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QUALITY MONITORING AND SURVEILLANCE
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Kuala Lumpur, Malaysia
27 February - 3 March 1989 ENGLISH ONLY

INFORMATION BULLETIN NO. 1

' This is the first of a series of information bulletins which will be
issued between now and the convening of the Workshop.

1. Background information

It is estimated that approximately 80% of all illnesses in the world
are due to unsafe or insufficient water supplies and sanitation and about
25 000 people die daily because adequate safe drinking-water is not
available. Epidemiological studies indicate that unsafe water is the aiajor
cause of waterborne diseases, such as cholera, typhoid, paratyphoid,
diarrhoea and hepatitis. Many chronic heart and kidney problems are
associated with the long-term consumption of water of poor chemical quality.

The United Nations, in recognition of these problems, inaugurated
the International Drinking-Water Supply and Sanitation Decade (Decade)
programme (1981-1990) on 10 November 1980 with the goal that all poople
should have access to safe drinking water and adequate sanitation hy 1790,
WHO considers water supply and sanitation a very important compon o o)
primary health care; their availability is necessary for the achicvomen:
‘ of the goal of "Health for All by the Year 2000" envisaged by WHO,

Since the inauguration of the Decade programme, many countries havea
made special efforts to construct safe water supply systems. Yet,
statistics have shown that the incidence of waterborne-related illnesses Qs
very high. While a water supply system may be considered to be initially
safe, there are many factors which may render the water unsafe during its
operation. It is therefore imperative that the water quality of a system
be safeguarded at all times for the benefit of the consumers.

Drinking-water is considered safe if it is free of harmful micro-
organisms and contains chemicals in concentrations which are not harmful
to the consumers. To have assurance of continuing good quality drinking-
water, an effective water quality monitoring and surveillance programme
must be instituted and rigorously carried out in a system. Such a
programme should involve regular sampling of water supplies for
determination of its physical, chemical and bacteriological quality and
the institution of measures when necessary to protect its safe qualiuvy.
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The Regional Committee of the Western Pacific, at its thirty-fifth
segsion, recognizing the importance of safe drinking-water, has requested
the Regional Director to cooperate with Member States in the development of
national programmes for monitoring, surveillance and control of drinking-
water supplies to ensure their safe use (Resolution WPR/RC35.R15). In
connection with this Resolution, PEPAS was directed to intensify its support
for promoting national Decade programmes in Member States, This workshop
is formulated as part of the response to the directive of the Regional
Committee to assure consumers of safe drinking-water supplies.

2. Objectives

The objectives of the workshop are:

(a) to provide a forum for the exchange of information and views on
drinking~water quality monitoring and surveillance in the
countries or areas of the Region;

(b) to review and evaluate problems and constraints associated with
drinking-water quality monitoring and surveillance and the
potential health hazards associated with the consumption of unsafe
drinking-water;

(¢) to familiarize the participants with the methods and procedures of
drinking-water quality monitoring and surveillance (and its health
implications);

(d) to promote the institution of an effective drinking-water quality
monitoring and surveillance programme in the development of
national water supply projects; and

(e) to develop a step-by-step workplan and methodologies for
implementing national programmes for water quality monitoring and
surveillance, particularly for small communities,

3. Duration, dates and site

Five working days, from 27 February to 3 March 1989, at PEPAS, Kuala
Lumpur, Malaysia

4, Working hours

Working hours for the workshop will be as follows:

Monday through Friday Working session 0900 - 1030
Coffee break 1030 - 1045
Working session 1045 -~ 1215
Lunch break 1215 - 1345
Working session 1345 - 1515
Tea break 1515 — 1530

Working session 1530 - 1700
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PEPAS office hours
Monday to Friday Working hours 0830 - 1700
Lunch 1200 - 1230
Government office hours
Monday to Thursday Working hours 0800 - 1615
Lunch 1245 - 1400
Friday Working hours 0800 - 1615
Lunch 1215 « 1445
Saturday Working hours 0800 - 1245
Banking hours
Monday to Friday 1000 - 1500
Saturday 0930 -~ 1130

5, Working language

The working language of the meeting will be English, No translation
facilities will be made available.

6. Travel of participants

WHO is responsible for the cost of economy or excursion class air
travel by the most direct route, for participants from their place of
residence to Kuala Lumpur and return by the first available flight after the
closure of the workshop. Participants will receive information regarding
the name and address of the airline to be contacted for their tickets. They
will receive their daily allowance from the WHO Regional Office before
departure or from PEPAS on arrival in Kuala Lumpur. All participants should
see that their return reservations are confirmed before leaving their
country for Kuala Lumpur. PEPAS will provide assistance for reconfirmation
if required.

7. Daily allowance

Participants will be paid a daily subsistence allowance partly in
Malaysian Ringgit and partly in US$ travellers cheques for the duration of
the meeting including travel time. WHO accepts no responsibility for
payment of hotel bills, meals, taxis or any other financial commitments and
all personal liabilities should be settled direct by the participants.

Participants from Malaysia residing within commuting distance of the
venue of the workshop will be paid one-third of the daily allowance rate.
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8. Visas

Overseas participants should obtain an entry visa at the nearest
Malaysian Embassy in their respective countries prior to arrival in Malaysia
to cover the period of stay in Kuala Lumpur.

9. Insurance
WHO does not provide insurance cover for participants or their

belongings and participants are expected to make their own arrangements f#r
accident, illness and luggage insurance if so desired.

10, Currency | ‘IIIF

|

The monetary unit in Malaysia is the Malaysian Ringgit (Mal $). The|

WHO's present official rate of exchange is US$1 to Mal$2.57. There is nol

restriction on the export and import of foreign currency notes nor on the |

import and export of other forms of payment instruments such as travellers
cheques and cashiers' orders.

11. Cashing of cheques

Travellers cheques can be cashed at Bank Bumiputra within the
University campus or any bapk convenient to participants. Local cheques can
be cashed at the Bank of America (next to the Hilton Hotel) or at the
Holiday Inn On the Park, where special arrangements have been made.

12. Accommodation

All overseas participants, representatives and observers have been | ‘
booked in the Holiday Inn On the Park which is located at Jalan Pinang, '
Kuala Lumpur. The daily charges for rooms are approximately:

Single - Mal$70 (nett) |
Double -~ Mal$80 (nett)

These are exceptionally favourable rates given only to WHO-sponsored
guests, All rooms are air-conditioned and equipped with TV and
refrigerator. Participants should inform PEPAS as soon as possible of their
requirements.

Please note that there are two Holiday Inns in Kuala Lumpur. Please
specify Holiday Inn On the Park when taking a taxi.
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13, Transportation

Arrangements have been made to transport participants daily from the
Holiday Inn on the Park to the University campus and back during the period
of the workshop. PEPAS will not be responsible for transporting any
participant who does not register at the Holiday Inn On the Park,

14. Arrival reception

Participants will not be met at the airport but are requested to take
a taxi to the Holiday Inn On the Park. A voucher should be bought from the
booth outside the arrival hall of the airport. The taxi fare is about
Mal1$15 (non air-conditioned) or Mal$20 (air-conditioned).

15, Communications

Postal address: World Health Organization
Western Pacific Regional Centre for the Promotion of
Environmental Planning and Applied Studies (PEPAS)
¢/o P O Box 12550
50782 Kuala Lumpur

Malaysia
Tel: 9480311, 9480312, 9480861
Fascimile: (603) 9482349
Telex no: WHO MA 31064

Cable address:  UNISANTE KUALALUMPUR

16, (Climate

In general, the climate shows no great change in temperature throughoui

the year and ranges from an average minimum of 21°C to an average maximum of

320C, The relative humidity is high. The days are hot and somewhat ncom
fortable because of the high humidity. Rain may be expected anytimo
throughout the year,

17. Luncheon and coffee breaks

Arrangements for lunch have been made with the University caterer.
Tea/coffee will also be served during coffee breaks between sessions, The
nominal cost for lunch is about Mal$7.50 per person per day and the amount
will be deducted from the payment of per diem. If you have dietary
restrictions please inform us as soon as possible.
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18. Dress
On the first day, you are requested to wear a lounge sult or long

sleeved batik shirt. A group photograph will be taken on the first uworning.
On subsequent days, dress will be informal.

19. Country reports

Guidelines for preparation of country reports have been sent to all
participants. |

20. Background material

The receptionist at the Holiday Inn on the Park will hand you a file
containing background information. Please bring with you to Kuala Lumpur
any material which has been sent to you in advance of your travel.

Note for representatives/observers

Please note that the information contained in Sections on travel, daily
allowance and country reports is not applicable to representatives/observers
attending the workshop. They are required to make their own arrangements
for travel and payment of daily allowance.
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1. ORIGINS AND HISTORY OF THE DECADE

The first record of the Decade concept was made at the Habitat
Conference in Vancouver, Canada inl976 where it was suggested that a
special effort should be made to get clean water and adequate sanitation
to all by 1990, This was subsequently supported at the United Nations
Water Conference in Mar del Plata, USSR in 1977 where a suggestion was
made that the 1980s be declared "The International Drinking Water Supply
and Sanitation Decade".

The Economic and Social Council of the United Nations formed a
resolution on 4 August 1977 accepting the Report of the Water Conference
in Mar del Plata, and declared 1981-1990 as the International Drinking
Water Supply and Sanitation Decade. The Decade was formally launched by
the General Assembly of the United Nations through a special one-day
meeting on 10 November 1980.

UNDP was designated as the coordinating agency and WHO through its
Global Strategy of Health for All as the technical lead agency.

The Proclamation of the Decade primarily called upon Member States to
assume a commitment to bring about a substantial improvement in the
standards and levels of services in water supply and sanitation by the
year 1990, It called upon governments to develop the necessary policies
and set the targets to this end, and to take all appropriate steps to
achieve these targets. It also called upon governments, organizations and
United Nations agencies to continue and where possible, increase technical
and financial cooperation with developing countries in order to enable
countries to achieve their targets.

Recognizing that existing programmes and policies had serious
i shortcomings, WHO developed the following Decade guidelines for
establishing national strategies and for planning and designing
appropriate programmes:

(1) Development of complementary programmes for sanitation and
water supply;

(2) Development (use) of strategies that stress the coverage of the
underserved populations, both rural and urban;

(3) Generation of replicable, self-reliant and self-sustaining
programmes;

(4) Use of socially relevant appropriate technology that is
affordable;

(5).  Community participation at all stages of project development,
implementation and operation;

(6) " Linkage of water supply and sanitation with other health
improvements;

(7) Establishment of close relation between water supply and
sanitation projects and programmes and other sectors, as a
basis for community development.



2.  PRESENT SITUATION

2.1 General

At the outset of the International Drinking Water Supply and
Sanitation Decade, WHO assumed the responsibility for monitoring it's
implementation and for reporting on other Decade developments.

The main method of obtaining the basic information required is
through forms called Country Sector Digests, which were sent to all
countries to provide baseline data as at December 1980 and subsequently
For updates in December 1983 and December 1985. The forms not only
include coverage levels and targets of water supply and sanitation, but
also, data on ranking of constraints, programme costs, manpower, etc,

The global baseline data which is summarized in the WHO Offset
publication no. 85 was compiled from only 87 out of about 140 possible
countries. In the Western Pacific Region, the countries who did not
contribute data comprised the People's Republic of China and several
smaller Pacific Island countries where difficulties were understandable
because of the relative remoteness of parts of China and some of these
small island communities.

The coverage figures for water supply are intended to be for safe
water supplies. This included treated surface waters and untreated but
uncontaminated waters such as from protected springs, boreholes and
sanitary wells. In practice, however, the figures often include water
supplies that are subject to pollution in rural areas. This is a
reasonable compromise in some instances where treatment would not be
feasible or justifiable at the present stage of the country's water supply
programme. To classify a water supply as safe also implies that the water
quality is monitored at least by sanitary surveys if not by regular water
sampling. An increasing number of water supplies in the region are
becoming more subject to pollution because of population growth and
industrial development extending habitation into water catchment areas,

2.2 Coverage data for the Western Pacific Region

As the Region comprises 35 countries or areas of great diversity in
terms of population, geographical area, socio-economic development and per
capita income, a regional summary and review becomes more meaningful if
Member States with common features are grouped and analysed together. Six
groups of countries or areas and one distinctly different Member State
(China) are listed in Tables I and II with water supply and sanitation
service levels for the beginning of the Decade and for the end of 1987,

Group A comprises the highly developed countries of Australia, Japan
and New Zealand where water supply and sanitation baselines are provided
to cover more than 90Z of the population. The technology is usually of a
high level, giving excellent standards of service. In Group B, the



TABLE I: WATER SUPPLY SERVICE LEVELS
Western Pacific Region
(December 1981 - December 1987)

POPULATION % SERVED WATER SUPPLY
GROUPS
(see (x 1 000) 1981 1987
below) .
1981 1987 Urban Rural Urban Rural
A 135 710 141 230 99 99 99 99
B 102 670 116 930 68 50 81 64
C 1 258 1 484 90 68 92 68
D 3 510 4 092 62 11 82 21
E 3 810 3 796 60 8 60 14
F 7 920 8 500 95 95 95. 95
China 007 760 N.A. 85 30 95 50

Group A
Group
Group

Qw

Group
Group
Group
China

oim o

Note:

N.A.

'

Australia, Japan, New Zealand

Malaysia, Philippines, Republic of Korea

American Samoas, Cook Islands, Fiji, French Polynesia,
Guam, Kiribati, (Nauru), Niue, (Tokelau), Trust Territory
of the Pacific Islands, Tuvalu, Tonga, Samoa, (Wallis and
Futuna)

New Caledonia, Papua New Guinea, Solomon Islands, Vanuatu

Lao People's Democratic Republic, (Viet Nam)

(Brunei Darussalam), Hong Kong, Macao, Singapore

Listed separately

The countries/areas in parenthesis are not included in the
above table since some data are not available,.

For Group F, there is no rural population in Singapore

Not available
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TABLE II: SANITATION SERVICE LEVELS
Western Pacific Region
(December 1981 ~ December 1987)
POPULATION % SERVED SANITATION
GROUPS
(see (x 1 000) 1981 1987
below)
1981 1987 Urban Rural Urban Rural
A 135 710 141 230 99 99 99 99
B 102 670 116 930 72 61 91 71
C 1 258 1 484 69 65 91 71 .
D 3 510 4 092 96 5 84 32
E 3 810 3 79 10 2 10 4
F 7 920 8 500 95 80 95 80
China Il 007 760 N.A. 90 90 95 N.A.
Group A - Australia, Japan, New Zealand
Group B -~ Malaysia, Philippines, Republic of Korea
Group C -~ American Samoa, Cook Islands, Fiji, French Polynesia,
Guam, Kiribati, (Nauru), Niue, (Tokelau), Trust Territory
of the Pacific Islands, Tuvalu, Tonga, Samoa, (Wallis and
Futuna)
Group D - New Caledonia, Papua New Guinea, Solomon Islands, Vanuatu
Group E - Lao People's Democratic Republic, (Viet Nam) ‘
Group F - (Brunei Darussalam), Hong Kong, Macao, Singapore
China -~ Listed separately
Note: - The countries/areas in parenthesis are not included in the

above table since some data are not available.
- For Group F, there is no rural population in Singapore
N.A. -~ Not available



countries of Malaysia, Philippines and the Republic of Korea represent the
more advanced developing countries. All three have attained high levels
of water supply and sanitation services in their urban centres and their
rural programmes have been successfully enlarged in recent years.

The South Pacific islands consist of two groups, Group C, which is
made up of the smaller islands, has realized consistent progress in its
water supply and sanitation programmes over the last two decades, For
example, both Cook Islands and Tonga will achieve 100% coverage by 1990.

Islands such as French Polynesia, Guam, New Caledonia and the Trust
Territory of the Pacific Islands are also expected to achieve their
targets of full coverage. However, in some areas of some of the island
communities, operation and maintenance problems are causing a reversal in
coverage trends,

The remaining group of South Pacific island communities (Group D) is
composed of Papua New Guinea, Solomon Islands and Vanuatu., These
countries are showing good improvement in coverage levels although the
figures are distorted in some cases by improved sources of data,

The water supply and sanitation programmes of the Lao People's
Democratic Republic and the Socialist Republic of Viet Nam in Group E have
only become operational in recent years and detailed information is quite
difficult to obtain in some cases. Both countries are keen to enlarge
the services and considerable improvement in the future is expected.

The last group consists of Brunei Darussalam, Hong Kong, Macao and
Singapore (Group F). Although high levels of water and sewage services
have already been provided to their dense urban populations, there are
serious problems caused by shortage of available water resources. These
countries have good chances of meeting Decade goals of complete coverage
by adequate facilities,

China is listed separately from other countries because of its
extremely large population of over 1 billion. A National Action Committee
has been designated (Office of the National Patriotic Health Campaign
Committee) and the Government is giving strong support to Decade
activities. To gain an accurate picture of levels of water supply and
sanitation coverage is obviously a major task and the figures given would
contain estimated numbers only in many areas. Obviously, it would be
misleading to give overall totals for the Western Pacific Region as the
results would be heavily weighted in respect to whatever figures were
adopted for Chinpa,

The overall picture in the Region excluding China compared with the
global situation is given in Table III. It is observed that progress in
the Region has been quite good though there is plenty of scope for renewed
efforts in the last years of the Decade,

2.3 Other Decade information

One of the main items in the Decade Proclamation is the call on



TABLE III: WESTERN PACIFIC REGION AND GLOBAL PROGRESS
IN FIRST HALF OF THE DECADE

Urban

Water supply Sanitation

1981/1985

Percent coverage

Rural

Water supply Sanitation
1981/1985
Percent coverage

Western Pacific
Region

Global

71/77

72/77

75/92

54/60

46/56 55/63

32/36 14/16

Figures exclude Australia, China,

Japan and New Zealand




governments to set Decade targets, and several countries in the Region.
not including the industrialized countries, have not only set targets but
revised them from time to time in the light of their progress. A summary
of the countries and targets in the Western Pacific Region is given in
Table IV, The targets of several countries are proving to be a little
optimistic but hopefully this will continue to encourage greater efforts
in the future,

The ranking of major sector constraints has also been obtained from
most of the developing countries in the Region. As would be expected,
funding limitations and insufficiency of professional and sub-professional
staff have usually received the highest ratings in the country returns.
Poor operation and maintenance of water supply and sanitation facilities
and inadequate cost recovery frameworks are ranked next. Inappropriate
technology is not now rated a major constraint in the Region probably
reflecting the large amount of research and training that has been carried
out during the Decade. However, that there may be still room for
improvement is evident from the cost figures obtained for the provision of
water supply and sanitation services. Some of the higher costs per person
served are due to a high standard of service being provided or a higher
cost structure but it is likely that in some cases, cheaper technologies
could be used that would be equally effective. High costs may also be a
result of inadequate involvement of communities though most countries show
high percentages of communities with active participation in the
programmes.,

Examples of problems observed in Pacific Island countries in
achieving Decade aims are many and cover a wide variety, A few of them
are given as follows:

(1) Inappropriate technology

a. Inappropriate construction of latrine slabs

b. = Provision of communal village latrines

c¢. Inappropriate design of pedestal latrines allied with
unsuitable cleansing materials available

d. Spring loaded taps not accepted by community

e, Inappropriate water quality testing equipment

f. Inappropriate design of water tanks

g. Incorrect use of pipes and fittings

h. Incorrect siting of wells in relation to latrines

i. Inadequate water supply for pour flush latrines

(2) Institutional development

a, No provision for supply of spare parts

b. No provision for cost recovery from consumers in village
schemes.

c. No enforcement of urban rate collection

d. No co-ordination between agencies working in the sector

e. No provision for maintenance staff



TABLE 1V  WESTERN PACIFIC REGION - COUNTRY TARGETS IN PERCENTAGES

Country Urban Rural
Water Sanitation Water Sanitation

American Samoa 100 100 - -
China 100 - 80 -
Cook Islands 100 100 100 95
Fiji 100 100 - -
Kiribati 100 100 100 100
Laos - - - -
Malaysia 100 100 75 100
Nauru - - - -
Papua New Guinea 92 70 30 50
Philippines 80 90 75 60
Korea 97 - - -
Samoa 100 100 80 80
Solomon Islands 100 100 70 70
Tonga 100 100 100 100
Tuvalu 100 100 100 100
Vanuatu 100 100 100 65

Note: Some countries particulary industrialized countries have no
Decade targets. Source - Sector digests and country reports.
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(3) Community education and participation

a. No consultation with community on choice of design

b. Insufficient community education on use of installations

c. Insufficient assistance from village in construction of
supplies resulting in a lack of responsibility toward the
completed work

d. Insufficient help given to the community by design and
construction agencies

(4) Human resource development

a, Insufficient community training

b. Insufficient technical staff

c. Lack of plans and budget for provision of staff training
d. Lack of hygiene education

As workshop participants will be given an opportunity to present
their country reports later on, I shal% only give a few general remarks
about the status of drinking water quality in this region. The treatment
and quality of urban water supplies are generally adequate in all
countries of the Region apart from the least developed ones where often
the basic needs are supplies and equipment. Apia in Western Samoa has
Jjust completed the commissioning of full water treatment facilities for
this capital city., The Decade returns show that nearly all rural supplies
do not have quality surveillance undertaken on a routine basis, Some
countries have obtained membrane filter field kits for bacteriological
examination but in keeping with the experience in other parts of the
world, these have usually quickly been discarded from use if indeed they
have been used at all.

As previously indicated, the coverage figures given for rural water
supplies often include supplies of water that cannot be described as safe.
Tests in the Philippines have shown that handpumped supplies are often
polluted, and untreated surface waters and open wells are virtually always
polluted to some extent. In the countrywide tests carried out in the
Philippines, the use of a simple test based on the detection of hydrogen
sulphide producing organisms has shown good agreement with other methods
and indicated that over 80% of the rural schemes had some pollution at
that time.

3. CONCLUSION

It is apparent that Decade activities will have to extend beyond the
Decade. It should be possible to extend the emphasis on water supply and
sanitation with revised targets into the next decade to ensure that the
provision of safe water and adequate sanitation presents no barrier in the
march toward "Health for all by the year 2000".
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1. Introduction

Water is utilized for many purposes for domestic consumption
(including drinking) as well as for industrial and commercial use.
Even for domestic use, water Is consumed by such highly-sensitive
groups as Infants, the elderly, and physically-ill persons not to
mention those of us who are in good health. Water, moreover, is
utilized without discrimination by the rich and poor. Water is used
for many purposes and by many groups, but Iits overriding
consideration is that it should be safe to drink.

There are, however, many impurities in water as shown in Table-
1. Drinking water should contain no impurities that cause
significant adverse health effects. Such impurities, moreover,
should not diminish the avallability of water, or its esthetic and
organoleptic properties. Impurities should also be monitored to
protect facilities against corrosion.

Table 1 Classification of Drinking Water Impurities

Hazardous Aesthetic

Non-removable Heavy metals:Hg,Cd Odpurous substances

Pesticides MBAS
by treatment VOCs Phenols

Synthetic chemicals Inorganic salts
Originated by Organic Chlorides Inorganic salts
Treatment
Originated in Pipe materials:Pb Iron, Manganese,

BaP, Asbestos, etc. Inorganic salts,
Distribution




Impurities in drinking water are classified into three types,
such as (1) impurities that cannot be removed by the water treatment
process, (2) impurities that are added or produced in the water
treatment system, and (3) impurities that are picked up in the water
distribution system.

For the proper management of drinking water quality, every
aspect of a water supply system should be examined, from the water's
source to its distribution.

2. Raw water quality

Water in a chemically pure form rarely occurs in nature. Water
is commonly found to host a wide variety of constituents, deriving
from both the natural and living environments (Figure 1).

The input control system shown in Figure 1 corresponds to the
water treatment system. An impact control system is a man-made
system to control the pollutants from the living environment and to
measure the impact of the discharge upon the received water. Unless
these system are suited to human community activities, such serious
problems can result as water shortages, outbreaks of epidenmic
diseases, and water pollution.

The effects of pollution on water resources are classified into
several categories (Table 2), according to their adverse effect on

water utilization.

Water itself, however, would not become the means of spreading
diseases were it not for its pollution by the excreta of pathogen
carriers. A countermeasure to these pathogenic organisms is
chlorination. But such disinfection is considerably affected by the
amount of reductants in the water such as ammonium nitrogen, and
ferric and manganese ions.

Some chemicals contained In industrial and domestic water,
surface runoff, or produced in the purification process, may cause
acute or chronic poisoning. The evidence of chronic disease
resulting from the ingestion of chemicals from tapwater is scarce.
The purification process, however, is limited in its ability to
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remove a number of hazardous impurities. For this reason, the
concentration of these hazardous chemicals in raw water should be
less than that of the drinking water quality standard.

The responsibility of waterworks is always to check the mean
exposure level. If the mean exposed level is exceeded, the
waterworks should request the basin management office to effect an
improvement of water quality, and sometimes add auxiliary facilities
to the water treatment process.

Some chemicals that are accidentally discharged from industry
may also cause acute poisoning. It is difficult to predict the
incidental occurrence or to prepare countermeasures, Thus, the
monitoring of raw water quality using bicassay techniques is the
only measure effective against these hazardous chemicals. If the
symptoms are observed by a biosensor, water intake should be halted
until the polluted water passed downstream.

Water that is unpalatable as a result of taste, odor, or color
should not cause any direct health hazard. Consumers will become
anxious, however, particularly concerning the safety of unpalatable
water. It is characteristic of these problems that they are observed
whenever water quality has been degraded by eutrophication of the
water source, etc.. In this case, the water purification plant
should add an auxiliary unit process, such as adsorption.

Raw water and tapwater should not contain corrosive substances
that shorten the life of the facilities. Furthermore, the quality of
raw water should be sufficiently high that only low-cost treatment
is required.

As shown In Table 2, raw water quality Iis affected by the
geological propertie; of the catchment area as well as by human
activities. The matrix of the pollutants and their sources, and the
behavior of the water source are summarized in Table 3. Thus, water
quality depends on a large number of hydrological, physical,
chemical, and biological factors. Each of these characteristics can
be evaluated independently, but a combination of factors must be
evaluated in testing the security of the raw water for water supply

purposes,
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3. The water treatment system

Water treatment can be defined as technical operations that by
combining several treatment processes, fulfill any gaps existing
between raw water and purified water. The water purification
processes that are applied in drinking water supply are: (1) the
separation of impurities from water, (2) Increasing and sizing the
particles, and (3) the deactivation of microorganisms.

Solid-liquid separation by straining, screening, sedimentation,
and filtration are commonly used separation processes in a
conventional water purification system. If, however, raw watcer
contains soluble impurities that must be removed, an interphase
transfer process such as adsorption jon exchange, aeration,
extraction, or electric dialysis--are applied for water
purification. The treatability of the solid-liquid separation
processes is affected by the size, density, concentration, and
physicochemical reactivity of the raw water's discrete particles.

The discrete particles in natural water cannot be effectively
removed by a simple solid liquid separation process. Therefore, the
physicochemical properties of the discrete particles are arranged to
improve thelr treatability by coagulation and flocculation.

One of the most important water purification processes is the
inactivation of microorganisms by disinfection. Chlorination and
ozonation are disinfection processes that reduce the potential of
infectious diseases borne in drinking water.

The unit process commonly adopted in drinking-water supply is
limited In its ability to remove impurities. These limits vary
according to the {impurities' size, chemical reactivity,
concentration, and also from the point of view of economics (Figures
3 and 4).

Water purification systems that must fill the gaps between raw
water and drinking water quality, function according to the methods
diagrammed In Figures 3 through 5. It should be remembered that the
unit processes that are common in the drinking-water purification
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Table 4.7 Pollutants and their origins

Pollutant Inorganics Crganics Organism
Sal:ld Fe,}Acid, [CN [Salt|Heavy [Algae, N!-I[. MB. |Pesticides |Fumic|Taste Oil[Persitent|Pathogenic|Radio-
soil [ Mn |base metals|organic AS and chemicals|bacteria, |actives
Source particulates odorous virus
substances
Domestic waste Q [®) o100 FAN QO
Industrial waste C |Ot O o O @] ‘ol e O Q O O
Agriculture run-off @] O @] O FaN
Barn run-off O @ FAN A O
Mine waste C 1O C O
Construction work O JAN
Natural poillution O A O O O Q C ¢
Other (Accident) O C 1210 O C O
Behavior of pollutants
River + [(h (H h (H (=) (=) (-) (-)
Lake and reservoir - [N + - o + T- (- + -
Underground water - + - {-) {-) - - (= -
Notes: (O : main source Z\: source + ! increase - decrease
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Table kTTU/ Water quality maintenance

Standard Actilon
Fish When a large amount of dead fish float near Emergency stop.
the intake mouth,
When fish in monitor tank | A large amount at | Emergency stop.
die for no reason. intake mouth.
Nothing unusual Emergency stop.
at intake mouth.
Observation

(by naked eye)

When color or turbidity change suddenly due

to unknown reasons.

Emergency stop.

When odor or taste change suddenly due to

unknown reasons.

Emergency stop.

0i1l £film on surface

Reinforce monitoring.
Stop intake according
to situation.

Cyanide Organic
Phoaphorus Mercury

When detected.

Emergency stop.

Cadmium over 0.0l ppm Emergency stop.

Lead over 0.1 ppm

Chromium over 0.05 ppm

Arsenic over 0.05 ppm

pH Exceeds the 6.3-8.6 range Stop intake or
decrease volume
accordiny to situation.

Turbidity over 3,000 degrees Stop intake or
decrease volunme
accordine to s{ituation.

Odor over TO 300 Stop intake or

Potassium Permananate
Consumption (excluding
suspended matter)

over 20 ppm

decreas. volume
according to situation.

Stop intake or
decrease volume
accordiu, to situation

BOD

over 10 ppm

Stop intake or
decrease volume
according to situation.

Electric conductivity

over 400 /cm

Pecrease volume when
over 350.

Stop intake when over
400.

. 90 _—




microorganisms. In other words, water purification systems cannot
effectively remove soluble contaminants. Therefore, raw water should
not contain soluble impurities in amounts that do not accord with
drinking-water quality standards.

The selection of a water treatment system is strongly affected
by the type of water source. An example of a system selection chart
for a small-scale water supply Is given in Flgure 5.

Rainwater is one of the most attractive water sources where
plentiful precipitation can maintain an assured small-scale water
supply. It is necessary, however, to educate community residents to
maintain sanitary conditions in the rainwater harvesting area,
rainwater collection facility, and storage tanks.

It is clear that water quallity deteriorates as a result of the
existence in the environment of toxlc substances that affect
springs, groundwater, infiltrated water, and surface water. The
costs for the intake and transmission of water are also of the same
order as the costs involved in securing water quality. Therefore,
intake and transmission considerations should implement the
surveillance of quantity and quality of water sources, to select the
optimal method for providing the most stable and economical water
supply system. Raw water purification systems should be selected
from one of the following schemes, such as disinfection, slow sand-
filtration-disinfection, and rapid sand filtration-disinfection. An
auxiliary treatment process such as neutralization and

prechlorination is added to the above treatment system as required.

Many nations' drinking water quality standards are composed
according to microblological aspects,acute and/or chronic
poisonings, and aesthetic and organoleptic substances. These
countries' conventional water purification systems have been
developed to remove turbid substances and to inactivate
microorganisms. Therefore, it is unreasonable to anticipate further
treatability of the impurities mentioned above. Thus, it should be
unacceptable to select raw water that contains concentrations of
impurities in levels unacceptable according to drinking-water
quality standards. But the efficacy of treatment is relatively high



for pH, iron, and manganese. If there is no alternative raw water
source, it must be accepted as the water source.

In case of piped water systems, the disinfection process is
unavolidable because of the risks of contamination in the
distribution system. In a small-scale water supply, however, with
community participation to protect the water source and if the raw
water contains no fecal bacteria (a fecal coliform count of less
than three per 100 ml and a turbidity unit of five or less) water
can be supplied directly without any treatment.

Untreated water should implement that which has been
disinfected, except in rare instances such as the conditions just
mentioned. The over-reliance on disinfection, however, in small-
scale water supply sometimes leads to serious outbreaks of
pathogenic disease because of Insufficlient disinfection resulting

* from misoperation and/or accidental contamination during the water

distribution process.

Slow sand flltration should be selected for raw water whose
quality is less than 30 turbidity units and 100 for coliform groups.
It is common that such raw water is uncontaminated by hazardous
pollutants. Even so, the biological oxygen demand (BOD) of raw water
should stand at less than 3 mg/l to maintain the sand layer's
aerobic, biological, film-filtration function. Changing the sand
filter arrangement by scraping the top layer of sand affects the
turbidity of raw water. It is recommended, therefore, to apply plain
sedimentation prior to filtration when the raw water turbidity
exceeds ten turbidity units.

Raw water that contains more then 30 turbidity units should be
treated by the conventional coagulation—flocculatlon-rapid sand
filtration system. It is usual for the turbidity of surface water in
tropical regions to be extremely high because of the topsoil's high
erosion rate and the strong precipitation in the rainy season. Such
high turbidity requires treatment entailing the ample use of
chemicals, and the management of such a treatment system requires a
skilled operator. It is therefore recommended to apply plain

sedimentation or a coarse Infiltration gallery to diminish the"

<



turbidity prior to chemical treatment.

When raw water is heavily contaminated by microorganisms and
also contains high volumes of iron and manganese, prechlorination
(superchlorination) processing Is necessary. But it is better to
select another water source that does not require prechlorination
because it is difficult to anticipate a stable supply of chlorine
and highly skilled operators especially for a small-scale water

supply.

4. Chemical and physical aspects of water quality

Water quality monitoring of the flow from the water source to
the consumer should be implemented. There are three kinds of water
quality monitoring: monitoring at the water source, monitoring at
the water purification plant, and monitoring in the distribution

system.

4.1 Raw water quality

It is essential to implement raw water quality monitoring to
select a proper water source and purification system. Moreover, raw
water quality monitoring is necessary to obtain a future perspective
of water quality conditions and necessary countermeasures. The

principal water quality parameters and their aspects are as follows.

(1) Groundwater

Free carbonic acid: Highly acidic groundwater containing free

carbonic acld not only corrodes steel pipes, but it deteriorates
concrete structures, mortar-lined pipes, and asbestos cement pipes.

The maximum permissible level of free carbonic acid is 20 mg/l.

Iron and manganese: Iron and manganese cause water to turn red or

even black. Even if the manganese is in a concentration as small as
less than 0.05 mg/l, it accumulates in the pipes over a long period

S



of time and can flush out as a result of a sudden change in the
distribution system's flow rate. To prevent this problem, it is
necessary to remove the manganese and iron if they exceed 0.1 mg/l
or 0.01 mg/l, respectively.

Iron bacteria and sulfur bacteria: An overgrowth of iron bacteria

may cause red water, offensive odors, and pipe blockage. It is
required periodically to monitor iron bacteria for early detection
and to treat the condition, if necessary.

A deep well often emits an offensive odor of hydrogen sulfide and
sometimes causes problems as a result of an overgrowth of sulfur

bacterial.

Small animals: Shrimp, boat bugs, and water flies live underground

and may come through the water tap when there is no filtration
process. This phenomenon does not entail a sanitary problem, but

some sort of filter should be provided.

Hazardous chemicals: Most groundwater is generally of stable and

satisfactory quality. If contaminated, however, groundwater quality
is very difficult to restore. For this reason, groundwater
cultivation basins are strictly protected from pollution. Hazardous
synthetic chemicals such as trichloroethylene produce adverse
effects on health by infinite concentrations on the ppb order. It is
difficult, however, to monitor such contamination by monitoring
general water quality by such factors as temperature, pF,
alkalinity, appearance, taste, and odor. Some actual cases in Japan
of groundwater pollution by trichloroethylene were brought to light
by a change in general water quality.

(2) Lakes and reservoirs

Plankton and algae: Stagnant water provided with sunlight and ample
nutrients generally give rise to overgrowths of algae. A situation

that causes problems In water purification and diminishes the
water's esthetic properties. The effect of algae on water quality

and water treatment differ according to the algal species. To



resolve thls problem, It is periodically necessary--as often as once
a week--to monitor the type as well as the number of algae in raw
water. The best solution for this problem is to reduce the
reservoir's inflow of nutrients. If the reservoir, however, is used
exclusively for water supply, the application of copper sulfate to
the reservolr is an attractive method.

Iron and manganese: Iron and manganese can cause some water quality

problems, as has been mentioned above. In a reservoir's bottom layer
and sediments, organic substances in the water consume dissolved
oxygen, and then iron and manganese are reduced and dissolved into
the water. As preventive measures, selective intake from a superior
water quality layer, and aeration to maintain an aerobic condition
throughout the reservoir are applied In many waterworks.

Turbidity: The turbidity of reservoir and lake water is rather low
because of the sedimentation of turbid substances during long
periods of retention. A highly turbid intrusion of water, however,
brought about by the density current sometimes reaches the water
intake and causes difficulties as a result of the high turbidity of
the raw water. The recommended countermeasure is to change the depth
of the intake to avoid intaking such a highly turbid reservoir

layer.

(3) Rivers

River water quality has a large fluctuation compared with
groundwater, lakes, and reservoirs. Therefore, intensive water
quality monitoring as well as hydrological monitoring should be
implemented to meet requirements.

The monitoring program should be established to be able to
observe compliance with established standards and to observe the
behavior of specific pollutants in the river basin. Prior to
designing a monitoring program, it s essential to gain a
comprehensive picture of all the study area's activities that may
impact upon water quality. Normally, the general geography of the
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(4) Water purification plants

Because the water quality aspects relating to slow sand
filtration have already been mentioned, the following is a
description of the aspects relating to rapid sand filtration.

The most important operation of rapid sand filtration is to
destabilize the electrokinematic properties of colloidal and turbid
substances in raw water. The application of the proper coagulants is
necessary. The coagulant dosage 1s determined by the turbidity, pH,
and alkallnity of raw water. For this reason it Is necessary to
monitor those parameters frequently--at least once a day. The
optimal coagulant dosage is further determined by using the jar
test.

The required frequency of the jar test is increased when the
turbidity or quality of raw water fluctuates markedly. When the
turbidity increases from time to time as a result of floods, etc.,,
it is necessary to measure properly the feeding coagulant. These
measurements are taken in accordance with the prepared chart of
relationships between such data as dally raw water turbidity, pH,
alkalinity, and coagulant dosage. Adjustments are made based on the
results of the jar test.

If the rapid filter Is improperly managed because of careless
filter washing and/or poor coagulation-sedimentation, the turbid
substances percolate Into the filtrate. The indices for filter
operation include the head loss resulting from trapped turbid
substances, and the turbidity of the filtrate.

A disinfection process is essential in the rapid sand
filtration system. This is because chemical coagulation,
sedimentation, and rapid filtration provide no barriers to
microorganisms. Chlorine, liquid chlorine, and sodium or calcium
hypochlorite are used as disinfectants because they are strong
sterilizers, low in cost, and easy to handle. Chlorine is
dissociated in the water into hypochlorous acid and hypochlorous
ifons. Although the dissociation Is affected by the pH, both



dissoclated components react with reductants such as ammonium
nitrogen, and their efficlency as a disinfectant is reduced.

To obtain the proper chlorine dosage it is necessary to monitor
the water's reductants. Because there are many kinds of reductants
in water, the chlorine dosage is usually determined by monitoring
the residual chlorine concentration of the fully processed water,

along with the chlorine demand.

(5) Tap and/or service water

The final goal for water supply is that the water quality at
the point of service should meet the drinking water standard. Even
if the water at the outlet of the water purification plant or at the
inlet of the distribution system satisfies the drinking-water
quality standard, the water at the service point may not. It has
probably collected Iimpurities while passing through the water
distribution system because of the dissolution of pipe materials. If

the distribution system is not well maintained, microorganisms may
have grown, polluted water may have entered Into the system, etc.

As a minimum requirement, chlorine must be maintained at every
water service point in the distribution area in order to guard
against microorganism pollution. Therefore, the residual chlorine
concentration should be periodically monitored at the end terminal
of the water distribution system.

Consumers evaluate water quality by its appearance, such as the
following.

(1) Red and/or blackish water: Red water is caused by iron. When the

cause Is the Incomplete removal of iron and/or iron bacteria from
raw water, proper countermeasures at the treatment plant should be
taken. When red water is caused by the erosion of iron from the
plpes, it 1is necessary to clean and/or replace the pipes, and
improve the water quality by pH adjustment with lime and/or soda to

diminish its corrosiveness. The corrosivity of water is a product of



pH, alkalinity, hardness, total residue, and temperature.
Accordingly, these water quality parameters should be monitored
periodically.

Blackish water 1Is caused by manganese. It 1s necessary to
remove the manganese by prechlorination or by potassium permanganate
treatment at the water treatment plant.

(2) Turbid water: White, turbid water is caused by fine air bubbles
that are introduced into water by cavitation. The bubbles disappear

when water {s allowed to stand. It is necessary to check the water
pressure and the leakage In the neighborhoods of the service points.
White water is also caused by zinc dissolved from galvanized steel

pipe.

(3) Blue water: Blue water Is caused by copper dissolved from copper

piping. It Is necessary to improve water quality by a pH adjustment,
and to replace the copper piping with another material.

(4) Foreign matter: Turbid substances in fully processed water In

the water treatment system, accumulate in the distribution reservoir
and main pipes. Accumulated deposits are flushed out and increase
the turbidity of the water when a sudden change In hydrological
conditions occurs. It is necessary periodically to drain the
distribution reservolr and distribution main to prevent this
problem.

(5) Microorganisms: Incomplete processing at the water treatment
plant and inadequate management of the facilities may cause the
generation of earthworms, mosquito larvae, boat bugs, water fleas,
and iron bacteria. If these microorganisms appear, it is necessary
to Improve the water treatment plant management.

5. Raw water quality monitoring and information utilization

When water pollution gradually becomes severe it can be



managed, to a certain degree, by conventional methods. Further
action must be taken, however, to Improve the facilities or c¢o
introduce advanced treatment processes such as activated carbor
adsorption to anticipate future trends based on the water quality
monitoring data.

To cope with the accidental variance of raw water quality, the
water supplier should be able to obtaln a total and accuratie
picture. He should be capable of taking appropriate action regarding
the water supply, such as discontinuing or reducing the water
intake, strengthening monitoring, or reinforcing the water
purification process. The action and measures necessary to maintain
water quality at a safe level are summarized in Table 5.
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1.Introduction

Since the water quality test of drinking water is the essentials
of water quality control, it is desirable for each water supply
authorities concern to carry out the said test by itself. In medium-
and small-sized water supply authorities , however, they would
encounter considerable difficulties due to their financial restraints
or limited manpower resources in getting fully provided with equipment
for water quality tests to be carried out by themselves and ensuring
the scientists and engineers of water quality, so that they need to
jointly equip themselves with their testing setups.

Its basic idea is to seek to get fully provided with a water
quality testing setup, which is embodied by the establishment of Water
Quality Control Center to play the central role of water quality
control with supplementation furnished by the water quality control
setups and maneuver ability of the existing purification plants, ctc.,
so that the control operations on the water quality of raw
water,purified water and tap water of all water services in a unit
area may be able to be performed, the said unit area being determined
80 as to cover a water supply population of over about 250,000 from

the technical and financial viewpoints.

The operations belonging to water quality control cover plaaning

for water quality control, the collection and analysis of information, |
periodical and temporary water quality test, qualitative test of"

chemicals and materials,investigation of water quality accidents,
purification process control, research study of water treatment, etc.
Generally speaking, however, it would be appropriate that the
respective concerns deal with the water quality tests to be conducted
always in conformity at individual purification plants as in the case
of purified water control, or water collection'lncluding the sampling
in the extensive supply field and simple water qulity test and that
the remaining operations are undertaken by the Center.
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In such a case, a unified control setup would probably be
desirable taking into consideration the efficlency of water quality
control in the community, but if this sort of setup cannot be adopted
immediately, it 1is necessary to work out the well coordinated
formation of setup, for example, allowlhg the existing water control
setups to share part of the salid setup and so on while ensuring the
exchange of opinions among the water supply authorities.

