of
analyses
planned 2nd (%) 3rd (%) 4th (%) 5th (%) 6th (%) 7th (%)
1 GBAO? 102 102 100.0 102 100.0 102 100.0 102 100.0 102 100.0 102 100.0
2 RRS 674 183 27.2 218 323 331 49.1 396 588 466 69.1 539 80.0
3 Sughd 515 50 9.7 135 26.2 170 33.0 215 41.7 280 544 290 56.3
4 Khatlon 489 0 0.0 148 30.3 218 44.6 253 51.7 253 51.7 346 70.8
Total: 1780 335 188 603 339 821 46.1 966 543 1101 63.0 1277 71.7

a

GBAO = Gordo-Badakhshan Autonomous Oblast. RRS = rayons under direct republican subordination.

III. MONITORING

Within the two-week period only one monitoring visit was
undertaken by Pirnazar Shodmonov (head of the sanitary
department) to Tursunzade and Varzob districts.
Nevertheless, the field teams continue to call UNICEF and
SES for consultation, as when Khatlon and RRS teams
visited the UNICEF office for consultations on quality
control procedures. The field teams now follow quality-
control procedures and submit completed forms regularly.

The main difficulties during this period related to the

winter. The field teams emphasized the difficulty in reaching sources, especially springs, even with a
car. In Tursunzade district, for example, the team had to leave the car and walk up the mountains to
get the water sample.
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Annex 9. Project budget®
No. Description of expense Expense
First budget instalment: October—December 2004 (3 months)
Sanitary inspection training
1 Transportation 1548.14
2 Coffee-break 137.00
3 Stationery 45.00
4 DSA 828.00
Assessment in GBAO
5 Transportation: car rent 4 073.00
6 DSA 2208.00
Meeting on discussion of first results in Dushanbe
7 Transportation: GBAO - Dushanbe - GBAO 851.00
8 Coffee-break 137.00
9 DSA 828.00
Assessment in Dushanbe and RRS
10 Transportation: car rent 7296.00
11 DSA 14 536.00
Assessment in Sughd
12 Transportation: car rent 2 736.00
13 DSA 2208.00
14 Personnel incentives 5193.00
Subtotal (TJS) 42 624.14
Subtotal (USD) 14 021.00
Second budget instalment: January—March 2005 (3 months)
Assessment in Dushanbe and RRS
1 Transportation expenses 3672.00
2 DSA 2 019.80
Assessment in Sughd
3 Transportation expenses 8 446.56
4 DSA 6 242.40
Assessment in Khatlon
5 Transportation expenses 3672.00
6 DSA 3121.20
7 Personnel incentives 3396.60
Subtotal (TJS) 30 570.56
Subtotal (USD) 9990.38
Third budget instalment: April-May 2005 (1.5 months)
Assessment in Dushanbe and RRS
1 Transportation expenses 1 224.00
2 DSA 183.60
Assessment in Sughd
3 Transportation expenses 3482.84
4 DSA 1836.00
Assessment in Khatlon
5 Transportation expenses 1 224.00
6 DSA 918.00
7 Personnel incentives 4452.30
Final meeting on discussion of results in Dushanbe
Transportation
8 Transportation: GBAO - Dushanbe - GBAO 1557.78
9 Coffee-break 287.00
10 DSA in Dushanbe 1652.40
11 Stationery for participants 49.50
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No. Description of expense Expense

Monitoring of activities

12 Transportation to districts 2 514.07

13 DSA for monitors (17 days) 3231.00

14 Communication expenses 1250.00

15 Stationery for personnel (developing of reports) 459.00

16 Photo expenses 612.00
Subtotal (TJS) 24 933.49
Subtotal (USD) 8148.20
Grand total (TJS) 98 128.19
Grand total (USD) 32 159.58

: DSA = Daily Subsistence Allowance; GBAO = Gordo-Badakhshan Autonomous Oblast.

subordination. TJS = Tajikistan somonis. USD = US dollars.
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Annex 10. Daily report forms

RADWQ Daily Report Sheet
Microbiological data

Oblast: Rayon:
Date: Name of analyst:
WSS No. Sample Water Town/Village Local name Sample point Time Appearance TTC Faecal Turbidity pH  Chlorine SI
no. supply (cfu/100 ml) streptococci (NTU) (mg/l) score
technology (cfu/100 ml) =
Free Total
Comments:

Signature of analyst:
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RADWQ Daily Report Sheet

Chemical data
Oblast: Rayon:
Date: Name of analyst:

WSS No. Sample Water Town/Village Local name Sample point Time Conductivity
No. supply (nS/cm)
technology

Nitrate
(mg/)

Arsenic
(mg/l)

Iron
(mg/l)

Fluoride
(mg/)

Copper
(mg/1)

Comments:

Signature of analyst:
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