2. Items of Joint Water Quality Test

Water quality control shall be conducted in relation to raw
water, water in process of purification and tap water, and the items

of test are as specified in Table 1.

In addition, Table 2 is the classification of the items into
those to be tested by water service operating concerns by themselves
and those to be jointly tested. According to this classification, all
of the water quality tests shall be carried out by themselves in the
so-called large-scale water supply authorities covering a water supply
population of over 250,000, whereas the tests of D level for less than
250,000 and of B and C levels for less than 100,000 shall be carried
out on a joint test basis. Since the water quality test of A level
covers simple test items as well as daily test items, all the items
shall be tested by themselves regardless of the scale of the water

supply operation.

3. Contents of Operations and Operating Cost Estimate

Water Quality Control Center undertakes water quality tests,
etc. for several water service concerns, the following contents
of its operations being conceivable:

(1) Collection and analysis of information for planning

water qaulity control;



Table 1

Item and Level in Water Quality Control

Level Item Remark
pH, colority, turbidity, residual Necessary
chlorine, taste, odour and items for
alkalinity daily test
Ammonia nitrogen, nitrite nitrogen, Necessary
nitrate nitrogen, chlorine ion, potas- items for

sium permanganate consumption, chlorine

demand, and free carbonic acid

monthly test

General bacteria, E. coli group and Items of
other bioassay bioassay
Hardness, total residues, Items fall-
fluorine, cyanogen, hexavalent chromium,| ing under
manganese, iron, copper, zinc, arsenic, | require-
mercury (inorganic), lead, phenols, ments

organic phosphorus, and methylene blue
active substance, trihalomethanes

BOD, suspended matters, organic mercury,
PCBs,
Alubuminoid nitrogen, sulfate ion,
phosphoric acid, silicic acid, sodium,

and potassium

and cadmium

Items related to
wastewater std.
Others
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Table 2 Joint Water Quality Test Items

Scale by Water Supply Polulation

{000)
500 or 250 to 100 to 50 to 5 to less
level more 500 250 100 50 than 5
A 0 o] 0 0 0 0
B 4] 0 0 - - °
self-test joint test
C o 0 4] - " B

(Note) Raw city water, water in process of purifica-
tion and tap water should all be subject
to the above allotments.

(2) Water quality test and assessment for management of
water sources and purification plants (including
main distributing pipes);
(3) Water quality test and assessment to confirm the
safety of tap water;
(4) Water quality test and assessment of items related
to the standards of waste water from purification plant;
(5) Qualitative test of chemicals and materials;
(6) Investigation of water quality accidents; and
(7) Research study of water treatment, etc.

That is to say, Water Quality Control Center performs the central
role of water quality control in the concerned area. Although the
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quality control conducted by large-scale water supply authorities, the
Center is required for elaborate control because there are many other
small-sized water supply authorities concerns under its control and
all the more because 1t covers many water sources in number and kind

as well,

It is considered that there are nationwidely many areas where the
aforementioned Water Quality Control Center should be established for
water quality control of the entire area. What personnel would be
required, approximately how much would be the cost for it, and to what
extent the said cost would influence the water supply cost, when Water
Quality Control Center was established were estimated for the M area
of the Tohoku districts and the S area of the Kyushu districts in
Japan.

The test frequencies of the respective test items were determined

as in Table 3 based on the provisions of the Water Works Law and the
test requirements.

Table 3 Frequency of Water Quality Test Purpose

Water in Waste water
Raw process of Tap standard
Level water purification water item
A Daily Daily Daily Daily
B Monthly Monthly Monthly Monthly
C Monthly Monthly Monthly Monthly

D Annually Annually Annually Annually
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Personnel required for the test was divided between the case in
which the number of samples was 1 and one in which that was 10 (where
the samples made up a mass) and was set up for the respective levels
as specified in Table 4 in consideration of the time needed for
preparing reagents and testing. In addition, the expenses to be
incurred for the respective levels were determined as in Table 5. 1In
calculations, further, reagent cost, equipment cost, charges for
utilities and water and the costs of fixtures and supplies per sample
were computed and totalled for the individual items of the respective
levels. It was decided that the test methods should be subject to the
"Ministerial ordinance" or the "Standard Mebliods for Drinking Water
Quality Examination,"” and the lives of machines and instruments and
the durable lives of fixtures and supplies were based on the actual

values recorded by Y City. Those are refened in Annex.

The number of places of water collection for control of tap water

was set up as follows:

Water Supply Population No. of Places
Less than 5,000 1
5,000 to 50,000 1 per 10,000 prs.
50,000 to 100,000 5 + 1 per 20,000 prs. for

population exceeding 50,000

100,000 to 250,000 8 + 1 per 40,000 prs. for
population exceeding 100,000




Table 4 Personnel Required for Test

In case that no.

of samples is 1

In case that no.
of samples is 10

Unit:

when no. of

(1.29) 2.43 samples is 1
[prs./1 sample]

(0.65) 2.08 when no. of
samples is 10

7.37 (14.97) [prs./10 samples]

(Calculation method: The total of required time for the
reagent preparation and testing for each item of each
level [actual time recorded by Y City] was divided by
the actual working hours per person/day {5 hrs.}.)

Table 5 Test Expense per Sample

Required expense per sample

1 set of B-level items

¥2,000

1 set of C-level items

¥2,600

1 set of D-level items

¥30,000
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A. Case of M Area of Tohohuku Districts
Centering on Y City, M area has 7 cities and 7 towns. The number

of water service concerns in the area is 5.9, which Is broken down as
in Table 6.

Table 6 No. of Water Service Concerns, etc. 1n M Area

Scale by No. of Annual Water No. of Places of
, Water Supply| Water ,, | Supply Required Test for
Population sééﬁiﬁ%ﬁ' (000 m3/year) Tap Water
Less than 47 1,642 47
5,000
5,000 to : 11 17,792 29
50,000
50,000 to 0 0 0
100,000
100,000 to 1 18,191 76
250,000
59 37,585 87

a) Number of Samples

The samples which were brought into Water Quality Control Center
were counted, resulting in the values as indicated in Table 7.
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Table 7 No. of Samples Undergoing Joint
Water Quality Test for M Area

Scale by Water Supply Populaion (000)
Purpose
of Test Class 100 - 250 5 - 50 Less than 5
Raw water B - 132 564
- 132 564
1 11 47
Water in B - 132 b64
process of C - 132 564
purification D 1 11 47
Tap ‘ B - 348 564
water C - 348 564
11 29 47
Waste water D 12 - ‘ -
standard item
Total number of samples
B: 2,304 C: 2,304 D: 217




b) Test Expenses

B: 2,304 x 2,000 = ¥4,608,000
C: 2,304 x 2,600 = ¥5,990,400
b: 217 x 30,000 = ¥6,510,000

Sub-total = ¥17,110,400

(Not including personnel expenses, sample

collection and transport expenses)

¢) Fixed Number of Required Personnel

B: 2,304 x 1/250 x 2.43/10 = 2.24
C: 2,304 x 1/250 x 2.08/10 = 1.92
D: 217 x 1/250 x 7.37/1 = 6.40

Sub-total 10.56 prs.

Accordingly, the organization of Center is set up as follows:

Supervisor in charge Senior Junior
----of physico-chemistry------ staff (3)--staff(6)
;
]
Head of E Supervisor in charge Senjor Junior
Center-------of biology/bacteriology---staff(1)--staff(1)

e il Clerk(2)---Chauffeur(1)
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d) Personnel Expenses -

Head of Center ¥7,000,000 x 1 = ¥7,000,000
Supervisor ¥5,000,000 x 2 = ¥10,000,000
Senior staff ¥4,000,000 x 5 = ¥20,000,000
Junior staff ¥2,500,000 x 9 = ¥22,500,000

Sub-total ¥59,500,000

e) Expenses

Test expenses ¥17,110,400
Personnel expenses 59,500,000
Transport expenses, etc. 1,710,000 (1% of test

expenses)
f) Unit Cost per m3 of Water Supply

78,252.4/37,585,000=2. 08%/m°

B. Case of S Area of Kyushu Districts

Centering on § City, S§ area has 2 cities, 12 towns and 4
villages. The number of water service concerns in the area Is 51,
which 1s broken down as in Table 8.



a) Number of Samples

The samples which were brought into Center were counted under the

conditions as established in the preceding section,

figures as indicated in Table 9.

resulting in the

Table 8 No. of Water Service Concerns, etc. in S Area

Scale by No. of Annual Water No. of Places of
Water Supply| Water Supply Required Test for
Population Services { (000 m3/year) tap Water
Less than 44 1,697 44
5,000
5,000 to 6 3,627 13
50,000
50,000 to 0 0 0
100,000
100,000 to 1 12,238 10
250,000
51 17,562 67




Table 9 No. of Samples Undergoing Joint
Water Quality Test for S Area

Scale by Water Supply Population(000)

Purpose
of Test Class 100 - 250 5 - 50 Less than 5
Raw water - 72 528
- T2 528
1 6 44
Water in B - 72 528
process of - 72 528
purification 1 6 44
Tap - 156 528
water - 156 528
10 13 44
Waste water D 12 - -
standard item
Total no. of samples = B: 1,884 C: 1,884 D: 181
b} Test Expenses
B: 1,884 x 2,000 = ¥3,768,000
C: 1,884 x 2,600 = ¥4,898,400
D: 181 x 30,000 = ¥5,430,000
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Sub-total ¥14,096,000
(Not including personnel expenses, sample

collection and transport expenses)

c¢) Fixed Number of Required Personnel

B: 1,884 x 1/250 x 2.43/10 = 1.83

C: 1,884 x 1/250 x 2.08/10 = 1.57

\ D: 181 x 1/250 x 7.37/1 = 5.34
Sub-total 8.74

Accordingly, the organization of Center is set up as

follows:

Supervisor in charge Senior Junior
~---of physico-chemistry----- staff (3)--staff(4)
|

Head of ' Supervisor In charge Senior Junior

Center——-}——-of biology/bacteriology--staff(1)--staff(1)
|
e S L LD L Clerk(2)----Chauffeur(1)
d) Personnel Expenses
Head of Center ¥7,000,000 x 1 = ¥7,000,000
Supervisor ¥5,000,000 x 2 = ¥10,000,000

Senior staff ¥4,000,000 x 5 = ¥20,000,000



Junior staff ¥2,500,000 x 7 = ¥17,500,000

Sub-total  ¥54,500,000

e) Expenses

Test expenses ¥14,096,000
Personnel expenses 54,500,000
Transport expenses, etc. : 1.409,060 (1% of.fgéf
expenses)
Sub-total ¥70,005,000 .

f£) Unit Cost per m° of Water Supply

70,005, 000/17,562,000=3.98%/n°

4. Self-testing Setup

(1) Water Supply Authorities Covering Water Supply Population
of Less Than 100,000

In the water supply authorities of this scale, the tests of .
water quality items of B, C and D levels are to be undertaken jointly
at Water Quality Control Center, whereas for self-testing the concerns
should establish the setup which will permit them to surely conduct
the daily test and the like. The realities of self-testing equipment
of A level in Japan are not satisfactory in consideration of such
percentages as 86% for the scale with population 50,000 to 100,000,
T72% for that with 10,000 to 50,000, and 59% for that with less than
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10,000. Consequently, the water supply authorities must make efforts
to equip themselves with the self-testing setups of A level while
maintaining close contacts with Water Quality Control Center,

(2) Water Supply Authorities Covering Water Supply Population
of 100,000 to 250,000

The water supply authorities of this scale have been equipped
with the setups in which they can undertake the water quality tests of
B and C levels by themselves. The realities are accounted for by the
rate of equipment holding, such as 83% for B level and 65% for C
level, and the concerns should endeavor to get further equipped with
self-testing setups as well as play the pivotal role of Water Quality
Control Center.

(3) Water Supply Authorities Covering Water Supply Population
of Over 250,000

The water supply authorities of this scale have made it a goal to
carry out all the water quality tests by themselves. The realities
indicate that the rate of equipment holding represents 90% or higher
for all of A, B, C and D levels, leading to an evaluation that the
self-testing setup has been by and large built up in this segment.
The water supply authorities of this scale, however, are required for
sophisticated water quality control over the whole water service due
to the factors that the water source is divided into several ones
because of their operations in large scale and that they are embracing
a vast water supply area. These water supply authorities are
requested to lead the technological level of drinking water quality
control and, dependent upon the area, to take the central position of
Water Quality Control Center, standing as the leader of water quality
control In the sald area.
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Anex

. List of Necessary Expenses for Each Item Water Quality >/'54-Y

Ho. of Expenses Estimated Per One Sampile Total Estimated
Yater Quality lies Samples Chenicals Apparatus Urility Endurables Expenses Per 1 Remark
Per Year & Equipt. ne Sample
Turbidity 5,000 0.08 20. 587 4.19 3.51 3445
Colouwrity 5,000 l.32 5. 43 3.89 36. 44 {7.08
pll Yaiue
{Electrode Nethod) 5,000 14. 50 5.67 3. 54 3. 29 30.20
pl Yalue {(Amerometric 386, 10
Titrotion Method) 5,004 3.08 5.01 3.93 1.29 14.31
Jdor 5,900 95. 66 £.31 3. 85 111.130 212.12
Taste 5, 004 0.900 1.3t 1.85% 10, 38 15,52
Alkarinity 5, 000 0.50 ?.43 3. 48 6.6 13.02
Ammonium Nitrogen 250 2.08 132. 69 112.30 136.38 153. 9%
Nitrous Nitrogen 150 2. 13 22.20 67.99 222.7% 115.07
Nitrate Nitrogen 250 15. 39 2715.43 94.81¢ 126. 00 6L1. 63
1,999.19
Chiorine lecn 150 i.20 48. 610 69. 64 109.57 126. 01
Potassium Permanganate
Consumption 250 2. 41 56. 28 127.03 140. 21 319.99
Chiorine Demand 250 0.00 24. 20 78. 51 i6. 12 149.13
General Bacteria 2150 18. 40 387.02 262. 06 164.53 85211
2,64%.22
Cojiform Bacteria 250 79.07 232. 14 262. 06 164.63 111. 38
Total Microoragnisas 150 19. 08 527.99 10,18 441.96 1,059. 21
Cranides 250 15.28 67,58 107.37 729.40 920.11
Mercury 150 105. 95 451.170 17. 34 1,984, 21 2,618.120
Organic_Phosphrus 250 291,28 58,171 82,31 884. 21 1,322.57
Copper 250 190. 10 451.1¢0 17. 44 1,433 5d 2, 06268
Lead 150 67.00 451,70 17.34 1451 5 2,053 58
Line 250 13. 00 151. 10 77,34 1.433. 54 1.375.58
Fluorine 555 71.07 67.56 107.57 903. 49 1.149.99
Phenelis 150 14. 26 ET. 56 107. 37 1,068. 06 1,258.158




MBAS {Metdrlene Blue

Active Substancer) 50 115,58 51. 0% T12.83 585. 24 3i6. 11

29.513.03

Hexavzlent Chroaium 1510 3.67 1. 56 72,813 121240 [ XY AE]
Arsenic 50 115.48 13.08 T4. 41 §41.12 908.09
Rardness 150 5. 42 2.0 65.37 462.1% $T6. 18
Cadmius 150 66. 50 151,70 .11 1, 457. 54 2.08350. 55
PCBS
{Polychiorobiphenris) 250 §9. 52 631. 70 81,51 2, 568,00 3,387,313
Atbuminoid Nitrogen 150 13.13 45.20 100. 41 682 68 845. 42
Total Residues 250 0.08 17.91 14.30 i.20 103. 4}
Suifate lon 250 36.77 69. 36 T1.8% 216, 14 394. 72
Phosphate jon 250 2. 86 43.56 10,21 605. 40 122. 03
Sijic Acid 250 T.23 6. 38 71.45 209. 00 358. 04
Sodiua 1580 0. 54 §568.60 §4. 49 358. 78 996. 39
Potassium 250 1.19 568.60 68. 4% 358. 78 597. 04
BOD (Biochemical

Qxygen Demande} 250 19.57 598.20 §15. 117 ST4. 15 1.508. 29
Suspended Soiids {55) 250 0. 00 126.33 §5. 37 33.00 189. 10
Organic Mercury 5¢ 14d. 54 §3L.10 B7.91 117.26 1, 641. 41
NOTE : Excluding expenses for labor, sampling, and transportation.

tl) Estimated Expenses for Ore Group of Tests Per One Samples.




?. Expenses for Zhemicals

lnit Frice Fer Necessary Chemical Chemjcal
ase of Chemical IClass| Amount’ Price lg or inl Amount Per Expenses FPer | Expenses Per
{g or 21) Samplelg or at} Sasple {Yen) Year {Yen)
kaclin Sa0 258 §. 5
Turbidity Sodium Pryrophosphate S 300 680 1.4
Foramalin S 500 420 0.3 3190. 80
Platinue Sogium Chioride 5 )3 2,650 . 650, 0
Colourity Platiune Coball chlioride 5 500 1,790 3.6
Hydrochioric Acid 5 igo 330 .1 6. 505. 00
pH Value Phihalate Buffer Sclution 500 1. 000 1.0
{Electrode Phosphate Buffer Solutior 500 1,008 2.0
Method} Borate Bufier Sclution 500 1.000 2.0 73,000, 00
{Colorimetric | BTA indicalor 500 1. 250 2.5 £.5 1.25
Method} PR Indicator 500 L, 250 2.5 0.5 1.23%
Universal indicator 104 1,652 16. 8 0.5 §.28 3.58
Residual lodine S 500 2,450 i.19 b.0% 0. 441
Chlorine Potassium lodide 5 500 2,750 5.5 0.06 0.33
{Amperometric | Phenyiarsen Oxide 1 1,200 1.200.0 0. G0D9E 3. 152
Titration Sodive Hydroxide 3 500 500 1.0 0,02 0.02
Method) Chlovofors 5 30 340 1.7 004823 0. 0039
Potassium Phosphate, Monobasic S 508 730 1.5 0.03 0. 045
Sodium Phosphate, Dibadic 5 500 1,500 3.0 0.04 0.12
Sodium Hypochlerite 500 330 [ 0.0048 0.0032
Acetic Acid S T 500 1.9 0.51 0.51
. Sodiun Acetate S $04 924 1.8 0.2% 9.45% 3,08
{Cotorimetric [ 0-Tolidine hydrochloride 500 3.000 5.0 0.08 0. 48
Method) Bydrochioric Acid S 500 150 0.7 6.09 0.063
Scdius Phosphate, Dibasic 5 500 1,500 3.0 0. 04 0,12
Potassium Phosphate, Moncbasic § 500 130 1.5 0.08 0.12
Potassius Chromate 5 300 1,810 3.4 G.0L8 0. 0624
Polassium Dichromate 3 500 I, 340 31 0. 0055 0.0149 0.8k
Odor Granulated Activated Carbon 500 1. Y30 i1
Porassiue Dichromate {for IKD. use} 504 1,070 1.1
Suifuric Acid {for IND. use} 5040 130 0.2 478, 320.00
Alkalinity Methy! Red S 3 340 340.0 G. 000036 0.4112
{N-AlkalinityH Bronocresol {reen H 1 33D 530.90 0. 00013 b. 1484
Ethyl Alcohol M 560 890 I8 0.18 0. 32
Sutfuric Acid S 500 590 1.2 0. 0045 D.0055
Sodium Carbonate 5 500 100 1.4 0.0058 0.008]
Sodivm Thiosulfate M 580 §54 5.1 0.00£(2 0.0013 6. 50
Annonium Rochelle Salt 5 500 1. 590 3.2 0.1 0. 9%
Nitrogen Mercury (D} todide s 500 11, 160 23. 4 .03 §.702
Potassium lodide M Y L 150 5.5 0.01 0. 165
Sodium Hydroxide 5 5940 500 1.0 0. 2 0. 24
- Anxmonium Chioride S 500 (1] 1.1 0.007% 0.009} 2. 08
Mitrous Tartarie Acid 3 50D 2. 550 5.1 0. 3% 1.238
Nitrogen @ -Naphthylamine 100 {1,000 0.0 0.0036 .14
Chlorofora N 500 340 1.7 0.00125 0.0021
Sutfanilic Acid s 500 2,008 4.0 0.036 0. 144
Sodium Witrite H 504 540 1.3 0.0033 0.0043 213
Kitralte Brucine Suifate k1] 6,150 210,90 L. 0] .7
Nitrogen Sulfanilic Acid = 5T 500 7,800 1.0 0.004 0. 904
Hydrochloric Acid 5 sop 350 2.1 D.03 0.021




Sulfuric dcid 3 T 596 [ N A 12
Sodium Chloride S Sie 150 4.9 0.8 | 0.648
Potassius Nitrate s 500 5548 ] 5.h1% 0.0138 15.3%
Chlorine lon Silver Nitrate 3 500 ia. 800 5§7. 4 0.02 1. 152
Potassivm Chromate 3 500 i 930 1.9 0.012 0.0468
Sodium Chloride N 500 (21 6.9 0.0003% 6.0009 t.20
Potassium Potassiam Permanganate by 500 1. 5080 1.4 0. 0057 9.0171
Permanganate | Sodius Oxalate 3 500 7,859 5.1 0. 0098 0. 049
Consuaplion Sulfurie Acid s 500 5940 1.2 4 2.4 2.1
Chlorine Potassiun_lodide S 500 1. 150 5.5
Demand Starch 500 [11] 1.0
Sulfuric Acid : 1 394 1.2
Sodium Thiosulfate 500 350 i. 1l
Potassius lodate 380 6, 150 £13.§ 4.130
General Common Agar Mediuam 180 1. 400 .0 1. § 38.4 J13.40
Bacteria LB Culture Medium 100 1,200 0.1 .1 22.47
Coliform BGLB Culture Mediam o0 . 100 17.8 9.5 10.2
Bacteria EMB Cuilture Nedium 100 i. 600 5.0 18.4
Gram' s Staia Solution 1 7,000 7,000.0 28 19.07
Total Formalin 5 590 410 0. & 1. 88
Micro- Sodiua Hydrogencarbonate 3 508 410 .8 1.53
Organisas Ethyi Alcohold 5 500 [§1] 1.8 1.56
Nountsedia 2,000 §
Sulfuric Acid M 500 590 i.2 2. 36
Kydrogen Peroxide 1 500 41549 0.9 £ 4 19,08
Cranides Phenolphthalein Indicator 500 1,250 1.5 0.2 0.8
Zinc Acetate s 500 i, 090 2.1 2.4 5.28
Chloramine T 3 00| 3 350 1.7 0.003158 $.0289
Potassius Phosphate, Monobasic Y M 110 1.5 0. 04 0.08
Sodivum Phosphate, Dibasic $ ) 1,500 1.0 B. 05 0.1§
|-Phenyi-3-¥ethyl|-5-Pyrazolone 500 16,300 12. 6 0. 04 1. 304
Bis{1-Phenyl-3-Methyl-5-Fyrazolone) 1% 12,900 $16. 0 0.0035% 1. 8578
Prridine § 500 i.518 3.0 2 [] 15.22
Organic Awmonium Sulfanilate § 500 7,250 1.5 0. 04 G.13
Phosphorus N-{i-Naphthyi)-Ethylenediamine Dihydrochloride 5 13 1,150 290. & 0.04 11,2
¥-Hexane 5 509 1% 1. § 143 214. 5
Hydrochloric Acid 5 300 158 0.7 1. 15 1. 645
Scdium Chlaride 3 300 450 §.19 §. 13 9. 2817
Sodium Sukfate, Anhydrous M 500 S50 1.1 0.3 0,311
Ethyl| Alcohel N 500 150 1.8 15 11
Paralfin 500 S350 1.2 0.75 8.4
Sodium ¥itrite M 500 128 0.8 0.004 £.0032
Parathion 1 1.300 7,300.0 29.12 297,28
Fluorine Alizarin-3-Wethylamine-N MN-Diacetic Acid 1 5, ¢50 5.450. 8 6.005% 31. 065
Sodium Hydroxide 3 500 500 1. & B. 004 0. 004
Sodius Acetate 3 500 920 (] 0.45 0. 21
Acetic Acid $ 500 500 1.0 0.2 9.1
Lanthapua (@) 9xide 15 750 30.0 9. 004 0.12
Nilriec Acid § 540 4160 6.9 0.02 0.018
Sodium Fluoride 3 500 1,450 §.9 9.0066 0.0455
Phenclphthalein . 500 L, 250 1.5 0.12§ 0.625
Sulfuric Acid M 500 590 1.2 30 16
Silver Suilfate 3 500 33,000 6. 0 0.033 2. 172 11.01
Phercls Grangiated Activated farbon 3 500 1,410 .1 0.01 0.084
Copper Sutfate . 5 So0 950 1.3 0.1 0.57




4-Aminoantiprrine S 500 13,769 7.4 0.0038 0. 21932

Methy! Orange 5 15 §10 6.8 0.016 0.4288

Phosphoric Acid S 500 500 1.0 0.7% 0. 175

Potassium Phosphate, Dibasic by 500 920 1.2 1.5 2.7

Potassium Phosphate, Monobasic 5 500 T30 1. § 1.1 1. 65

Potassium Ferricranide S 5040 1,800 3.8 0.011 0.06456

Phenot 5 500 840 1.1 0. 01 0. 051

Potassium Bromzie 3 500 1,150 2.3 0.0l 0.023

Potassium Bromide S 500 920 1.8 0.3 0.54

Iydrochloric Acid 3 s00 350 0.1 i.5 3.1

Starch T i50 1.0 4.08 0. 48

Potassius Jodide 3 00 2,150 5.5 2.1 3.45

Sodium Thiosulfate 3 500 550 1.1 0. 088 0.0848 14. 26
MBAS Methyiene Blue H 500 12,300 4.6 9. 0017 0.0418

Sulfurie Acid S 500 599 1.2 §9.11 0.132

Phenotphthalein S 500 1,250 2.5 0.25 0.625

Sodium Phosphate, Monobasic 5 500 E50 1.3 0.83 1.01%

Sodium Dodecylbenzenesuifonate ] 1,830 3.7 0. 03 0.111

Sodium Hydroxide S 00 500 1.9 0.2 0.2

Chlorofors s 500 340 1.1 66.7 113. 39 115.58
Hexavalent Diphenylcarbazide S 5 1, 080 43.2 0.0033 B, 1428
Chromiun Ethyl Aleohol 500 111 1.8 1. 87 3. 006

Sulfuric Acid 3 580 550 1.2 .4 0.8

Pottassium Dichromate 5040 1. 340 2.1 0.015 0. 9405 3.67
Arseeric Tin (B} Chloride 5 500 1. 854 5.7 0.66 3. 762

Potassium |odide S 500 2,150 5.5 [ §. 33

Arsenic Trioxide C Y 920 1.8 0. 0044 0.6079

Sodiue Hydroxide B 500 501 1.0 1.5 1.5

Sulferic Aeid 5 5040 590 1.2 0.2 0, 24

Litmus Test Paper 300 560 1.8 0.2 0. 38

Lead () Acetate H 500 1, 340 2.1 0.4 1. 08

Acetic Acid S sne SoB 1.0 0.903 0.03

S5ilver Diethyldithiocarbamate 15 5,050 162,40 0.4 0.8

Brucine 25 5. 150 250. 0 0,075 13.15

Lhlorofors H 500 140 1.1 1. § 2. 58 115,42
Hardness Potassius Cyanide M 500 1,000 2.0 0.3 0.d

Anamorium Chloride S 500 600 1.2 0.23 0.276

Amnonia Yater § 500 50 0.9 0. 04 6.03%

EBT Indicator 50 §38 12. % 1. 6 20. 18

EDTA H 25 §90 19. 6 0.13 2.548

Hydroxylasine Bydrochloride 3 50 2,450 4.9 D04 B. 196

Hydrochloric Acid H 00 350 0.1 0.6 0.42

{Granular} Zine J1 100 3. 250 12.§ 0.02 0. 63

Acetone H 5090 140 8.3 1.7 1.58 28,42
Albuminoid Socium Hydroxide 5 500 5040 1.4 2.1 [

Hitrogen Potassiun Permanginaie 5 500 |, 540 3.4 .53 . §%

Rochelte Sait 3 300 1,590 3.2 0.1 0. 96

Mercury lodide S 300 11, 100 23. 4 0.03 6.702

Potassium lodide 5 540 2,150 5.5 0.93 0.145

Ammcuniuve Chloride 5 500 500 1.2 0. 008 0. 6096 1333
Sulfate lon Barivs Chromate [ 5040 1,40¢ 2.8 i 2.8

Acetic Acid p £00 $00 _ 1.k} 1 1

Hydrochloric Acid 5 500 150 2.1 0. 023 0.056

Ethyt Alcoho! S 580 590 1.8 13 21

Potassiumn Chromate 5 500 1,930 1.9 9.5

A
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Barium Chioride H 500 1. 000 .0 9.5 1
Asmoniaz Water H 500 150 6.9 i 0.1
BT8 {mdicator 50 610 12. & 9.t I. 2§
Diphenylcarbazide 35 p43 [, 080 413.2 0.015 0,642
Calcium Chioride S 500 580 1.2 [TEE 0. 0014
Potassium Sulfale S 500 130 1. § 0.4 0. 15 35. 117
Phosphate fon { Sulfuric Acid M 5040 530 1.2 1.1 2.04
Asmoniwum Molybdate 5 508 1 100 5.4 0.14 0, 158
Hydrochloric Acid by 500 350 0.1 0. 018 0.012%
Téin (D) Chloride H 508 2.850 5.1 0.0014 2.008
Porassius Phosphate, MWoaobasic H 560 130 1.8 0.0) 8.045 2. 86
Silicie Acid Aamonium Molybdate 500 1. 100 5.4 .83 4.482
Anmonia Fater 500 450 0.9 0.9 0. 351
Sodiun Swlfite [1] 420 0.3 .83 2. 264
Sodium Silicofluoride § 1] 1. 530 N | g 0t7 g.1207
Krdrochloric Acld b3 [ 1] 350 0.1 0.021 b. 0147 1.21
Sodium Sodium Chloride H 1] 450 0.9 0.0t 0. D126
Hydrochloric Acid 5 [T] 350 0.1 0. 1% 0. 525 0. 54
Potassium Potassium Chloride 5 L1 410 1.0 0.01 .01
Sodium Chloride H [1] 450 [ 0.014 0.012%
Bydrochloric Acid M [1] 350 0. 1. 81 1. 169 1.1%
BOD Naganese Swifate § [1] 1,000 1.0 1. 1, 1
) Sodium Mydroxide S [1] 504 1.0 1. & E. 61
Polassium lodide S 00 2,150 5.8 0. .15
Sodium Azide l 500 £.150 3.5 0.03) 0.3135
Sodius Fluaride $ 508 3,050 [ 0.4? 4.081
Starch 1] 480 1.9 0. 08 0.08
Sodium Thiosulfale [1] 550 1.1 [N11] 0. 0948
Potassium lodate [T] 5, 150 13.§ 0.013 0.1755%
Sulfuric Acid [ 1] 590 .3 ] 1.2 1957
Organic Hydrozhloric Acid 3 [} 150 9.1 Ti. 1%.91
Mercury Senzene H [] §20 [ 1 $0
L-Crstein S i, 000 160. 8 B.13 F |
Sodivs Sulfate, Anhydrous S 1] 50 1.1 B.12 0.132
S{tica-Gel [T] 10 [T ] [ ] b. 24
Soluble Starch 1 50 1] I.2 1.2 I 44
Nethyimercury (0} Chloride NS ] 1.100 154. 0 0. 0033 1. 6004
Ethyisercury () Chloride [ 2 1,670 8.1 0.0033 0. 2204 Hdd. 54
Mercury Nitric Aeid .1 50 1, 150 3.§ H £71.5
Sulferic Acid Rg [1] 1, 150 3.5 1] ]
Tin {B) Chloride g 18 1,150 11.5 [ 1.1
Hydroxylamine Hydrochloride Hg (1]} 1, 500 3.0 0.1 30. 4
Poltassium Permanganate 11 150 2,500 10. 8 9.1 1
Potassiun Persuifate T3 580 1 300 4.6 0.5 3.3
Mercury Svandard Soletion Hg 198 I, 100 11.40 1 11 105,95
Copper Copper Standard Soiutlion AAA 1040 1, 000 10. 90 1 10
Methyl Iscbetyl Xetone AAA 500 1,1 f 9 L | 10 3.4
DDTC AAA 10 340 34.0 [ i1
Ammoniua Cilrate, Dibasic AAA 500 1,870 13. 0 H 16,17
Amncuni Sulfate AAA 500 2. G600 4.0 H ] 160, 10
Leag Methyl lsobuiyl Ketlone AAR $00 1,110 1] i? 23. ¢
APDC AAA i 5§40 340. 0 0.04 33,4
Lezd Standard Soiulion AAA LoQ 1.000 10. 0 ! 1] §1.00
Tinc Nitric hci¢ - AAA s00 130 1.8 1 3
Zine “tandard Solutinn Y 190 1.000 TN )1 10 13. 40

[T S,

e
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Cadaium Methy! lsobutyl Ketone AMA 500 1. {70 2.3 10 23

APDC AMA 1 X1 340. 0 0.04 31,8

Cadmium Standard Solution ALK 190 1.000 10. 0 1 11 6. 50
PCE Ethyl Alcohol RS 508 1, 150 1.5 1

N-Hexane RSL 1000 1,630 1. & 6.52

Acetone R3C 1060 1, 630 1.6 B.52

Scdium Sulfate RSC 500 820 1.6 3.28

Silicagel {For cdumn chromatograph) PCB 500 3, 150 1.5 15

PCB Standard Solution 4, 000 15

PP DDE Standard Solution 154 11, 104 £5.2 45.12 99, 52

{NOTE Class)

5 : Special

1 : First

C : For Chemistry
H

3 : JES Standard
S : Wanufacturer' s Special
B g : For Hg

AAA : For Atosic Absorption Analysis

BSC : Reasent for Residnal Agricultural Chemicals

PCB : For PCB




1. Expenses for Apparatuses and Equipsent

Yearly
Kame of Apparatus or Equipment Price Lifle Cost Cost Share Among ltems of femark
{Yen) {Year) {¥en) Fater Quality Anairsis
Stirrer {1,090 18 4,700 | Turbidity L 10X £719 |
) pE _value 90% [E1]
Balarce e, 000 5 4,000 [ All lress 2. 5% Each 100
Anat¥iical Balance 125, 000 10 12,500 | All ltems Exceptl pH-vaiue, Odor. Taste, Free
Estimated Repair Cost - 2,500 | Carbonic Acid, Gemeral Bacteria, amd Coliform
(2X of the Price) Bacteria 3% Each 450
Hot Air Dryer 390, 600 10 39,000 | ALl ltems Excluding Free Carbonic Acid
Estimated Repair Cost - 1. 840 : 2.5X Each 1,170
¥ater Bath 10,000 10 7,080 | Turbidity, Total Residues, Orgamic Phosphorus,
Estimated Repair Cost - 1. 400 | 0dor, Taste, and Nitrate Nitrogen t7% Each 1,428
Water Stili s20, 000 10 B2, 000 [ A1) liems : 1.5% Each
Estimated Repair Lost - ib, 400 2. 450
Certifugal Separator {00,060 10 40,000 | Ammonivm Hitrogen 5% 21,600
Estimated Repair Cost - §.000 | Colourity 5% 21.600
Total Microorganises 10% 4. 800
Hot Plate {300¥. l0-units type} 65, 000 10 6,500 ! Potassiun Permanganate Consumption : 90% e 7.020 |
Estimated Repair Cosi - 1,300 § Arsenic : lax 180
Kot Plate {1.2Kkv) 10, 000 5 2.000 { Hitrate Kitrogen, Residual Chiorine, Chlorine
Demand and Bacteria 25% Each 544
Muffle Furnace 170, 000 14 37,000 | Chiorine lon, Nitrate Nitrogen, Sulfate ion,
Estimated Repair Cost - - T.400 | Alxarinity, Arsenic, Silicic Acid, Potassium,
and Sodium 1. 5X Each 5,550
Distitlation Apparatus 150, 000 10 25,000 | Awmonia Mivrogen, {ranides, Fliuorine, Phenols,

Estimated Repair Cost - 5,000 | and Albminoid-K : 0% Each 6. 000
High Pressure Steam Type Sterilizer 230, 000 14 23,000 | Bacteria : 95X _ 26,220 |
Estimated Repair Lost - 4,600 | Nitrate Mitrogen ;5% 1,380
Spectrophotoseter £90, 600 i 59,000 1 Mitrate Hitrogen 1 50% 53,400 |

Estimated Repair Cost - 17,800 | Fluorine, MBAS, Phenol. Hexavaleni-Cr. Arsenic.
Suifate lon, Phosphate lom, Silicic Acid.
Cyanides, and Organic Phosphorus 5% Each 5, 340
pk Keter 200, 009 10 10,000 { pH Yalue : 100X
Estimated Repair Cost - {, 000
Electrode Cost - 10, 000 34,000
Shaker 180, 000 {0 15,000 | Mercury, Organic Mercury, Copper. Lead, linc.
Estimated Repair Cost - 1,500 ] Cadmium, Organic Phosphorus, PCB, and MBAS
: 11% Each 1,378
Refrigerator 00, 000 i 10,000 | A1) ltems 2.5% Each
Estimated Repair Cost - 5. 000 Hdd
Flase Photometer T.000, 00N 10 200. 000 | Potassiuvm : 508 . _._i__ 138,000 |
Estimated Repair Cosiilnciuding Gas Cost) %) - 3 68,000 | Sodium ;50X 134, 009
Incubator {For BOD) 1.209, 080 ' 10 { 120,000 | BOD : 100X
Estimated Repair Los: - B 24, 0090 144, 008
incubator (For 3actieria! 350,000 | ig 35,000 | General Bacteria ____ M1 Y S 21.000 |
Estimated Repair Lost - i 1,000 | Coliform Bacteria : S0% i, 008




ECD Type Gas Chromalographic Apparatus 2,000, 000 16 ( zoe,000 pPCB se% 1 150,000

Estimated Repai~ Cost - 30,000 | Organic Nercu-y 0% 150,080
{Inciuding Gas, Lcliumn and lnjector costs) i ¥ith Recorder]

{5% of the Price)
Atoaic Absorption Flame Spectropholometer 3,500, 000 10 35%, 000 | Mercury. Lead, Copper, lin¢, and Cadmium

Estimated Repair Cost v/Compressor 175,000 : 29% Each
{Including Gas) (5%) and Recorder’ 105,000
Turbidity meter 195, 000 10 79,500 | Turbidity 100%

Estimated Repair Cost - 15,900 95, 400
fater Sumptler 100, 000 10 10,000 [ 411 ltens t.5% Each

Estimated Repair Cost - 2,000 100
Membrane Filter Equipment Set 20,000 3 6.667 | Suspended Solid ¢ 0% 28,033 |

Estimated Repair Cost{inciuding Filier Costs) - 45,400 | Totai Microoganisms 30% 15,033
Platinum Crucible 0,600 1] 7,000 { Selfatre lon, Arsenic, Siticic Acid, Sodium, and

Estimated Repair Cost - 1,400 | Potassius, Chlorine lon, Nitrate Nitrogen

Alkailinity : 12, 5% Each 1,050
Camera a0, 000 ] §,000 | Total Microorganisas : 70% _ 20,160
Slide 50,000 10 5,000 ! Genera} Bacteria _ LT T S L. 440 |
DPE Xit 190,000 16 18,000 | Coiiform Bacteria 5% L0

Estimated Repair Cost - 4,800 | Other All ltems 0.5% Each 144
Nicroscope (With Ocular and Objective 160,000 10 10,000 | Total Microorgapisms : 90X . 15,600

Lenses, Camera, and Exposure Meter, ete.} General Bacteria 5% 4, 160 |

Estinated Repair Cost - 14,000 ! Cotiform Bacteria 5% 4, 200
Coiony Counter 190, 000 10 16,000 | General Bacteria 100%

Estimated Fepair Cost - 2,000 12,000
Electronic Calecuiator 5,000 5 1,600 | ALl Itens 2. 5% Each 25
ODrying Sterilizer 300,000 10 30,000 [ General Bacteria _50% 18, 000

Estimated Repair Cost - ' §, 000 | Coliform Bacteria 50% L&, 000
Constant Temperature Water Bath 74. 000 9 7,400 | General Bacteria _ L1 S M. {_1114

Estimated Repair Cost - 1.480 1 Coliform Bacteria 50% 4,440
Culture Media Dissolution Pot Set 40,000 L] 3. 000 | General Bacteria s0% £, 000
{For Bacteria Test) Colifors Bacteria 50% 4,000
Amperopetric Titration Equipment 00,000 10 20,000 | Residual Chlorine 100%

Estimated Repair Cost - i, 000 H nﬂﬂJ




4. Utitity (Electricily and Fater Supply)

Cost and Cost Share Among ltems

Power Yearly Pover| Yesarly Pove Frequency of use
Name of Apparatus Consumption | Consunption | Consumption | {Indicated as the No. of Yater Quality Analysis)
or Eguipment {Kw) {Iv) (Yen) of Samples in a Year) {Yen}
Stirrer .05 5.8 110 | 5,000 Samples Per Year | Turbidity 2 lox ] L1
pH ¥Yalue : j0% 1 39
Amatytical Balance .02 1.1 i All Ttews Except pH-value, Odor, Tasts, Free)
Carboric Acid, Generat Bacteria amd Lolliform
Bacteria : 3% Each ! 1.3
Hot Air Dryser | 44 1,314 6, 200 All ltess Excluding Free Carbonic Acid !
: 2.5% Each 1 5§57
¥ater Bath 1.2 587 13,140 Turbidity, Evaporation Residue. Organic !
Phosphorus., Gdor, Taste, and WOS-N 17X Each » 3,23
¥ater S$till 1.2 1,752 35,040 ALl ftems : 1.5% Each !
i AT
Centrifugal Separator 19 I 5, 430 Anmonium Nitrogen 45X 1 R
Lhromaticity ___ L ASX b2 466 |
Total Microorganisss 10X ' 548
Turbidity Neter 8.2 Lio 2,200 Turbidity : 100X 4
12,200
Hot Plate (1.2Lw) 1.2 §51 13,140 | Residual Chiorine 5.000 | Residual Chlorine 0% 1 3. 622
Nitrate Nitrogen 250 [ Mitrate Nitrogen _ 0% ro.2. 628
Chlorine Demand 250 | Chlorine Demand 20X _b__z. 828
General Bacteria 250 | General Bacteria 10X o8
Coliform Bacteria 250 | Coliform Bacteria 0% ! 2. 628
Hot Plate b 820 16,400 | Potassius Perzsanganate '
{300%, i0-units Type} 150 | Potassium Permanganate : 90% L 14, T6D
- | Argenic 150 | Argenic : Lox 1 t, 840
Muffte Furnace ] 165 3,300 Chiorine lon, Mitrate Hitrogen, Sulfate lon, !
Alkacinity, Arsemie, Silicic Acid, Sodiem !
and Potassium : 12.5% Each ! 412
Distiktation Apparatus 3 2,190 43,800 | Amaocnia 250 ¢ Ammonium Nitrogen : 20X 18,160 |
Cranides 250 | Cranides : 0% 4, 180
Pheaols 150 | Phenois ;20X i__ 8,160 |
Fluorine 250 [ Fluorine L 20% 1__8.160
Albminoid-# 250 f Albminoid-¥N ; _20% Pl 1]
High Pressure Stean ] 10 §,400 | General Bacteria 250 | General Bacteria : 47, 5% P2, 000
Type Sterilizer Coliform Bacteria 250 | Collitorm Bacteria 47, 58% ! 2, 0%0
Mitrale Nitrogen Kitrate Nitrogen : 5% 1 20
Spectrophotometer i 550 11,000 | Nitrate Nitrogen 150 [ Nitrate Nitrogen : 11X ! 1,210 |
Fluorine 150 | Fluorine e LA B & S oo
Phenois 250 | Phenols 113 ! [, 2t0
UBAS 250 | MBAS L1 V1,210
HSexavalent Chromium 250 | Hexavalent Chromijum __ : | 11X . . 3 1
Arsenic 150 | Arsenic 113 ! 1,210
Sulfate lon 150 | Suifare ion 113 v . 2te
Phosphate [on 150 | Phosphate loa __________i ] s Y1, 210 ]
Stticic Acid 250 [Silicic Acid 11X 1_o_t.210
Cranides 250 | Cyanides Ly L.t
Organic Phosphorus 250 | Organic Phkosphorus 11% | 1,210
pR Meter 0.t 55 1,100 | pH Yalue §,000 | pH Yalue 100X oL
]




Shaker G2 35 L1100 | Mercury 2580 | Wwereuwry H 7S ER— 33T
crganic Mercury 250 |organic Mercury ML ] 131
Copper 250 | Lopper 212 5% | §37
Lead : !
Zine !
Cadmium 1
PCH : it
Organic Phosphorus 250 | Organic Phosphorus ;12 5% ! 137
Refrigerator Q.2 LR 1%, 500 Al liees + 2.5% Each !

! 440

Flame Photometer 1 k) T40 | Forassiuz 150 | Folassius L 80% ! 310
Sodiua 250 | Sodium - 50% t 170
Incubater {(For BOD) 0.5 1.330 87,4600 | BOD 50 | BOD :1D0% !

r 87,600
incudaior 0.5 4,330 81,800 | General Bacleria 150 | Gereral Bacreria _50% [ 1N
(For Genera) Bacteria) Coliform Bacteria 250 | Coliform Bacieria © S0% ' 43,800
ECD Type Gas 1.5 550 11,000 | PCP 250 | PCB : 5O% P__5.500 |
Chromatographic Apparaius Organic Mercury 250 { Grganic Mercery ; 50% V5,500
Alomic Absorption 1.8 584 11,000 | Wereury 250 | Mercury 2 24% P2, 200 |
Flame Spectrophotomeler Capper 25¢ | Copper ;20 2,200

Lead 250 ] Lead 10y r__ 2,200
Zinc 250 ) Zinc L 0% o2, 200
Cadmiua 250 1 Cadmius s 29% ¢ 2,200
Electrosic Calculator Batiery 960 Ali items : I.8% Each '
24 pes. ' 24

1

%ater Charge 15,000 Al lLens : 2.5% Each ! 175
1




5. Costs of Lsboratory Supplies

tatler ) bait Lost [Cost of Laboratory
Quallry liame of Apparatus 1o be Usad Specificationt kunber of Saspies Life ] Price Per Eupplies Per Saaple
'tes Sampie | for Each Analyeis
Turbidity Cell T 5. 000 samples per ryear 1 ¥Y316.000 2. 00
Cell 0 an - [IERET NI i.00
Cell [0 ma 1 Y10, seo t. 00
Beaker 508 ml 12 tises per year 14 1 T 0. 0%
Stoppered Measuring Criinder 1806 nl 12 times per year 30 7411, 000 1.36
Siphon 12 times per year 10 7 100 g. o8
Evaporstion Dish $0 times per year 10 T 100 0.2
Agato Mortiar 10 cn d 13 times per year 18 1§ 50,000 1.00
Tide-mouthed Botile 100 ni 2y [3]] 0. 07
Measuring Flask 111 12 tines per resr 2T Lm0 0.3}
Wedica! Spoor Stainless Steel 10 Y J00 0.01
Desiceator 10 cn # 0 Y| 23, 900 0.50 3.5%1
ﬁoloutil! Measuring Flask 1000 al L tiae per ryear [N 1. 600 0.%3
he Colorimetric Tube 100 5,000 sampjies per rear ¢ T 1. 800 36. 00
Cotorimetric Tube Stand If-pieces trype §Y| 5 800 0.28
Measuring Pipet ] ml 2 times per yoxr 16§ T 300 0.87
Stoppered Keagent Bottle 106 m] 2 times per year 1Y 1. 100 .14 36. 44
pH ¥alue Beaker 30 m] 5,000 sanples per year t 30 T 11% 1.15
(Electrode Washing Bottle {Polyethylene} HIET 5% 500 0. 02
Method) Fitier Paper First Ciass } sheet per analrsis 100 Z.00
¥atch Glass $ e & I 108 .32 3.28
pB Yalue pi Lolorimetric Tube 14 mi 5. 000 sampies per rear | 50 T 500 ig. 00
{Colorimetric Lomzgowe Pipetl 6.5 ml 1 159 1.00
Nethod) Reagent Bottie 50 ml 17 i. 160 0.3 17.19
Residaa] Reagent Bottle - Browa with Stopper 500 =] 5. 900 saspies per yearty 2 Y i, 200 1. 50
Chlorine ¢} Dropping Bottie - Brows 100 a! 5, 800 sampies per yearddl 2 Y §30 G.19 1.29
Fesidual Desiccalor 3% ca 4 5,000 sampies per year | 1D ¥ | 21 %00 .43
Chlorine Fuane) 18 ca 4 §12 times per year: 19 T 1. 000 0. 24
{Colorimetric Colorimetric Bottle 50 ul 10 Botties ¢} 100 T 1,108 11. 60
Method) fonagome PFipet (Y 60 days per year 10 7 35¢ .42
Measuriag Flask 1000 a) 12 tiaes per year 07 2. 600 0.62
Reagenl Bottle - Marrov-sputhed with Stopper 1000 ml $ Bottles 0% Y 1, 100 1.588
Resgent Bottle - Xarros-moutlhed withk Stopper $00 al 2 Bottles #% Y 1. %00 Q.38
Reagent Bottle - Narrov-moutihed vlik Stopper 12¢ ml § Botties #5 1Y 1. 14@ 0.5
Fial Bottos Flask 3000 sl 1 tines per ryear 18 T 3.008 0. 12
Glass Bar 20 cmal 2 tines per rear 18 T 0. 97
Filter Paper 5=A EDD shests 12 sheets per rear 500 0.01 146. 0%
Odor Reagent Boltie 5000 ni §5.000 sampies per year Y 8. 000 0.32
Glazs Twvbe $ ina X i 1Y 500 0.10
Rubber Stopper 5 cné [ 100 0.62
Giass ¥ool 30¢ ¢ iy 500 .18
Measuring Crlinder i00 ml 1Y 1. 800 0. 3%
Sitoppered Erlenwmeyer Fiask 100 =) 10T P, @eg { 100,00
Glas:s Pol For Chromic Acid Nixture 1Y i. 300 G. 2%
Measuring Pipet 10 ai 0T 500 10,00
Seagent Botiie 120 =l Y 1. k30 0.2 111.30
Taste Measuring Crlinder 200 al 5. 000 samples per rear 1Y i, 800 6. 36
Sioppered Erlenmeyer Flask 300 =l 50T 1. 000 20. 00
Mezsuring Pipey 10 =l 50 T 500 10.60 30. 36
Alkalinity Mesuring Crlinder 100 w!l 5,000 sasples per rear 1Y 1,260 0.2§

24



Porcelain Dish 300 uj 1Yy 100 [ 0,62
Dropping Bottie 120 a2 R 530 ] 0.0%
Giass Bar . . 20 cm=l i Yt 00 | 0. 0%
Aulomalic Buret - ] sel I Y3600 0 207
Feagent Botile 1006 i 2 Y 3,108 0,31
Zeagent Borile 500 ml 2 Yi 1,900 ] w©. 1%
RKeageni Botele 50 il 2 Y| 1,701 6,117
Reagent Bottle 1284 nl L 1,180 0,12
Measuring Pipet Y] 12 times per year 10 7 500 0.12
Trasfer Pipet 25 al 12 times per rear 10 1 6§78 B. 16
$easuring Flask 1060 =1 12 times per year 20 71 2,800 g.52
Buret (For Siandardization) 50 ul 3 Y131 0001 207
Trasfer Pipet 100 m) 12 tiaes per year i0 T 500 0. 33
Wedical Spoon Stajless Sreel 12 times per year HIRE g0 g.01
Cartridge Paper i4 sheets per rear t 290 §. 61
Amsoalun Colorimetric Jube 50 al 150 samples per year 50 T 1.800 36. 00
Ritrogen komagome Pipel 5 ul] 16 7 150 T
¥atch for 60 Minutes 5 Y] 50000 4.8
Measuring Pipet 1 at 10 T 0% 30.0¢%
Colorimetric Tube Stand 10-pieces Lype 5 Y i 55,0001 4.00
Heasuring Flask 1000 wl 12 tiaes per year HE 2,600 1 12 48
Measuring Cylinder 1000 ) 12 times per year 30 T L. 6200 7.3%
Reagesl Boitie - Brown, Harros-souothed 1900 n) 12 times per year Y 3. B0 .20
Lactridge Paper 100 Sheels 24 sheels per year i 200 4,13
yedical Spoon Stailess Steel 12 Limes per rear 10 ¥ 100 0.12 136. 38
Kitrous Kide-nouthed Botile 200 i 150 samples per year Y| e 0oBl 34 00
Hitrogen Colorimetric Tube 50 i 10 T 1.8081 180,00
Colorimetric Tube Stand 1¢-pieces type 5 ¥ $, 000 4.00
Medical Spoon Stailess Sieel 10 ¥ 0 B. 12
Caririgge Faper 100 Sheets 24 sheeis per rear 200 0,139
Measuring Flask 1000 n) L2 times per rear 10T 2,600 12. 48
Trasfer Pipel 25 ul 12 times per year 10 T 578 3,12
Yashing Botile [Polyethyiene) 500 ml 5y 500 0. 40
Ionagone Pipel (Y 107 3150 0. 14
Reagent Botrle 1000 al 1Y 3. 140 6. 20 212158
Chlorise lon Neasvring Crlinder 100 ml 150 samples per rear 1y i, 180 5. 04
Porcelain Disy 300 wi 1r 100 0.40
Dropping Bottile 120 m] 1Y §3¢ 1. 6
Glass Bar D) cw=] 1Y 300 1.20
Automatic Burey - 1 set 50 nl X2 3 Y82 000 8247
Reagent Bottje - Brown vwith a Stopper 10900 n) Y 3. 500 1.20
Rezgent Bottile - Brown vith a Stopper 120 nl 1Y L, 400 1.80 $00. 57
Potassiun Erlenneyer Flask 300 ) 2150 samples per year HE 140 12.00
Permanganate Automatit Buretr - 1 set 50 w2 X2 Y12 000 2. 57
Consuaption Dropping Botile 110 =i IR §30 1. 26
Reagent Boitle NI ETES] Y1 % 200 12. 40
keagent Bottle 500 al L 1,900 1. 40
Flat Bottm Fiask 2000 nl 12 times per year 107 1,350 [T
Ciass Fiiter iG-3 12 times per rear T 900 1. 6D 140,21
Chorine Buret 50 nl ] 5. 400 12. 30
Desaad | Erjenseyer Flask [ 200 n} I 4D T 200 ) 18,00
Bropping Bottle 130 ai 1y §30 1.2%
1008 al I 3,100 .20

Keagent Boltie




Reagent Bottie 500 w) i L, 80k 1. 80
Reagent Bortle L6 ai 3 Y| L. lae .36 46. €2
Nitrate
¥ltrogen 226. 00
Total Slide Glass Tltk Comcavity 130 sampies per year 50 % $00 | 15.00
Micro- Slide Glass Tithoet Concavity [ 131 13.00
organisas Cover Glass 18x 18 500 pieces are necessary | T 91 1t.00
Neassring Criiader 108 a) LY 12600 5,04
Measuring Pipet $08 at 1 Y 28601 1544
Measuriag Crlinder 1808 al 1 Y 4, 6201 L 41
Weasuriang Pipet 8.1 =l 10T 108 ! 90.90
Heasuring Pipet 1 sl 10 T 308 1 10.00
leasuring Pipet 10 =l 10 ¥ 500 1 S8 &0
Preservation Bottle 50 i 19 1 50 5.00
Lomagose Pipel 2 at [T 180 18. 08
Nater Tamk 54 | 1Y 3, 000 4.90
Fisanet 0T 208 1e8. 00
Centrifugalion Coluan E0 ml 10 7 138 | %300
Centrlfugation Colema 3% al 10 1 00 1 §0. 00 id1. 9%
General Pipet 108 al 150 samples per year 19 T 3801 10.00
Bacteria amd Tesi Tube 50 ml 10 1 450 45.00
Colifora Test Tube 10 =l 160 T §1¢ 410
Bacieria Daras Tube 10 T Wi 260
Pipet Casze 10 ¥ 3. 5001 1. {0
Test Tuobe Stand 50 sl 5 r z.008 | 1. 40
Test Tube Stand 10 sl 5 Y 2. 0061 1.&0
Desiccator 30 ca e 10 ¥ ] 23,960 §. 58
Beaker HITIT 10 T 1.2104 121. 00
Beaker Lee0 wl 16T Ste | 51,00
Beaker 200 m) 10 T 148 Ld. 08
Reagenat Bottle, ete. L Y150, 008 40. 00 328 28
Cranides Distillation Flask 1208 =l 150 sappies per year § T 12581450 00
Droppiag Bottle 120 ul 2 §30 .26
konagose Pipet 6 n! $ times per sampie i0 1 350 1 115.80
Measuring Criinder 108 wi 1 ¥ L, 260 5. 04
Meascring Flask 150 2l 12 times per year 10 T 2. §00 1. 41
Fuanel 10 _cu ¢ i Y 1. 000 {. 8¢
Colorisetric {oluan 50 ml i [. 100 4. 40
Colorisetric Coiumn Stand I¢-piece Type H §. 000 4.00
Transfer Pipet 15 el 1! times per year 10 1 §10 3.22
Mexsuring Pipet 1 ul 10 7 300 30 %0
Cell 10 am t ¥:l19.000 8. 0% 129. 40
PCB Kk Cordensation Kettle 150 sawples per year 2 ]G 006 | 164,00
Receiving Tube 2K 1. 808 43. 20
Separatiag Fuanel 100 =l Special ] 5,300 1 131.20
Separating Fusnel 1060 nl Special ] 1.2001 19280
Chromatographic Tabe L] 6,000 1 id4d. 00
Flask (Eggplant-Shaped} 300 el L i, 500 1. 60
Fiask (Eggplant—Shaped} 100 ni b | 1. 400 | 144 80
Coocling Tabde 1M $. 800 4,40
found Bottom Flask 2000 w! 2§ 1,100 F 48000
fractionatine Coluen P M 20.000 | 115,20
| T M

fraciionatine Wead

§.8001 A6_40
T

!




Thernometer 2 M 3,600 181,20
Glass Cotumn for Gas Chromatogranhy 2 M 6. 300 [ 33 80
Stoppered Erienmerer Fiask 100 m! 2 M 1,400 1 3%, 40

Stoppered Erienserer Flask 500 mi M 1, 600 2,588 00
Grganic Separaiing Funnel 100 i 250 samples per year 6T S, 300 | 265.00
Phesphorus Separaling Funnei Supporter 15 ¥ $. 000 §. 080
Beilows 1Y 158 3.490
Tomzgome Pipet 16 7 350 1500
Beflux Conaenser 3 Y 1,900 10,53
Evaporating Disk 1t 1 108 10. 08
Colorimelrie Tube 107 1,100 | 110.00
Chromatographic Column 0 7 5.5001275.00
Stand 10 ¥ 3. 509 §. 40
Cramp 10 ¥ 3. 000 §. 40
Erienmerer Flask io T 40 ] 2400
Measuring Flask 100 wi 1Y 1,260 ) 5. 04
Measuring Flask 50 al 1Y 1,000  4.40
Measuring Fiask 25 al 1Y 958 | 3.89
. Reagent Botlle 1008 =l 2 3,100 1 6.20
Reagent Bottle 00 w! A 1,900 |  3.80
Reagent Botile HILY 2y 1. 7048 | 1,40
Reagent Bottle 120 m!l 1Y 11881 235
Beaker 100 al 10 T 150 1 16.00
Beaker 100 ml 107 115§ 11, 50
Measuring Pipet 3 ai T 350 35. 00
Funnel 10 e g 1Y L, 930 4. 08
Filter Paper 100 Sheets I sheels per analysis 500 18. 92

Lell 10 =m 1 Y1 o, oB0 14, 00 334,22
fFlucrine Long Thermometer G~100°C 250 samples per year 1Y 3,800 §5.07
Distillation Flask 1400 wi 5T 2,250 1 450.00
Mezsuring Crlinder 208 m! LY s 5. 30
Porecetain Dish 300 il 1 ¥ 1600 0. &8
Jtopper Neasuring Cylinder 200 =l 1Y 1.300 13.20
Measuring Flask 50 il 118 T 2.200 1] 220.00
Xomagome Pipet 5 o=l 10 T 350 35.00
Measurign Pipel 10 al 10 7 500 S0. 00
Reagent Botile 1000 m) 2 1,100 6. 20
Reagent Bottrie 500 »l Y 1. 980 1,50
Reagent Botiie 150 ml Y 1,198 1.40
Reagent Bottie 120 u} iy 1. 150 2.35
Dopping Bottle 120 ut 1 530 1. 2%
Traasfer Pipet 5 mi 10 7 §10 §7. 00

Cell 10 m 1 Y |10, 008 £0. 40 903. 44
Bexavaleat Weasering Pipet 10 ni 150 samples per year 10 T 500 50. 00
Chromijum Measuring Cylinder 50 ml 1 Y 1190 1 .4
Colorimetric Tube HIY 18 T] 1.Jo00 | 11600
fcwagome Pipet L T 10T 358§ 3500
Beaker 100 ml i T 160 16. 00

Transfer Pipet - 15 mi 10T 510 §7.00 :

Cell 10 1 Y] 10,000 40. 0D 121. 40
Phencls Loaagome Pipet 5 al 250 samplies per year 19 T 350 5. 00
Dropping Bottie 120 sl 1 §10 1. 26
Hessuring Crlinder I T TR o oy vl 1 260 5. 04
300 =l | T $.360 | 265,00

Separate Fuanel




Separate Funne! Supporier 5 Y 5,000 {.00
Beaker 502 m) i T 240 24. 00
Beaker 200 nj i 7 130 11. 00
Filier Paper Class 3. 100 Sheets 2 sheels per analrsis $00 16, 00
Funnel 10 end 1 ¥ 1. 000 &. 00
Tranfer Fipel 25 at 10T §70 §1.00
Measgring Pipel 10 ai 10 T 500 50.00
Stoppered Erlenaerer Flask 200 mi 10 T 550 $5.00
Reagent Hotile 1000 ml Y 1.100 §. 26
Reagent Bottle 508 mi 1 1. 3060 3. 80
Feagent Bottle 150 =l 1Y 1. 160 3. 40
Reagent Bottle 120 ml H L, 188 2. 34
Distillation Flask 1000 i 5T 1,250 1 450.00
Cell 10 am ) ¥j16.000] 40.00 1. 069. 05
MBAS Measuring Criiader 200 at 250 sawples per ryear 1Y 1,450 5. 00
Separate Funael 100 al T 5,300 ] 285. 00
Separate Funne| Supporter S ¥ 5,000 {.00
Dropping Bottie 120 =l ¥ £30 1. 26
Komagoae Pipet 10 mi 10 T 3150 35. 00
Meayering Criinder ¢ wml 1 ¥ 1,100 4. 40
Absorbent Cotton 500 g L 500 0. 02
Fuane) 10 cn 1Y L. 000 $.00
MWeasoring Flask 50 w) 10 T 1.108 10 210.00
Bzagent Bottte JC00 ol [ 3,100 6. 20
Reagen) Botlle 500 m! ¥ 1. 900 180
Reagent Bottle 250 ml ) 1. 100 1. &0
Reagent Bottle 120 =l Y 1. 180 2. 36
Cel! 10 m 1 Y {10, 000 i0.00 585. 34
Arsenic Measurige Crlinder 00 nl 250 saaples per rear 1Y 1,450 5. 80
Evaporating Disk 100 at 10 T i00 10. 00
Lomagone Pipet 5wl 10 T 150 35.00
Arsenic Test Ii1 T 5.000 } 250.00
Dropping Bottle 120 ml iy §30 1.28
Beaswring Flask 1008 m) [T 3. 500 7 260.00
¥Water Distilling Apparstus, Deminerallzer 1y 5. 500 11,00
Beaker 100 m} 10 ¥ 115 11.50
fezgent Botile 1000 wi ¥ 3. 100 §. 20
Reagent Bottle $40 =1 it 1,400 3. 80
Reagent Bottle 250 ml Y L.760 3. 40
Eeagenl Bottie 120 al 1Y 1,180 1. 34
Absorbent Cotton 00 ¢ 1Y 200 0. 30
Cell T 1 Y] 10, 900 9. 00 $41.12
Kzrdness Measuring Crlinder 108 n) 250 samples per year 1 ¥ L. 60 5. 04
Erlenmerer Flask 300 w) 10 T 0} 2400
Droppiag Botlle 130 mi 1Y §30 1. 26
Reagent Botile 1000 »i Y 3.100 .20
Rezagen: Bottle 120 =l 1Y b, 180 2. 36
fonsgone Pipetl 5 sl 14 7 150 | 35.00
Autoaatic Buret - | set 30 ul 3 Y ) 3, 000 41.131
Beaker 180 ) 10T 160 15. 00
Measering Flash 1002 wi Lo T 2,600 1 260. 00
Transfer Pipet Y] 16 T £70 £1.00
Giass Bar 10 cu=| 1Y L. 000 4. 00 §62.19
Discvitlation Flask 1000 m) 230 samples per rear S T 1,180 ) 450,00

Aldminoid




Nitrogen {Measuring Criinder 500 i | Y] 7860 It.dd
[ Measuring Cylinder 160 =i 1Y [.250 5.04
Stopperec Measuring C:linder 50 wi 1Y 1,300 13.20
Colorimetric Tube 58 i 10 7 L, t00 b 110,00
Reagent Bottie 1006 ni Y 3. 400 ¢ .20
Reagent Bottie $00 ! 2 ¥ i,5081 3.80
Yonagome Pipet 5 el 10 T 350§ 35.0%
Colorimetric Tube Stand S Y| 5.0001 &.00]
Measuring Pipet 5 =l 10 T 1 S00 4 50081 69353
Total Eesidues Hickel Dish 200 ul 250 samples per year Y 1.5001 1,20 ’ 10
1 -
Suifate Jon Giass Filter 1G-4 150 samples per year T 900 { 130.00
¥ide-agutized Bottle 100 =i Y 610 1 1.38
Suction Filter Apparatus 5 ¥ 0,000 1 .08
Reagent Bottle 1000 =1 2 ¥ 1001 6. 20
Reagent Bortile $00 =1 2y 1,806 3,80
Reagent Bottle 250 1l I 1,100 01 3.4
Reagent Bottle 120 ui 2 Y 1. 1800 2.2
¥ater Disvilling Apparatus, Dewinsralizer 2 ¥ 5,500 01 |1.00 UMK
Phosphate lon Measuring Flask 1000 al 250 samples per year (10 T 2,600 1 250.00
Beaker $00 ml 10T 240 1 24.00
Transier Pipet 100 1 10 T L, 600 | 160.00
Measuring Cylinder N 100 =l [ i, 26¢ 5. 04
Colorimetriec Tebe 50 ai [T} P, P00 | Lig. 00
Colorimetric Tudbe Stand Sf 5. 000 4. 00
Measuring Pipet 1 ul 10 1T 100 0. 06
Feagent Bottie 1008 a! 2 Y 3.100 5. 20
Keagent Boltle 500 ml 2 Y 1.900 1.0
Rezgent Bottle 120 ml Y 1,138 2,38 605. 40
Silicie Acid Coiorimetric Tube 50 nl 250 samples per year 107 1,100 111000
Cotorimetric Tube Stand 5 ¥ $, 0801 4. 08
tomagome Pipet 5 ai 10T 350 35.068
Trans{er Pipet 10 s 10 T 4D 4. 00
Reagent Bottle 1600 mi 2 Y 3, 100 6. 20
Reagent Bottle 300 wi 21 1. 900 3. 30
Reagent Bottle 150 sl R 1. 700 3.40
Eeagent Bottle 130 al iy 1. 180 2. 35
keagent Bottle {Polyethyliene} 1500 =l 5 Y 100 0. 24 205. 09
Sodiun aad Beaker 100 sl 250 samples per rear 16T 160 16. 00
Porassium Measuring Flask 1800 al 167 2,600 1 288. 00
Reagenl Bottle 1900 ul R 3,100  &.20
Reagent Boltle _ 500 wl I 1,908 180
Reagent Boltle 50 ml Y i, 700 140
Reagent Boitle 120 ui Y] R
Transfer Pipet 1% ml 10Tk §70 §7. 00 155, 1%
BOD Jxygen Bottle 300 al 250 samples per year 57 1,970 ] 194,00
Reagent Boltie 1000 al FR 1,100 1 6. 20
Reagent Botrtle 00 w! 2y L. 940 | 3.30
Reagent Boitle 250 ml 2 Y FLYOD G 1,40
Reagent Boitfe ——~——— oo 1w - 2 11 i 48D 2.3 +
lomagose Pipet 5 ml 10 11 350 15, 00
Buret 50 mi 394 6. 400 L. 53
izo wi N 630 1. 28

bopping Bottie




Tramsfer Pipel 30 ui 116 1 130 $9.00
Erieaneyer Flash 00 uj 110 T 100 1¢.00
Sipbon [ 00 1. 20 51¢. 75
Suspended seabrane Filters 250 sawpies per year 1 1 T 10 0. 00
Sotids Fitter Folder & Base ] § Y| L0000 L. 00 18. 60
Organic Mercury | Separating Funnel 1000 ml 250 sampies per year 30 T 1.200 ] 240,00
Separating Fuanel Supporiers b5y 5.000 1.00
Beater j00 =l r1e T [1d 11.350
Beaker 200 ul 116 7 130 13,4340
Beaker 500 al 110 7 2i0 24. 00
Smali Size Test Jube HEL it0T 1. 880 § 100. 00
Reagent Bottle 1000 wl [ 3.100 6. 20
Eeageal Battie 500 sl [ £, 900 1. 80
Reagenl Botitle 150 =l [ 1, Tot 1.40
Reagent Bottle 129wl i 2f L. Ea% 2. 3%
Lonagome Pipet HIT 110 T 315G 1 35.00
Tramsfer Pipet 1% at 1 ib T 149 44.00
Weasuring Flask 1000 =) 12T 2. 800 | 250.09
- Meszzuring Fipet . i ml P18 T 40 1 30. 00 117. 26
Mercery, Beaker e $08 m! 250 sawples per year 10 T! 401 2400
Copper. Lead. |Beaker "7 100 nt 10 T 115 1t.50 it 21
Tinc, and Measuring Fi: 1000 wi [ | 19 T+ 2,600 26000
Cadmiunm Measuring Fiash 100 =l { 116 T 2,300 238.00 1,433, 84
Separaiing [Vincl 300 sl 130 T 5 300 34500
Separating Funmol Sapporter [ 5,008 4.60 1. 457, 54
Measwring Criindes 100 =) LY 1, 2680 .04 1,431, 54
Stoppered Test Tobe i wi P1g T 1,880 | 200.63
Transfer Pipct M T | 18 T1 500} 5000
Transfer Piper 10 =l 110 T} 70 1 61.0¢0
Transfer Tipel 0 w9l {10 1 $70 | 67.0@
Hegsuring Pipet 1 sl P10 T 00t 30, D0
Mersuring Pipet S m!l 10 T 500 1 50, 0¢
Measuring Pirel 0 mi {10 7 5001 S58.00
Lanp L For kg i L Y (64,0007 256 00
Lanp For 1n 1 Y1 30,4001 120,00
Laap Fer Cu I Y1 30,6007 120.06
Lanp For Pb 1 Y 36,600 144.00
Lasp For Cd 1 Y ) 36,000 144.00
Quariz Cell {For onty Mercury 3 Y 52.0004 42.87
Mercury-Reducing Yaporization Apparatus {For_oniy Mercury 5 ¥ | %5, 000 44.00
Mercury Decosposition Aoparatus {(For oniy Mercury 5 Y Hi0.000 1 325,00 L, 437,54
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5. Expenses for Sampling Apparatuses

Hescessary Amount Mecessary
Hame of Apparatus Specifications Unit Price Amount for Damage Expenses Remark
Per year {2% Annual Amounts)
Saapling Bottle Stopped Narrow- 2,000
{For Physico~-Chemical | Mouthed Bottle i, 500 ~3,000 40~ 160 Bottles Y64, 000
analysisj 1, 000n1 Bottles ~ 1440, 000
Saapling Bottle 164
{For Biological Polyethyrlene 200 ~ 268 4~ & Bottles ¥ 800
Analysis) 1,000al ~1,200
Saapling Bottle ”
For Bacteria Test 120ml 500 | {(32~134) 2~ 3 Bottles ¥ 1,000
~ 1,500
Hyroth-type "
Sampling Bottle 120nl 300 | { ) 2~ 3 Bottles ¥ 500
~ 900
7. Expenses for Saspling and Transportatioa of Samples
Source of JSamples Transportation ¥ Expenses Sampling Annual Cost Remark
Distance of-Veniclie Frequency
Fater Source 30 km in Average | Y18 Per knm Y20 Per k= Once & Month ¥27, 360
{One ¥ay Trip) 12 Times A Year
¥ater Treatment Plant 1 km in Average
Rav Water {One ¥ay Trip) * Estimated # Estimated Once A Month
Treated ¥ater under the under the 365 Times A Year ¥27, 140
Filtered Water assumption assuaptjon
Yater in Reservoir that each that each
3kx in case of vehicle ruans vehicle at Once A Day
Hydrant in City l site. 8km per 11it.] the cost of Once ¥83.220
10ka in case of vhich costs ¥Z,000, 000 | |
1§ site. yreo. runs 20,000 16 Times 16 Times &
{One Way Trip} km per year A Day Day ¥277.480

for 5 years.

Environment 2 km in Average Once a Month ¥1,324
{One ¥ay Trip)
Unit Cost Per Samples
2,000 Samples per Year ¥ 140, 144 ¥70
Saspling Expenses
Unit Cost Per Samples
¥ 334,324 ¥42

i

4,000 Samples per Year

NOTE

.

#1) Transportation Cost {Unit Price Per lka} Fuel Cost EXcluding Personnel

L




Number of peopel Required for Each Water Quality Analysis Calculated by Ttakinz
the Apalysis Tima Necessary Into Consideration

Time Required Time Requlired for The Number of Feople |
for Preparation of Requireed for
_Analysis Chemfcals snd Analysis Analysis in Totaj
In case of | In case of | In case of | In case of { In case of | In case of
1 sasple 10 sawples 1 sample 10 samples { sample 10 samples
(uinites (minjtes) | (minites) | (minites) | (persons) (perscms,)_1
Turbidity 1 [} § 10
Coloyrity e 1 § § 10 0,093 0.167
pH Yazlue 1 ] [] 10 (0.077)
Residual Chlorinse H 13 10 20
Nitrous Nitrogen 15 30 35 50
Ammonium Nitrogen 15 30 35 50
Nitrate Nitrogen 30 240 110 260 1.29 2.43
Potassium Permanganate
Consumption 15 $0 35 50 {1.01%) (2.03)
Chlorine lon 1 29 21 40
fron 90 120 110 140
Manganess 90 120 110 LN T
Genersl bacterjia 30 60 (1) 15 0.6% 2.08
Coliform Bacteria 60 90 18 105 (0. 54) (1. 74)
Total Microorganisus 60 430 1§ A4S I D
Total Hardness 2 20 32 $0
Evapolation Residue 300 320 330 350
Cogpey 90 180 120 2
Lead 120 249 150 210
Linc 90 180 120 210
Fluorine 300 100 s30] 130
T.34 t4 97
Cyanogen 120 240 150 e
(6.14) (12.47)
Phenol 180 540 219 510
Mercury 180 540 ____,zlq_r“m‘___ms1o
Anikyl Wercury i10 480 150 — 510
Bexavalent Chromium 20 _ 50 | 1 _9_9_]
Arsenjc 180 _"ggpﬂkﬂ_ L ero ) 380 |
SRS & 2 SN L 1.
Cadmium — 120 240 1500 210 e
9.4012 19. 647
2,13% 5,300 2,892 5,895 (1.3312) (16.378)

The nuwber of persons required for

tsets [n the froup by the substavtial vork hours jn aday.

ecach group of

tests shown in the last columns are calbulated
by diving the total time required for preparation of chemicais and analysis for all {tews of

The nuaber shown on

the top is the

nusber of persons required under the assuymption that the substantial work hours In aday s §

hours and the number on the bottoms in the parenthese,

§ hours,
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9. Kumber of Saﬁples for Analysis and Laboratory Facilities (Plan)

L

Area Physico-chemical Lab, Bioliogical lLab.|] Bacteria Lab, No. of Samples Furniture for Laboratory
Lab. for A:Turbidity, Etec.
Ordinary Close Other Pre. Lab. Pre. Lab. B:Ammoniun ¥] L34 Shelf] Draft! Desk | LevelQthers
Served Lab. @Analysisf Facilities Room Rooa C:Bioclogy
Poputation D:Keavy Metal, Etc,
101 A:2,190
5,000 §0sqe 1 2 3 1 2
5,001 A:2,19¢0
~ ~3,650
50, 6090 40sqn 1 3 ] 1 3
Chemical
50,001 and A:3. 650
~ Apparatus ~35,150
100,000 50sqa Storehouse 2 3 b 1 4
A:5,110
100,001 ~6,570
~ *3 B:163
250,000 50sqe Jlsqnm 2lsqm 20sqm 20sqe 20sqm ~2156 8§ 3 1 2 4 10
C: Ditto
A:6,570
250,001 ~8, 030
~ #4 B:216~ 264
500, 000 Tosqe Tisqnm 29sqm 25sqm 2bsqm 2Ssqu { C: Ditto 7 3 12 i [ | 12
D:25~129
A:8, 030~
500,000 B:264~
~ ¥4 C:264~
100sqe | 100sqn I0sqnm i0sqm I0sqn i0squ { D:29~ 1 i 15 3 4 14
i
- . NOTE : #1) Large Experiment Table e e
+2) Small Experiment Table
1) Chemical and dpparatus storehouse, Balance Room, Data Room, Clonference Room. Darkroor
#4) Chemical and Apparatus storehouse, Balance Room. {Comstruction) Work Room, Data Room, Conference Room, Darkrcos
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1. Introduction

In the modern society, water is used for a variety of purposes,
providing an important base to support the social activities of
citizens. We can find an economic logic in the attempt to utilize the
benefit of water service to a maximum extent by incorporating the
system of water supply into the social system. The beneficialness of
water supply 1s lying in the aspect that people can freely utilize the
"dissolving power, heat capacity and continuity of water” at the point
of use. Its original benefit is, however, still lying in the fact that
people can ensure at their will the necessary water to maintain their
life.

Regarding to the structure of demand for city water. the quantity
of water being used for maintenance of human life and health accounts
for merely about 20% of the total quantity of water or 30 to 40lcpd.
. The other uses are overwhelmingly large in share.

Even within the scope of those people who are drinking community
water, various people are using it. They range from the infants who
rely on community water for the water with which their milk is
prepared, such people as sick persons and the aged who are highly
sensitive, to healthy people like adults. In particular the progress
towards the aging society and the advance of medical treatment
techniques are no doubt enhancing the increase in the population which
has weak resistance to environmental pollutants. It is a matter of
course that the objective of managing water service and other base
facilities for health in life, which are deeply related with the
movement of environmental pollutants, is to ensure the health and
safety of the citizens, but the question would involve the contents of
such health and safety. Referring to the concept of hcalth, in
addition, the view of health in terms is going to change due to the
effects of soclety, economy and culture. As a consequence, we have to
stand on the premise that the level of the control target of water

ia
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service will also change.

Water supply is essential to every form of life in every
communities, however the water supply system is differed from each
community because each water supply is strongly linked with each local
condition. The demand for water differs greatly according to climate,
structure of houses, life of style and 1living standard.
Furthermore, the condition of water sources also differ, due to
unequal distribution of water source. Thus, the water supply system
differ according to local condition, and therefore the monitoring
and surveillance of drinking water quality should be designed and
implemented by taking into account the type and the level of the
water supply system which is affected by the local condition of the

comuunity.

2. Characteristics and Management of Water Supply System

People get water for the purpose of drinking, domestic,
industrial and commercial activities from the community water supply
system which is operated by either public or private waterworks or
from their individual water sources. Water itself is also classified
into piped or unpiped, treated or untreated, derived from any suitable
sources such as rivers, ponds, wells , run-off etc.. If water in cach
of them above mentioned 1s contaminated, it becomes a dreadful vector
to spread a communnical disease and to decrease a potential of
activities of the communities. Therefore water in each of them
should be assured 1ts quality and quantity so as to meet the target of
public health condition of the community.

Under the International Drinking Water Supply and Sanitation
Decade, most of WHO member countries have established the national
program of water supply and environmental sanitation. 1t is usually
provided the regulatory design standards or manuals in which show the
compliance level of quality and quantity of supplied water by the
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government. Water is an indispensable necessary for daily living and
greatly implicated in the life and health of people, and water supply
effects the inhabitants of a whole local community such as public
hygiene,fire protection, etc., deeply concerned with the local
administration. Water supply can be specified as the case with
material service, the payment in consideration of those benefits above
mentioned shall be paid by the beneficity at the rate of which
receives the benefit, that 1s the payment on beneficence - born

basis.

The aims of water supply enterprise are to supply water it meets
the quantitative and qualitative demands of the consumers, therefore
water supply enterprise should implement their activities according to
their self regulations in principle in order to anticipate the water
charge from the consumers. On the other hands because the water supply
contribute to secure public hygiene, and especially to prevent
epidemic disease, water supply should be excluded commercialisms and
thus the principle of water works being laid and managed by autonomous
agent was preferred by the public in many countries.

Even in water supply enterprise play a key role to provide water
to the community under the public management that means the voluntary
control and the supervision of the communities, they often can not
satisfy the demands of the community because of the shortage of human
resource, water source and insufficient capability of consumers to
burden water charge. 1In order to cope these situation , it is
desirable that the government should support water supplier under
general affairs or health reglstration.

The registration concerning to water supply should include

(1) the specification of the scope of water supply enterprise,

(2) the delegation of powers to administer the registration on law to
a specified agency or agencies,

(3) provision for the establishment and amendment of regulations for
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the development, production, maintenance, and distribution of safe

drinking water and
(4) provision of enforcement.

The specification of the scope of water supply enterprise should
shows the necessary provisions who can be the water supplier, in such
as local public nonprofitable authority, private profittable
enterprise and so on,

The water supply enterprise or authority has two faces of their
activities such as the construction of water supply facilities and the
production-distribution of water to the community. In many developing
country the level of safe water supply is still low, therefore the
construction as well as the expansion work should accelerate to meet
the national target of the IDWSSD program. But the human resources as
well as financial potential in the local community are limited,
therefore the construction work should be implemented or suported
intensively by the government in developing countries. Becausec the
water supply facilities development are closely related with water
resource and other social infrastructure management, the construction
work is usually implemented by the construction and/or public works
agency in many countries. On the other hand, the management of water
supply authority such as finance, man-power management, production
and distribution are closely related with the local administration as
well as public health, therefore the management of water supply is
implemented by water supply authorities supported by the local
coemunity under the supervision of the home affairs agency and/or
public health agency in many countries.

Either the water supply development sector or the water supply
management sector have the responsibility for the quantity and quality
of water it provides, however it is sometimes difficult to assess
their activities and to take the counter measures,if necessary, by
theirselves because the conflict among the political, administrative,
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economical, technological and health aspects. Therefore the delegation
of powers to administer the registration or law to specified
agency(ies) is essentials to wholesome of drinking water supply. It
is an ideal that the sole agency in national level is established to
administer every aspects of water supply. Since water is closely
related with health, the public health authorities has to play a key
role to establish the agency.

Even in the sole agency has established, it should note that the
agency still has two functions which are the support and supervisor to
" water supply authority. Those two functions are complementary each
other to fulfill the object of drinking water supply. The drinking
water quality standard should become the basis of the management of
each sector. Practically the following activities are implemented by
the agency according to the guidelines or manuals of which are
developed considering the social, economical, technological and other
sconditions of the country so as to meet the drinking water quality
standard.

(1) Approval of water sources,

(2) watershed protection,

(3) approval of the construction and operating procedures of water
authority,

(4) monitoring of water quality and quantity,

(5) sanitary survey,

(6) financial arrangement,

{7) human resources development,

(8) public relations,

(9) research and development and so on.

Since the drinking water quality standard is the basis of every
activities of it concerns, it should be established through the
deepest consultation not only within the public health sector but also
among the sectors related with drinking water supply in the country.
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3. Drinking Water Quality Standard

3-1 Principles of Drinking Water Quality Standard

At present, the quality of community water In Japan is prescribed
by the water quality standards subject to the Water Works Law. The
operator of water service should carry out test on the supplied water,
judge whether it is proper or not to supply water based on the test
results in the light of the water quality standards, and suspend water
supply as occasion demands. That i1s to say, the water quality
standards have an absolute significance to the water works authority
and in turn the user, and it is important to keep understanding the

policy for establishment of the said standards.

The standards of water quality subject to the Water Works Law
were studied and formulated in the llght of such three principles as
(1) safety and acceptability in use,

(2) appropriateness in selection of 1items and

(3) the propriety of the test method.

Referring to the "safety and acceptability in use,” it can interprets
that "safety" and "acceptability” mean that the effects as indicated
by , disease and change in physiological functions in no way occur and
that any trouble (e.g., coloration of laundry) is not caused in
general use, respectively. ‘"Appropriateness in selection of items”
means the appropriateness of obliging all the water works authority to
perform tests, and "the propriety of the test method"” would mean the
sclentific appropriateness of the test method as shown by the water
quality standards, and its feasibility. That is to say, the water
quality standards should represent the level of community water
management that it should maintain its absolutely safe level against
chemical substances and microorganisms within a feaslible scope in the
framework of water service from the nationwide standpoint. Namely,
the water quality standards as established in this way possess the
nature that they should be complied with in any areas the country over
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and under any conditions.

In community water, however, the view of the establishment of the
target level is changing as in the case of bother environmental media.
Namely, it 1s pointed out that a view of controlling and managing
"health risk" at a certain level is being introduced for the purpose
of ensuring the absolute "safety.” This 1s exactly the fact that the
view of the so-called risk assessment/risk management has been taking
root particularly 1n controlling and managing carcinogenic chemical

substances.

3-2. ¥Water Quality and Management Target Level

City water 1s utilized for various purposes, and there are
various impurities contained in community water, so that it is
important to keep understanding correctly the relationship between the
. purposes of using water and the characteristics of water quality. The
WHO drinking water quality guldeline established in 1984 indicates
the respective guideline values, dividing the water quality into four
categories, such as microbiological property, health related inorganic
substances and organic chemicals and aesthetic and organcleptic
properties. Under the Safe Drinking Water Act (as partly amended in
1986) of the U. 8., iIn addition, there are primary drinking water

regulation and secondary drinking water regulation, the former being

the standard aiming to protect human health and the latter to reduce
disorders caused by the use of community water, provided, however,
that water supply enterprise are obliged to comply with primary
drinking water , but not with secondary drinking water regulation.
Although it remains open to study whether this sort of system, which
establishes the standards of water quality in accordance with the use
characteristic and water quality characteristic of community water,
will adapt itself to the system in other country. In Japan it is
considered that the manuals of the maintenance and operation of water
supply facllities and the tentative guidelines and target values
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issued by way of various notices have already been of nature close to
the aforementioned system, so that the said system could be indicating
one direction on how the water quality standards should be in the
gsituation that the people's needs for community water will be

increasingly diversified in the future.

The WHO several chemicals drinking water quality guldeline
established in 1984 and the Safe Drinking Water Act of the U. 8. are
characterized by the point that the respective guideline values or
standard values have been prescribed for carcinogenic substances by
the different methods from the erstwhile system of formulating the
standards. This is also depicting realistically a change in the view
of the water quality standards of drinking water. [t is widely known
that the sciences related to carcinoma are far from mature, showing a
steady progress. It 1s considered unacceptable, however, that the
control and management of carcinogenic substances in drinking water
does not have to be carried out because the maturity of those sciences
is at a low level, so long as there is the very truth that the
carcinogenic substances in the environment are one of the causes of
carcinoma. The stand of public health/sanitary engineering to
maintain and enhance human health, with awareness of the low maturity
of the sclences related to carcinoma, evaluated the effects of
environmental carcinogenic substances on the health, thus addressing
the standards to control and manage them. As will be shown later,
however, the guideline or standard values of the carcinogenic
substances are those of such nature that they should be always
reviewed to meet the progress of the sciences and be revised from time

to time as occasion demands.

For the standard value of water quality, heretofore, a maximum
threshold value has been obtained from the results of chronic toxicity
test and then multiplied by safety factor (uncertainty factor), thus
leading to the calculation of allowable daily intake. Further, the
intake from drinking water has been determined in view of the
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percentage intake from drinking water out of the total exposure to the
subject substance, and the allowable concentration, that is, the

Carcinogen
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Figure 1 Mechanism of Carcinogenecity Caused by Chemical Substances
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standard value of water quality has been determined assuming that the
daily water intake of an adult is 2 L. That is to say, any intake not
more than the foregoing standard value has been defined as the
absolutely safe level that causes no effect on health. In other
words, the presence of a threshold or critical value has been
addressed for an lmpurity in drinking water.

On the other hand, the method of establishing a guideline value
or standard value for a carcinogenic substance is entirely different
from the above mentioned one for the chronically toxic substance. The
carcinogenic mechanism has been considered to be explained by the
channels as illustrated in Figure 1. In the formulating work of the
WHO guideline in 1984, those channels shown by the real line out of
the aforesald carcinogenic mechanism were taken into consideration for

determination of the guideline values for the carcinogenic substances.

It is concelved that carcinoma might be initiated as the
monomolecules of a chemical substance develop direct action on DNA in
somatic cells or induce mutation in DNA. Even though the chemical
substance itself has no Carcinogenecity, in addition, a chemical
substance taken into a living body might be activated in the process
of metabolism and then become a substance which Induces mutation in
DNA or a substance which possesses Carcinogenecity. In any case, the
cells suffering the mutation of their DNA's would occur due to a
single chemical substance, and the proliferation of such mutated cells
could cause the progress of carcinoma. As a consequence, whether
carcinoma is generated would be dictated by whether a person is
exposed to the concerned chemical substance. That is to say, there is
no threshold or critical value, unlike in the case of the chronic
toxic substance. Using the relationship between the dose and the
response amount obtajined from an animal test conducted under the
conditions of high exposure to a chemical substance hased on the
foregoing view, the probabilities of cancer development at the level

of the presence of the chemical substance (equal to extremely low
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exposure) in the environment are obtained by a statistical technique.
An allowable exposure value, when a certain carcinogenic risk is made
the level of management, can be obtained in the same way as a
carcinogenic probability (risk) at the time of a certain exposure can
be gained by the above mentioned method.

While many models are suggested in the extrapolation that pursues
the carcinogenic risk under a low exposure condition, a linear non-
threshold value models on the safest side are used in the WHO
guideline. The guideline values when sufficiently reliable data were
acquired on tow or more kinds of animals, when there was, if possible,
a finding to support such animal test data as the results of
mutagenicity test, etc. and when the carcinogenic risk was set at 10-5
targeting at those chemical substances on which epidemiologic
information was available, were obtained by use of the above mentioned
the linear non-threshold value models and were then shown by WHO.

As showed in Figure 1, however, many views have been accumulated
since the time when the WHO guideline values were established in
1984, for example, the presence of a mechanism in which even though
DNA's are chemically modified, the concerned cells die, the DNA's are
repaired to be restored to the normal cells, or the mutated cells are
inhibited from proliferation or die, or the presence of not only those
substances that cause DNA mutation which might trigger carcinoma but
also those that promote carcinoma. Furthermore, there have also been
accumulated those views of the species difference between human and
animal, the difference in the sensitivity to Carcinogenecity developed
among the lines of test animal species, the interpretation of
malignant and benign tumors, etc. These matters indicate that 1t is
not necessarily sclentific to obtain risks to humans from the results
of animal test only by means of the non-threshold value models of the
linear system in relation to all of the carcinogenic chemical
substances. They also imply, in addition, that it is necessary to
review the animal test data that were used in establishing the
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guideline values in the WHO guideline. As a result of these things,
the science has made progress to the stage in which the sclontist:
examine also the data related to Carcinogenecity on human or animal
from the aforesaid viewpoints, etc. and take into consideration the
carcinogenic substances also iIn terms of the priority setting or the
risk assessment techniques related to the establishment of the
management standards of the carcinogenic substances, etc. by means of
the classification as indicated in Table 1.

Table 1 Illustrative Classification of Evidences
Based on Human and Animal Data

Evidence in Evidence in Animal Studies
Epidemiological
Studies Sufficient Limited Limited Inadequate No evidence
or
equivocal

Sufficient A A A A A
Limited Bl Bl Bl Bl B3
Limited

or B2 c D D D
equivocal
Inadequate B2 C D D E
No evidence B2 C D D [
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3-3. Plan for Revision of WHO Guideline of Water Quality of
Drinking VWater

Although the WHO guideline of the water quality of drinking water
was published in 1984 as already described, its formulating work had
been completed in 1980, That is, the current WHO guideline is one
that was formulated based upon the scientific views in 1980. Hence,
there was no sufficient data available on toxicity, therefore leaving
the chemical substances, such as trichloroethylene for which the
tentative guideline value was merely suggested, or those chemical

" substances for which no guideline value could be suggested despite
foreseen problems in terms of public health. On the other hand, there
has occurred the necessity for review of the existing toxicity data
due to the progress of the sciences related to carcinoma as mentioned
above, and it has become obvious that many chemical substances have
problems in terms of public health as plenty of toxicity data have
.been accumulated.

As a description that "the contents of the guideline should be
reviewed on a perlodical basis" is also contained in the current WHO
guideline, with an aim to revise it in 1991 WHO has scheduled to hold
meetings in 1987 and 1988 to start out the said work, determining the
following policies:

<Nature and Objectives of Guideline>

The philosophy of the guideline is appropriate, so that there is
no need for any particular revision thereof. WHO will further clarify
the information and preconditions underlying the guideline recommended
values and thus make it possible to accomplish the Intention to desire
the WHO member nations to make most use of the current guideline. The
preconditions established to develop the current guideline into a new
one should be made better-grounded, in addition, and the modification
of these preconditions should enable people to learn how the water
quality requirements and their effects on health will be changed. The
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criteria on individual substances shall describe the procedure for the
establishment of guideline values and what figures have been rounded
off as well as contain the results prior to the rounding-off of the

figures for reference.

<Toxicological Viewpoint>

We should select The toxlcity data based on animal test should be
evaluated by fully taking into consideration the species differences
in metabolism, pharmakinetic and sensitivity in order to assure the
conclusions to apply to human. For the purpose of selecting the
uncertainty factor to be used in formulating ADI, in addition, it is
necessary to pay attention to not only the species differences but
also the certainty of data, and to a highly sensitive human group as
well. In verifying the data on Carcinogenecity, it should pay
attention to the certainty of the data including epidemiology, animal
test and genetic toxicity and clarify the appropriateness of the
application of low-exposure extrapolated models. This signifies the
directions 1n which the low-exposure extrapolated models are acquired
and presented for the carcinogenic substances classified into IARCL,
2A and 2B in the IARC classification of carcinogenic substances and in
which the guideline values are gained by threshold value models and
presented for those other than the above ones, as has been made a
principle in gaining the U.S. MCLG (Maximum contamination level goal)
which is shown in Table 2.

<Jtems to be Studied>

Still another policy is to study the guideline in relation to the
chemical substances as specified in Table 3 in the light of the
principles: there is evidence that the chemical substances have effect
on health; they have such effects at their concentrations in the
drinking water; they are frequently found in the drinking water; they
can be measured with GC or abbreviated GC/MS 1level analytical
equipment; and they can be managed and controlled by means of the

water service.
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Table 2 Principles of Establishing Maximum Contaminant
Level Goals for Carcinogenic Chemical Sub-
stances in U.S. EPA Drinking Water Safety Act

class Evidence classification MCLG

class 1 Sufficient EPA A,B 0
IARC 1,2A,2

class 2 limited equivocal EPA C RFD/
IARC 3 10751076

class 3 none or 1nadequate EPA D,E RFD
TARC 3

In parallel to the above, further, work is also to be developed
on their microbiological properties and those properties affecting the
inorganic substances, which have effect on health, aesthetic and

organoleptic.

4. Monitoring and Surveillance

Survelllance means that the keeping of a careful watch at all -
times over the safety and acceptability of drinking water supplies. |

Survelllance requires a continuous and systematic program of survey ,

carried out at different points of the water distribution system.
Surveillance program aimed at ensuring a consistently acceptable level
of drinking water quality, if it is to be fully effective, may also
require legislation supported by regulatory standards and code of
practice.
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WHO Guidelines

ORGANIC

(1) Chlorinated organic

a.

Chlorinated alkanes

carbon tetrachloride
1,2-dichloroethane
1,1,1-trichloroethane
dichloromethane
1,1-dichloroethane

. Chlorinated ethenes

1,1-dichloroethene
1,2-dichloroethene
trichloroethene
tetrachloroethene
Vinyl chloride

. Chlorinated benzenes

(i1) Disinfecation by-products,

including trihalomethanes

. Trihalomethanes

chloroforn
bromoform
dichlorobromomethane

. Formaldehyde

. Chlorophenols

2,4,6-trichlorophenol

. Other chlorination reaction

products

Table 3 List of Items to Be Studied for Revision of

(iv) Pesticides

aldrin/dieldrin

chlordane

2,4-D

DDT

HCH(lindane)

heptachlor and
heptachlor epoxide

hexachlorobenzene

methoxychlor

atrazine

simazine

alachlor

bentazon

MCPA

metalachlor

molinate

pendimethalin

propanil

pyridate

trifluralin

pyrethroids

ethylene dibromide

(incl.automobile exhaust)

1,2-dibromo-
3-chloropropane

1,3-dichloropropane

1,2-dichloropropane

1,3-dichloropropene

aldicard

carbofuran

chlortoluron

isoproturon

other chlorophenoxies



(i11) Aromatic hvdrocarbons
a. Benzene,lower alkyl benzenes and vinyl benzene

styrene toluene
xylene ethyl benzene
benzene

b. Polynuclear aromatic hydrocarbons

(v) Miscellaneous organics

products
acrylamide hexachlorobutadiene
plasticizers: epichlorohydrine
- diethlhexyladipate EDTA
- diethlhexyladipate NTA
organotin
+  INORGANICS

(1) Health-related inorganics and
aesthetic/organoleptic aspects

aluminium nitrate and nitrite
ammonia oxygen,dissolved
antimony pH level
arsenic selenium
asbestos silver
barium sodium
beryllium sulfate
boron taste and odour
bromate temperature
cadmium tin
chloride total dissolved solids
chromium turbidity
colour uranium
copper zinc
cyanide
fluoride (ii1) Disinfectants
hardness _
hydrogen sulfide residual chlorine
iodine chlorine dioxide,incl.
iron chlorite and chlorate
lead chloramines (mono-,di-)
manganese
mercury
molybdenum
nickel

MICROBIOLOGY/BIOLOGY

RADIOACTIVE MATERIALS
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The organizational arrangement at ensuring compliance with the
requirement of legislation, standards, or codes of practice of
drinking water quality must provide for surveillance to be shared
between the water supply sector and a separate, and preferably
independent, surveillance agency. The surveillance agency should
jdeally established with national support and operate at central,
regional and local levels, usually the the health authority. It
should be concerned with the public health aspects of drinking water
supplies, and have overall responsibility for ensuring the all such
supplies under its jurisdiction are free from health hazards.

Some important aspects of the surveillance program are as follows:
(1) The agency should have the sole responsibility within the health
authority for providing surveillance services to protect the public
from waterborne diseases and other hazards associated with the water
supply.
(2) Water quality survelllance should be integrated with other
environmental health measures, especially sanitation.
(3) Surveillance requires specialized knowledge and the agency should
thus include personnel specially trained in matters such as sanitary
engineering, community health, epidemiology, chemistry, biology, etc.,
additional support should be provided by medical profession,
particularly during an outbreak of enteric diseases.
(4) Health authorities should posses centralized laboratories and
other service which can be advantageously used for the conduct of
program of surveillance of water supplies.
(5) Periodic reports to the government regarding the public health
situation of the country's water supplies are essential. &
If the operational standards of water supply agencies are higﬁ.
the duties of the surveillance agency can be reduced to a minimum. In
these circumstances, the surveillance agency, while still retaining
the ultimate responsibility for ensuring the safety of all publéc

water supplies, should be able to give greater attention to the supply
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systems having water of the poorest quality.

Since the program and the level of surveillance should be
established by taking account the conditions of water supply such as
the type of water supply system, available equipment and human
resources, the economical condition of the community, etc., an
inventory of the existing and proposed water supply system should be
prepared and should include details of the water source, size and
type of water treatment process, the distribution system, population
served, number and type of employees, the records of operation, the
records of routine water quality tests. etc. From an analysis of all
the information in the inventory, the workload for the surveillance
activities can be assessed and the cost of surveillance calculated,
this 1s essential if a realistic program is to be undertaken,

In the case of water quality testing carried out by the local

survelllance agency, the lines of communication normally pass through

a regional surveillance agency. Where the reglonal surveillance

agency decided that the results of the water analyses are

unsatisfactory and that immediate remedial action 1s required, that

decision together with the appropriate instructions must be conveyed
both to the local surveillance agency and to the responsible water

|
|
\
i
|
|
i
!

supply agency at local level. The water supply agency responsible at

the local level should implement the remedial measures such as high
level disinfection, suspending water supply and/or flushing
distribution systems, etc.,. In addition the water supply agency or

surveillance agency should also alert the population to the situation

and advise them to boil all their drinking water.

In some countries, many regions have qualified staff to carry out

surveillance but, in others, such staff will be available only at the

central level. To avoild difficulties in communication, every effort
should be made to ensure the transmission of information is as direct

and simple as possible. It 1s most important the the bodies
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responsible for surveillance ensure that any instruction they issue,
whether written or verbal, are clearly understood, This should help
to avoid any misunderstanding and conflict between the different
activities of the various bodles concerned with drinking water supply.
Cooperation and collaboration among the different bodies is of great
importance and should be fostered so as to ensure a good working

relationship.

5. Conclusion

The level of the management and control of chemical substances
and microorganisms in the community water is featured by the fact that
such management and control has been carried out targeting at those
phenomena that occur at extremely low probabilities. The typical case
is concerned with carcinogenic substances in drinking water. While
the goal of drinking water quality management should be aiming to
reduce any risks due to the carcinogenic substances to zero, we must
manage the soclal system named community water while allowing certain
risks. As U.S. EPA, for example, has made it a principle that the
water quality of the treated water available when the Best Available
Technology is applied should be determined as MCL (Maximum Contaminant
Level) that is the standard, it is also the rule of WHO that the
guideline values should be determined by adding engineering judgment
to toxicological views.

WHO recently reported that the cost per person of providing water
and sanitation 1is about US$180 by the late of 1980. In southeast
Asia, the per capita costs of providing safe drinking water in rural
area has fallen to as little as US$15, improved water and sanitation
together can cost as little as US$30. If these system are developed by
using ground water, fortunately deep ground water, we can develop the
surveillance program which needs the least cost. But, it 1s said the
population of urban areas in developing countries 1s continuing to
increase and then the number of cities whose population is more than
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10millions becomes more than 65 in the year of 2025. Water supply
system should be established to use surface water for their water
source on that time. Considering the treatment cost as well as the
surveillance cost for that type of water supply system, we should make
more effort to develop the best appropriate and available technology

for the safe water supply.
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1. Introduction

Monitoring of drinking water without intensive studies on the
subjects of 1) its purpose and contents, 2) locations and the number
of water taps to be monitored and 3) sampling and analytical
methods would not be able to provide really working data for effective
management of drinking water quality. In fact, monitoring without such
systematic approach could not possibly bring on any significant data
conducive to efficient drinking water quality control and management.

The contents of monitoring varies with its purpose, whether to
monitor chemical substances which may directly hazard human health
such as mercury, cadmium, etc. or specific properties of water which
may deter the effective utilization of tap water, such as turbidity,
colour, etc.. Where contaminants which tend to accumulate into human
body such as heavy metals are to be monitored, the matter of primary
importance is to identify the concentration and characteristic
properties of these contaminants in tap water supplied to the
monitored area and acquire the data which helps us judge whether their
concentrations are on the level of hazards to human health; Besides,
if water contamination and its progress is monitored over an extended
period of time for the purpose of determining the peculiar change of
these contamlnants, it should possible to take effective
countermeasures before they pose menace to human health.

Since it is assumed that the concentration of contaminants in
tap water supplied to the monitored area changes at random in any
locations or at any time and that their distribution is in normal
distribution, the characteristics of their concentration can be
represented by average annual concentration and standard deviation.
Requirements for monitoring vary with the magnitude of the accuracy
(on specific significant level) of the annual wmean concentratiomn.

In other words, if the required significant level and accuracy
are low, correspondingly less sampling frequency will suffice, and so
sampling and analytical processes can proportionately be less precise.
Accordingly, prior to monitoring, it is invariably necessary to

6,
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predefine the requisite degree of accuracy of information or data to
be provided by the monitoring.

Hereafter, the examples of the designing of monitoring programme
for heavy metals and organic chlorides in tap water are presented in
order to make clear the matter concerned on the monitoring.

2, Accuracy of monitoring data

The accuracy of monitoring data can be determined by the
selection of maximum tolerable error of annual mean concentration
and/or the smallest concentration (hereafter describes as CL) of which
does not implies the error. When monitoring any contaminants
potentially hazardous to human health, it would be appropriate to set
one-tenth (1/10) of the standard value of water as CL in view of their
characteristic properties. Besides, it should be noted that the
maximum tolerable error of the annual mean value obtained changes in
proportion to the magnitude of the value 1tself. Therefore, it is a
common that the maximum tolerable error is selected to 20% of the CL
if it is greater than CL or 10% of the CL it is smaller than CL, and
to estimate the mean value within the said tolerance in terms of a 95%
of confidence level. Based on the CL and the maximum tolerable error,
the accuracy of analytical method and the number of samples required
shall be decided.

Errors arised by sampling and analysis are classified in the
"systematic error” and the "random error." Of these, sampling error
is for the most part classified as the systematic error, which can be
practically zeroed by collection of samples in standardized way which
maximizes elimination of potentials for errors. In fact, this approach
would dispense with needs for consideration of the negative impact of
sampling on errors to the mean annual value.

Since the error in the analytical work 1is ascribed to diverse
factors, specific consideration to these factors will be required in
order to hold the error within the maximum tolerable error. As a
common practice, the accuracy of a selected analytical method is
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indicated in terms of the limits of detection of target contaminant,
and the standard deviation and bias. In this instance, the limits of
detection stand below the limits of concentration where data obtained
contains no error, namely CL.

0f the errors to measurements, blas due to systematic error,
namely measurement errors from laboratory to laboratory, must be less
than half the maximum tolerance of the annual mean value. Accordingly,
the blas of the analytical results should be held to within 0.50 CpL»
or within 10% of the measured value, whichever greater.

The accuracy required of the analytical method adopted by some
laboratories must also be less than half the tolerance allowed for
estimation of the annual mean value. In order for any measurements to
stay within the specified tolerance in terms of the 95% confidence
level, the standard deviation of a given measured value is 5% of the
measured concentration or 0.20 Cy. This standard deviation is
determined by the standard deviation of within and between batch,
respectively.

Suppose two blank tests are conducted on a single batch analysis,
arrange of blank values obtained is zero, where the standard deviation
is to be V2¢, (0p : standard deviation of the blank values). Also,
since the standard deviation of the concentration similar to the blank
value, namely concentration close to the limits of detection, nearly
equals the standard deviation of the blank value, the standard
deviation of the measurement value of samples whose concentration is
close to the limit of detection also assumes the value of J2 0,
Consequently, on assumption that the confidence level of these
measurements is 95%, the limit of detection must be 2 V20, . When
defining the safety factor as 2, considering that 1t represents
routine test performance, the final limit of detection becomes 5 0Os.
In other words, the standard deviation for measurements of samples
with concentration close to the limits of detection becomes 0.20 CL.

After relevant test conditions have been established as above,
it 1s necessary to determine sampling and analytical methods
satisfying these preconditions and the locations and the number of



-5 -

water taps to be monitored,according to the steps as shown in Figure
1.

Sample 200ml ( 1ml)
IN HNO;  pH 2.5 ( 0.5)

——+—1w/v % APDC 4ml (+0.02ml)

|
Chelating

% MTBK 10m1 (£0.04ml)

2 min. Shaking
150 shakes/min.

jp———=5 - 20 min. Stand
{

Separation Dispense
water

petr———= Solvent

Atomic Absorption Pb 283.3nm
spectrophotometor Cd 228.8nm

Figure-1 Flow chart of Pb, Cd Analysis

3. Design of Monitoring Programme of Pb.

3-1. Selection of Analytical Method and Accuracy Control

The WHO drinking water quality guideline of Pb is 0.05 mg/l,
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therefore the accuracy required of Pb analysis is shown in Table 1.

Table-1. The required precision for analytical method of Pb.

Limit of detection 0.005 mg/1

Standard deviation 0.001 mg/1 or 5% of concentration

Bias ‘ 0.0025 mg/)l or 10% of concentration

3-1-1 Preparatory Tests

Analytical errors are classified in the systematic and the random
errors. The former relates more closely to the magnitude of bias.
Accordingly, upon comparison of values measured by different
laboratories, error calibration is particularly important. This
error relates to 1) the question of whether or not to measure total Pb
content Irrespective of the form of lead contained in samples, 2)
influence of co-existing substances in samples, 3) accuracy of
calibration curves and 4) accuracy of blank tests conducted.

1) Verification of Calibration Curves

After preparation of a standard Pb concentration series in the
order of 0, 0.02, 0.04, 0.06, 0.08 and 0.10 mg/l, analysis was made
once a day for three consecutive days (three times in all) in
accordance with the procedures set forth in Figure 2. Peak height
were used for determining the accuracy of the callbration curves.

Table 2 presents the results of measurement and calibration,
evidencing the achievement of satisfactory results in terms of the
accuracy of the calibration curves.

2) Pretreatment of Samples

The analytical procedures in Fig.l employs the direct APDC-MIBK



Table~2 Assess of Linearity of Pb Calibration Curve

1. Data

Concentration mg/l 0.00 0.02 0.04 0.06 0.08 0.10

peak height am

No. 1 1 20 40 62 8l 102
No. 2 1 21 40 62 81 102
No. 3 1 21 41 64 82 103

2. Covarlance Analysis

Iten S D.F. v FO F F
Variance of regression | § 1 |V =SR/1 Vr/Vw
81644.8 51644.8 4:12: 1 4:12:
variance of residue Sr k-2 { Vr=8r/(K-2) 3.26 |6.4)
5.97 4 1.4476 2.37
Between batch ) KE-1 | Vqp=8q/(K-1) VB/VW
31850.67 S 9338.13 5:12: | 5:12:
¥ithin batch ] N-KE |V =Sw/(N-K) 7085.8) 3.11 1} 5.06
3,33 12 .61
Variance of between batch 7085.80>5.41
Residues 2,37  <3.28
3. Assessment of Linearity
{ten S D.F. ) Fo F
Variance of regression S 1 v =SR/1 VR/Vyx 1:16:
51644.8 51644.8
Varlance of residue Syx N-2 Vyx=8yx/(n-2)| 26389.75 | 4.49
13.12 16 0.82

FO, F 9473.10>8.53 (the linearity of the calibration curve has approved)




Procedure

Selection of Analytical Method

Preliminary check

Within Lab. Precision Test

Between Lab. Precision Test

Stand Sol. Precision

Unknown Sample

Control chart

Briefs of Job

B e ]
———— ey

LAPDC-MIBK Extraction, AAS Method

.Blank test

Linearity of Caribration Curve

Covariance Analysis 95% C.1.

.Feasibility of Direct Extraction
.Sample

D.Extraction HNO3, leat

\\\\‘\ €i££§ction

Cowparison

.Sample (Blank Std. 0.05ag/l,
Std. 0.1mg/l, Tap Water, Splked Tap Water)
Duplicate amalysis, Sdays

.Data Analysis
Total accuracy .0.001 mg/l or
¥ithin batch accuracy 5% of concentration
Between batch accuracy  .95% of C.L.
Recovery

JSample (Blank, Std Sol, Distribt Std Sol.)
10 analysis

Data Analysis, t analysis.
95% C.L.

.Sample (Blank, Hard Water Sample
Soft Water Sample, Distribt Std. Sol)
5 days analysis

Data Analysis, t analysis 95% C.L.

.Sample Std. Sol, 0.05 ag/}
X-R Control Chart



Sampling Method

Set Monitoring Taps

¥onitoring

Seasonal Variation
of Pb

I

J

Monitoring

i

Evaluation of Data

End of Monitoring

Figure-2.

.9 taps

Sampling Time, Sampling Velocity
Piping Material

Data

.Set method to know

the saximug concentration
(Morning, 21/min, Water Contacted
with Pb Pipe)

.Select 10 taps with Pb pipe or plumbing
.Sampling and Analysis

.Data
.Calculate Number of Taps to be monitored

naximum annual mean concentration with
95% C.L.

.4 times/year

Data

.Seasonal Varlations Select 50 taps

are Calculated by previous monitoring

Sampling Analysis

Data

.Ph distribution Properties
.Meet the DWQS

.Assess abnormal data
.Continuing Monftoring or not

Flow Chart of Pb Monitoring
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extraction format to condense Pb and Cd in samples, but if the sampie
contains Pb as metallic salt which resists the APDC-MIBK extraction,
its thorough extraction may possibly be impossible. Therefore, the
results obtained by indirect APDC-MIBK extraction after processing
sample-contained Pb with nitric acid were compared with those obtained
by direct APDC-MIBK extraction to determine If sample pretrcatmoent
required.

Fig.3 shows a sample pretreatment process for tap water-containced
ADPC and Pb reactivation. Samples (200 ml each) were prepared for a
couple of subjects as follows.

a) Same sample as that used for the direct extraction

process

b) Sample (a) + 1.0 (plus or minus 0.1) ml HNO4

¢) De-ionized water+ HNOq4 [in quantities enough to obtain same pll

as for sample (a)]

d) Sample (c¢) + 1.0 ( 0.1)ml HNO4

e)Sample (d) + 2 ml standard solution ( 1 ml=5 g Pb)
Measurements were made for these pretreated samples, blanks, 0.1 mg/l
standard solution. Also, the direct extraction process was applied to
sample (a), blanks and 0.1lmg/1 standard solution,

Based on these results, the recovery rates using Eq.(l) came up
with a 96% recovery, which assures the propriety of the pretreatment
process used.

C1+Cy dy+d, 100
Recovery rate = - X ————— ... (1)
2 2 0.050

Accordingly, the results of samples a and b, and also the res 1tsg
of sample a tested by direct extraction were compared in respect of
measurements to determine needs for pretreatment.

Table 3 shows the results obtained, which also shows tbhnsc
acquired by the other laboratories which take part in the Monito: ing
Program. Here, the authors belong to Laboratory No.8. No particular

pretreatment is required for analysis of tap water based on findings
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as shown in Table 3, therefore the direct APDC-MIBK extraction method

was employed.

Sample 200ml(+1ml)

Heating Concentrate to 20 5ml on Hotplate

Stand e—— Dilute to 150ml by distilled water

3drops of BPB

-t Add 2.5N NaOH until color become blue

- Add 0.3N HC1 color become diminish

Add pH. e—— Add 0.3N HCl 200ml
2.5(+0.3)

/
Sample m—————a=-[)jlute to 200ml

Figure-3 Pretreatment procedures for Pb analysis
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Table-3 Test in the necessity of pretreatment method of sample

Pb Concentration Cd Concentration
Labs.
Direct Heating | HNO, + Direct Heating | HNOg +
Heaging Heating
1 12 13 12 -0.2 0.0 -0.1
2 90 - 86 3.3 3.3 2.4
4 38 39 39 5.1 5.5 5.7
5 64 - 62 5.9 - 5.6
6(1Y 7.6 7.6 9.7 0.5 0.4 0.0
(2y 200 210 220 -0.1 -0.2 0.0
(3Y 110 110 120 - - -
7 32 27 24 5 6.5 5.8
8 68 67 70 8 8.7 7.0

3-1-2 Identification of Within Laboratory Accuracy

Two samples each were collected from distilled water, 0.05 g
Pb/1, tap water and tap water+0.05 mg Pb/l in a random scquence for
five straight days on end (once a day) to determine if results meeting
the criteria in parallel accuracy, repeating accuracy and recovery
rates can be obtained, where the flowchart in Fig.4 was used for
assessment of the results.

In accordance with the definition, an between-batch mean square
(Ml) and within-batch mean square (Mg) are calculated by Lo
measurement values. If Ml is larger than M, after their comparison, it
implies that between-batch variance 1s significant. The ratijio F
obtained by dividing M; with M, is compared with Fy o5 and Fo o1 1T F
1s greater than F 0.01, it implies the presence of an betweecn-batch
variance, namely the presence of substantial between-batch erroyrs
between the batch. Accordingly, the analytical method needs to be
checked for propriety.

In the case of Fog 01> F> Fo. o5+ 1t is assumable that there i« no

between-batch variance. In case F is greater than Fo . pg, the between-



Step 1. to check
between batch variation

StepZ. to check
between batch variation

Stepl. to check
total precision

Step to check
total precision

To check recovery

- 13 -

Blank
0.05mg/1

Sample
Sample + 0.05xg/!

[N N — -]
+ e e w

Between batch mean square Ml
Fithin batch mean square M
Hp > Xy

F

MI/MO F = MO/MI
F> 0.0
F > 0.05

Between batch variance
2 -
Sy = (Ml MO)/Z

Total variance

$,2 = (N + Hp)/2 5,2 = 8%

+ sz

s, > 2"

Stz degree of freedon
1=20 (M, +K) 2/ (5K, 2o ag)

F {008, 2718
R=4d-c¢c
R standard deviation : Sy
(4, 0.05)
R < 0.95D" - Spt/ 5

R > 1.05D + SRt/ 5
7 : Target of accuracy
D: - 0.05ng/}
END

Figure-4. Flow chart of within laboratory precision test
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batch variance is assumably related as follows:

Sp2=(My-M ) /2. ... (1)

If F is smaller than FO.OS' sz is zeroed and the total variance
is glven by the following equation.

St (M + M g)/2.. ..., (3)

Provided the between-batch mean square M is smaller than the
within-batch mean square MO, the variance F 1is deflned as a valuc
obtained by dividing Mo with M; and verified as above.

If F is greater than Fy g5, the measurement method used can be
defective, and probable causes thereof should be traced.

The above methods will be used to determine between- and within-
batch and total standard deviations to verify if the targeted accuracy

has been achieved.
The number of degree of freedom for each mean square St can bc

obtained from;

20 (M, +M,) 2

5M12 + 4 Mo2

The value of Fo .05 (fss) of an integer f' closest to this f value
is determined by the F distribution table. Since total standard
deviations of the standard solution and the tap water + stan:‘ard
solution assumes the value of 5% of the concentration or 0.001 mg
Pb/1, whichever greater, the F0.05(f'w ) of each sample t¢ be
determined by the following equation must not exceed Stz/zzfz =
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targeted accuracy).

These processes practically complete the confirmation of
laboratory analytical accuracy, but in addition, the rate of recovery
by laboratory will be examined based on the result of analysis of tap
water and tapwater plus standard solution in order to determine the
recovery rate of the laboratory involved and ascertain the accuracy of
the analytical method as a whole.

Average amount of recovery will be calculated based on the
differentials to determine the standard deviation of the average
recovery value obtained after repeating measurement five times.

When determining the t value when the degree of freedom is " n-1 "
from the Student's Distribution (95% confidence level), an average
recovery value R must stay within the following range.

0.95 -St/ J5 < R < 1.05d + St/ V5 ........ (5)

Table 4 presents the results on verification of analytical
accuracy in this manner.

Analytical accuracy must be below the standard deviation (1 «g
Pb/1) or 5% of measurements, whichever greater. With regard to the
standard sample (50 ug Pb/1) and the sample (50 .g Pb/1) added'to tap
water, each test group has come up with satisfactory results,
However, regarding tap water, groups 1, 3, 5 and 6 slightly exceeded
this values, but results as a whole were satisfactory.

Besides, regarding the rate of recovery, relatively satisfactory
results were achieved. Judging from this outcome, it may be concluded
that the required analytical accuracy, including that of Laboratory
No.8 as presented in Table 1, can be secured.

3-1-3 Verification of Analytical Accuracy by Laboratory
To compare given measurements obtained by some laboratory with

those of other laboratories in terms of the standard level of

accuracy, it is necessary to determine the specific analytical
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accuracy of each laboratory.

Table-4 Within laboratory Precision Test of Recovery

[( ) mean value]

Standard ( g/l)
Labs Recovery %

Blank Standard Pb Tapwater Tapwater+

(50 g/1) 50 gPb/1
1 0.5 2.9 (50) 2.8 (2.7)|4.1 (56) ] 10746
2 0.1 2.0 (-) 0.6 (9.8)13.6 (72) 99+8
3 1.0 1.8 (49) 2.6 (0.7)]1.8 (49) 98+3
4 0.3 0.9 (82) 0.5 {(0.4)]1.8 (52) 103+3
5 1.3 2.4 (49) 2.2 (5.7)13.0 (59)] 107+8
6 0.9 1.4  (50) 2.1 (9.0)} 2.5 (57) 96+3
7 0.2 1.0 (51) 0.7 (6.4)]1.4 (57)1 101+2
8 0.6 2.4 (49) 1.4 (24) 2.4 (79) 98+1

The assessment of between laboratory analytical accuracy can be
achleved by 1) analyzing identical common samples used by all the
laboratories, 2) determining the bias of actual measurements from the
standard values and 3) by examining if deviations stay within the
prescribed range of accuracy.

The bias is ascribed to a laboratory-to-laboratory variance in’

concentration of standard solution prepared and used on their own and

to the presence of other systematic errors. As circumstances stand,

verification of "between-laboratory" analytical accuracy was conducted
on the standard and common solutions in two different stages.

(1) Calibration of standard solution

Standard solution and modified standard solution produced by
heating and dissolving metallic lead in the nitric acid ii the
laboratory were diluted to the equal concentration.

These diluted samples (10 each for two groups) were analyrad by
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the atomic absorption method in a random sequence to compare peak
values (heights) of samples in each group. As a result, no
significant difference was observed between these different types of
standard solution in any laboratories including the authors' as shown

in Table-5.

Table-5 Standard Solution Comparison

Deviation of Two Standards %
Labs
Pb Cd

1 +0.1 (+1.4) -0.4 (+1.4)
2 +0.2 (+0.4) +0.7 (+0.7)
3 0.0 (+0.7) 0.0 (+0.8)
4 +0.4 (+0.4) -0.3 (+0.6)
5 +0.3 (+0.5) +0.6 (+0.1)
6 +1.4 (+0.4) -0.5 (+0.9)
7 +0.9 (+1.0) -0.2 (+1.0)
8 0.0 (+1.2) +1.0 (+0.7)

(2) Unknown test samples

Four different types of samples including de-ionized water, hard
water, soft water, standard solution supplied to various laboratories
by the centre of this program, recurrent analysis for 5 days on end.
Table 6 presents findings.

The analytical accuracy to be achieved by each of these
laboratories must be below plus or minus of 10% of the samples
involved In terms of bias from the real value or 2.5 g Pb/1 (blank
test), whichever greater. It is deemed that each of the laboratories
concerned virtually meet the specified criteria. However, Laboratory
1l tends to show somewhat larger value, and Laboratory 8, somewhat
smaller value. The error can be attributed to a difference in the way

of modifying the standard solution, but it should be no major issue
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since the cause of this error can easily be remedied. In any cases,
however, it was found that each of the laboratories involved
practically meet the requirements and that measurements obtained by

them can be compared on an equitable basis.

Table-6 Unknown Sample List

Mean Concentration g/l Average bias
Labs - from expected
Std.Sol.| Hard Water | Soft Water | Delonized Water value %

1 52+4 6146 88+4 0+0 +10

2 - - - - -

3 4543 56+3 81+2 0+0 -1

4 4742 57+4 86+2 -1+1 +3

5 44+] 5642 82+1 1+1 -2

6 43+1 52+1 80+2 3+l -5

7 46+1 58+1 87+2 0+0 + 3

8 40+3 4843 77+2 0+0 -1
Expected 45 55 85 0

Value

3-2-4 Analytical Accuracy Control

As a result of accuracy verification on the within- and the
between-laboratory level, it was found that the measure-ments of the
authors' laboratory meet the prescribed criteria in this respect.

Nevertheless, it is necessary to verify if the required accuracy
can really be achieved in the process of monitoring.

Accordingly, standard solution with a concentration of 0.05 mg
Pb/1 was added to the samples each time analysis was made to calibrate
the accuracy of the analytical method based on the measurements of
concentration of the standard solution. Figure 5 chronologically plots
the measurements of the standard solution. Assuming the average value
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of past total, measurements as "x" and the standard deviation as "
," verification was made to ascertain if measurements at a given time
had exceeded the warning limit ("x +2 ¢") or the action limit,

Should the action limit be exceeded, relevant results would not
adopted as working data based on the conception that the required
accuracy remained unsatisfied. Concurrently, efforts should be made to
trace and remedy the cause of such error.

On the other hand, should the warning limit be excecded, the
cause of the error should be traced and reformed to hold the err r to
within the specified tolerance.

The control chart in the 1laboratory (Fig.5) indicates that the
laboratory keeps operating accuracy within the control limit.

1t means that tap water quality (results of measurement obi .ined
in the monitoring process) was analyzed in accordance with the
criteria of accuracy as set forth in Table 1.
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Figure - 5 Control chart of Analytical Quality
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3-2. Sampling Method

It is assumed that the quality of tap water to be monitored
varies with the material and length of pipes and with the velocity of
water flow at the time sampling. Accordingly, sample water was
collected from five cooking water taps under varying conditions 1o
determine Pb concentration in the samples taken. Based on the
findings, we followed an approach to sample tap water possibly with
the highest Pb concentration. .

Relative procedures are presented in detalls using the flowchart

(Fig.2).
3-2-1 Method and Results of Investigation
In order to assess the potential effect of water distribution
system and the material of pipes used, five taps (Table 7) were

selected. From the five cooking water taps, we collected the

following eight samples.

Table-7 Properties of Tap

Xo. Pipe Desd Water Volume Distribution Area | Sevice Year
GP 20 5n

1 71 B 1926
LP 16 25
GP 20 5n

2 CP 13 2.5n 21 A 1954
LP 13 1w
GP 20 15m

3 GP 13 ©6» 21 A 1970
LP 13 1
GP 20 15n

4 51 B 1964
LP 13 0.5

5 GP 18 <101 A 1973
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gpecifically, we opened taps to permit 1 liter/min flow rate
early in the morning, and sampled 500 ml of water In two stages, one
immediately after opening the tap, the other 10 minutes after flushing
the tap. Also, before cooking was kicked off in the evening, a couple
of samples were taken in the like manner as in the morning.

Besides, on the following day, the tap was opened to permit 2
1/min velocity before four samples were collected in the same manner
as for the previous day.

As sample containers, we used polyethylene bottles after
immersing them in 10%HNO4q solution and cleansing them thoroughly with
water. These polyethylene bottles were pre-filled with a specified
amount of INHN03 solution to assure that sample pH shows 2.5 0.3.

Table 8 shows measurements attained by the above method, where Pb
and Cd concentrations in the samples collected early in the morning
are shown higher than those collected in the evening.

Since the purpose of the monitoring is to determine thelir maximuym
concentrations, samples must be taken early in the morning, it was
found. Thelr concentrations in tap water varies little with flow
velocity upon sampling. Accordingly, 1t turned out that if the
veloclty stays within this range of values, it does not exert much
influence on actual measurements.

Also, 1t was observed that Pb concentration tends to be higher if
lead pipe are used. Besides, the higher the amount of residual water
in the pipe, the higher the Pb and Cd content, it was learned as a
common trend,

Consequently, sample must be collected in consideration of the
material of feed pipe used and the amount of residual water. As Pb
and Cd concentrations in water sampled 10 minutes immediately after
opening the tap (initial discharge) are higher than those i1 water
sampled 10 minutes after opening the tap, it 1s necessary to sample
initial discharge. However, it was found that when collecting samples
which no longer affect the quality of water collected in the fedd
pipe, namely, samples immune to the influence of residual water in the
feed pipe, a tap must be kept flushed for 20 minutes or longer prior



—Q0— Morning
—=0—— Evening

—— O Morning
—_—Q—— Evening

20 30
minutes
Figure - &6

-0 —O
~—~0——=—=——=0
O
o 10 20 30
minutes

Pb Concentration and flushing time

_Zz_



Table-8 Tap Water Quality

Pb{mg/1)

No. 1 No, 2 No. 3 No. 4 No. 5
first 10min | first 10min | first 10min | first 10min | first 10min
flush flush | flush flush | flush flush | flush flush flush flush

Morning | 0.026 0.008 | 0.006 0.000 {0.0i5 0.008 10.006 0.000 | 0.003 0.001
11/min. | Evening | 0.026 0.005 | 0.002 0.000 }0.004 0.C00 ] 0.000 0.000 | 0.002 0.000
Morning | 0.019 0.005 | 0.005 0.000 | 0.016 0.010 |0.003 0.010 | 0.000 0.000
21/min. {Evening | 0.004 0.006 { 0.000 0.000 [0.000 0.000 | 0.000 0.000 | 0.060 0.0060
Cd{mg/1)
Morning 0.0004 0.00011| 0.0001 0.00001}] ¢.0002 0.0003}1 0.0001 0.0000] 0.0000 ©0.0000
11/min. {Evening | 0.0004 ©.0001} 0.0001 0.0000] 0.0001 0.0001% 0.0000 0.000C| 0.0000 0.0000
. Morning 0.0005 0.0001% 0.0003 0.0000%1 0.0003 0.0001} 0.0000 0.0000) 0.0000 0.0000
21/min. |Evening 0.0003 0.00011] 0.0001 0.0000] 0.0000 0.0000{ 0.0000 0.0000}] 0.0000 0.0000
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to sampling.

In the water of distributing reservoirs of the water purification
plant, Pb and Cd concentrations .were found lower than the limit of
detection at the time monitored, as shown in Table 9.

Table-9 Pb and Cd of Water Distribution Reservoir Water

Pb(mg/1)
A B
| No.1 No.2 No.3 No.1 No.2

11/min. 0.000 0.000 0.000 0.000 0.0080
21/ain. 0.000 0.000 0.000 0.000 0.000

Cd(mg/1)
11/min. 0.0000 0.0000 0.0000 0.0000 0.0000
21/uin. 0.0000 0.0000 0.0000 0.0000 0.0000

In the next process, the variance analyses were conducted to
confirm the validity of these matters, specifically on the following
four factors.

A: Material of feed pipes (on leaded and non-leaded)

B: Sampling stages (immediately and 10 minutes after opening
hydrant)

C: Flow velocity (1 liter/min, 2 liters/min)

D: Sampling time of the day(early in the morning and
in the evening)

As a result, it was possible to statistically confirm that the
material of feed pipes used, sampling stages and the sampling time of
the day relate to Pb concentration of the samples tested as shown in
Table-10.
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Table-10 Variance Analysis Table

Itea 8 v F F F F0.01
A 7.37x1074 4 1.84x1074 | 22,61 | s7.72* 2.87 4.43
B 2700074 {1 | 2.7ox107? | 3313 | 5527t | 4.35 | 8.10
¢ 2.89x107° | 1 | 2.89x107° | 355 | s.o0t 1 o435 | a0
) a2x107d 11 2aazxa0n | 26.00 | 4340 | 435 | 8010
AXB Latx1od |4 | os.eex10™® | o451 | o7.s2*t | 287 | 443
AXC 9.56x1074 | 4 | 2.30x107° | 2,93 | 4.89** | 2.87 | 4.3
AXD Laexiot |4 | 2.90x107 | 0.356

BXC 2.60x107° | 1 | 2.69x107% | 519 | 532t | 435 | 8.10
BxD 6.25x10°° | 1 | 6.25x107° | 767 | 12.79% | 435 | s.10
cxd 1.41x107° | 1 | tamaoS | 1713 | 2.89 4,35 | 8.10
axBxC | 7.50x107° | 4 | 1.esx1o™® | 2.30 | 384t | 2.87 | 4.43
axxd | 1.00x10°8 | 4 | 2.50x1077 | 0.031
axcxd | 1.99x10°% | 4 | 4.s58x10°6 | 0.510

BxCxD | 2.24x107° | 1 | 2.24x107% | 275 | 459t | 435 | s.10
axpxcxb | 3.26x107° | 4 | s.15x10°6 | 1.00

SE 3.26x10°° | 4 | 8.15x1078

Covariance table by (L8)

Ttem S v F F F F(5,20:0.01)
B gamxied | s | s.a4x107? Ioan 4.10
c o.12x1074 | 5 | 2.49x107° .
D s.oxi07d ] s | e.sexi0 | o470
S 2.75x1074 | 20

* o5y Yooy

3-2-2 Sampling Method to Monitor Pb Concentration

Other laboratories also conducted the same survey as we did and
found that Pb concentration in tap water could vary with the material
of feed pipes used and how water is collected in the pipe.
Accordingly, based on the findings of the survey, a sampling procedure
for application to monitoring Pb concentrations were established.

1) Classification of tap

Water tap to be monitored are classified in three classes



depending on t
Class 1:

Class 2:
Class 3:
Class 3a:
Class 3b:
2} Samplin
Prior to
samples from e
Where tap
Sample 1:
Sample 2:
Where tap

Sample 1:
Sample 2:

Complianc

_25_

he kind of materials used.
Where no lead is used for feed pipes or their
connections
Where it 1s impossible to identify if lead is used for
feed pipes or their connections
Where lead is used for feed pipes and their
connections
Where lead are used for all components other than
tapping and water meters
Where lead is used for part of feed pipes or their
connections
g method
using tap water early in the morning, collect two
ach tap in accordance with the following procedures.
is classified in class a and class 3a:
Take a sample of 500 ml immediately after flushing the
tap at a 2 liters/min rate,
After collection of sample 1, open the tap to a full
and flush 20 liters and choke the flow rate to 2
liters/min, and then, sample 500 ml.
is classified in class 2 and class 3b:
Same as the above sample 1 procedure
Pb concentration 1s the highest in water in contact
with lead. Therefore, after collection of sample 1,
take a 500 ml sample after discharging residual water
collected in the water supply system (tap through lead
pipe) without changing flow rate.
e with this method would enable collection of samples

required to determine the characteristics of the maximum lead

concentration

3-3. Moni

Compared

in tap water, the purpose of monitoring.

toring of Pb, Cd and Zn Concentrations in Tap Water

to the preceding section focused on ways for controlling
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analytical accuracy and collecting samples which need prestudies prior
to monitoring, this section deals with the results of monitoring on
Pb, Cd and Zn concentrations in tap water.

The reason why we selected cadmium for monitoring other than lead
is that cadmium is also extractable into ADPC-MIBK solution while in
extraction of lead and easily analyze by means of atomic absorption
method. Another reason is that we considered it potentially hazardous
to human health.

Unlike lead and cadmium, zlnc does not pose hazards to human
health. It just slightly deters efficient utilization of tap water.
Nevertheless, since 1t is considerably susceptible to the effect of
water pipes and shows a behavior similar to that of cadmium In the
natural environment, this substance was additionally selected as the
target of monitoring.

It is to be noted that the current monitoring program is
primarily designed to analyze Pb concentration. Cd and Zn
concentrations were investigated for the reason mentioned in the

preceding section, but not as major targets of this program.
3-3-1 Method of Investigation

Lead and cadmium concentrations were examined by the ADPC-MIBK
extracted, atomic absorption method (See preceding section.) and zinc
concentration by APDC-butyl acetate extracted, atomic absorption
method.

Samples were collected with the method specified in section 3-2,
where Information pertaining to the material, diameter and length of
feed pipes connected to the tap from which the samples were collected
were obtained from the water service installation register.

Based on this information, the volume of residual water .
throughout the pipes leading to the tap and other statistical data
required upon sampling were calculated.

3-3-2 Determination of number of tap to be monitored
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The purpose of monitoring 1s to estimate the mean value of
maximum Pb concentrations in tap water supplied to the area monitored.
It 1s assumed that the maximum concentration in tap water supplied to
this area fluctuate at random and varies with tap. Accordingly, it is
difficult to determine the optimal number of tap to be monitored in a
decisive manner.

Therefore, there is no alternative but to determine the number
of samples to be collected continuously over an extended period of ane
yvear in ways that an error (standard deviations) to the estimated mean
value determinable as the mean value of Pb concentrations in samples
collected may be held to within a specified range.

Assuming that samples collected from a given number of tap are
analyzed and the standard deviation s for a given number of analytical
values is obtained, then reliability limit for these average values

can be expressed by Eq.(6).
t(n-1,2)s/n ........... (6)

Where,

“t(n-1, ); Assuming that the degree of freedom in the
distribution table is n-1, hazardous ratio value ,
n > 20, = 0.05, then t(n-1,2) = 2.0

Consequently, assuming that the error of this estimated mean value is
below 20% of the annual mean value or 10% of the water quality
standard, whichever greater, in terms of the 95% confidence level, the
number of samples required can be determined as follows:

n>(2.0 x 8/0.2¢)2=(10 s/c)% ....... .. (7)

if the average concentration (c) of a given substance monitored

exceeds 50% of the reference value of tap water, or
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n>(2.0 x 8/0.1 x U)%= (0.45)2 ....... (8)

if it is not more than 50%.

Here, U; Reference value of tap water (50 g/1) Accordingly, 10
taps using lead feed pipes, even partlally, were selected from Table
11 and samples were collected. Table 11 shows findings, specifically
average concentration (22.9 g/1) and standard deviation (22.9 g/1).
We substituted these values for Eq.(8) and obtained the value of "47"
as annual sampling frequency.

Allowing for these results and a given degree of safety margin,
we sampled tap water from taps In 51 locations In four times a vear.
With regard to 10 taps selected for the above preliminary survev, we
decided to recurrently sample 8 times a year in order to determine
factors affecting tap water quality, such as seasonal fluctuations,
etc..

Since the preliminary survey had revealed that Pb concentration
in tap water sampled from a tap which does not use lead feed pipcs
were close to the 1limit of detection, 10 taps of this type were
selected for sampling 9 times a year.

3-3-3 Results and considerations

With the method mentioned above, we sampled iInitial discharge
(tap water sampled immediately after opening. the hydrant) and interim
discharge (tap water sampled sometime after opening the hydrant) from
71 taps in the monitored area, and assayed lead, cadmium and zinc
concentrations. The following paragraph presents findings.

The monitoring of 10 taps selected for the preliminary survey
conducted for a year disclosed the followings. Filgures 7 thrcugh 9
give typical examples.

Comparison of the inltial with the Interim discharge In terms of
Pb, Cd and Zn concentrations indicates that the initial discharge
often shows higher concentration, except when the latter casually
shows higher value, depending on the condition of service pipes used.;



_29_

Table-11 Preliminary Monitoring Tap

Pb ( g/1)

No.{l Pipe Dead Volume } Distribution | Sevice in | Samplel Sample2

1 LP 13 15k 21 B 1930 48.3 55.5
GP 20 Sp

2 7 A 1926 50.9 6.0
LP 16  25»
GP 20 5.0m

3 GP 13 2.on 2 B 1954 4.8 2.6
LP 13 1.0m
GP 20 3.0m

4 GP 13 6.0m 2 B 1969 16.9 13.3
LP 18 1.0m
GP 20 15m

5 5 A 1964 6.9 3.6
LP 138 1.0n .
LP 20 150

i GP 20 18.5R & A 1969 31.9 15.7
LP 13 1.0m
VP 25 8.lm

7 LP 13 1.5m 42 A 1959 14.5 4.8
GP 20 3.1m
LP 20 1.0m

8 4 B 1975 7.7 18.]
VLGP 20 10.8n
LP 20 1.0m

9 GP 20 19.2m ¢ B 1973 23.2 9.6
LP 13 1.0n

oy L 13 1i0m ] i 19 6.0 1.7
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As the major purpose of monitoring is to determine the maximum
concentrations, samples with higher concentration, out of the initial
and interim discharges, were selected for analysis.

Table 12 shows the average values of maximum concentrations
scored on each measurement and standard deviations regarding all

samples tested, while Fig.10 presents average concentrations alone.

Table-12 Pb, Cd, Zn of first flush water

Monitoring Pb; Cd; in;
St. No.

76 6 10 1 - 10 22.2 16.7 0.14 0.17 1.10 1.19
76 11 16 1 - 10 9.8 7.9 0.02 0.07 1.30 1.32
76 12 23 - 10 7.1 1.5 0.00 0.00 1.37 1.69
7 27 1 - 10 6.9 8.4 0.06 0.14 1.15 1.37
77 323 1 - 10 10.4 13.3 0.15 0.12 1.35 1.47
77 4 30 1 - 10 16.7 15.6 0.18 0.18 1.81 1.99
77 8 4 1-10 22.5 19.4 0.32 0.29 1.67 1.28
77 919 1-10 16.8 14.0 0.29 0.32 1.57 1.20
77 6 23 21 - 31 11.6 12.2 0.32 0.40 0.94 0.71
77 8 4 32 - 43 23.0 37.8 0.17 0.27 0.70 0.88
77 919 44 - 62 24.0 33.2 0.27 0.40 1.07 1.13

- 11 - 20 4.9 4.6 0.23 0.44 0.80 0.98

Table 13 shows the average water quality of tap water in the
water distribution reservoirs. Of the tap water sampled, it turned out
that Pb, Cd and Zn concentrations in tap water with the most
deteriorated quality are, respectively, 16.3 21.1 g/1, 0.19 0.29
g/l and 1.21 1.28 mg/l respectively. These values are significantly
higher than those of water in the distributing reservoir. It may be
ascribed to the fact that water can possibly dissolve heavy metals
from pipes in the process of flowing down to the tap from the
distributing reservolir.

In view of the fact that the initial discharge shows higher
concentration than the interim discharge, it became obvious that

elution of heavy metals from feed pipes is responsible for the high
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Table-13 Water Quality of Reservoirs

M
A A e B

Water Temperture °c 14.4 + 6.0 15.7 +5.8

pH 6.6 + 0.07 6.9 +0.08
Electric Conductivity s/cm | 182.6 +22.4 121.8 +8.4
Aeralinity mg/1 36.4 + 4.5 33.3 +3.4
Hadness mg/1 45.9 + 7.6 33.3 +7.1
Total hardness mg/1 62.3 + 9.9 45.9 +4.86
KMnO, Consumption mg/1 1.36 + 0.63 0.86 +0.49

3b g/l 0.32 + 0.65 1.23 +1.89

Cd g/1 0.04 + 0.07 0.001+0.05

Zn mg/1 0.004+ 0.002 0.1 +0.01

The average value of concentration upon each analysis in
different periods indicates the presence of seasonal fluctuations,
especially in the case of lead and cadmium.

Ascribing it to the effect of water temperature, the differences
between the some of reservoir and concentration upon sampling were
examined.

Fig. 11 plots their relationships, which implies that the higher
the water temperature, the high the Pb and Cd concentrations in tap
water.

Thus, since heavy metals elute from the pipe into tap water, its
concentration depends on the condition of these pipes and water
quality. Therefore, in order to trace probable causes, variance
analysis was implemented to verify if there is any significant
difference in the average value of heavy metal concentrations by
probable factors for high concentration i.e., material of feed pipes
used, the year water service was commenced, volume of tap water
collected in pipes from water meter to tap, water témperature,
distribution system, etc.

Table 14 shows the overall results of variance analysis.
Besldes, regarding factors determined significant as a resuit of

analysis, Table 15 shows respective values by classiflcation.
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Table-14 Variance Table

F (0.05) F {0.05) F {0.05)
F(0.05)
Pb Cd in Pb Cd in Pb Cd in
Pb; 1960 51 10°¢C
22.7*% 1961-1970] 0.32 1.47 15.2*}5-101 1.97 0.52 1.66 |10-15°C 4.77* 4.28* 0.83
1970 10 1 10-20°C
200C
Pb;
1.83 F(0.05)
Pb Ccd in
in;
6.19" 6.10% 1.59 29.3"




Table-15 Relationship between pipe and heavy metal
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16.38 + 23.31 g/l 1n=95
Pb
4.86 + 4.57 g/1 n=10
GP 1.67 + 1.35mg/1 n=90
In
6P 0.42 + 0.63ag/l n=40
1960 1.39 + 1.28ag/1 n=47
1961-1970 | Zn | 1.75 + 1.38mg/l n=44
1970 0.40 + 0.57mg/1 n=40
10%¢ 5.97 + 6.90 g/l 0.06 + 0.15 g/1 n=13
10-15°¢ Pb { 9.58 + 10.26 g/l cd | 0.07 +0.10 g/ n=26
15-20°¢ 18.00 + 21.57 g/l 0.24 + 0.32 g/1 n=63
200¢ 26.80 + 29.60 g/l 0.28 + 0.36 g/1 n=24
A 22.14 + 24.00 g/1 1.92 + 1.490g/1 n=49
Pb n
B 12.80 + 18.62 g/l 0.79 + 0.89mg/1 n=82

It turned out from tables 14 and 15 that if a tap uses lead for
any part of its feed pipes, if water temperature is high?or if any tap
for Distribution System A is used, lead concentration in tap water was
high.

It was also made clear that in the case of cadmium, water:
temperature was the exclusive factor responsible for high:
it was found that its
concentration was high where galvanized steel pipes are used or taps
of Distribution System A was involved. Besides, the high
concentration was observed in pipes started to service during the
period of 1961 through 1970.
no significant difference in Pb and Cd concentrations between tap for
the distribution systems A and B. Langeria :
indices for the both distributions systems fell short of -2, but

especially, pH of tap water through Distribution System A Is lower -

concentration in water. In the case of zinc,

As a result of the preliminary survey,

However, the corrosibity.
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than that of Distribution System B and can better dissolve metals in
the feed pipe. Accordingly, the number of samples tested were
increased in this preliminary survey. Table 15 shows findings.

Substituting the results of monitoring over a year for Eq.(8) to
determine the number of samples required to estimate the maximum Pb
concentration in tap water supplied to the monitored area in terms of
the 95% confidence level, it was found that 130-135 tap were required.
In addition, it turned out that analysis of cadmium concentration
would require sampling a hydrant in one location, while zinc, those in
110 locations.

Nevertheless, since Japanese standard value of Pb concentration
is 100 g/1, a total number of hydrants to be tested would aggregate
somewhere in a range of 33 to 35 units.

On the other hand, analysis of cadmium concentration would
require 10 locations from a statistical point of view.

Such results will be utilized as useul information to formulate
the monitoring progranm.

4, Design of Monitoring Programme

4-1, Introduction

The presence of a wide range of organic carcinogens in the
environment has been a matter of concern In recent years. The risk
associated with organic carcinogens should be assessed and managed by
considering the total or integrated Intake and exposure from air,
food, and water. In order to develop techniques and procedures for
measuring and assessing human exposure to environmental pollutants,
the WHO/UNEP HEALs ( Human Exposure Assessment Location) project was
started in 1985. The preliminary data obtained from a pilot study in
Japan showed that the total daily intake of chloroform ( 68.5 g/day )
comes from : 23.2 g in food, 10.8 g in air, and 34.5 g in drinking
water. As shown by the above data, drinking water is one of the
sources of exposure to chloroform.
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The management level of total exposure is estimated by an
arbitrarily selected risk level and a dose-response relationship based
on the results of animal tests. Ideally the management level of each
media should be decided by its proportional contribution to the total
human exposure. However, what is usually considered is the
feasibility or cost of action need to manage each media so that its
maxmum-limit concentration will not be exceeded. Eitherway, it is most
essential to grasp the exposure level through each media as precisely
as we can. Thus, the role of monitoring organic carcinogens in each
media is significant in efforts to manage them.

It is well known that trihaliomethanes (THMs) and other
halogenated organic compounds in tap water are formed during the
chlorination process, by reactions between chlorine and organic
substances. Since chloroform (one of the THMs) is a carcinogen, WHO
drinking water quality guidelines (set at the level of 30 g/1) and
those of Japan, USA, and other countries refer to total THMs.

The mutagenecity of chlorinated water is higher than non-
chlorinated drinking water. Therefore, total organic halides (TOX),
chloral hydrate (chloral), trichloroacetic acid (TCAA), dichloroa:zetic
acid (DCAA), and other organic halides,as well as THMs, have been
researched by many authors. Because halogenated organic compounds are
formed by reactions between chlorine and organic substances, their
concentration in tap water is affected by : the raw water quality; the
water treatment method; and the distribution service system.
Therefore, a monitoring program should be established that takes into
account variations attributable to these three factors.

The reliability of monitoring data is not only affected by‘
sampling method, frequency of sampling, and /or number of samples, but
also by the accuracy of analysis. Therefore, it is necessary to adopt
a cost-effective analytical method that provides the requisite
accuracy and reliability, and to implement systematic quality control
of the analysis.

This paper discusses the accuracy and reliability of analytical
methods, the succession of halogenated organic compounds in
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chlorinated water, and the distribution of halogenated organic
compounds in the distribution system, in order to provide basic

information for establishing a reasonable monitoring program.

4-2. Methods for analyzing halogenated organic substances, and

their accuracy.

The head space method (for determining THMs), the adsorption-
pyrolysis-titrimetric method (for determining TOX) and the solvent
extraction-gas chromatographic method (for determining chloral
DCAA, and TCAA) have been developed and/or evaluated under the
following necessary conditions. The maximum tolerable error should
be less than 20% of the measured value or the limit of detection,
whichever is smaller. The limit of detection should be less than 10%
of the drinking water quality standard value or 3 times the
concentration obtained for a blank solution, whichever is smaller.

(1) Head space method for determining THMs

The water sample is gently poured into a vial that has previously
received sodium sulfate solution to remove its residual chlorine. It
is then sealed by an aluminum cap with a silicone septum. After the
vial is shaken to diminish the residual chlorine, phosphoric acid (for
adjusting the pH below 1.0) is injected into 1t using a syringe
through the silicone septum. The vial is then incubated in a 25 C
water bath for one hour. A portion of the head space gas (500 L) in
the vial is injected into a gas chromatograph to determine the level
of THMs.

The analysis was conducted on a Shimazu Model 7A gas chromatograph
with an electron capture detector. A glass column (3mm x 2m)packed
with 20% silicone DC-550 on a Chromosorb-¥W (100-120mesh) was used for
separating the compounds. The column was operated at 100 C, and the
carrier nitrogen gas flow-rate was 70ml/min.

Table-16 shows the retention time and concentration that give lcm
of chromatogram peak height for the four kinds of THMs. 1f we can
define the limit of detection as the concentration that gives lcm of
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peak height, the limits of detection by the head space method become:

0.5 g/1 of chloroform; 0.25 g/1 of bromodichloromethane; 1.0 g/1 of
dibromochloromethane; and 5.0 g/1 of bromoform.

Table-16 Retention time and limit of detection

Retention time (min) |} Limit of detection ( g/1)

Chloroform 1.0 0.5
Bromodichloromethane 2.0 0.25
Dibromochloromethane 4.0 1.0
Bromoform 7.9 5

Table-17 shows the mean and standard deviation of peak height
for 8 samples, which contained 10 g/1 of chloroform, 2 g/l of
bromodichloromethane, 5 g/1 of dibromochloromethane, and 10 g/1 of
bromoform. As shown in Table-2, the accuracy of the head space method
for analyzing THMs is within about 5%.

Table-17 Accuracy of the Head Space Method

n mean+s.d C.V. (%)
Chloroform 8 5.1+0.13 2.6
Bromochloromethane 8 6.1+0.14 2.3
Dibromochloromethane| 8 2.2+0.04 1.8
Bromoform 8 1.5+0.08 5.2

The procedures of the head space method are simpler than those
of the solvent extraction method or purge trap method, which are
adopted in the standard methods. Therefore, this method is widely
adopted for the routine analysis of THMs and other volatile
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chlorinated organic compounds in tap water in Japan.

(2) Adsorption-pyrolysis-titrimetric method for determining TOX

The adsorption pyrolysis titrimetric method that is adopted in
the standard methods for determining TOX levels is performed by
following procedure. A water sample (100ml) is passed through a
granular activated carbon (GAC) column. Then, a nitrate solution is
passed to remove inorganic halogens from the GAC column. After
concentrating the GAC sample and removing its inorganic halogens by
nitrate washing, the contents of the GAC column are pyrolyzed at 250-
680 C. The halogen gas thus generated is determined as a chlorine-
equivalent by microcoulometric titration.

Table-18 shows the calculations of the precision expressed as the
standard deviation of a blank sample and a 2,4,6-trichlorophenol
standard sample. If one wants to select the detection limit
conservatively (i.e., equal to 5 times the mean concentration of a
blank solution), the detection 1limit of the adsorption-pyrolysis-
titrimetric method for determining TOX becomes 10 g/1. The accuracy
of this method is within about 6% of the observed value, as shown in
Table-18.

¥We also measured the accuracy of this method by inter-laboratory
precision test (analyzing a sample of prepared chlorinating humic
acid under the same specified conditions at 5 laboratories). The data
thus obtained are shown in Table-18. The accuracy of those 5 data was
also within our target. Thus, we conclude that this method can be
adopted as a routine method for determining TOX level in tap water.

Table-18 Accuracy of the adsorption-pyrolysis-titration method

n mean+s.d. C.V. (%)
Blank solution 57| 2.12+0.32 -
Standard solution 57| 102.0+5.97 5.8

Sample 5 523 +59 11.2




- 43 -

(3) Solvent extraction-gas chromatographic method for determining

chloral, DCAA, and TCAA

Figure-1 shows the procedure for the solvent extraction-gas
chromatographic method we  developed. Chloral, DCAA, and TCAA are
hydrophilic halogenated organic substances. So, we first use hexanec to
to extract the hydrophobic halogenated compounds (such as THMs) from
the water sample into an n-hexane layer. Next the pH of the water
layer is adjusted to about 7.0, and either is added. After sufficient
shaking the sample is separated into an either layer (containing
choral) and a water layer (containing DCAA and TCAA). After the water
is removed from the ether layer, the ether is removed by distillation
at room temperature. Then diazomethane is added to methylate chloral,
and the portion of this solution is analyzed by gas chromatography.

The other water portion has its pH adjusted to about 0.5 by
hydrochloric acid befor ether is added. The ether layer and water
layer are then separated after sufficient shaking. The ether layer is
treated by the same procedures mentioned above ,and analyzed by gas
chromatography. The gas chromatography conditions are the same as for
determining THMs. The volume of sample injected into the gas
chromatograph is 2 1.

Recovery of chloral, DCAA, and TCAA by this analytical method are
shown in Table-19. The recovery ratio was 92.7% of chloral, 88.6% of
DCAA, and 97.2% of TCAA. The levels of precision, calculated by
duplicate analysis of samples having similar concentrations, are also
shown in Table-19. This data shows that this analytical method has
sufficient accuracy to determine the level of hydrophilic halogenated
organic substnaces (HOX).
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Table-~19 Accuracy of solvent extraction methods

Recovery test Duplicate analysis of samples
__________________________________ L e ———
n  Recovery(%) C.V.(%) n C.V.(%)
Chloral 5 92.7 2.0 60 5.5
DCAA 5 88.6 3.4 60 3.4
TCAA 5 97.2 3.6 60 8.5

4-3. Behavior of halogenated organic compounds in chlorinated

water

It has been reported that the TOX and THMs concentrations in
chlorinated water are affected by: the quality and quantity of
precursor; the reaction conditions with chlorine (such as pH);
temperature; and other factors. Because the presence of THOX {such as
chloral, DCAA, and TCAA acid) has not been reported, the behavior of
HOX in connection with THMs and TOX still remains obscure. The
factors affecting chloral, DCAA, and TCAA formation, and their
relationships with other halogenated compounds, were studied by
applying chlorine to humic acid (selected as a model precursor) under
various reaction conditions.

Figure-12 shows the time course formation of TOX, THMs, chloral,
DCAA, and TCAA from humic acid treated with chlorine. The velocity of
formation of these compounds was fast, generally within 24 hours.
TCAA, DCAA, and chloral reached maximum and equilibrium concentration
within 24 hours of reacting with chlorine. However., TOX and THMs
increased gradually with reaction time. After 120 hours of recacting
with chlorine, TCAA showed the largest concentration among these
haloganated organic compounds, followed by THMs, DCAA, and chloral.
The proportion of THMs and THOX (i.e., the sum total of chloral,
DCAA, and TCAA) to TOX were about 13% and 21%, respectively.
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The formation of THOX, TOX,

chlorine dose,

and THMs increased with higher
as shown in Figure-13. Among these halogenated
organic compounds, TCAA was strongly affected by chlorine dose.

The formation of halogenated organic compounds was affccted by
The formation of TOX, TCAA and DCAA showed

maximum concentration at pH=4, decreasing with increasing pH. llowever,

pH, as shown in Figure-14.

the amount of chloral decreased to nil concentration at pli=12. 1In

contrast, the formation of THMs increased as pll increased, reached

maximum concentration at pH=10, and then decreased as pH increascd
beyond that.

Chlorine is present in water as hypochlorous acid and /or
hypochlorous ions. Since hypochlorous acid (which is dominantat in
low pH) is more reactive than hypochlorous ions, the halogenation of a .
precursor becomes more promoted under an acidic condition than under
an alkali condition

hydrolysis of halogenated intermediates, THMs reach maximum

(see Figure-4). Since THMs are formed by the
concentration under high pH conditions.

The effect of reaction temperature is shown in Table-20. The
formation of TOX was not strongly affected by reaction temperature.
However, as the water temperature increased, the formation of THMs ,
chloral, DCAA, and TCAA increased. AS the water temperature increased
from 4 C to 37 C, THMs increased by a factor of 3.5, while THOX
increased by a factor of 2.0.

Table-20 Effect of reaction temperature on TOX, THMs, and THOX

Temperature { TOX( g/1){THMs/TOX(%)|Chloral/TOX (%)} DCAA/TOX(%)| TCAA/TOX (%)
4 C 239.4 4.3 1.3 4.2 11:6
10 237.4 5.4 1.4 4.3 12.9
20 244.0 10.1 1.6 5.2 15.5
37 251.5 15.5 2.7 8.5 19.7
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4-4. Levels of halogenated organic compounds in distribution system

A distribution area that is supplied city water from two main
water sources (1 .e., distribution area A that is served by one
purification plant; and distribution area B that is served by three
purification plants) was selected for observation. Figure-15 shouws 40
sampling polnts that were chosen by taking into account the distance
from each water purification plant. The tap water from each sampling
point was sampled by a conventional procedure.

Residual chlorine in each sample was removed immediately by
adding sodium thiosulfate. TOX, THMs, chloral, DCAA, and TCAA were
analyzed by the method described above. The accuracy of the analytical
results was controlled by an R-chart derived from duplicate analysis
of selected samples,.

The mean concentrations of TOX and THMs in this distribution
system were 84.1+ 29.6 g/1 and 14.5+7.0 g/1, respectively, as shown
in Table-21. However, there were variations between sampling periods.
For example, TOX levels in summer and winter were 91.5+31.1 g/1 and
74.4+427.0 g/1, respectively, while THMs in summer and winter were
19.4+5,9 g/1 and 9.4+3.0 g/1, respectively.

Since there were also changes in TOC (such as 1.1+0.2 mg/1 in
summer and 0.6+0.2mg/1 in winter), we concluded that the TOX and THMs
levels depended not only on the water temperature but also on the
levels of organic substances(i.e., precursors) in the water sample.
Although the difference in TOC between distribution areas A and B was
small (see Table-21), the differences in TOX, THMs, and THOX were
large.
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Table-21 Levels of halogenated organic substances in tap water

TOX( g/1) | THMs( g/1) | THOX( g/1) | TOC(mg/1)| Temp.(C)

A KO Summer | 103.4+26.9 | 24.8+2.9 20.3+6.3 | 1.3+40.2 |24.6+0.6

Winter | 95.3+19.2 | 10.0+3.8 - 0.9+0.1 | 7.8+0.9

S R S | I I I I
N Summer | 85.8+20.2 | 17.3+6.3 18.5+7.9 | 1.1+0.2

Winter | 75.5+26.7 | 10.1+1.1 - 0.6+0

i I S R SO R

B K Summer | 91.1+38.1 17.2+3.5 19.2+5.4 1.0+0.2 23.7+41.0

Winter 57.2+28.5 8.5+2.7 - 0.5+0 7.4+1.2

B IS U I | I SR I,
T Summer | 89.8+38.9 | 15.5+4.4 14.4+9.2 | 1.1+0.1
Winter | 60.6+11.3 | 7.2+3 - 0.6+0.2

SO R SRR AU ARSI SO S
Meany  Summer | 91.5+31.1 | 19.4+5.9 18.4+7.5 | 1.140.2
| Winter | 74.0+27.0 | 9.4+3.0 - 0.6+0.2

N, K, and T refer to the names of water purification plants

The concentration of halogenated organic compounds in tap water
should naturally be affected by reaction time with chlorine.
Therefore, the concentration should vary with the distance of the
sample from the water purification plants. We plotted TOX, THMs, and
THOX data against distance from the water purification plants, and
obtained Figures-16, 17, and 18, respectively. We observed tendencies
for the concentrations of halogenated organic compounds to increasc
with distance from the water purification plant. However, these
tendencies were not slgnificant according to statistical analysis.

The reasons for the unconfirmed relationship between halogenated
compound concentrations and distance from the water purification plant
are as follows. Since the distance of each sampling point from the
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water purification plant was obtained by measuring on a map, it might
differ from the actual distance. Moreover, the retention time (i.e.,
the reaction time with chlorine) is affected by the size of the
distribution and service pipes and the rate of water consumption.
Therefore, the distance might not be a true function of actual
retention time,

From the above results, we considered that halogenated organic
compounds were spread randomly throught out the distribution system.
Therefore, it is practical to establish a monitoring program that can
obtain the mean estimated concentration within a specified error of
estimate at a specified confidence level. If we select 20% error of
estimate and 95% confidence level, the number of samples needed to
obtain the mean estimated concentration of halogeneted organic
compounds in this model distribution area is given by the following
equation:

2
n>(2.0#s/0,2#c)

where:
n: number of samples
s: standard deviation obtained by pilot monitoring
c: mean concentration obtained by pilot monitoring

Since the halogenated organic compounds concentration is
strongly affected by water temperature, we must take into account
seasonal variations when using the above equations to astimate fLhe
requisite number of samples. The number of samples for monitoring the
mean concentrations of TOX and THMs were estimated to be: 12 and 10 in
summer; and 14 and 12 in winter; respectively, using the data shown in
Table-20.

All of these numbers are less than 40. Therefore, we conclude
that the monitoring program implemented in this study was sufficient
for estimating the mean concentrations of TOX and THMs. The mean
concentrations thus obtained could be used for estimating the wmean
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exposure level of populations in the observed area from city drinking

water.
4-5, Conclusions

The matters to be considered in establishing a reasonable progranm
for monitoring halogenated organic compounds in drinking water have
been discussed in this paper.

The head space method for determining THMs, the adsorption-
pyrolysis-titrimetric method for determining TOX, and the solvent
extraction-gas chromatographic method for determining hydrophilic
halogenated organic substances have sufficient accuracy to measure
the levels of organic halogenated compounds in tap water.

The formation of halogenated organic compounds was affected by
reaction time, pH, amount of chlorine added, and temperature. TCAA
showed the largest concentration among THMs and other HOX. The
formation of TOX and THOX increased under a low pH condition. However,
THMs increased under a high pH condition. The formation of TOX was
not strongly affected by temperature. However, THMs and THOX increcased
as water temperature increased.

The level of organo halogenated substances in tap water is
affected not only by water temperature, but also by distance from a
water purification plant. However, for practical purposes, we can
consider that these substances are distributed randomly through out
any water distribution network.

The requisite number of samples for obtaining the mean estimated
concentration of halogenated organic compounds in an observed
distribution area can be obtained by simple statistical calculation.

o
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THE RELATIONSHIP BETWEEN
WATER-RELATED DISEASE AND
WATER QUALITY WITH PARTICULAR
REFERENCE TO URBAN WATER
SUPPLY IN A DEVELOPING COUNTRY

B. J. Lloyd, D. C. Wheeler and M. Pardon

The Robens Institute — Environmental Health Unit, University of Surrey,
Guildford, GU2 5XH, Surrey, U.K.

1. ABSTRACT

The problems of urban water supply and water related disease in the
Emericas are examined in the context of population growth and
geographical features. The debate concerning the transmission of
potentially water-borne pathogens is discussed. The factors
affecting the quality of water supply services in a large
metropolitan area (Lima) are described and the epidemiological
characteristics of water-related disease summarised and compared
with data from Africa (Lesotho).

A water quality additive index is proposed in crder to identify =he
level of risk for each metropolitan district. This incorporates the
vresence of faecal coliforms and the absence of chlorine residuai.
A water~related disease product index (DPI) is also proposed which
incorporates the incidence of typheid, hepatitis and diarrhoea. lhw
indices were matched for all districts, where adequate data werc
available, and a strong correlation was noted, The water quality
index was divided into categories (A,B,() and it was observed thar
these were generally dependent upon the water supply service
lavels, It is concluded that disinfection control is grossly
Jeficient in most developing countries but essential fox the
sontre) of water-borne disease.

L.k KEYWORDE

watar-related disease transmission, disease product indeyx (DI,
typhoid; hepatitis; diarrhoea. water quality index;faecz) coliforms)
chlorine residual.

2, THE PROBLEM OF VATER SUPPLY AND POPULATION GROVTH

The Decade Dossier for the International Drinking Uater Supply and
Sanitation Decade suggested that 40% of the populaticn in
developing countries had access to an adequate and safe water
supply. However the efforts to improve this level of coverage
during the last two decades are being overwhelried in the urban
sector by rapid population growth and poor maintenance. It hasg been
estimated that about 100 million more people drink unsafe water now
than {n 1975 (World Vater, 1961). In the low income developin,
countries population growth proceeded at an annual rate of 1.2 e
centduring the 1970's while that for the middle income group was
2,4 per cent (World Development Report, 1282).
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2.1 The urban sector

Many of the problems of urbanisation are typified by ;he_sdptﬁ;Ameriqih
region vhere ovarall populstion growth is proceeding.at 2.4 per cent. Howaver
the growth rate in the urban population is 3.8 :per cent (Inter-American
Development  Bank “Report, 1982),  Thus whilst the ' rural population of the!
region appears to be stabilising st around 116 million the urban.sector is
under increasing pressure to absorb almost all of the demographic growth, :

There are 286 cities in Central and South America’ which have more than:
100,000 inhabitants each. This accounts for 168 million (45 percent) of the.
population of 376 million in-the region. Inmevitably:-the¢ rtapid growth of the
urban population has aggravated environmantal and associated -health problems,:
In particular water resources  are - becoming scarcer whilst ~demand is
increasing. Traditional gources are becoming contaminated and new sources
wore costly to develop, Water supply is therefore not keeping pace with slum
growth. Industrial wastewater and sewage are inadequately . treated, or more
usually not treated at - all. There is little .contrel .of discharge and
convenience has baen the primary consideration. A quarter of the major cities

.are located in coastal and estuarine areas (Figure 1) and coastal outfalls

have been an obvious means of wastewster dispossl (Bartene and Salas, 1983).
More seriously, in the arid zones, sewage reuse for 'irrigation has increased
dramatically wich 1litcle regulation or regard  for the risk of crop

« contamination by pathogens and parasites.

The geographical distribution of these major urban' centres (Figure 1)
is associated with several features which contribute to the public health
engineering problems. The great majority of the population inhabit tropical.
tones of high humidicy which favour the transfer -and growth of bacterial
agents of diarrhoeal disease on moist foodstuffs. This is particularly true:
for much of continental Central America and tropical South America where the
death rate in infancy and early childhood are highest (Table 1), The enteric:
and diarrhoeal disease group constitute the most severe health problem in the:
tegion and throughout the Third World., PAHO/WHO data (Table2 ) show that this
group continues to be the number one cause of mortality amongst small children
who, sccording to Canadian data, consume more drinking water per kilogram of
body weight than adults,

To what extent diasrrhoeal disease and other enteric infections are
directly attributable to water quality we shall attempt to assess with !
reference to available datsa.  However from the above it is clear that the
availability of reliable microbiological, and in particular faecal indicator
data, assumes parasmount Importance in assessing the health risks attributed to
water supplies.

2.2 Water supply and water related disease

The Zuropean and North American experience has demonstrated how a range
of developments in social snd allopathic medicine, public health engineering
and & rise in general living standards have all but eliminated the major
communicable disesss problems of the nineteenth century, Today we are
striving to solve the sams basic problems in devaloping countries where the
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population is orders of magnitude greater and financial resources increasingly
scarce. The temptation is therefore to attempt to find low cost intervention
strategies or gingle interventionus which have maximum health impact. Urban
water supply however cannot be low cost but is so vital to basic living
requirements and hygiene that it is expected, on its owa, to have a profound
influence on the incidence of a range of infectious diseases.

TABLE 1

INFANT. MORTALITY DATA FOR THE AMERICAS, 1979+

| [Death rate per thousand Percent ge of all death

= Subregion Under 1 year | 1-4 years Fder 1 year | 1-4 years
rorthem America 12.9 0,7 2.4 | 0.4

{ Caribbean 20.5 0.7 10.5 3.0

Continental Middle o
Anerica 50.9 10.4 - 28.4 - '15.4

Temperate South :
America 32.5 1.5 11., ’ 1.9

Tropical South
America 36.6

10.5

&
]
g
=
.
=]

* PAHO "Health Conditions in the Americas, 1977-1980",
PAHO Scientific Publication No. 427, Washington, D.C. (1982).

- Ry
Ty, Cancinensal Middle
. . At iza
.
.
*T .,
. .

(Eoah point locstes yreater then 100,000)

Fig. 1. Urban population concentration in Central & S.America
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The importance of the enteric and diarrhoesl disease group has already
been referred to and their association with water is sufficient for them to be
classified as water-borne and water-washed (Feachem, 1977). However, some
studies including that of Feachem et al., (1978) have shown a poor or negative
correlation between diarrhoeal disease incidence and water s.upply
improvement. In most cases other fsctors may have obviated the benefit of
good water quality and in the case of some rural investigations the population
under study may have been statistically insufficient. Thus for example in
Egypt, the ratio of handpumps to population served was unfavourable (Weir et
al., 1977). Rahman (1979) however demonstrated the importance of adequacy of
-s-Jpply. by showing an inverse relationship between volume of supply and
shigellosis attack rates., There is a consensus that cholera transmission, in
riverine and deltaic regions, is primarily water borne (Spira et al., 1980;
Curlin et al., 1977; Hughes et al., 1977), but an understanding of the
principal transmission routes  of some of the more recently identified
aetiological agents of diarrhoeal disease such as enterotoxigenic E. coli,
rotaviruses and Norwalk virus are at present lacking.

A fundamental difference exists between the viruses and bacteria
capable of infecting the mammalian intestine in as much as the latter group
are capable of multiplying in moist food stuffs. The bacteria can therefore
incyease their inoculum potential outside the human host and the food-borne
transmission route therefore becomes a most effective mechanism for this group
of orgamisms. JIn contrast water and poor hygiene (hands) are relatively
ineffective means of transmission of large inocula. Thus water, whilst
serving as a highly effective dispersant for the spread of an inoculum
throughout the environment, paradoxically also acts as an excellent diluent
which reduces inoculum potential. Similarly inocula on hands are rapidly
reduced in a dry environment, but effectively dispersed and sometimes directly
transmitted (parent to child) or indirectly via food. Thus the three vehicles
are so intimately associsted, as indicated in Figure'5 , that it is often
impossible to extricate the impact of water quality alone.

TABLE 2

NUMBER OF DEATHS FROM DIARRROEAL DISEASES IN CHILDREN UNDER 5 YEARS OF ACE,
WITH RATES PER 100,000 POPULATION, AND RANK ORDER AS LEADING CAUSE DEATH,

SELEGTED COUNTRIES: 1970 AND 1979,
1970 e 1979
Under | year 1-4  years Under aar 1~4 vyears
Country (a) Rank Rank (a) Rank Rank
Number Rate ordar |[Wumber Rate order]|Number Rate ordey [Numbey Rate order

rgentins 4,561 880.5 3 722 38.5 3 2,641 463.3 2 420 20.0 2
elize 39 823.6 1 15 86.7 1 45 762,71 9 41,2 1
ile 3,853 1,418.1 3 422 46.7 3 705 264.9 3 85 8.6 3
osta Rica 845 1,509.5 1 271 108.1 1 136 195.3 4 24 11.2 4
uba 1,313 564.7 4 82 8.6 4 237 122.7 4 41 4.3. 5
inica 25 984 .6 1 13 127.1 1 5 178.5 1 3 25.4 1
ominican Republic | 1,642°1,177.9 1 612 1111 1 949 538.8 1 321 46.1 1
Ecuador 2,382 968.9 1 1,691 1%4.4 1 3,667 1,144,1 1 2,605 231.0 1
uatemals 3,643 1,817.8 1 5,749 807.6 1 3,934 1,311.3 1 3,864 424.) 1
onduras 880 792.7 1 1,166 299.5 1 926 873.5 1 624 11,4 1)
artinique 63 598,46 1 20 47.9 1 39 390.0 3 2 4,7 3
xico 37,197 1,744.2 1 {20,464 274.0 1 130,805 1,258.8 1 |11,393 127.2 1
anama 275 588.6 2 209 112.5 2 - 158 305.9 1 158 77.2 1
Peru 5,501 1,802,171 3 3,798 208.1 3 4,872 751.8 1 3,058 144,6 1
St. Vincent 41 588.6 2 16 118.6 2 23 403.5 1 8 45.9 1
rinidad and Tobago 169 710.0 2 28 25.5 2 159 676.0 1 43 43,1 1
ruguay 254  479.2 - 14 6.4 -~ 284 S521.1 S 15 7.1 5
Venezuela 1,673 874,77 1 1,373 9.2 1 2,83 600.8 2 634 38.2 2

(a) Per 100,000 live births.

Source:  PAN AMERICAN HEALTH ORGANIZATION. Mealth conditions in the Americas 1977-1980.
Scientific Publication Ne. 427, Vashington, D.C., 1982.




Water-related disease and water quality

The major pitfalls in measuring ibe i?pact 1ofd water c:?p;yh an?
i i ments by the use of epidemiologica ata on diarthoea

;::::::h:\":m;::: lumrgud by Blum and Feachem (1983). In spite o.f the
wethodological problems which they identify, the magnitude of .che disease
problem is such that ve are bound to scrutinise the dats for benefits wherever
informstion becomes available. According to Walsh and Warren (1979) there are
of the order of 5,000 million water borne infections resulting in at least 10
million deaths each year in Africes, Asia and Latin America. We theregore
propose to examine the relevant health data for a large South American
metropolitan area in the context of its water supply and water quality

problems.

2.2.1 Existing problems of water supply and water quality in Lima

It is estimated that 657 of the inhabitants of Lima are served by
severage and piped water. The water supply is derived from two principal
sources. The vhole of central Limsa and areas peripheral to the city centre
are supplied by the River Rimac, a grossly polluted Andean source, which is
contaminated by excreta from towns and villages upstream as well as by mining
wastes and annual land slides in the mountains. Its treatment plant has
therefore to cope with both high microbial contamination and turbidity levels
vhich exceed 10,000 JTIU in the December to April rainy season in the Andes.
The other major source of supply is deep bore holes, of which there are in
excess of 240 in the metropolitan ares, although the highest proportion are
located in the guburbs, The water supply system is complicated by the fact
that major areas on the north and south sides of the city have & mixed suppiy
from both deep wells and the treatment plant. From the point of view of
quality and quantity the city faces critical problems arising from the

following causes:

a) The population of Lima is currently growing at an estimated 300 per
day, largely by invasion of desertic areas on the fringe of the

city.

b) There is negligible rainfall throughout the year and therefore no
effective recharge of the groundwater other than in the zone

adjacent to the river,

¢) The groundwater ctable is (as a consequence of b) falling at an
alarming rate -~ several meters per year. This is further
aggravated by abstraction for agricultural purposes in the three
river valleys of the Lima district. In other parts of Peru
irrigation water frequently takes precedence over domestic supplies
and in periods of water shortage sharing practices are highly
organised. In the metropolitan area however it is clear that where
there is competitiion between agricultutal and domestic use,
agriculture is fast disappearing.

d) The depleted groundwater table is therefore at greater risk of
contamination as the process of draw down continues, particularly
in the area of the wells. Chlorination is essential, but rarely

practiced,
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e) An increasing demand is being imposed on the River Rimac and it has
been predicted that 1its supply capacity will bhe exceeded Coore
1990, This may be partly offset by the Mantaro valley transfe:
scheme which proposed to extend the diversion of water from the
Amazonian water shed to the Rimac. However it may already be too
late to avoid a major crisis im supplying Lima with this water
which is in any case of doubtful quality with respect to neavy
wetals,

f) Major sectors of the urban slums, amounting teo almost one quarter
of the total population of Lima, already have to be supplied by
tanker to open household containers. These are  ineviiablv
subjected to gross microbial contamination.

g) Each year between December and March the Lima treatment plant is
paralysed for a number of days by untreatable water due to
excessively high turbidities. This results in some sectors of the
metropolitan area being starved of water and a consequent high risk
of contamination in an otherwise direct pressure system. In many
districts there are no roof storage cisterns and in a large area of
the central city district pressure is inadequate to raise wat<r to
the level of the first floor.

In the period 1971 to 1982 the population of Lima nearly doubled, trum
2.7 million to almost 5 million when the port of Callao is included. This
growth was accompanied by urban sprawl as the avea of the capital increased
from 255 km? to 458 km? at the expense of 200 km? of agricultural land.
411 of the foregoing point tc a crisie in water supply and it is therofor:
vital that the capscity of c¢the Lima water authority {SEDAPAL) shoul:s
developing effectively at this time. The master plan for water supply te Lin
has proposed an emergency plan for groundwater exploitation which has veo ot
been financed. This is intended to enable a postponement. of the Mantar
Valley trsnsfer sacheme, but it will be demonstrared 1in rhe discussicrn ho
follows that the groundwater sources themselves are asuspect.

2.2.2 The relationship between water quality and health data in Lima - a casc
stod B
Diarrhoeal disease incidence in Lima and contiguous Callao has an ape

distribution which 1is typical of that found in most developing coun rie
Figure 4 demonstrates the very high incidence of infection in the firs :
of life. In many of the urban slum districts it has beer reported rhat uiv to
eight episodes of diarrhoea are the norm in the first year of life. Figurs’
clearly emphasises the major risk of exposure during the first five years.

When we exsamine the seasonality of diarrhoeal disease and typhoid one
is impressed by their peak coincidence with temperature in the first quarter
of the year and their progressive reduction through the cooler months. This
is only partially complemented by the data for hepatitis which noenetheless

sxhibit a similar trough in the toolest months (Figure,
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It is of interest to compare this with diarrhoeal disease reportings at
rural hospitals in Lesotho in southern Africa (Figure 3 ).  Although the
temperature range is somewhat wider the coincidence of peaks and troughs is
similar through the year. HRowever in Lesotho the peaks also correspond to the
wet season whereas Lima experiences almost no rainfall throughout the year.
We will examine the Lesotho case study more closely under the final section
since some water quality data are available for assessing the influence of
water supplies in that location. However systemstic water quality data have
become avsilable since 1981 for almost all of the metropolitan districts of
Lima which may therefore be compared with the incidence and distribution of
diarrhoeal disease, typhoid and hepatitis in the districts in the same year.
Although it must be accepted that disease diagnosis and reporting in some
districts is poorly developed nonetheless a population of five million is
statistically more than adequate to attempt correlations with water quality

data.

On the water quality side we consider that two critical parameters are
essential to judge the hygienic quality of water. These are faecal coliform
count (F.C./100 wl) and presence or absence of chlorine residual throughout &
particular supply zone. We therefore propose a water quality additive index
which is a composite of both parameters. We define this WATER QUALITY
ADDITIVE INDEX as:

"Percentage of F.C./100 ml positive results + percentage of chlorine
residual negative results",

This produces an index range of zero to 200; zero thus representing
highest quality water and 200 highest risk supply districts, Thus a district
with greater than 95% of all samples throughout the year having no faecal
coliforms and 100X chlorinated will have a water quality index of lecs than
five and we will call this category A water, However we will only permit
indices to be calculated and included in the general analysis if there are 10
or more sampling occasions throughout the year.

We have resisted the temptation to further complicate the water quality

index at this stage e.g. by weighting the level of faecal contamination in the
calculation, since broad categories are already clear.

Water Quality

Category Index range
A 0 - 4.9 First class quality and service throughout the
year.
B 5~ 49.9 Spasmodically unchlorinated and frequently
contaminated.
C 50 - 200 _ Normally wuntreated and regularly contaminated;

Spasmodic interruptions in supply. Well supplies
and tankered water,

) Since diarrhoeal disease, typhoid and hepatitis may all be transmitted
via the water route we have elected to combine all three into an index whicH
we shall call the DISEASE PRODUCT INDEX (DPI). This is caleulated from the
incidence per 1,000 of each disease thus:
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Diarrhoea x Typhoid x Hepatitis = D.P.I. We have chosen Lo use
product rather than an additive index to avoid & single disease incident being
unfairly weighted whilst increasing the range and hence the sensitivity of the

DPI scale.

The 1981 disease incidence date for Lima are presented alongside the
corresponding water quality data for each district in Table 3. The water
quality additive index is plotted against the DPI in Figure 6 . The
correlation coefficient is impressive, at 0.779, but more importantly Chree
categories of water supply quality and service level can be readily
distinguished which correlate well with the various levelsof disease product

index .

Category A

In spite of grossly contaminated raw water the Atarjea treatment plant
supplies water of a consistently high quality to six central metropolitan
districts of Lima throughout most of the year. The supply is properly
chlorinated and these districts fulfil the WHO guideline for 95% of samples
throughout the year being negative with respect to eoliform contamination.
Significantly none of the six districts have been found to be deficient in
chlorvine, and five of them are in the low water-borne (low disease product
index) category. ©Equally significantly the top three represent the top
residential areas of the city and the lowest DPI, This points up the
additional significance of the socioceconomic variables including wealth,
hygiene and nutrition although a separate analysis of thege has been excluded.

Category B

Also within the central metropolitan area there are districts served by
both treatmeant plant and supplemented by well supplies. Tt is important to
note that those areas are all at times deficient in either bacteriological
quality or chlorinatiom or both. There are undoubtedly subdistricts in which
the distribution system is spasmodically subject to gross contamination. and
without the ssfeguard of residual chlorine an ever present risk of water borne
infection. This is indicated by the elevated DPI in che range 5-25 and
correlates well with a vater quality index in the range 5-50. Nine districts
fall into this category, although two are suburban rather than central and
include low pressure areas to which water has to be tankered.

Category C

The worst category is exclusively suburban and supplied either by wells
or by tankering. The risks of tankering t¢ unprotected storage cylinders are
obvious, but it is noteworthy that five of eight districts in this group are

continuously supplied by piped well supplies, These @&re uniformly
unchlorinated and subject to an ever present risk of pollution particularly

under the drought conditions of Limsa. It is also important to note in this
category that the district of La Molina is predominantly populated by the
upper socioeconomic groups in which hygiene and nutritional factors should

therefore play a lesser role.

Only three districts have DPI values which fall below the category

predicted by the water quality index. Two of these are believed to be
deficient in disease rveporting procedures, the third requires more advanced

socioeconomic analysis.

i

~1
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TABLE 3
Water quality and water-related disease incidence data for districts of Lima
(1981-1982)
DISTRICT WATER QUALITY DISEASE INCIDENCE/1,000 Disease |
Faecal coliform | Chlorine [Additive Froduct
Application Disrrhoea [Typhoid Mepatitis| Index (DPI)
(T + ve) (% - ve) Index
1. Miraflores 1.3 0 1.3 5.28 0.37 0.164 9.32
2. San Isidro 4.1 0 4,1 1.04 0.70 0.365 0.26
J. Lince 0 Q ] 6.07 0.75 0.211 0.96
4. San Luis 0 o} 0 9.43 1.31 0.192 .37
5. La Victoria 3.3 4] 3.3 5.12 1.07 0.572 .13
(i, Jesis Msarfa h.5 0 4.5 5.65 1,29 0.986 7.19
7. Callas 10 10 20 4.63 1.40 0,420 2,72
8., Rimae 3.5 20 23.5 7.16 1.64 0.550 6.81
9. Brefa 12.1 0 12.1 2.67 2.41 0.943 6.06
10. Surquille 6.4 20 26.4 12.48 1.89 0.308 1.22
11. pPueblo Libre 5.0 20 25.0 9.31 1.67 0.607 9.44
12, Lima - Cencral 8.1 20 8.1 11.61 1,88 1,137 24.82
13, Santiago de Surco 4.4 20 1.4 14,23 1,81 0.300 1.73
14. S5an Juan 9.1 10 19.1 12.81 1.76 0.507 11.43
15, villa Maria 4,5 10 14.5 10.75 3.44 0.545 20,15
16. Chorrillos 21.9 20 42 10.82 1.17 0.522 6.61
17. San Miguel 16.0 50 66 31.87 1.06 0.373 1,53
18. Comas 16.2 70 86.2 5.56 2.49 0.378 5,23
19.7 San Hartin 6.0 80 86.0 7.62 1.68 0,704 9. 01
30. Lurigancho 14.8 80 94.8 13,66 5.48 1.56 116,77
Z1. Indepandencia 50 95 145.0 9.92 2.58 0.646 16,53
22. Pucnte Piedra 22,5 100 122.5 14.8 3.10 0.825 37.85
23. La Molina 21.4 100 121.4 29.13 2.11 0.887 564.52
24, Pachacamac 54 100 154 23.60 1.77 1.622 67.7%
25. turin 100 100 200 32,95 6.06 0.981 195.88
26. Pucusana 100 100 200 99.42 6.09 1.462 885.19
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3. DISCUSSION .
Water quality and water-related disease

Feachem et al (1978) have examined diarrhoeal and typhoid reporiing o
hospitals inm Lesotho in areas where water supply has been iyproved and others
which have not. They concluded cthat where water quality was the only
parameter improved and where there was neither any increase in the volume of
water used nor any change in domestic and personal hygxena,-then theﬁe was no
detectable change in the incidence of water-related diseases in study
villages. Furthermore they concluded that the spatial and temporal

distribution of typhoid reportings did not support a water-borne transmission

hypothesis. They also believed that the wet sesson peaks of diarrhoeal
disease were not associated with poor water gquality. They supgested that the
survival of pathogens in the wmoist, warm conditions of the wet season in
Lesotho may be significantly better than in the dry, cold conditions of the
winter, and that this might be an important factor in food contamination and
hence food-borne transmission. However, they also reported that 69 percent of
water sources tested showed bacterial contamination to have overall mean
concentrations 5.4 times higher in the wet than in the dry season. Although
they rejected & water~borne explanation of both typhoid and diarrhoea they
were careful to point out that the data at their disposal were insufficient to
make other than informed guesses.

The Lesotho study vraises important questions about the level of
improvement of water quantity and quality which 1is necessary to eliminate
water-borne infections arising from rural supply systems. Whilst the argument
that quality is less important than quantity is valid when there is nor encugl
water available in the home for basic hygiene purposes, the question which is
still begging is as Ffollows. Given sufficient water for domestic purposss
(say 50 litres per capita per day) what level of faecal contamination does noc
pose a risk of water-borne infection to the community? The WHC Guidelines
(1984) recommendation for large supplies is unequivocal, zero coliforms and E.
coli, and not less than 95% of samples should be negative throughout the
year. In practice however, this level of control is rarely achieved, even in
some of the advanced countries' urban water supply systems. The debate then
comvences as to whether what were previously described as standards should be
relaxed, at least for rural supplies.

The Lesotho data demonstrate that in the rural enviroument simple
improvement projects such as the protection of spring water can readily reduce
the level of faecal coliform contamination by almost two orders of magnitude,
from say 1000 down to 20 faecal coliforms/100 ml. But these values represent
average reductions and there is no guarantee that any source will remaia with
low levels of contamination throughout the year, and since there is no barric
against contamination other than source protection thair safety is highis
suspect., Feachem, et al (1978} argue that the improved supplivs T
better than unimproved supplies and that since the diarrhoeal Jdiseasc 1 o
typhoid do not appear te be primarily water—borne, the costs and maintenance
problems of treatment under Lesotho village conditions are unjustified. ™h»
implication seems to be that the regular cccurrence aof low levels .f
coliforms is acceptable. It is certainly inevitable wunless ther: iy
additional measure of protection such as routine chlorination ro ore-i:

free residual of hypochlorous acid in the distribution system. Feachem ol
condone the Lesotho village water supply policy which is not to undertusss
disinfection, because of the problems of operation and maintenance, Thi

not an argument with which we concur. Whilst it must be admitred that :he
training needs for operating and maintaining water supplies and sanitation
facilities in the developing countries present the greatest difficulty it is
generally agreed that this sector should have a high priority. 1In the case of

disinfection there is a strong case for introducing this into rural water:

supply practice. Not only does a free residual of chlorine provide protection
against the introduction of many pathogens in a distribution system; it may
also persist long enough in s bucket of water drawn from a standpipe system to

589
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control post cellection contamination. For example, an initial free residug
of 0.6 mg per litre was reduced by 66 per cent to & still useful 0.2 mg per
litre after twelve hours at 21°C. This is particularly impertant in view of
the commonly reported observation that an initial level of 0-10 faecal
coliforms (F.C.) per 100 ml standpipe sample is converted to 100-500 F.C. per
100 ml in unchlorinated water, through careless transport, storage and use,

There have been very few controlled experiments on the reduction of the
incidence of infant and early childhood diarrhoea resulting from chlorinated
versus non chlorinated water. However, a recent unpublished report from West
Bengal (Institute of Child Health, 1982) examined the influence of regular
cleaning and refilling of household water pots with chlorinated water. A
control group received a placebo of distilled water which was unchlorinated.
The reduction of childhood diarrhoea in the group receiving chlorine was 73
per cent greater than in the placebo group. If true, this provides as strong
a case for promoting chlorination as for the global oral rehydration
programme. In the meantime less stringent guidelines forlrurgl water supply
quality have been proposed. Volume 1 of the 1984 WHO Guidelines states that

for unpiped supplies:

"the objective should be to reduce the c¢oliform count to less than
10/100 wl, but more importantly to ensure the absence of faeral
coliform organisms ... Greater use should be made of procected
groundwater sources and rainwater catchment, as these are more likely
to meet the guidelines for potable water quality."
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1.  INTRODUCTION

Success or failure of a drinking water quality surveillance programme
depends to a great extent on the reliability of information transfer among
the institutions involved. The transfer of information may not be trivial
because a surveillance programme may involve several government agencies at
national, regional and local levels and some actions in the programme
require a series of timely execution of information transfers. In order to
ensure high reliability of information transfer among the agencies involved,
a carefully designed information management and data processing system needs
to be developed.

Such an information management and data processing system should
provide at least the following functions:

- timely distribution of information needed for immediate remedial
actions in case of emergency; and

- generation of information necessary for management and plannlng
of the water supply system and surveillance programme.

The first function is accomplished by a system of violation reporting
which will generate corrective actions for the water supply system and
activate warning and notification to the users., The second function is
performed by a system of information and data collection, storage,
processing and interpretation which will produce information necessary for
decision-making in planning and management of the waterworks and
surveillance programme.

The following sections of this paper present various components of an
information management and data processing system for drinking water quality
surveillance, and special considerations which must be given to the design
of such a system and use of modern communication devices.

2,  COMPONENTS OF INFORMATION MANAGEMENT AND
DATA PROCESSING SYSTEM

A general information management and data processing system is
composed of collection, storage, processing, retrieval and dissemination
of information and data. The configuration of these components in an
information management and data processing system for a drinking water
surveillance programme could be complicated by the fact that the information
and data are transmitted among different agencies at local, regional and
national levels, In addition, the system must possess an element which
activates information transfer in case of violation reporting, particularly
violation of health-related parameters.



Figure 1 depicts a general flow of information and data for drinking

water quality surveillance, It indicates that different agencies are
involved to undertake various activities of information management and data
processing. These activities are discussed as follows:

(D

(2)

(3

(4)

Data collection and sample analysis. In a drinking water quality
surveillance programme, data are collected regularly by water quality
monitoring and sanitary survey. In the monitoring programme, water
samples are taken at various locations in the water supply system and
analysed for bacteriological and chemical contaminants, and physical
parameters such as colour and turbidity, The analysis of water sample
may be performed at the sampling point or at a laboratory after
preserving and transporting the samples. In the sanitary survey
programme, surveyors collect the information regarding conditions of
various components of the water supply system through observation and
inspection at the sites, The results of water quality analysis and
sanitary survey are recorded in specifically designed reporting forms.
The data collection and sample analysis activities are normally
conducted by the local agency and often technically supported by the
regional agency,

Reporting., The reporting activities in a drinking water quality

surveillance programme can be roughly divided into non-violation

reporting and violation reporting., Violation reporting has to be
processed quickly, and the information necessary for corrective actions
including notification to the water user has to reach the personnel who
carry out the actions, For both violation and non-violation reporting,
the information is stored for processing later. These reporting
activities are carried out at the local level.

Storage, processing and dissemination. Violation and non-violation
data are stored in such a manner that they can be easily retrieved and
processed. Data handling can be done either manually or by a computer
system. This depends upon the volume of data to be handled and the
availability of computers and technical personnel for the computer
system operation. Raw data and/or processed information will be
disseminated to other agencies involved in the water supply programme
for their further actions. The data/information storage, processing
and dissemination are carried out at all government levels although the
aims of such activities are different, depending on the roles of the
agencies in the drinking water quality management system. The
information is also transmitted from the local agency to the regional
agency and from the regional agency to the national agency, Often,
these data and information are arranged in a form of monthly or annual

summary report, '

Data analysis and interpretation. Data compiled over a long period
from different locations are analysed to provide the information
necessary to improve the performance of the water supply system.
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Various statistical techniques such as correlation, regression,
analysis of variance, analysis of covariance, time series analysis and
multivariate analysis, can be applied, in conjunction with graphical
plotting, to show potential problem areas, predict future trends of
violation at different locations, establish correlation between the
frequencies of violation and the outbreak of a specific epidemic
disease, and so on. Several commonly used statistical methods are
given in Annex 1, Results of these analyses are then interpreted to
produce recommended actions for improvement of the drinking water
supply system and surveillance programmes.

3. DESIGN CONSIDERATIONS

3.1 Interagency communication

One of the most important aspects of the surveillance programme is
communication among various units of the participating agencies. The
effectiveness of surveillance operations depends greatly on whether or not:
the communication network among the participating agencies and the system of
record keeping at the agencies are well designed, and on whether or not the
programme permits uninterrupted flow of information through the
communication network,

A typical surveillance programme involves the health agency as the
facilitator of the programme and the waterworks authority as the respon51b1e
agency for implementation of remedial actions, In addition, the 1aboratory
analysis may be provided by a separate organization, which plays a crucial
role in activating corrective measures in case of violation of drinking
water quality standards. The monitoring of ambient water quality such as
source water quality may require involvement of yet another agency, usually
the environmental agency.

A large amount of work in the surveillance programme is carried out at
the local agency level. Smooth flows of information between the local
agencies involved are vital in preventing and minimizing the health risks of
water users. At the upper echelons of the government hierarchy such as
state, provincial, prefectural and national governments, the information
collected at the local level will be used for further analysis and future
planning. In addition to these vertical flows of information from the local
to the national agencies, communication systems among national agencies nn&
among prefectural/provincial agencies need to be established,

The coordination of the agencies involved is by no means an easy task
since they tend to operate on their own priorities. One missing link or one
breakdown in communication will most likely cause the entire surveillance



programme to fail because it is generally quite difficult to ensure the
accountability of action by individuals belonging to different agencies. In
designing a communication system for the surveillance programme, it is
important that each individual involved be given clear—cut responsibilities,
relatively simple and easy tasks to perform, and reliable communication
devices.

3.2 Development of information flow diagrams

As mentioned above, the surveillance programme involves many people who
must collect, store, process and disseminate information in a timely manner.
The information flow of such a system can easily become complicated as the
number of individuals involved increases, Development of a diagram showing
the information flow in the surveillance programme can help the designer of
the information management system greatly to clarify the intricacy of the
information transmission between the individuals, One such diagram is
earlier shown in Figure 1, which presents the overall flow of information in
relation to the surveillance activities.

Examples of detailed information flow diagrams for routine and
violation reporting systems are presented in Figures 2 through 6. These
diagrams were developed for the Malaysian drinking water quality
surveillance programme, and included five distinct information transmission
activities, namely non-violation reporting, violation reporting for non-
health parameters, violation reporting for health parameters, residual
chlorine detection reporting and sanitary survey result reporting. There
are four agencies involved in the reporting systems, including the Ministry
of Health, the Public Works Department, the Department of Chemistry and the
Department of Environment, Their respective agencies at the State or
Regional and District levels also participate in the systems.

These diagrams are quite self-explanatory with the easily
understandable symbols used. Notably, the diagrams specify the means of
communication such ags telephone, mail and persons with vehicle
transportation, and the checking mechanism as to whether a particular
corrective action has in fact been properly taken. They can also indicate
the locations of the back-up files of certain information and the direction
of the flow of information through a network of different agency units.

As demonstrated by these examples, a diagrammatic representation of
information flows in the surveillance programme can make clear the complex
information transmission activities. Therefore, information flow diagrams
should be constructed as a first step towards developing an information
management system for the surveillance programme.

3.3 Recording format

The design of a raw data recording format may not be a trivial task.
For one thing, the format has to contain complete information necessary for
subsequent actions such as violation and non-violation reporting. Some
sample formats developed in Malaysia are presented in Figures 7 and 8.
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* Delete whichever is inapplicable ** As reported by the sampler.
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DEPARTMENT OF CHEMISTRY, MALAYSIA
REPORT ON SHORT CHEMICAL EXAMINATION OF WATER

Sender: Sender/Lorry/Bus/Railway*

Sampling Point
Sample ping Fo

—
icular SR T U
Fart ' Type of Water T

P PR . ?. Lo 4+

Sampling Date

Arnziytical . . o |
Results B s e e ; |

“ Sampling Time

GROUP I **

Turbidity (NTLUD oo i
Colowr (Hazen Unit) ., . ...... ... ... ... . ...... i

GROUP I

TOC . oo ;

BOD . {

Ammoniacal Nitrogenas N . . .. .. ... .. ........ ! !
Nitrate Nitrogenas N . . .. .. ... ... .. .. ... .. ‘
Total Nitrogenas N . ., ... .. ... ... .. ... .... ‘

MBAS ... !

Total Akalinity as CaCO, . .. .. ... ... e
Total Hardnessas CaCO5 . ... . ... . ... .. ......
Fluorideas F . .. .. ... .. ... . .. ... . .. ... ... |
ChlorideasC1 .. ... ... ... ... ... ... ..., ;
lronasFe ... .. ... ... ... ... ... ;
ManganeseasMn ... .. .... .. ... .. .. . .....
Aluminjum as Al

* Delete whichever is inapplicable, |
** As reported by the sampler.
All results are in mg/1 except for pH or otherwise stated.

COMMENTS (

1. Water Works Engineer,
................... District PW.D. Office.

Chemist, o District Health Office.
for Director-General of Chemistry,

Malaysia.
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The recording format should also be designed in such a way that data
entry or input is easily performed for subsequent calculations by a table-
top calculator or computer. In general, the data input for computation is
arranged in an array with "fields" and "records". A field is a parameter
for which sample analysis or observation is made, while a record is assigned
to each sample analysed or observation made. For example, at a certain
monitoring station, samples taken for bacteriological analysis on two
different days are called records, and a bacteriological test parameter such
as coliform count is a field. The actual numbers of coliform bacteria
counted are then placed in the entries in the array under that field and
across those records (see Figure 9).

Field 1 Field 2 veeField J o> Field N

Record 1

Record 2

Record 1 Entry (I,J)

Record I+l Entry (I+1,J)
[

Record M

Figure 9 Two-dimensional (M x N) Data Recording Array
with Record I being the Day of Sampling and
Field J being a Water Quality Parameter

The data entry configuration shown in Figure 9 is a simple and most
frequently used format for constructing a computer data file, and is
particularly powerful for various statistical calculations., In this set-up,
a data file contains the values of water quality parameters from the samples
collected at a monitoring station in a time series. Thus, each data file
corresponds to a monitoring station. A collection of such data files over
some geographical area will then allow for statistical analysis on cross-
sectional data. Therefore, the data entry configuration presented in
Figure 9 provides a basic format for various computations in the information
management and data processing system,
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4, NOTES ON USE OF MODERN COMMUNICATION DEVICES

Recent development of telecommunication systems, coupled with
advancement in computer technology, allows the designer of a surveillance
information management system to establish an efficient system of data
transmission. For instance, a facsimile can be used to transfer any written
information (graphical or otherwise) through a telephone line. This mode of
communication has a definite advantage over the conventional telephone
communication since it minimizes the errors associated with verbal
communication over the telephone,

A large volume of data is best processed by computers. Recent micro-
computers are capable of storing and processing data used in the
surveillance programme and are becoming less costly each year. Therefore,
it is very likely that microcomputers will be extensively used in the
drinking water surveillance programmes in the near future.

In introducing such a microcomputer-based surveillance programme, it |
should be ascertained that all participating agencies use compatible
computer hardware and software, A popular mode of communication with micro-
computers is presently the mailing of floppy disks which contain the data.
At a further advanced stage, microcomputers can be directly connected
through a telecommunication network, and the information is transferred by
"electronic mail". In recent years, the mailing of CD-ROM (i.e. a compact
disk which stores information optically with read-only memory) has become
possible as an alternative to the floppy disk system. The advantage of this
system, compared with the floppy disk system, is that a CD-ROM can store a
far larger volume of data than a floppy disk.

Although the future is bright for computerization, it should be noted
that the development of a computer system can take place only when the
manual information management system 1s firmly established.
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ANNEX 1

STATISTICAL, ANALYSIS OF DATA

Data collected on various water quality parameters at different
sampling points over a certain period can be analysed using a number of
statistical techniques. The following techniques are commonly used to
identify problem areas, predict future trends of various water quality
parameters and show their spatial variations.

A. For data at each sampling point

Statistical analyses will be performed on time series of water quality
parameters, This can be done either for each parameter or for a combination
of parameters,

A.1 For each water gquality parameter

(1) Frequency distribution - A histogram (Figure A.l) or cumulative

: frequency curve (Figure A.2) is constructed to examine the
frequency of occurrence of a certain concentration or
concentration range, or the frequency of occurrence of
concentrations above or below a certain concentration. A
cumulative frequency curve is particularly useful for determining
the frequency of violation of water quality standards.

(2) Trend analysis by plotting - This method, strictly speaking not
a statistical technique, is useful for visually examining the
trend and periodicity of concentrations of a parameter over a
certain duration. An example is given in Figure A.3 where a
downward trend and an approximate interval of 12 months for peaks
and troughs can be detected.

(3) Regression analysis -~ This technique can be used to study
whether there is an upward or downward trend in a certain
parameter. To perform this technique, the following equation is
assumed !

C = a + b t (A.1)

where C is concentration of a parameter, t is time and & and b are
coefficients. The technique determines the values of the
coefficients using measured values of C and t. The coefficient b
indicates the rate of change in concentration over a unit time
period, and if its sign is positive, the concentration tends to
increase and if it is negative, the concentration is in a downward
trend, Whether b is statistically significantly non-zero can be
tested by Student's T test. The resultant equation (A.1) can be
used to predict the future trend of the parameter without any
intervention,
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(4) Power spectrum analysis - This technique can be used to study
the periodicity of the data., The computation procedure is
summarized in Table A.1 and the results of a sample calculation
performed on the data shown in Figure A.,3 are presented in
Table A.2. This table indicates that a strong periodicity is
found at an interval of 12 months. Seasonal periodicity in the
data can also be detected at 3-month and 6-month intervals.

A.2 For a pair of water guality parameters

(1) Correlation - To determine 1f correlation exists between two
parameters, a popular method 1s to plot one parameter against the
other (Figure A.4). If the plots are scattered, then no
correlation exists. If the points appear to follow a straight
line or curve, then the two parameters are correlated, For a
gtraight line relationship, its correlation coefficient can be
calculated.,

(2) Regression analysis - This technique can determine the
relationship between the correlated pair of water quality
parameters using the following equation:

Y = a + b X (A.2)

where Y and X are the measured concentration of the two
parameters. Once the coefficients a and b are determined through
regression analysis, the equation (A.2) can be used to predict the
concentration of one parameter from that of the other and check
whether abnormality is found in the data.

B. For data at multiple sampling points

Data at different sampling points can be used to study their spatial
variations, Although not a statistical technique, colour—coded mapping with
each colour assigned to a certain level of a parameter is useful for
visualizing the spatial variation. For instance, the number of violations
of standards plotted in this way provides useful information.

Correlation and regression analyses are useful to study whether a
certain relationship exists in a water quality parameter at two different
locations. Multiple regression analysis can be employed to establish a
mathematical equation for the prediction of a water quality parameter from
socio-economic, land use and topographic parameters which are considered to
influence the concentration of the water quality parameter,
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Table A.1 Computation Procedure of Power

Spectrum Analysis

8.

Examine the daws to make sure .t-}-wl the points are equally spaced and there
are no gaps. If the points arc not equally spaced and/or gaps are found, the
missing data points are calculated by interpolation .

It is recommended that the last data point be taken in the same month
(for monthly sampling intervals), same day of the week (for daily sampliny
intervals), etc. as the first point. For example, if in a monthly sampling
programme, the first data point was taken in June, the last point must also
be taken in June,

Choose the number of periodicity bands (lags) 1o be calculated when
seiecting the number of fags. It is convenient to select & number which wili
provide & logical and useful nominal (main) frequency for each of the
calculated bands. The relation used for this purpose is:
P, 2m—1)xdi/r

Where P, is the period corresponding Lo lag 7, m is the towl number of lag:
used in the computation, and 4r is the interval between the data points
{the sampling interval).

For example, if there are 72 points of monthly data, then the total numbe:
of lags m should be 13 or 25 because they will give, for example, periods of

infinny, 48, 24, 12, etc., months when s == 25, The greater i, the greates
is the resolution of the power spectrum analysis. It is not recommended
that m be greater than approximately 20 % of the number of poimts available
In the casc shown above, 20%; of 72 points equals 14, therefore i = 13 18
a good choice for the number of lags. The periodicity band corresponding
to lag no. ¢ is;

2(m— 1)1 ‘o 2(m~—1)a: i Lime

“(r=1) (r+1) cycle

The smallest period which can be resolved (detected) by this ype of

snalysis corresponds 1o 2 x 47, For example, if the sampling interval has
been biweekly (every 1wo weeks) the smallest cycle which can be detected
iy the one with a four-week period (it repeats itself every four weeks)

Calculate the average value of parameter P;

-
oy
PIV - =
n
Calculate u series of coeflicients C, for each of the /m jag
| e
CV“'I"‘"“'" (Pr““Pav)(Fl"'Pn)'
No=F (=1
where re (00,2 ..., m—1
n = total number of data points
P, = the value of the parameter P at point i
P,, = the sverage value of parameter P.

Calculate the Founer transform values V, for each lag from

-—1 N
V,-._‘f__(C.+C_-|cos m+2 L C, cos I
m—~1 g=1 Ay
where ris the lag number, r = 0, 1, 2, .. . m—1i
k= {lorr=0andr=m-—]
b= forr=1,213. .m-2

Calculate the smoothed Fourier transform values {J,:
U, = 0.54 ¥, 4046 ¥,
U, =023 F _+084 ¥, =023k, r 04 1 R
Uy =086 Vo 34054V,
Calculate the percent contribution of cach band (lag) 10 the total varianue
of the record from either the unsmoothed or smoothed Fourier transform
values

{ % contnibution) lag r - o

or

(% contribution) lag r = -

Notice that band 0 {r = 0) has a period ranging from infimity down te
2(n —1)41. 1t includes therefore:
(1) any truly random fluctuitions i the record.
(i1) any linear trends in the record.
(i) any periodic components which are of so low frequency or which
have such a Jong period that they appear as linear (rends.
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INTRODUCTION

Radionuclides are by definition distinct atomic species with a
specific atomic number, mass and measurable stability. Their unique
property that distinguishes them from other elements and compounds is their
spontaneous transformation (''decay') into other elemental species
accompanied by one of

- emission of subatomic particles from the nucleus
- capture or ejection of electrons
- fission to produce "heavy" particles of comparable mass.

This sequential decay to a final stable isotoupe may occur with half
times for the intermediate species of hundreds of thousands of years (e.g.
U) to fractions of a microsecond.

During the decay process characteristic ionizing radiation is emitted
from each intermediate ("daughter") product. Generally, the subatomic
particles emitted comprise:

a) Alpha () particles - 2 protons together with 2 neutrons accompanied
by a high decay energy.

b) Beta (B) particles -~ electron ejection with conversion of neutron to
proton also often a high decay energy process.

c) Gamma (¥) photon emissions -~ short wavelength electromagnetic
radiation. Usually in association with nuclear restabilization
following % or § particle emission.

The occurrence of radionuclides in drinking water may be derived from
three distinct sources based on their formation: naturally occurring
nuclides; cosmic ray produced nuclides and man-made products.

Characteristically, these may be classified as in Table la/lb,

Table la
Source Characteristic Properties Examples
Naturally (a) long half lives (B emitter) 40potassium
occurring (B emitter) 87Rubidium
(b) uranium and (about 50% 238yranium
thorium series X and 50% 232Thorium
B emitters) 235Uranium
(and their
daughter
products)

The amount of particle emission per unit time and consequently
radiological impact of the specific members of the uranide isotope decay
series is related to their occurrence, concentration and decay half times
(specific activities), For examgle, naturally occurring uranium in
drinking water includes 99.28% 238U and 0.005% 234U but their radioactivity
is almost equivalent because of the short half-life of 234y,



Table 1b
Source Characteristic Properties Examples
Cosmic ray Produced from (A1l B decay) lé4c, 3m, 8lgr
produced fragmentation
atmospheric gases
Man-made Nuclear weapons tests (pre~ 89/90g,.
radionuclides Nuclear reactors dominantly 134/137¢4

Particle accelerators B emitters) 1317

Typically, man-made radionuclides (even post-Chernobyl) comprise only
a small percentage of naturally occurring isotopes.

The concentration of a particular radioisotope in a drinking water
supply depends on:

- concentration of parent radionuclide ;
- isotopic half-life |
- geochemical environment.

In ground waters, sources include dissolution of the aquifer solids,
insitu radioactive decay of the parent, the physicochemical properties of
the daughter product, and desorption from soil particulates. Major sources
of radioisotopes in surface waters include weathering and run-off from the
source rocks, insitu radioactive decay of the parent and groundwater
discharge.

Drinking water samples are frequently analyzed for gross & particle
and gross P activity only since if these values are below the
internationally accepted values based on acceptable risk, no further
analysis is normally required. Ideally, to use the gross activity
screening procedure, the reference levels for alpha and beta activity will
require to meet two criteria:

a)  they should be such as to ensure that, irrespective of the individual |
nuclides contributing to the gross activity, the associated exposure
will be low enough not to necessitate further detailed analyses and
consideration;

b) they should be sufficiently high to ensure that the vast majority of
drinking-water supplies satisfy such reference levels and hence the
need for detailed analyses can be avoided.

The WHO Guidelines for Drinking Water Quality has defined guidance
levels of 0.1 Bq L-! for gross « activity and 1.0 Bq L-1 for gross B
activity calculated on an adult drinking water intake of 2 litres per day,
These values assume that only the most toxic radionuclides likely to be
present (99Sr and /or 226Ra) contribute to the gross radiocactivity.

Where these values are exceeded, more detailed radionuclide analysis
maé be necessary. Normally, this would comprise measurement for 226Radium,
22 Radium, total uranium and 222Radon.



HEALTH EFFECTS

Induction of harmful effects of radiation on human tissue arises from
the potential of the isotope of concern to cause ionization of constituents
of body cells, These harmful effects may be somatic or hereditary.
Chemotoxicity of some compounds may also occur from their chemical
properties (e.g. nephrotoxicity of uranium isotopes). The primary basis
for international guidelines and national regulatory activities for
radionuclides in drinking water is the carcinogenic potential of the
compounds. The aim of radiation protection is to prevent detrimental non--
stochastic (i.e., severity varies with dose) effects and to limit the
probability of stochastic effects tc an acceptable level. This second
requirement is achieved by setting dose equivalent limits at values
sufficiently low that the threshold limits would not be reached during a
calculated lifespan (70 years). In practice, the level of radioactivity in
drinking water required to reduce the incidence of stochastic effects to an
acceptable level automatically excludes the possibility of non-stochastic
effects. The predominance of naturally occurring radioactivity over man-
made sources, the radiotoxicity of the ® decay in the uranium and thorium
series and the occurrence of these series in both surface and groundwaters
has resulted in these radionuclides being the focus of concern, In
particular, the involvement in metabolic pathways (226Ra/228Ra),
nephrotoxicit¥ (238y, 235y, 234y) and specific target effects (absorption/
inhalation 22 Rn) has identified these particular isotopes as being of
primary concern,

Determining the health risks of exposure to radon in drinking water is
especially difficult. Radon exists in water as a dissolved gas with the
principal exposure pathway from inhalation when the radon is released from
water following agitation., Since indoors exposure is the primary source,
estimations require knowledge of building air exchange rates, variation in
concentrations due to water use in domestic activities and the amount of
time spent indoors. This latter factor varies widely with a weighting
towards sensitive groups particularly young children,

The problem of estimating health risk is further confounded by the
multiple sources of radon. USEPA calculations estimate the annual
effective component of radon from water usage to be 1-12% of total annual
exposures,

METHODS OF EXAMINATION

Before starting the analysis for alpha activity, 222Rpn and 220Rp
should be eliminated, If the alpha activity is less than 0.1 Bgq/litre, no
further examination is necessary except for routine surveillance. If the
alpha activity exceeds 0.1 Bq/litre, further examination of the water is
required,

The following alpha-emitting radionuclides occur naturally and have
high toxicity: 22 Ra, 224Ra, 210p,, 232Th, 234y and 238y, 1In addition,

beta—emitters such as 228Rs and 216Pb, which have alpha-emitting daughters,
are associated with these radionuclides. The need to examine the water for



particular radionuclides should be based on knowledge of local
hydrogeological and other information,

1f the beta activity measured in a sample of water is less than
1 Bq/litre, no further examination is necessary except for routine
surveillance.

The following have been identified as_beta-emitting radionuclides
having high toxicity: 90gy, 89gy, 134¢s, 137¢s, 1311, and 60¢o.
Examination of the water for these particular radionuclides should be base
on local knowledge concerning discharges of specific radionuclides from
operations in the river basin.

The determination of sampling frequency and the choice of methods of
collection and analysis should take into account the fluctuation of
observed activity levels of radionuclides in the water and the vicinity of
nuclear installations and other sources of radioactive pollution,

Many radionuclides are readily absorbed on to surfaces and solid
particles, It is important, therefore, to choose sampling points in the
distribution system and at the sources of supply with care so that the
sample will be representative of the water to be examined. Water samples
for radiological examination should be collected in suitable bottles which
reduce absorption on to the walls of the container to a minimum,

The guideline value recommended does not take into account soft beta-
emitters, so if a method such as liquid scintillation counting is used
which does detect these emitters, the soft beta-emitters must be excluded
when the results are compared. However, when the presence of potentially
significant quantities of 3H is suspected, a special examination for this
radionuclide should be carried out.

It should be noted that the gross alpha guideline value excludes radon

and whichever method of screening if used, radon must be eliminated from
the sample. Before a "non-action'" level in drinking-water can be set,
further investigations are required to determine the actual radon
concentration in drinking-water and the relationship between this
concentration and the doses resulting from inhalation of the released
radon,

If treatment is required to reduce excessive exposure to radium,
typical water-treatment processes that should be considered include lime o
lime-soda softening, cation exchange softening, or reverse osmosis. Cince
uranium is often present as the negatively charged uranyl ion, anion
exchange may be a promising treatment.

Less information is available on water-treatment methods that might b
applied to other radionuclides (assuming that the source cannot be
controlled); however, lime and ion exchange softening may generally be

d

1]

effective,

Since radon (which also occurs naturally in some ground-waters) is am
inert gas, aeration would be effective.

L
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COUNTRY REPORT ON DRINKING-WATER QUALITY
MONITORING AND SURVEILLANCE IN CHINA

Dr. Geng Jingzhong
Chinese Ministry of Public Health

The total area of the People's Republic of China ( PRC ) is 9.6
million square kilometers with the population about 1,096 million by
the end of 1988. The country is short of water resources and the
distribution of it is extremely unbalanced. There is a scarcity of
surface and underground water in the north-western and other drought
regions, while the rivers, lakes and brooks can be found everywhere in
the southern and south-eastern part of China, where the underground
water is abundant. The development of economy and culture in the whole
country is also uneven. In the rural areas, it is difficult that the
peasants engaged in constructions of water improvement projects and
made the water borne diseases under control.

With the development of the hygienic undertakings, many infectious
diseases have been effectively controlled, but the waterborne infections
such as typhoid fever, hepatitis, bacillary dysentery and diarrhea are
still the diseases having high incidence. Among these infections, the
incidence of diarrhea is the highest, which accounts for 45 percent of
total acute infectious diseases. The annual incidence of bacillary
dysentery is 500/100,000. The annual incidence of typhoid fever and
paratyphoid is 10-15/100,000. Owing to the effective treatment, the
mortality reduced to 0.27 percent in 1983.

In order to ensure the drinking water quality in city and rural
areas to meet the safe and hygienic requirements, the protection of
water sources is the prerequisite. Therefore, the China government has
put forward the strategic thinking, "The symptoms are needed to be
alleviate, but permanent control is more important”. The countermeasure
can be summarized as: "Overall planning, rational distribution,
combination of prevention and cure, taking prevention first, relying on
the masses and strengthening surveillance. "Overall planning and
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rational distribution” means that in the selection of location for
factories, the possible contamination of water sources and the
surroundings from industrial waste should be taken into sccount. .
other hand, it is also necessary Lo heighten the cultural level of the
masses by strengthening the dissemination and education and by spraading
the drinking water sanitary knowledge. The drinking water quality have
been 1mproved. Now, 300 million people already had the qualified tup
water in the whole country. In 1980, China participated in the activity
of the international drinking water supply and sanitation decade. The
programme for improving drinking water quality was formally placed in
the seventh five year plan of the national economy and social
developments (1986-1990) of PRC, in which it clearly demands that &0

perent of rural population will drink safe water by 1990.

One of the most important measures to guarantee the sanitation and
safety of drinking water is to protect the drinking water sources fron
contamination. For many years, we have made a great effort to protect
the vater systems and drinking water sources {rom being polluted. In
order to solve the problem of water sources contamination in almosi 100
cities. Several billion yuan has been used in changing the water sources
and constructing other water pumping sites. So as to ensure the urban
finished water quality to accord with the drinking water standard.

China has drawn up a series of standards and regulations to protect
drinking water sources and Improve the water aquality. "laws for
prevention of water contamination” has been issued by the National
People's Congress. In 1982 our country promulgated regulations "Sanitary
standard for the construction of industrial enterprises” including the
sanitary standard of surface water and the allowable concentration for
harmful substances in it. The two other regulations, "the environmental
quality standard for surface water” and "sanitary standard for drinking
water” were issued in 1983 and in 1985. respectively. These regulations
stipulated that the protective zone of drinking water sources must be
set up to ensure the quality of drinking water.

China is vast in territory and there are great difference in the
topographical, hydrogeological and climate conditions. The types of
drinking water sources are also varied. Therefore, it is necessary to
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prevent and control the contamination of drinking water sources
effectively in line with local conditions. Since 1970's, the local
regulations for protecting drinking water sources have been worked vutl
in 27 provinces and cities in the country.

S The responsibilities of related unit in the government at all level
e on the protection of water sources are stipulated in the regulations
4 mentioned above.

1. The environmental protective institutions of the government at
: all level should carry out the management and surveillance of water
t quality according to the "laws for prevention of water contamination”,
. and then gradually control total amount and concentrations of pollutanis
) to accord with the discharge standard.

. 2. Surveillance of non-community water supply and monitoring the
uf rural simple tap water are taken charge by the local anti-epidemic
‘ stations, which are entrusted by the village and town government. During
the Summer and Fall season when the water borne infectious diseases arec
prevalent, the village government will assign persons to carry out
drinking water disinfection. The county anti-epidemic station is in
charge of technical direction for water quality monitoring and
examination.

Ve R
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3. According to the principle that one who causes pollution should
be responsible for making the pollution under control. The factories and
other institutions should make effort to lower the quantities of their

. sewage in accord with the pollutant discharge standard.

4. The drinking water quality surveillance should be carry out by
. the anti-epidemic stations of provinces municipalities and counties.
o Their responsibilities are as follows:

(1) To carry out surveillance and monitoring regularly on the
quality of drinking water sources in the protection region; on water
plant finished water: pipe water and tap water: only those water, which
meet the drinking water standard and obtain the certificate of
inspection is allowed to be consumed.

S

(2) To carry out the sanitary evaluation on the quality of water

-— 3



sources in their responsible area and give guide to watér supply unit
on water cleaning and sterilization technique.

(3) To take part in the selection of places, making design, giving
sanitary investigations to new built and rebuilt drinking water
project.

(4) To investigate and deal with the accidents of the drinking water
contamination.

In order to realize the ambitious goal that 80 percent of the
population in the countryside of China will have safe and sanitary
drinking water by 1090, in addition to the necessary monitoring measures
mentioned above, we must make a comprehensive survey on the present
situation of drinking water quality; the concentration and distribution
of each kinds of harmful substances in it: the area and the percentage
of peoprle supplied with unsafe drinking water: the distribution and the
extent of seriousness of water borne diseases. These information are
necessary for policy formulating.

In 1983, China Centre Committee of Patriotic Health Campaign and the
Ministry of Public Health organized the Health Bureau and anti-epidemic
station in provinces, municipalities and autonomous regions to take part
in a nation-vwide survey on drinking water quality and water borne
diseases. Chinese Academy of Preventive Medicine was entrusted with the
task of technical instruction. The staff members took part in the survey
were all well trained and the water analysis work were under strict
quality control.

It took 5 years to complete this nation-wide survey, more than
40,000 personnel took part in this investigation, they are majored in
the field of sample taking, sanitary investigation, chemical analysis,
computer technique, statistics and map-making. 58,000 water samples
were collected in 29,000 sampling sites, 900 labs and 5,000 analysts
were involved, about 4,000 analysts were being trained with the methods
of water analysis quality control. At least 15 items were determined
for each water sample, more than 2 million parameters have been got, the
population of the survey areas was about 980 million people. The
qualified analytical data reached 95%.

..._4..._
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The main problems present in the drinking water supply and drinking
water quality in China are as follows:

1. The way of water supply in the rural areas 1is backward,
contamination of water sources is serious and the drinking water quality
for 70 percent population is unqualified.

In China, about 200 million people drink tap water, account for 21%
of the total population, 79% of the population drink the water supplied
in the noncommunity way (most in the rural areas). Because of the water
sources located dispersively, they are difficult to be protected, In
the population fetching water by manpower, 85% people consumed water
with total coliform exceeded sanitary standard. Therefore, the
possibility of intestinal diseases f{rom water medium existed. This is
an important reason for the high incidence of intestinal infectious
diseases in China.

Much attention is given to improving the drinking quality in rural
area. For example, water sources from well, puddle pond have been
changed into running water partially ireated or untreated or into hand
pump well. However, since the contamination sources have not becn
eliminated, the drinking water gquality is difficult to reach the
sanitary standard. Therefore, the way of noncommunity water supply
should be changed into central water supply and people would be
encouraged to carry out drinking water sterilization.

2. Drinking water was contaminated sericusly by the T"three wastes”
from factories.

Almost 72% sewage in cities was discharged into surface water without
adequate treatment. This is the main reason for the contaminalion of
central water supply in the cities.

The ministry of Public Health of China is requesting the antiepidenic
station at all levels must strengthen the monitoring”the drinking water

-— 5 --



and water sources. For the task, the antiepidemic station was equipped
with facilities and replenished with technical personnel. Regulations
promulgated by Environment Protection Agency on the prohibiting new-
built drainage openiné close to the drinking water sources: Giving
regular monitoring on the old drainage opening, so that the pollutant
discharged could be controlled: Prohibiting the use of industrial and
life polluted water and harmful pesticide in the field in the water
source protection region.

3. There are abouti4 7 million people in China lived in the areas
"withsnot age of water supply. This problem is expecting to be solved in
some area by water congervancy construction.

During the recent years, thanks to the profound concern of the
central and local government who have been with their particular

emphysis on the drinking water served, the task of water improvement has

.made an encouraging progress. Up to the end of 1087, there were 54% of
the total 879 million rural population who were better supplied to
varying degrees with drinking water improved, 17% of them had tap water
served. But we still have a long way to go.

We should strengthen the drinking water routine monitoring
especially for water source, finished water and tap water in urban
area. It is possible to find the accident on time. In rural area, it is
expected that 1/5 - 1/10 counties of the country may set up the
drinking water monitoring site. Then the effect and progress of the

water improvement may be collected, and to indicate the project on going

well,

To prevent water borne diseases occurred, we would conduct hygienic

surveillance on central water supply system according to the laws and
regulations issued.

(¥
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1. GENERAL

Fiji is made up of about 320 islands which vary in sizes from
10,000 square kilometres to tiny islets a few metres in
circumference, and has a total land area of 18,333 square
kilometres, [t has a population of approximately 770,000 and an

annual average growth rate of 2%,

It enjoys a tropical maritime climate with a highly variable
rainfall which is usually abundant in the summer months,

especiallyfover the larger islands.

Fiji is therefore blessed with its plentifﬁl supply of
drinking water from rivers and streams on the larger islands and

from ground water and rain water in the smaller islands.
|

1.1 WATER SUPPLIES

'

Approximately 80X of Fiji’s population is connected to a
piped supply. However only supplies within the main centres
(cities and towns) are treated as these are maintained by the

Central Government.
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Individual supplies to villages and settlements are
maintained by individual communities and treatment cost is the

main obstacle which these communities just cannot afford.

Emphasie however in small untreated supplies has always been
on prevention of contamination or pollution of the source and

regular maintenance of pipe reticulation.

1.2 WATER-BORNE DISEASES

Illnesses attributable to water supplies are commonly
diarrhoeal diseases, infectious hepatitis, bacillary and amoebic
dysentery and water related parasitic diseases. Morbidity and
mortality in respect of these diseases are 5% and 9%,

respectively.

1.3 NATIONAL POLICY/PROGRAMME

A national plan for the Water Decade was completed in 1980
and included provision for a feasibility study on setting up of an
autonomous water authority to help achieve the Decade aims., The
principal aim of the Government plan is to provide as far as

practicable a safe water supply to all its population,

Currently the implementation of the programme is undertaken
by four Ministries of the Government namely, Ministry of Works,

Ministry of Rural Development, Ministry of Energy and the Ministry{

of Health. |

The Ministry of Works carries out all proposed works and
maintenance of major water supplies. It also funds the Ministry
of Energy in prospecting and boring for ground water in the

smaller islands and the drier parts of the two main islands.



The Ministry of Rural Development through its Development &

Committees machinery allocates funds for small rural water

st 4

supplies comstruction. The latter is also undertaken by the
Ministry of Works on a self-help basis where the community

provides one~third of the cost plus the unskilled labour,

The Ministry of Health through its Primary Health Care
programme also carries out surveys and construction of small water
supplies wherever possible. However the total cost of the
construction is borne by the individual community and in instanges
partly funded by Foreign Aiding Agencies.

1.4 WATER QUALITY MONITORING

Under the current Government machinery water quality i
monitoring is the responsibility of the Ministry of Health thro@gh
its Health Inspectorate S8ection. This includes all water :

i

supplies, both Government and private community water supplies. .
However the Ministry of Works by the very nature of their %
work and responsibility of construction and maintenance of :

Government water supplies also monitor these supplies.

Monitoring of the Health Inspectorate Section of the Ministry
of Health is carried out by periodic surveys of the water intakes
and regular monthly sampling of the supply from the water mains

and service pipes to individual homes or premises.

Samples both chemical and bacteriological are then forwarded

to the Government laboratories for analysis.



Microbiological samples are collected in sterilized 250 ml.
glass-stoppered bottles and forwvarded to the laboratory in a
cooler or ice hox. These should reach the lahoratory within 6-8
hours. Chemical samples are collected in dark 2 litre bottles aund
should reach the laboratory within the same period or kept under
refrigeration if they are to reach the laboratory the following

day.

1.5 QUALITY STANDARDS

There is currently no standards under the legislation.
However the quality standards recommended by the World Health
Organization has always been used for monitoring purposes, All
Government supplies have always been maintained along these
standards. Should any sample from Government supplies fall below
these standards then a repeat sample is taken and investigation

made promptly.

The private supplies hecause they are untreated are often

below the W.H.0. standards.

The communities have always been advised to keep their water
intakes free from animals and cultivation, and to maintain their
pipe reticulation. Furthermore if the private asupplies after
sampling and analysis are found to be abnormally contaminated,

then a prompt investigation is made,

1.6 MANPOWER TRAINING

Health Inspector training has been an ongoing programme wvhere
water cupplies gunality surveys and monitoring is an integral part

of the programme and its curriculum.



Training curriculum has recently been upgraded with the help

of W.H,0, and the University of Western Sydney.

In-service training is also part of the programme for serving

officers.

1.7 PROBLEMS ENCOUNTERED

Our current problems with monitoring is the transportation
problems with the time limit for samples from outlying islands.
Otherwise there should be no problems with ocur Government

supplies.

1.8 CONCLUSION

{a) The main public supplies are treated and their
standard are compatible with that recommended by

the World Health Organization,

(kY Although the privale supplies are not treated
there has not been any outhreak of water-borne
diseases as a result of their below than the

recommended standard.

{c) The Government in its plan aims to provide to
every community a sale and wholesome supply

of drinking water,

(d) Quality monitoring through sampling, analyvsis
and surveys 1s on a regular basis or as

often as possible,



{e) Morbidity and mortality rates f{rom water-borne

(liseases are low for a developing nation.

{(f) Training of Health luspectorate Staff for
both new and serving olficers has been
reinforced with our new curriculum for the

d-year Diploma in Eovironmental Health,

Fiji is a healthy country and tree from most tropical

diseases.
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l. General Country Profile KORZ N
: Name : . The Republic of Korea
f Total Area: 98,922 square kilometers
! Population: 42 million

DISEASE OCCURRENCE

f i
! 86 87 , 88 |
® DISEASES : ! , ‘ ., |
Cases @Deaths% Cases 3Death5 | Cases Deatn:
' : } Il
] : ]
i CHOLERA - - - - - - i
{
| TYPHOID FEVER 278 L 184 1 419 1 i
| PARATYPHOID 14 - 20 - 23 - !
i FEVER ' !
! ! |
E BACTERIAL 57 0 - 37 - 50 - ’
DYSENTERY
!
| | ,
f
:. 2. National Policy and Programme of Drinking-water Qualictv

Monitoring and Surveillance

A - The proad objective of a drinking water service sanitation

¢ programme is the protection of the nealtn of the people.
More specifically, however, such a programme 1s designed to

: accomplish the following.




A, Protect the water against contamination

Sanitation standards have been developed to reduce to
a minimum the opportunity for microorganisms to gain
entrance and multiply in water. Those organisms that may
!

cause communicable disease and water porne illness merit

primary consideration.

B. Ensure the soundness of water

Soundness is frequently thought of in terms of’purity.
Drinking water should be free of any substance delecterious
to the health of the citizen. The addition of toxic
" chemicals, either by accident or otherwise, may render food

unsafe.

C. Sewage treatment

All sewage, including liquid waste, shall be disposed
of by a public sewage system constructed and operated

according to law.

- The legal provisions
Food service sanitation ordinance

- 1967, 3. 30 by law

The ordinance of drinking water standard

- 1984. 3. 31 by M.H.S.
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3.

(

Total - solids content, coleour, turbidity, off
taste or odour, 1ron, manganese, Ccooper, zinc,
calcium,rmagﬁesium, sulfates of magnesium and
sodiusm chloride - and hydrogen-ion concentration,
phenolic substances, carbon chloroform extract,
and ethyl benzyl sulfonates, and other wastes.)

( Water guality inspection standards is almost same

as the W.H.O. )

Water treatment plants - procedure

Storage, aeration, coagulation, sedimentation,
Softening, filtration (slow-sand filtration, rapid-
sand filtration), disinfection, and other physical and

chemical processes.

- Laporatory equipment
control desk (- turbidity, PH, Alkeli degree)
Douplepbeam spectrophotometer, COD meter,stirring
apparatus, Jar tester, turbidimeter, vacum oven,

centrifuge, microscope, etc.

- Monitoring employee
25 - 30 x 9 = 225 - 270
laporatory technichian

5 -8 x9 = 45 - 72
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KOREA 1IN GENERAL

Geography
The Republic of Korea occupies the southern half of
the Korean peninsula which borders on Manchuria and the
Soviet Union to the north, and faces China to the west

across the Yellow Sea, and Japan to the east and south

‘across the East Sea and Korea Strait.

Korea, which in overall size is approximately eguiva-
lent to Great Britain, lies between 33°06' and 43°01' north
latitude, and petween 124011' and 131053' east longitude.

The land mass of the Republic of Korea is roughly
98,922 sguare kilometers and comprises steeply rising
mounta;ns along the east coast, while the western regions
are associated with wide alluvial plains gentle slopes,

and sinuous rivers.

Cllmate

The climate of Korea is temperate, midway between the
continental and marine types, but tending more toward the
former. The hottest months are July and August, when the
mean temperature is above 25°%¢ (77OF), while the coldest
months are Decemper and January, with the mean temperature

at 5°C below freezing (23°F) .

Korea has a humid, East Asian monsoonal climate. Theré
is a monsoon-induced rainy season in late June and July, |
during which half of the annual precipitation is recorded.
The milder winter of Korea is characterized by three

successive cold days followed by four warmer days.
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Disease-Causing Agents

Water i1s a potential carrier of pathogenic microorgani-
sms and can eﬁdangér health and life. The pathogens most
frequently transmitted through water are those responsible
for infections of the intestinal tract (typhoid and
paratyphoid fevers, dysentery, and cholera) and those
responsible for polio and infectious hepatitis. Historically,
the prevention of ‘water-borne diseases was the primary

reason for pollution control in water. Modern disinfection

technigques have greatly reduced this danger in KOREA.

’

Water Producrion Process

TESY
Water quamy\
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Water taken from the Han River is led to grir chamber and then into mixing tank to be mixed with purifying chemicals. Warer
is then led into sedimentation tank where floating particles are removed by making them sertle to the bottom. Minute foating
particles not removed by this process are complerely eliminared at filtration bed. Water then is chlorinated ana subject 1o

through water quality inspection. Water is finally being distributed after being pressurized.



Control of Water Quality

The gquality of water is examined five times in the
course of eight-stage filtration at water plants to ensure
the quality of the water. Water preserves are thoroughly
managed to ensure the quality of the water, while all
water tanks are cleaned and sterilized twilce a year.

Steel tanks are being replaced with FRP tagks which are

more sanitary.

Mid- and Long-Term Water Supply Plans

Demands on the supply of water have increased sharply
as a result of rapid socio~economic development, concentrated
population growth and the elevated living standard. The
municipality has worked out and is implementing a plan to
expand‘the size of the water production and distribution
facill%ies with a view to increasing the water supply to 100
percent and also coping more reasonably with the ever-

increabking demands on the water supply.

Health Services

Preventicn and Treatment of Diseases

Thanks to the improved living standard and improvements
in health care, the cases of water-borne contagious diseases
have declined substantially, while virus-caused diseases such
as Japanese encephalitis and measles are reported more of
ten than in the past., Through organized quarantine programs,
efforts are being made to forestall the outbreak of contagiods
diseases, and to discover patients early and thereby prevent‘
the spread of disease. To establish a system of early

patient discovery when there 1s an outbreak of a contagious
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The Natural Environment of Seoul

Seoul, located in the middle-western part (126059 of
the East Longitude and 37°°? of the North Latitude) of the
Korean peninsular, was not only the capital city of the
Yi--Dynasty lasted for 500 years (1394-1910) but also the
important strategical place ever since to administrate

the peninsular.

As Han raiver, one of the five longest rivers in the
Korean peninsular as well as the main stream of the
capltal city is flowing with the western direction from
northeastern region to the Yellow Sea. Seoul has very
modernized urban area outstretched very widely on the

northern and the southern districts along the river.

Han ~river running slowly through Seoul as mentioned
above had formed many islands on the river such as
Chamsil-sum(island), Ttuksum, Chungjido, Youido, Nanjido

and developed the alluvial plain.

By the way, although "The Complex Development Project
&f Han -river" completed recently has protected against
the flood, it caused to attach Chamsilsum and Nanjido to
land and developed Youido to a marvelous business district

with the National Assembly, buildings and apartments.

As a result of 1ts location, sSeoul has the continental
climate which has up teo 30 degrees in centigrade of yearly
different temparature, influenced by the cold and chilly
prevailling westerlies with high atmospheric pressure in
the winter, and by the oceanic atmospheric currents with

high temperature and moisture in the summer,
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The annual rainfall is 1,269 mili-meters and nearly 72%

of annual rainfall is concerntrated in the rainly season

from June to September which generated by Monsoon.

Flood disasters have sometimes occurred in this season

because of partly the influence of typoon and party the

concentrating rainfalls.

‘Water Supply

The purificating capacity of water supply is up to

4,720,000 m?

per day from 9 water sources at the end of 1987.

The rate of water supply in 1991 when the medium- and

long- term plan ('87 - '91) complete, will be higher up to

99.8 percent.

Sanggye region, the northern part of Seoul,

large scale development,

To provide the concentrating people in the

caused by the

the expanding projects for the water

supply plants will be planned to start to construct in this

year and complete in 1991,

In addition with these plans,

425km of the worn-out pipes will be repaired and replaced

to improve the guality of water and to prevent the leakage.

(Tableé: The Basic Indices of the Medium-and Longterm Plan)

i

- M 1 ] ] 1 1

 Classificaiioh Year | Unit 87 88 89 90 91

Population 1,000 9,991 | 10,116 10,245 | 10,352 | 10,457 |
L Pop persons ? ’ s St !
Population Supplied Water 9,841 | 10,065 10,204 | 10,321 | 10,416
Rute of Water Supply % 98.5 | 99.5 E 99.6 | 99.7 | 99.8 |
i | ;
i . . 3 1 |

| Capacity of Water Supply .00om a2 | 497 | s22 547 573 | |
Max. water supplied to 1 person 480 1 495 | 512 530 550 |
Ave., water supplied to l person ;408 420 435 451 468
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disease monitoring and diarrhea treatment centers are
operated. Medical check-ups are conducted on potential germ-

carriers to discover for the early detection of patients.

Pollution Control

The protection of the environment should be a constant

concern of every person.

In Seoul, environmental pollution grows ever worse due
to the concentration of facilities caused by increased
population and urpan development. Environmental pollution
seriously affects all facets of human life, especially
health. With & view, therefore, to protecting the health
and lives of the inhabitants of Seoul and to strengthening
gulidance and supervisory activities on the prevention ot
environmental pollution, the municipality 1s c¢arrying out
programs to protect the environment, to bring down the
degree of pollution to below the permissible level and to

foster a clean living environment.,

WaterlPollution

Present Water Pollution Situation

The Han River which flows through Seoul from the east
to the west 1s the major source of household water for the
lé million people along its basin and also of agricultural
and industrial water. The river is also a source of rest
and relaxation for the people. The contamination of the
river 1s pecoming increasingly worse due to an increasing
amount of pollutants prompted by the growing urpan
population and rapid industrialization. The BOD (Bicchemical

Oxygen Demand) an indicator of water pollution, had increased

continuously until 1978 when it declined to a level half as
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much as the previous year. After the decline, BOD began to
inch up again. The upstream area registered less than 3
ppm or water source Grade 2 (a level where water can be
drunk after simple filtration) whereas the contamination

of the downstream area was very serious.

There are various factors behind the contamination of
the Han River but the major source is household sewage,
which totals 1,930,000 m3 a day or 91 percent of the total
waste water flowing into the river. The remainder includes
201,000 m3 of industrial waste water, roughly 9 percent of
the total. In terms of the BOD, household sewage.is
responsible for 290 tons or 70 percent of the total while
industrial waste water produces 120 tons of the BOD contami-

nation load a day.

Thus seen, it goes without saying that the expansion
of sewage treatment facilities is the key to basically

prevent the contamination of the Han River,
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Class 1 Major Conununijcable Discases; Number of Cases,

Table 5.
A A g) 5 €l ¥ 2
Cholera Typhold tever
T A I R B I I R R R i
fncidence Fatatity freidence o Fataltry
Cases rafe Qeaths rate Cases rate Deaths rate
1o - - - - 164 0.4 ! 0.6
1982 - - - 39 08 - -
19813 - - - - KA 1.0 | 0.3
1984 - - - - 184 0.4 2 1.0
1985 - - - - 208 0.5 - -
N
1986 - - - - 78 0.7 1 0.3
3 3 precy =7
20638, A 2 F Q4
) Table 6. Class 2 Major Communicable
B 2 = oeloM | & o |HuMolsiME W ® Yy | 3+ W
Poliomyel itis Whooning Japanese
Cough Measles Mump s Encephailis Rabies
e e oraafua] comal wa | aslwoalrua] w ) eren
Yoglde— Inchde- Incide- hiride- Incide- Incide-
ner nee nee nee nce nee
Cases nucw_“,. v tate (Cascs) rate Cases | rate [ Cases|rate Cases | rate
I 281 2 0.0 1.622 4.2 2,307 6.0 1,624 3.9 194 05 -
1982 2 0.0 700 1.8 6,776 V7.0 Va7 3.8 1,197 3.0 i 0.0
1983 5 0.0 443 1.1 695 1.7 1.0% 2.6 139 04 -
1984 - - 1,854 4.6 2,246 5.4 919 2.3 - - ! 0.0
1985 - - 479 1.1 1,283 3.1 1,237 3.0 - - - -
19284 - - 188 0.5 1,818 44 93¢ 2.3 It - - -
IR R S R RTINS TR 1
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Deatns, Incidence and Tatalicy Rate
] 'l Fl g i t " X oon) o a Aq 0l Y
Pavatyphoid fever Diphtheria Barterial dysentety
T wn A woo R L I T R T I R NI A IR T A A A
Inchlence 1 atality Incldene e fatality tocidence I atatity
Cases tale Deaths rate Cases rate Deaths frate tases tate Deatin ) rate
g R S | SR R P b
10 0.0 - A3 [{N 2 A.7 110 0.1 | n.w
14 0.0 - | an " 0.l
19 [N - 12 0.4 nr o.r
21 0.0 - th 0.0 1% (L}
A
12 0n - g 0.0 H 0.l
4 0.0 - - 7 0ol
2] o . &l .00
{I \', l(’.“b' OI "’\—I )
Discases; Number of Cases by ¥Year
1} g) et ol L A R I O L Lt Y ettt T I A B Y B Y AT I B VO B il wriopnpp o) st
Soarlet Menbgtog e e ol Fpidoni Helapaing Annehie
Malacia feover Typhus NFeningi s ‘”‘:'V"‘""“”""”'-i' Fatanas Loy Dysenteyy
QTR I LI LN L B I I B T S NI H I A I ] R I | [ I BT L S Y Y B AR B IR T IR A1 | 1o
Yocdde ' Ineide Favedole Traeidde Tou veds P ele Fnveide Pieigte
nwe naoe e (NS (A 1ie 40 e o
Cases| rate {ascsloate dhesfralye {anres Yafre ANty [N RN S anes vate Cases|rate
.70 0.2 - - 4 0.0 A4 0.1 " non - 7 .
- 24 0.2 - - 4 0.0 a2 0.1 / 0.0 2000,
- 74 0.2 - - 2 0.0 a7 0 16 frn - 7 0.1
- - 197 0.5 - ~ } 0.0 % 0.1 5 10 : - 21 0.
- 200 0.5 - ? 0.0 64 0.1 . 0.1 2d 0 001
- - 354 0.8 - - 8 00 w2 0.1 TR a o

Mote: This table ks based o the veport Trom citicrs & provioges
Dorverndeator bs estimates ol njd year popobation
Fhnnbey

total Population

of {ases

tichdence Rate = * 00,000 atlity Raue

vder Conpnimicabile Disease Contol £ aw,

[

. . fo
Mernbe "

nl Cases
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2 131 3. ull
Table 131. Pollutant
Y | 5
n otal Class |
| o 7l = 3 & & o 7l 4 4
Alr Water Nolse and Alr “1 Water
Total Potiutlon Paltution Vibration potiutton Pollution
1981 33,182 14,297 5,819 13,066 216 82
1982 35,873 15,893 6,526 13,454 224 87
19813 37,256 16,582 7.022 13,652 230 83
| 98 4 39, 162 17,694 7.919 13,549 223 89
1985 44, 646 19,714 8,457 16,475 256 92
|
1986 48,748 21,507 9,916 17,325 278 122
“\"\
A 5 %W o4 9,685 5,487 1,321 2,877 ¥ 8
Seoul-tukpyolshl|
o4 A oA 5,996 2,535 1,185 2,76 20 é
Pusan-} Ikalshl .
I S R 3,558 \,277 685 1,596 14 [
Tacgu-}tkalshl .
CURE U I 2,862 L% 473 1,260 28 1
tnchon=}kalshl
Ny & A 44 825 465 181 179 - 1
kwanglu-llkalshl
E ] 2 5 9,045 3,487 2,114 3,464 a4 it
Kyongg i-do
7} L 5. 1,285 569 374 342 9 [
Kangwon-do -
4 4 8 = 1,336 816 %8 422 9 3
Chungchongbuk—do
2 ¥ 4 = 2,710 1,094 488 928 1" 8
Chyngchongnam—do
3 W A 1,821 770 382 669 14 6
Cholfabuk~do
4 @3 94 £ 1,527 674 399 454 2% 7
Cho lanam-do
A 4 * X 2,925 1,208 540 1,177 13 12
K yongsangbuk—do
A 4 4 = 4,603 1,941 1,091 1,571 56 19
Kyongsangnam—do
e} + X 550 255 185 110 2 -
Che ju-do
e AN
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Facilitics by Classes.
2 ) 1 5 1 = 5 &
Class i Class ||} Class |V Class V
a7 4+ 4 ol P I oy a7 4+ 3
At Water l\‘lr Water Alr Water Alr Water
Poltutlon Pollution Pollution Pollution Pollution Pollution Pollution Pollution i
477 130 578 202 3,080 1,243 9,946 4,161 3
484 137 . 592 247 3,242 1,419 11,351 4,664
[
510 132 74 201 3,041 {362 12,204 5,234
500 Rk 665 227 3,193 1,329 13,313 5,938
507 146 709 318 2,846 1,154 15,396 6,747
!
600 155 735 37 3,002 b, 264 16,892 8,058
171 21 233 13 983 25 4,063 1,184
47 5 81 (4 323 121 2,064 1,036
3% 7 58 26 235 22 934 414
27 12 27 14 178 45 849 All
5 - 12 ] a1 14 407 165 [
|
124 48 134 125 538 55 2,647 1,547 ;
l !
7 2 4 4 k¢ 31 516 331 ‘
25 T3 19 8 71 41 492 243
35 12 25 15 148 &9 a7s 584 ‘
1 3 14 9 55 32 676 332
9 6 9 10 30 3% 605 340
30 15 k!:] 2 146 71 961 421
69 3 79 50 191 118 1,546 B73
4 - 2 4 10 4 237 177

Source ! Enviromwment Administration
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A28, FasAd dzieddel (S0,)
“Table 132, Air Pollution in Major Cities (50;)
gl ¢ ppm ' Unit t ppm
1981 1982 1983 1984 1985 1984
4 & | o008 0. 057 0, 051 0. 066 0,056 0.054
Seoul
X 4k 0.061 0,065 0,05\ 0,050 0,047 0.042
Pusan
o B 0, 044 0,039 0,046 0, 040 0, 039 0.043
Taegu
3 4, 0,043 0.033 0. 037 0, 056 0, 052 0.053
Inchon
+ d 0. 042 0, 029 0. 0¥ 0, 065 0, 055 0.058
Suwon
4 9 0.058 0,033 0_034 0,063 0, 049 0.056
Songnam
4 A 0,025 0,030 0,033 0,035 0, 034 0.032
Chunchon .
3 | o0n 0,014 0,018 . 0.024 0,029 0.033
Chong ju '
3 % 0,011 0.0 0.015 0,019 0,028 0,024
Chunglu
ol A 0.029 0. 029 0, 028 0,030 0,033 0.027
Taejon
A o} 0,024 0,07 0. 01 0.034 0,033 0,026
Chonan
A i 0,015 0,015 0,022 0,022 0,021 0.020
Chonju
o| ] 0,022 0.016 0, 021 0,07 0.025 0,020
il
] & 0,021 0, (24 0, 029 0, 026 0,020 0,020
Kwang ju
7 o} 0,030 0, 025 0,024 0,019 0,031 0.038
Kumi
a} ¥ 0,028 0, 03! 0_031 0, 031 0,025 0,035
Andong
|
o| 4 0,025 0,02 0,032 0,035 0,035 0.032
Masan
4 ﬁ; 0,057 0,039 0,033 0. (R4 0,030 0.032
Ulsan
’l & 0,015 0, 005 0. 006 0,010 0. 010 0.010
Chelju

s AN

Source ¢ Enviromnent Administration

nes Sonigh



L T T

LA

A 133 3£ .

==

~q _/":75” vé

72 9.9 el (BUD)

Table 133, Water Pollution {or Major Rivers (BOD)

203

ri!_ﬂ :.mg/l : "‘P,./l
| t7a1 1982 1983 , 1984 l 1985 1986
4 & 0,6 0,4 0,9 1,2 I 1.1
y Chunchontaem
4 oF gl 0.4 0.4 0.6 0.4 0.7 0.9
Soyangtacn
¢! Yy col qf 0,7 0.9 1,3 1.4 11 1.3
Hangarg Ulamtaem
¥ 1.4 8 15 .6 1.5 1.4
Paldang
L 2| 1.5 1.5 2.7 2.5 )7 1.7
- Kuul
» = 4.8 4,9 5.0 7.0 18 3.0
‘ Bokwang
oo %Al 5,2 5.4 6,1 6,7 4.7 Al
Noryang]in -
ot % 1.3 1.2 1.5 {2 1,3 1.0
- Andongtacm
o & U R =) 1.6 KIRY 1.7 1.6 1.8 1.7
Naktonggang | 'Kumni ‘
“ﬂ‘ 4 1.8 3,0 1.8 1.5 1.7 1.7
R "Talsong
! | - .7 11,0 10,2 8.5 14.1
" Koryong
Al o 1,6 2.4 3,0 3.0 3.2 3.7
_ivwnnangjin - | o ) .
Wy 1.9 1.2 1) R 1.1 1.2
:!aeclmngucm .
2 Y Al o - 4,1 3.0 3.2 3.2 9.3
o Kungang Chongwon
- f 2,0 2.4 2,3 2.9 2,5 1.0
Puyo
ol 7| 2.2 2.8 2.6 2.9 2,6 2.8
Yong i
& of 2,1 1.9 1.8 1.3 1,3 1.9
lamyang
o & U = 4 3,8 3.9 5.6 6,5 5.2 5.2
YOngsang ang \Kunsung '
¥ <t - 3.0 3.0 2.9 1.9 1.9
Muan
Ag s AN Soutce ¢ Environment Administration

s
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I. 140 PIR - Geveral profile |
-~Laos is a landlocked omtry in South East Asia surroumded by China,in the
north, Vietnam in the north east, sast and soutd east, Xampuches in the south ,
Thailand in the west and Burme in the north-west covering an area of about
236,800 8q.Xu, The 1985 oensum estimated the total population at areund 3.6
million- with an anmual growth rate of 2.9% .Around 85% of the people of
180 PIR live in villages ocutside the main urban and seai-urbam area, The
average dansity is 15 persons per sq,.@m, About two thirds of the country is
forest and moumtain,
~The topographioc pattern is that three fourths of the coumtry is mountainous
(north, northeast and east) and one fourth is the plain of the Mekomg river
(centre, wost and south), which originates in China and flows through IAOS.
. ~The inoomiry transportation land roads are diffioult, The main roads for
all year practiceadle are Route 13 which runs from Iunangprabang in the north
to the south of the country and Route 9 from Savarmakhet to the east, Only some
parts of the northern roads ocan be useful, And during the rainy season, many
roads which take to the Rast are impractioceable, The transportation by the river
is mainly possible from Vientiane to Savannakhet or to Iuengprabang or up to
Bokeo.In the other parts of the country, it becomes more difficult especially
during the wet season due to the low level of the water .,
~she oountry is divided in 17 prowinoes,i12 districts snd more than 11 000
villages, There are 3 ethmioc groups and 68 minorities living in varions pert
of the oountry and eamning thsir life by rice planting snd animals ralsing for
those etimioc groups who live on the plains of the Nekong by shush and dum
oultivations for other different minorities who used to be the migrant moun-
. tainous people, -
Rach minority people have their own way of livings, traditions and langages,
Bt the official language is lao,
~The weather of the 1a0 PDR is composed of 2seasonsy
~Dryseasons, from December to May, The weather is hot from the end of February
to Nay, the cold weather is short, from December to February,in the northern
area, mountainous areaj in the northern east of Xiengkhouang platesu, and one
area in the Borovenh plateau in the south the weathar is very cold, in some
years till 0°C or below than this and tekes times,
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-Rainy season: The weather is hot and takes times,starting from April

to November, Sometimes, some years there is flood., In some areas, the
density of the rain throughout the year is 600=2000 mm,Because of that
tropical weather, there are developments of the vectors and becoming the

most simple sources of infections into the humain body.

Host of diseases occur:
1) ¥alaria im the number 1 killer of the humain body more than the

2)

3)

L)

others, which occur as endemic throughout the country, specially in
the country.
The diseases of intestinal system: Most of them are intestinal

bacterias which cause diarrhcea in the community in both areas, in
the town and in the country. The cause of these diseases are fronm
contaminated food and dirty vafor. specially E, coli, Shigella
dysenteria, Salmonella typhi,paratyphi. Beside from these, there are
still other instinal parasites and other infectious parasites such
as: Ascaris, toenia, ankylostoma, strongyloid, trichiuris trichura,
trichinella, clonorchis sinensis, opistherchis, paragonimus ringeri,
schistosowa mekongi and mycosis...

Respiratory system diseases: which cause pneumonitis, c¢ough, pneumonia,

pneunalgia caused by pulmonary tuberculosis are still the most ocouring

in the community in both areas, in the town and in the country, In
the mountainous areas which the immunization programme did not reach,
there are still cases of whooping cough (Pertussis),

Other communicable diseases still remain such ast

-=Viral hepatitis HBs, Australian antigens still be found in the blood

dono 'r at 12« 13% or more than that in case of hepatitis.

~Encephalitis ajgue still remain many cases in the children, but, this

the types can not be classified.

~Beside théa, there are still Dengue fever, Hemorrhagic Dingue fever

wvhich already have been occured as endemic in LAOS for two times
causing death of many children in the big city (Vientiane) in 1934,
and in Pakse,and Savannakhet in 1986,

~Heasles remain the problem in the mountainous areas which the immu-

nization programme did not reach yet, and there are still many cases
of other diseases,



=Cynecological diseases, because lack of personal hygiene, lack of
health education, low education, late sustom and lack of services

of clean water for bathing and for washing, mortality rate of the
naternal and child are still high, specially the mortality rate of

the children under one year of age is 117 per thousand, the average of
of life is 50 years.

Becauze of the mentioned situation, it makes the incomplete participa~
tion of the social, the development of the socio=economy is still very low,
the average incomes per person is about 202 US dollars, specially the
doviloymcnt of Drinking water supply and sanitation in the country, is not
smoothly done due te low grade of the community participation, the Adminis-

.tutin committee have not cooperative funds, the communication is not
foasible into every where, etc...
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fost the technicians trained, - er> emphasized into the arrsngemenc for
water susply ., Water on the traindng were slightly orientated to the treatment of
the water ;upply guality. In the trestment of water supply quality,was uded the
cheration method ( Chlorination test . And in making concrete bowlrseafSlatrine .

"FLATION BPTWEEN ENVIRONMENTAT, SANTTATION AND DRINKING WATER SATETY:

In LAO P.7, , even thore ia exnansion of heavy industry, ! ut the preventi.

avetem ant the treatment of Jirty water Ia the city were not yet well organized.

fw
“ven the dsngerous - "of the chemical compounds were still at low level ,bur

this mater isg under study for the rolution of the prevention “he ddirt of the

w

vater en-the gurfafe of the grodp\atill wixed together with general environment
o f e dd
such as the water flow frowm the mountains is dirty w ;e animals. The

community In the country is affected hy the varlous diseases ac mentioaed ir.e

generalityv , Te causes of these diseases are because of inguffilency of water
supply throughout the country as a whole . Tn dry season the population in the
£lat field still lack of ‘rinking water for 4=-5 wouths . “he finding the sources
of water is faraway more thar 2 ¥y , "f 24rpine the well {8 too deep tore than

10~-15 meters to reach the level of the hig river ., :r if thav can reach, they have

reck
to past the hard sub-:0il . In some areas are Jryv , and some are saltyground .
Paalth education still hrg shortege the Tne avay habllants nre low eduentel |

"niling water before drinkiang can not be done in evary house .

Water qualitvy control can nat be done throughout everywhere, only in some
regeous such asg

1. WATER SOCIFTY. { V&M PAFL LAO )

—t i

! Ve PRt
Has examined some daily water productd *n industvry, especiklly inxt&in§

|
. . |
season + In yyie case , the anelynie dcne as Pollows: |

~urbidimatry

~Color

wJozr test

-DH

~Chlorination teut

- Yarincess

~Neoteriological anplysis

« pnd some other clhenistry,.,



SIMMARY REPORTE

After Organizing the Directorat for Water supply and sanitation under the
supervision of Ministry of Health and Social Welfare of the LAO.P.D.R., and with the
equipments and supplies and technical assistance from the International Orgaunization in
LAO0 with the present eof UNDP,: NICEF .WHO. and other NGO'S which has been established
from 1982 te the present .,

UNDP began to assist in training workers inside the country and abroads ; seme equip-

ments and supplias , together with technical consultant .

WHO also has assisted in training workers, and technical cencerned .

UNICEF also has assisted in provision the equipments and supplies majority for couns-

truction and supervision the technics
- Yeon GCevernmental Organixations also have assisted in some materisls and technics .

I._Punctloas of the project.

.~ Organizéng and selwing for services of clean water in the country and responsible for
\.-C\.b'(‘\lv—h-

environmental sanitation by motivating the availability of the setiet .

~ In the city { town ) is the responsibility of the water Society ( NAM PAPA ) belongin;
to the Ministry of Construction .
- "N TRE PAST.
1) NAM PAPA Society has been constructed in providing clean water supply in the
town such-as .
g
- two 5untkssin Viemtiane Municipality
e
- Cne tgbk in Luang prabang province
- Cne Jnnk in Savannakhet previuce
o
- Ona tjgt‘in Pakse
Sy lon
- ona tank in Xay district, Oudomxay province
5.2) Directorat for water supplv and sanitation has had arrangement for water supply arg
follows :
"""-’5
- nore than 16,86 wells with good enousgh of standardized concrete bleck and with
wore than 337,000 utilizers .
= Tlovimyg water systen more than 127 dams to confine water have been constructed
to allow the alow flow of water from the mountain , or from the small river on

E W
the mountain by the connection the Qﬂgborwﬁgia to the villager at the bottom, nd

there are more than 190,500 utilizers ,
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Pesfonated vell system . there are 478 of the old ones,and 33 ef the new ones,

Réside from that,there ata seil private wells which are cerrect amd
incorrect technics dome and mest of villagers are living aleong the wountains
basing te utilize the water flow from the these mountains througheut the year
or sovme have digged the wells along the bordar of the swall and b:lg’%:l.vn'l
as pessible,and eut eof those were living thiough the flet f;eld along the
river utilisze the water frem those river .

Genarally , thers are utilized *f.4ifferent system of wells as fellows :
- 337,000 pesople have utilized vater from standardized c.mcm.fxu-..
~ 190 500 pesple have utilixed tha tdew vntcr%,(ﬁ;;;ﬁ’%“hjo mountaing .
- 126 100 pesple have utilized pnga?iud vgll vater.

The tetal of utilizers is 653.600,cequals to 16 I .
~ These whe have the private wells are 350.000 peoplas,2qual te 3-10 X
- The utilivers of WAM PAPA in the city frem & 1’2’3"3‘ in the whols ceuntry

equals te 4 X . -

Total in parcentage @

= Frem THSS 16%

= Freom private ceastruction 8%

- Frem water seclety 4%

Tetal...ioeoes 28 X

ARRANGFMENT ACTIVITIES FOR THE AVAILABILITY OF THE YOILET.

In the past , because lack of metivatien , health educatien,snd lack
cellection for axasct data,especially in the country which has shertage of
water supply , and water supply is far away from the utilizers . ﬁt,bdor-
1981 wa have distributed many PVC seals of latrine,dus te lack of water :
suppjpy,these PVC sesls of latrine were impreper u-od.ﬁmdny after ;bun
is gradual expensien of DWSS,thars are many requests frem the provincial
administrative comaittees for the toilet bewls,but we stell have wery many
shortage of construction materials .

TRAINING OF TECHNICIANS

Ve have formed all technicians for § courses at different lewals,
In theses courses there was one B leval., There were formal technicians and
retraining.There wvera 230 people ware trained , but there are mers than

140 pasple enly remsining in the actual netwerk .
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‘ost the techniclans trained, er» emphasized into the arranpement for
water sunply . Water on the traindnpg were slightly orientated to the treatment of
the water Qupplv quality. In the rreatmenr of water sunnly cuvality,was nded the
chioration method ( Chlorination test . And in making concrcte bowlraeafglatrine

FLATION BVTWELEN ENVIRONMENTAL SANITATION AMD TTINKIVG WATER SATETY:

Tn LAO P.", ., even there i9 exnangion of *eavv Industry, ut the preventi..
avcten an? the ktreatrent of J{rtv water in the citv were not yer well organized.
. dvm .
ven the Jsugerous : the chemical compounds were ptill at low level ,lut
this mater ig under ztudy far the colution of the nrevrention he Tirt of the

(s
or i .
water on—-the surfaer of the grad?\stlll uixe? tosarher with general environment

such as the water flow Trow the mountains s dirty wik . animals. The
community In the country is affected by the varilous diseases ar mentionred in the
genevality , lie canres of these Jis2aces are bpcaure cf insuffiency of water
supply throuphout the country =s a wrole . In Jdry sceasen the population 4n the

p

Flat field stil1Y luek of ‘rivkin. water for -5 poaths . he fivdine the wo roes

of water is farpwavy wore ther 2 ¥r , " 24coin~ the well i tono leern ore thran
. - 13

10-15 meters te resct the level ~f tra his river - 1Ff thev can reachk thev have
reck .
to past the hard sube:0il . In some areas are 'rv | and come are saltygreund

L}

I'malth education sti”! heg shortope the Tov peny Yoviiants are low elucate!l
“niidue water before drinkiag can not be done 1o evary house .
Watar qualiry contrel car rat beo Jlone throughout everywhere. only in sone

regeouns such as

1. WATTE SOCIFTY. AN PADL Lac )

Akt
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Hae exarined some daily water pro’vetd o | Dagtvy, egpecially trradind

Seagon . | \ o
N ihie case , the rrelveis done as Yollowa:

~murbllinotry

~Color

~Jare test

-aTT

~Chlorination test

- Nardness
~Tecteriologiosl anplysuis

-

- ond gome otlhor chucnistry...
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2. Laboratorysof drrigation Department 1R& Malysad Wi gpauund waiyr

as the najority.

«Sampling programme and analysist

For water samples, they collected at 9 stations
3 at the main river (Mekong)!

~luangprabang
«Vientiane
~Pakge
6 at the Tributaries:
-Nam Ou at Luangprabang
=Nam Ngum at Thalath below the dan
«Nanm Ngum at Tha-Ngone
«Se Bang Fal
=Se Bang liieng
=S¢ Done (Pakse) .

'Froguonczs For water chemistry analysis, samples are taken once =
a month,

-Analytical and control procedures:
Three years of experiences has been gained, from the analyses

about 20 parameters of importance for water quality. Fecal eoliforms
and Fecal atreptococci concentrations of sediments and identify the
muebers of individumls and of species of bottom fauna,

~Concentrations of substances:

Yajor constituentst

Ca + ¥g and Alkalinity are the dominant ions at all ¥ main river
stations., This is due to the influence of limestone. In the southern
part, in Hekong at Pakse the concentration of Ca + Hg and Alkalinity .
are lower than those at Luangprabang and Vientiane.

Ca + Mg and Alkalinity are the dominant ions, it is due to <the
limestone, at Nam- OQu, also at Se Bang Fai and at Thalath Nam Ngum,.

There are two capable laboratories for water analysis in the
country, in our National Institut of Hygiene and Epidemiology, and
yrovincial laboratory in Savannakhet; the water that have been analye
zed, most of them from the private and public wella, the feoal coli
and other coliforms have been found in many water samples. This rasule
ted from unsanitary well,which lack of cover, there ias infiltration
of dirty wvater into the ground, it has no drain lack of canalization
of waste water , the concrete ring well has not been Jointly pasted,
80 that, there are spreading of bacterias into the well, Actually, wve
want to expand our capable laboratories, but we hawve shortage of
hulleata.,
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Regarding the community health, we must educate the publies to voil
the water before drinking.

The chemical analysis of the water from different sources which
have been done in lLaboratory of the Irrigation Department shown!

~Shallow wells and bored wells: the water from these sources were
analysed and found Fe,and some areas present with numerous quantity
of NaCl, and some are NOp, NOz,

«Yater from gravity flow systemt: many areas found numerous quantlty
of Ca, Mg which cause thick rust obstraction the pipe during a few years

of service,

To prevent diseases caused by the dirty water, National Imstitut of
Hygiene and Epidemiology have proposed the following directives:

~DWSES is trying to expand this programme as many as possible
throughout the country, In theae directive the treatment of the ground
wvater (Ring wells or dug wells ) to avoid the contamination from outside

-~Expansion of the manual bored well teans, '

=Spring proteetion

~Health education on drinking water supply service and participation

to this activity.

To be able to do this task, the technicians at eentral, provincial
and district level must be trained and continued the training course.
And thia kind of funds is to be increasingly requested,

$Institute of Hygiene inspection:
Thes institute to set up for the expansion of water capably analytic
laboratory throughout some points as follows:
~At Central level, in Vientiane
=At mid~land, in Savannakhet prowvince
=At southern-land, in Pakse
=At northern~land, in luaangprabang...

*Environmental achievements

Spread of Environmental Action:

1) Water: We have not yet organized the operation, only to supply
water , but not for the achievement to operate the preventive

measure programmes against the polluted water from ile environments,
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*Wegtage destruction areas:

Still laek of destruction system, Only at Km 20 far away from
Vientiane has been allocated for destruction area. The soiled westages
were improper dissiminately thrown, only burning at the middle of the
ground and resulted the diffusion of the smoke and dirty edor throughms
out the areas. If it rains, in caso of cannot burn, it leads to be
fermentated, spoiled and flown throughout the field with serutching
of some animals,

In general view, we are lacking of technicians to supervise the
preventive organization methode and some funds to support its complets
construction system to be able to dot

~proper collection of the vestages

wtaking out and means of transport,
=destruction of the westages,

Regarding the sewerage remains problems to be paid attention .
there was no systen of seweragdd of dirty water served by household
from the town yet, the canalization system of dirty water from the
town is still difficult, mesulted to the congestion the dirty water
served by household flowing over the roads which cause the contamina
tion of the general areas.The waste water which have been served 1
from hospital, from housshold, throughout the small industry in the f
in the town are notb sewered or extracted separately the dirt. Some~
times only earaliging to the rice field or directly to the riwver:

«We are ladkiug of techniciuans t¢ szet up the preventive measures

-We have ghortage of preventive equipments and materials

=lack of funds to support the complete construction system to do

the sewerage

Generally, nothing done on this matter,
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1. COUNTRY PROFILE

Malaysia chmwises the Malay Peninsula, . Sabah and Garawak
covering a total land area of approximately 330,433 sq. km. and

populated by about 17 million people. A map of Malaysia is provided

in Appendix 1.

Peninsula Malaysia extends some 740 km from Perlis in the north
to the Straits of Johor in the south. It consists of eleven states
namely Johor, Kedah, Kelantan, Melaka, Negeri Sembilan, F’ahéu'.\g,
Perak, Perlis, Pulau Pinang (Penang), Selangor, Terengganu as well
as the Federal;Territory of Kuala Lumpur. The Peninsula’s coastline
extends for 1930 km and is separated from Sabah and Sarawak by

about 330 km of the South China Sea.

Sabah and Sarawak stretch some 1120 km from Tanjung Datu
(Sarawak) in the west to Hog Point (Sabah) in the east and have a

coastline of around 2233 km.

Malaysia just as the other countries in the region is affectec
bv communicable diseases namely cholera, typhoid, dysentery and
vical  teparitis, sewever, epidemiological studies have not  beer
able to clearlv determine the cause as definitely waterborne. Manv
other  tactors are involved including contamination of  food, OO~
personal hygiene et-. Nevertheless, there ie evidence to show  that

water resources are being increasingly polluted and this definitels

POLES NOtentila. dissase threat to large sections of the population.



Appendix 2 shows the trends of waterborne diseases from the
year 1976 -~ 1988 while Appendix 3 shows the number. of cases and
deaths (shown ;n brackets) for the year 1988. It sﬁoul& be noted
that the number of deaths is small compared to the number of cases
and this is perhaps a reflection of good treatment and after care

nursing provided by  .the medical services.

2. NATIONAL,  POLICY AND PROGRAMME OF ° DRINKING WATER GUALITY

MONITORING AND SURVEILL ANCE

2.1 National Policy

Although the medical service is efficient, it is the national
poiicy to raise the standard of health of the people by reducing
the incidence of communicable diseases. Several programmes have
been formulated and implemented to achieve this, one of which 1is
the National Drinking Water Quality Surveillance Programme which
was launched 1n 1983 under the auspices of the International

Drinking Water Supply and Sanitation Decade.

Malaysia“s policy is unique in that health is a federal matter
while water comes under the authority of the State. As  such  tre
Ministry of realth has control over its State and District Healtn
Offices in all matters pertaining to health. The Public Works
Department Headquarters on the other hand, carries out research,
identifies and appraises new projects and provides technical
standards on water supply equipments, water treatment design 04
water Installations and facilities, while funding and operation are

controlled by the State government.



The national programme bas targeted 1990, the end of the

International Drinking Water Supply and Sanitation Decade for the

! . 3
successful completion of all S phases of the programme as outlined

in Appendix 4.

The scope of the programme covers all public water supply
systems in the country which includes :
i) urban public water supply systems
ii) rural public water supply systems
iii) privately owned public water supply systems and the remote

rural public water supply systems.

2.2 Leqgal Provisions

A lack of legislation for enforcement of the National Drinking
Water Quality Surveillance Programme did not  deter its
implementation. Instead, existing legislation was made use of to

enforce various aspects of the programme i.e.

1) Envirerwmental Quality Act 1974 (Act 127). The Department of
Environment, Ministry of Science and Technology is regponsible
for enforcement of the Act and is empowered to prosecute  any

agency or organisation found to be polluting the waterways.

i1) Food' Act 1983 (Act 281) and Food Regulations 1985 (P.U. (A)
437/85), Although the Act does not have a direct bearing on the

National Drinking Water Quality Surveillance Programme 1t



iii)

nevertheless empowers the Ministry of Health to prosecute any

persons who sell, use, cause or permit to be used any water,
r . .

ice or steam in the preparation or manufacture of food unless

that water, ice or steam complies with the standard prescribed

in the regulations.

Workers (Minimum Standards of Housing) Act 1966, This Act
enforced by the Ministry of Labour ensures that the minimum
requirements of housing which includes proper sanitation and
water supply are provided by an employer. Thus this enables the

Ministry of Health to extend its National Drinking Water

" Quality Surveillance Programme to private water purveyors thus

2.3

for
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ensuring the quality of water supplied.

National Drinking Water Guality Standards/Guidelines

The drinking water quality standards enforced by Malaysia are

the main adopted from the WHO Guidelines for Drinking Water
lity 1984, For those parameters not listed in the WHO
delines, standards from countries such as mg,trali.a;, Canada as

1 as the USEPA were adopted and incorpoirated into the Malaysian

Guidelines for Drinking Water Quality.

2.4

Agencies Involved

The Malaysian National Drinking Water Quality Surveillance

Programme requires inter-agency cooperation with the Ministry of




Health taking the lead role as the surveillance and coordinating
agency. This rc'espu'\sibility is undertaken by the l{\it c:# Drinking
Water Quality Surveillance Programme of the Engineering Services
Division, Ministry of Health through the State Medical and Health

Services Department and the District Health Office.

At the federal level, the Water Supply Branch of the Public
Works Department Headquarters is responsible for all matters
pertaining to water supply. The responsibilities are executed
through the State Public Works Department or State Water Supply
Department and the District Public Works Department or District
Water Supply Department. However, in two states namely Malacca and
Penang, as well as some districts of Sarawak, Water Boards have
been established to undertake the responsibilities of water supply.

The State Public Works Department and the State Water Boards are

the main producers of water supplying 777 of the nation’s water

require&rents. They provide treated water under pressure to urban

and rurdal areas.

However in the more remote rural areas the Ministry of Health
through its State Medical and Health Services Department assist
these communities in obtaining sufficient quantities of untreated
water. The other agency involved in supplying water are the private

purveyors e.qg. in estates and mines.

The analytical function is provided by the Department of
Chemistry and its 8 regional laboratories while pollution control

through the Envirormental Quality Act of 1974 is enforced by the



Department of Environment, Ministry of Science and Technology

through its 7 r(?gimal offices.

Figure 1 shows the various agencies ang the administrative set-
up of the various agencies involved in the National Drinking Water
Quality Surveillance Programme as well as the inter and intra-

agency relationship.
In the case of private water supply systems, cooperation +rom

other agencies such as the private water purveyors and the Labour

Office is necessary.

3. DESCRIPTION OF PROGRAMME

In Malaysia, monitaoring of drinking water quality has been
carried out for the last S0 years. However the high incidence rate
of waterborne diseases (about 2600/100,000 population/year) 1n 1982
prompted  the Engineering Services Division, Ministry of Health to

review the existing Drinking Water Quality Monitoring Programme.

Several shortcomings were identified and the conclusions drawn
were that the existing programme was found to be inadeguate in  the
“face of the developments that have taken place in the discipline,
as well as the increasing demands on our water sources and water
Supply sSystems resul ting from increase in urbanisation,
3dustrialisation and agricultural activities which is  further
compounded by a general lack ot centralised sewerage treatment

facilities throughout the country.
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Thus in 1983 a reformalisation of the existing programme was
undertaken and, a Natiohal Drinking Water Q;ali,}:y Surveillance
Programme was established with its primary objective defined as
follows :-—

* To raise the standard of health of the people by ensuring the

safety and acceptability of the drinking water provided by

the consumer."

Yo achieve this objective the key elements of the National
Drinking Water Quality Surveillance Programme provide a continuous
and vigilant public health assessment and overview of drinking
water supplies. These key elements are :-—

1) monitoring

1i) sanitary surveys
i1ii) data processing and evaluation
iv) remexiial action

v) institutional examination

As mentioned earlier, there is no legislation for the programme
and thus the successful implementation of the programme relies on
the cooperation of the agencies involved. The activities o; the
programme are Jointly carried out by two or more agencies to ensure
the relevant  laws and reqgulations as well as the quality

requirements are enforced.

For example, monitoring is jointly carried out by the Health as

well as the Waterworks personnel and thus any deficiency in  the



quality of water can be immediately rectified to conform with the
standards as required in the National Guidelines for Drinking Water

r
Quality.

Sanitary surveys are also jointly carried out by the Health,
Waterworks and the Department of Environment. The Department of
Environment is then able to see the effects of pollution on the
entire water supply system from the source to the distribution, and
enforce the Environmental Quality Act accordingly to lessen the
stress on the treatment plants and thus improve the quality of the
water. Sanitary surveys on the treatment plants and distribution
will allow all agencies to make recommendations for improvement in
the treatment, operation and maintenance of the treatment plants

and reticulation systems.

Three documents were also prepared as a guide to Public Health

and Waterworks personnel. They are :-

i) the ."Natimal Guidelines for Drinking Water Quality'" which
lays out a set of criteria, standards of quality and
requirements of public water supply systems for maximum
health protection.

1) the ‘“National Programme on Drinking Water Quality
Surveillance' which is a workplan aimed at accomplishing the
objectives set aut in the National Guidelines.

1i1) the “Manual on Drinking Water Quality Surveillance" which
describes the standard procedures and methods in fulfilling

the requirements stipulated i1n the National Guidelines.



A federal inter—agency committee was formed to discuss the
three documents for adoption and implementation. Followihg the
adoption ;:f the three documents at the federal level, a national
tr;aining course was organised to train "“trainers" from the

relevant federal and state agencies.
3.1 Phase |

As shown in Appendix 4 the first phase of the programme aims at
congsolidating and reformalisation of all urban public water supply
systems. This 1n effect covers all State owned water supply systems
which also servés some rural areas. This first phase was initiated
with the implementation of a pilot programme in the State of Negeri
Sembilan after which a séccnd pilot programme was launched in the
State of Kelantan. Before the launch of each pilot programme, a
workshop was conducted to train and to formulate the State Drinking
Water Quality Surveillance Programme. This formulation of the State
Drinking = Water Quality Surveillance Programme was carried out
Jointly with the cooperation of all relevant district and regional
agencies. After the formulation of the State Drinking Water Quality
Surveillance Programme, a State meeting was called comprising of
representatives from all four relevant agencies including the State
Secretariat and the Federal Ministry of Health. The State Drinking
Water Quality Surveillance Programme is then officially adopted by
the State government after which implementation of the programme
begins. This procedure was adopted for the implementation of the

programme  throughout the country.

10



3.2 Phase 11
P -
Although Phase 11 of the programme was scheduled to begin by
1986/87 it did not begin until mid 1988. Phase 11 of the programme
was initiated with the implementation of the programme for

"Investigation and Upgrading of Water Quality in Estates".

There are 1306 estates in Peninsular Malaysia and 336 estates
in East Malaysia each having a land area of more than 100 acres
housing in total e;-pnpt.xlatim of 447,315. Over the past few years
waterborne diseases have been reported in estates due to poor water

supply and sanitation.

A survey carried out in 157 estates found that 76% of the
estates were using private/individual water supplies provided by
the estate management. Although the treatment methods varied
depending on the estate management’'s capability, quality of raw
water and costs involved, many of the water samples taken were
found to be contaminated with faecal coliform organisms, besides

being aesthetically unacceptable.

A set of guidelines was prepared which outlines the background,
planning and selection of estates to be monitored and the
methodology of :investigatim a.nd analysis ta be employed. A
briefing of the guidelines was then giQm to the State Chief Public
Health Inspector who in turn gave a briefing to the relevant

district public hbealth workers involved in the programme. As with

11



Phase 1 of the programme, a monitoring programme was formulated by
tt:e state and djstrict public health personnel io cooperation with
the estate management, which in this case is the water mrveyor;
and the Labour Office which is responsible for enforcing the

Workers (Minimum Standards of Housing) Act 1966.

4. CLRRENT PRACTICES

4.1 Phase 1

Ideally the monitoring programme should cover the whole
water supply system, that is the source, the treatment plant and
the distribution system. Unfortunately due to the high cost of
monitoring, only the minimum required number of representative
points are evaluated under the National Drinking Water Quality

Surveillance Programwme taking into account the following factorss-

i) past experience, the frequency of outbreak of disease or
pollution, waterworks efficiency.

11) existing problems, the availability of manpower, funding and
laboratory facilities and also social economic, legal and

*

administrative limitations.

111) potential area; densely populated areas with poor sanltation,

industrial areas with beavy pollution, low pressure areas, dead
ends in pipe lines, etc.;

iv) climatic conditions; droughts and flood for example place
stress on  the waterworks., Therefore the programme  should
provide for more stringent monitoring during these times. This

is also true for wells which are likely to be contaminated by

12



flood waters,

V) population ,distribution and geography; the.  popylation is
normally not evenly distributed in a particular geographical
area therefore the sampling points should be selected based on

population distribution rather than purely geographical.

The sampling points were then sited to be as representative of
the water supply system as possible, taking into account the

factors mentioned above so that contamination can be isplated.

To obtain the most accurate evaluation of water quality,
sambles are drawn where possible directly from the mains. Permanent
sampling stations with the following features are being installed

throughout the country for this purpose :

1) the station must be directly connected to the main, with the

shortest possible length of pipe;

ii) the connecting pipe, tap etec. must be made of corrosion and
heat resistant material;

1ii) the sampling tap should be within an enclosed metal or concrete
cabinet which can withstand. tampering. The cabinet must be
tightly sealed to avoid possible contamination of the water
supply through cross connection and, the unit must be selt
draining;

iv) the entire unit should be located in the street close to the

tapped main. It should be accessible at all times.

13



The frequency of sampling was determined depending on :

1) the pomlat{m served,

ii) relative importance of parameters concerned,
i1ii) relative importance of samplling station involved,
iv) complexity of water supply system,

v) past experience.

Estimation of the number of sampling points necessary for a

public water supply was calculated as ‘ol lows :

i) The number of bacteriological samples from a public water
supply system required for monthly examination is obtained
from the graph in Appendix 5 which depends on the
population served by the water supply system.

i1) This number divided by the interval of sampling per month

should yield the number of sampling points required.

For uniformity, an assumption was made that all samples are
to be examined weekly and therefore the total numnber of sampling
points per public water supply system should approximately be one

quarter of monthly total samples required.

Appendix & shows the frequency of sampling of the various
parameters at  the respective sampling stations while Appendix 7
shows a schematic of a model urban public water supply system.
Appendix 8 gives the list of parameters and the parameter grouping
tested for under the National Drinking Water Quality Surveillance

Programme,
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Under Phase I of the programme, the Department of Chemistry
analyses for bot.h bacteriological and chemical paraqeter_,s while the
physical analysis for residual chlorine and pH are done on site
using field test kits. The methods for analysis employed by the
Department of Chemistry and its regional laboratories are those
recmnmdéd in "Standard Methods of Examination of Water and Waste
Water" by the American Public Health Authorities and American Water
Works Association. The Department of Chemistry and its regional
laboratories are also responsible for providing proper sampling

bottles with the appropriate treatment to the water sampler.

The water sampler is required by the National Drinking Water
Quality Surveillance Programme to be a trained Health Inspector,
who should be accompanied by a Technician or Technical Assistant
fram the Waterworks. This would then allow rapid remedial measures
to be taken especially in the case where analytical results

obtained on site shows non—tompliance of the standards.

Under Phase I of the programme, routine sanitary surveys are
required to be carried out once a year. However when regular
monitoring warrants an investigation, a sanitary survey is carried
out as part of the remedial action plan to help in identifying the

cause as well as the source of sanitary deficiencies.
Sanitary surveys, as mentioned earlier are to be conducted

jointly by health, waterworks and environment personnel. This

involves the District Waterworks  Engineer, the Regional

15



Environmental Officer with coordination provided by the State
Public Health E?gineer, the District Medical Offjcer of Health and
the District Health Inspector who is directly responsible for

surveillance of the water supply systems in his district.

Procedures for ‘remedial action, without which would render the
monitoring programme futile, is also outlined in the Manual on
Drinking Water Quality Surveillance. Different data flow and
remedial action mechanisms are employed depending on the nature of
data generated from the monitoring and the' subsequent health
effects it might have on the ﬁmsumer‘s. Appendices 9 — 13 show the

different remedial action response mechanisms that are to be
employed.

Data handling involves a three tier system in the case of the
Ministry of Health and the Public W'D'"kS Department, where all data
are compiled at the district level ‘and forwarded to the State
Office. The State Office then compiles all data from the various
districts and forwards a monthly ,sMr‘y report to the Federal
level. In the case of Department of Chemistry and the Department of
Environment, most of the data are confined only to the regi.onal
offices. A yearly report on the National Drinking Water Quality
Surveillance Programme is prepared annually b;/ the Federal
Ministry of Health and circulated to all the relevant federal

agencies concerned.

16



4.2 Phase 1]
I3 -

As outlined in the Manual on Drinking Water Quality
Surveillance, every rural or privately operated public water supply
system has to be sampled at least once every two years. In the case
of villages, the sampling interval will be half yearly. However due
to constraints which will be explained in section & of the report,
Phase Il at present is confined only to the programme for

Investigation and Upgrading of Water Quality in Estates.

The programme requires each estate water supply system to be
nm:.tored over a period of six months at two monthly intervals.
Each monitoring or investigation requires sampling and analysis of
water samples as well as a sanitary survey to be conducted. From
the observations made and from the analytical results obtained
after each investigation, a recommendation for upgrading the water
supply system, be it intake location, treatment methods or

otherwise, is to be given to the estate management.

At the end of the six month investigation, a report is to be
compiled by the District Public Healtbh personnel which 5!'0.{1(:1
include :-

1) basic data on the estate monitored

11) sample location and analytical results

111) observations made during the sanitary survey

iv) data amalysis

v) recommendations made to the estate management

vi) improvements made by the estate management.

17



The completed report is then forwarded to the State Medical
Health Office and the District Labour Office as well as the Federal

Ministry of Health.

Analysis wunder Phase Il of the programme employs field
testing equipment for physical, bacteriological as well as chemical
analysis. Where necessary, samples are sent to private laboratories
accredited by the Department of Chemistry. All costs for analysis

are borme by the Estate Management.

3. TRAINING AND DEVELOPMENT OF MANPOWER

Appendix 14 lists the major categories of staff of the various
departments. involved 1in the National Drinking Water Quality

Surveilillance Programme.

The Enginnering Services Division, Ministry of Health with a
unit comprising of a Biochemist, a Microbiologist and a Public
Health Engineer is responsible for the nationwide coordination and
implementation of the National Drinking Water Quality Surveillance
Programme. The State Medical and Health Services Department of
which there are thirteen has the responsibility of coordination and
implementation of the programme at the state level. This
responsibility islundertaken by the Deputy Director for Health who
1s assisted by his State Public Health Engineer, State Chief Health
Inspector as well as a Senior Health Inspector. There are a total

of 100 administrative districts, some of which may have two or more

18



health districts. Each administrative district is headed by a
District Medicgl Officer of Health who will have a4 minigum of one
Health Inspector in each health district. Together they are
responsible for the formulation and implementation of the
programnme. Depending on the workload and the extensiveness of the
water supply system, the Medical Officer of Health may appoint more
than one Health Inspector for the implementation of the programme.
In the Federal Territory of Kuala Lumpur and other local authority
areas, the Health Inspectors of the City Hall/Local Authority Areas
“assist in the monitoring as well as the data evaluation and

remedial procedures that it entails.

Like any programme, the National Drinking Water Quality
Surveillance Programme requires proper training of persomnel as one
of the prerequisites for its successful implementation, Since most
of the existing staff already have the basic qualification and
field experience, hence only short, inservice training courses were
conducted, first to highlight to them the various aspects of the
National Drinking Water Quality Surveillance Programme, and later
to keep them abreast of the developments and practices in the

discipline.

The training courses that have been conducted since the
reformalisation of the Mational Drinking Water Quality Surveillance

Programme in 1983 are as follows ¢

i) a five day National Training Course on Drinking Water Quality

Surveillance was conducted by the Ministry of Health with the
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ii)

iii)

iv)

v)

vi)

assistance of three WO consultants. The course was aimed d__.‘i;:_t
training the relevant staff fram the federal_anq sta“te agencies
of the Public Works Department, Department of Chemistry,
Department of Environment and the Ministry of Health,

The staff of the State agencies trained at the National
Training Course then conducted individual State Training
courses jointly with the Ministry of Health staff acting as
facilitators for the course. A WHD consultant was also invited
to give lectures on selected topics.

A training semimar was conducted to train the Health Inspectors
on the use of the Millipore Bacteriological Field Test Kit.

A Natipnal Sanitary Survey Training Course was conducted by the
Publlic Works Department and the Ministry of Health to train the
relevant federal and state personnel on all aspects of a
sanitary survey. The course required the participants to
conduct a sanitary survey from the source right to the
distribution system of a selected water supply system and to
prepare and present a report at the end of the two week course.
A one day briefing on data reporting and analysis was conducted
by the Ministry of Health staff for public health personnel at
the state ang district level.

One—day refresher courses were conducted from time to time on
the use of field testing equipment as and when requested by the

State Medic:al.and Health Services Department.

vil) Four regional training cources are planned for this vyear to

train and refresh the state and district bealth personnel on

the general aspects of the National Drinking Water Quality



Surveillance Programne. Besides the above training courses,

other prnj?cts have been carried out such as the transfer of

technology to the staff of the Ministry of Health for the

development of a chemical as well as a bacteriological field
test kit. This transfer of technology was carried out with
assistance from WHO/PEPAS consultants from the Republic of

China.

6. PROBLEMS

Somer of the problems encountered in the implementation of the

Drogranwue are as follows :

i) There is no direct provision to allow the Ministry of Health to

1i)

enforce the standards of water quality as stipulated in the
Guidelines {or Drinking Water Quality. This was overcome in
part by using the existing legislation as mentioned earlier,
and therefore necessitated the close cooperation between the
Ministry of Health and the relevant agencies empowered to
enfarce the Acts.

Insufficient funds and manpower limited the scope of the
programme as well as the number of samples and the freguency of
monitoring. Nevertheless the programme was designed to be aé
representative of a water supply system as possible with a view
to impr‘ovinq. the surveillance when funds and manpower permit.
The additionall échstructim of sampling cabinets as required
after the reformalisation of the National Drinking Water

Quality Surveillance Programme was phased in to lessen the
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iii)

financial burden. The restructuring of Phase II of the

programme w?s also aimed at maximising the lémited manpower and
N

funds available.

Inadequate numbers of suitably trained and qualified personnel

on certain aspects of surveillance such as sanitary surveys was

. overcome by conducting suitable courses. However, before such

iv)

courses could be conducted, initiative had to be taken by the
staff of the Unit of Drinking Water Quality Surveillance,
Engineering Services Division, Ministry of Health to learn as
much as they could through self and on-the~job training.

The Department of Chemistry and its regional laboratories were

“also found to be inadequate in catering to the analytical needs

of the programme in terms of manpower and equipment, thus
impairing the efficient surveillance of water quality. To
overcome this, the Ministry of Health conducted a study on the
shortcomings of the Department of Chemistry and its impact on
the programme. A repart and working paper was prepared and
submitted for the upgrading of the Department of Chemistry to
cater to the needs of the National Drinking Water Quality
Surveillance Programme. In the meantime, the Ministry of Health
purchased the chemical field test kits from the Republic of
China with the assistance of WHI/PFEPAS and the Millipore
bacteriological field test kits for use in analysis of water
samples under Phase 11 of the programme. Where required, water
samples were sent for analysis to  private laboratories
accredited by the Departmnet of Chemistry. Thus the Department

of Chemistry and its regional laboratories were only required
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to analyse water samples for Phase I of the programme.

Because of fhe amount of data generated throughout the country,
analytical analysis especially at the federal lewel was made
difficult with the limited manpower. As such a computer
programme was formulated using DBase 111+ to handle the data.

To lessen the amount of paperwork of the health personnel

responsible for sarﬁpling, preprinted computerised formats were

sent out for data entry and compilation.
Many of the treatment plants are being run by insufficiently
qualified plant operators and thus proper treatment and

remedial measures could not be conducted effectively. This

reflects the low priority given by the Water Authorities on

water quality since their major concern was the increase in

water supply. With the implementation of the National Drinking

Water Quality Surveillance Programme however, the importance of

water quality has been emphasised and thus proper training is

now being conducted routinely on all aspects of water treatn'ent‘
processes for: the benefit of the plant onperators. Where

budgetary constraints permit, technicians are now stationed at

treatment plants to supervise the operators on the proper

operation and maintenance. Nevertheless many of the treatment
piants are still operating under stress because of the high

demand for water.

The preé.ent‘ trend of waterborne diseases reflects the

unsatisfactory performance of the surveillance programme 10

meating its objective of providing safe and acceptable drinking

water to the consumer. As shown in appendix 1 there is an
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increasing incidence rate of Infectious Hepatitis and Typhoid
Fever in the country. This is due to the fact that the GState
Drinking Nazer Quality Coordination Comnittees.;are n;at playing
their role effectively. Many of these committees have not met

since their formation to.review, discuss and solve problems

related to the programme. To overcome this problem, the .

the State Committees are now required to meet at least once a
year while the District Commnittees are r;equired to meet
monthly. Directives to this effect have been sent out by the
Ministry of Health requiring the Deputy Director for Health of

the State Medical and Health Services Department as well as the

. District Medical Officer of Health of the District Health

Office to initiate and provide better coordination for the
successful implementation of the programme.

Some of the State govermments were not agreeable to approving
the adoption of the State Drinking Water Quality Surveillance
Programme. To overcome this, working papers were prepared
stressing the importance of the programme in meeting the
objectives of the national policy. Cases where outbreaks of
communicable disease have been directly linked to poor water
supply were also highlighted.

In many instances the Department of Environment is powerless
to enforce the Environmental Quality Act thus placing great
stress on the treatment plants. This is due to the fact that
land 1s  another matter which falls directly under the
Jurisdiction of the State govermment. However a seminar,

"Pollution of Water Sources" conducted by the Public Works

24



Department has helped to educate the policy makers of the State

government.,
[ 4 = L
7. SUMMARY AND CONCLLUSION

The Natiomal Drinking Water Quality Surveillance Programme has,
since its formulation and impl‘emmtatim achieved great success in
sensitizing water purveyors and policy makers on the need to
provide safe and wholesome water. The greatest success has been its
ability to bring together various departments and agencies related
to the povision of drinking water in a cooperative effort without
the need to enforce any laws or regulations. With the increase in
the water supply network throughout the country, it is anticipated
that this National Programme will be expanded and strengthened to
be able to continue being an important supportive programme to the
National Water Supply Programme. The next few years to come will
see the improvement of this programme through the use of moderm
technology such as computers, better management, information
systems and wider coverage of the programme in both urban and rural
areas. [t is hoped that the experiences gained in Malaysia and the
future developments will serve other developing countries and the

region towards the aim of providing safe and wholesome water to all

people,
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PHASES OF THE PROGRAMME

APPENDIX 4

Phase} Plan Time
I Consolidate the existing urban drinking water quality
. surveillance programme. by 86
i1 Integrate the isolated rural water supply systems and the
privately owned public water supply systems into the
programme. by 86/87
tI | Gather data on the suitability of surface and ground
sources for potable supply. by 87
IV | Develop a data processing system for on-going water
quality surveillance programme. by 89
\% Review of the whole programme in terms of cost and
effectiveness. by 90




POPULATION SERVED

APPENDIX §

|

MINIMUM NUMBER OF SAMPLE PER MONTH

1 2 3 45 10 5 100 500
1 000

|
1
i
|
|
10 000 \ i
\ i

\
Y i
1.000 000 W ‘\

10 000 000

Recommended minimum monthly samples per
population served by water supply (bacteriological),



APPENDIX 6

FREQUENCY OF SAMPLING

Stations Source | Intake | Treatment| Storage Distri-
Plant Reservoir | bution
Outlet Outlet System
Parameters* 001 002 003 004-008 | 009--025
GROUP | WM |W W/M WM M
A1 AR
GROUP I} M M M M M/Y
2
GROuUP (11 {2 Y2 Y2 Y/'_'/ Y2
Y Y
GROUP IV Y/2 Y Y WN WN
W = weekly D = daly Y = vearly

WN = when necessary M = monthly  Y/2 = semianually
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SCHEMATIC OF A MODEL URBAN PUBLIC WATER SUPPLY SYSIEM

_ AUNILIARY STAIOMS
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PARAMETERS GROUPING

Parameters Groupl | Group Il | GroupIll | Group IV Geowp V
. 7 '
Colif
o %
Turbidity
Colour
Residual Cl, ﬂ

Total dissolved solids

Carbon chloroform extract

B0OD
CoD

Detergent (MBAS )

Ammania (N)
Nitrate (N)
Fluoride

iron.

Manganese

Aluminium

Alkalinity (CaCoj )
Hardness (CaCo3 )

Chloride

Mercury
Cadmium
Selenium
Arsenic
Cyanide

Lead
Chromium Cr
Silver

Copper
Magne sium

6+

Zinc
Sodium
Sulphate
Phosphate

Hydrogen sulphide

Oil
Phenol
Chloroform

Biocide

7

Radionuckeides

7/
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MON - YIOLATION  REPORT

—— DATA  FLOW.

Pulic Works Deportrrent
»

Deposiment of Charmustry

APPENDIX 9

Deportment of Erwvvontment .

T

F.PWD

{

F. DOC

Slosge.|

|5

4 -
z 3
c,;bl,@l__.'

ame PRI O
DO —

! DCE

Sarrpe formms . 5y 55 5y
Comgpilation

Mail |

Transformat on.

Medical Otficer of Health
Mordbly summary mport form
Deputy Dwector of Medict and
Hedlth Services.

Health Ihapacior.

Research  OHioes

Annucl  reports

Anglyst

Engreer

Start



APPENDIX 10

-VIOLATION

REPORT DATA FLOW. [ Exceeding recommendsd leves ond mandatory lewds
bt nol inchuding those pommetsrs described unde
health imestigation  lewels. )
Ministry of Heath Public ‘Works Oepartrent . Departmers of  Chemistry. Departmert of Envionment. -
Ile*OS FPWD FOOC F DOE

Fedenal ! "

et |

%
S 0 SPWD RDOC RDOE
A

State { e

Ragorat| )& o) CH o

levet. @ e -

& 3 G
% T
DPWD l_____@___J
3 \ € —~ Engner.

ptrc i (%9 TA — Technical Assistant.

. A CR — Comection Report form.

&5 %h 1P — Trectmert Plart.

0S — Distribution System.

| L .
®! -%
=

s

A

A



VIOLATION

REPORT _ DATA  FLOW.

APPENDIX 11
A ———— S ————————— -

{ Excaeding Helth Iwestiggton s |

Public Works Deportment,

FPWD

Deparirrert of  Chemisy

FDCC

\
Fedax |
Shi
Sion /
Ragionat
el
District
el
M,
s
H

t

1P

DS

T3

ﬁtpatm o Ervmnment

FOOE

ROOE

THMR ~ Telephone Messoge Record

cL
S1

= Check List.



Mirvstry of Heqlih

(ad]

'
detml: [l
evel '

4

Q)
SMHSD ]

State / — 1
Regonal ! :J E
lew!

RESIOUAL _ CHLORINE DETECTION

MECHANISM

Publie Works Department

FPWD

SPWD

-t
-

Departrent  of  Chernestry

FOOC

{RO0C

Department of  Environmers

RDOE

RCF — Residal Chlonme Form

@ — HNom - violahwon  repost
(@) — Vidaton report

APPENDIX 12



Destrict
level

DETECTION MECHANISM  THROUGH  SANITARY  SURVEY
Mirustry of Hedlth Public Works Depariment Department of  Cherstey
(FPWD F00C
E
$ SPWD [RDOC ]
DPW
o < =Q
D
=10
De =SS
G e’

S5 — Sanitary Survey,

— Non-violation report,
Violatlon report.

Teparirrent ot

ROOE

L

APPENDIX 13
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APPENDIX 14

!
MAIN CATEGORIES OF STAFF Or THE
VARIOUS DEPARTMENTS INMOLVED
IN THE PROGRAMME
Department Category of Staff
Unit of Drinking Water Biochemist
Quality Surveillance, Microbiologist

Ministry of Health,

Public Health Engineer

State Medical and Health
Services Department.

Deputy Director of Health

and Medical Services

State Public Health Engineer

Chief Health Inspector

Senior Health Inspector (sanitation).

District Health Office Medical Officer of Health
Health Inspector

Public Works Department at Engineer

Federal, State and District Technical Assistant

level. Technician

Department of Chemistry, Chemist

Federal and Regional ievel Biologist
Laboratory technician

Department of Environment

Environmental Officer
Assistant Environmental
OfTicer
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I.

FEDERATED STATES OF MICRONESIA
COUNTRY REPORT
REGIONAL WORKSHOP ON DRINKING-WATER QUALITY MONITORING AND SURVEILLANCE
PEPAS, KUALA LUMPUR, MALAYSIA

27 FEBRUARY - 3 MARCH, 1989

Country Profile

A. Geography and Population
The Federated States of Micronesia (hereinafter referred to as the FSM)
is an island nation comprised of 607 islands that are spread across more
than 1 million square miles (2.59 square kilometers) of the Western
Pacific Ocean within an east-west chain of islands known collectively as
the Caroline archipelago. While the FSM is large in size, the total land
area is small, 270 square miles (699 square kilometers) with an
additional 2,776 square miles (7,190 square kilometers) of lagoons. The
607 islands vary from large, high mountainous islands of volcanic origin
to small coral atolls. Approximately 65 of these islands are inhabited.
The climate 1s tropical, with temperatures ranging from the low 70’s to
the low 90’s, mean humidity is 80%, and the average annual rainfal) is
162 inches (4,115 mm.).

The FSM is composed of four island states which extend from the Western
Carolines to the Eastern Carolines. These states are Yap, Truk, Kosrae,
and Pohnpei on which the national capital is located.

tach state is comprised of a state center, intermediate areas and with
the exception of Kosrae, outer islands. The state center is generally
the largest of the islands and is the center of commerce and government.
Approximately 32% of the FSM population in 1988 is projected to live in
the state canters.

TABLE 1
Geography of the FSM
State Land Number of Rainfall
Area Islands (Inches)
5q. Mile Number
(% of Total) (% of Total)
Yap 46 149 125"
(17%) (24%)
Truk 49 290 142"
(18%) (48%)
Pohhpei 133 163 190"
(49%) (27%)
Kosrae 42 5 190"
(16%) {(_1%)

Total 270 sqg. mi. 607
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TABLE 2
Population of the FSM
State Est. Population % of FSM % _in State % in Intermediate/
in 1988 Total Center Quter Islands

Yap 10,344 10% 23% TT%

Truk 51,098 51% 31% 69%
Pohnpei 31,750 32% 37% 63%
Kosrae 7,048 1% 34% 66%

Total 100,240

. Morbidity and Mortality from Waterborne D1seases

ranked second of all infectious reportab\e diseases (exceeded only by
influenza).

TABLE 3

Morbidity From Waterborne Diseases (October 1987-October 1988)

State Amebiasis Diarrhea Gastroenteritis Hepatitis A/ Total
Unspecified Number
{% of Pop)
Yap 55 0 913 70 1038 |
(10%)
Truk 018 677 474 5 2074i
( 4%)
\
Pohnpe i 257 1134 185 93 1669
: (-5%)
Kosrae 6 773 g4 35 908
(13%)
Total 1236 2584 1666 203 5689

Mortality figures for the same period of time show 13 deaths listed as
having gastro-intestinal infections as the underlying cause of death; 1

death with an associated cause from gastro-intestinal infection, and 3
deaths from hepatitis, in the FSM. Throughout the FSM, reports of d

aths

are very much underreported, especially deaths of young infants and
older people who are the most susceptible to these kinds of infectibns,
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I1I. National Policy and Programme of Drinking-water Quality Monijtoring and

surveillance

A. Policy and Provisions

The FSM Public Water Supply Systems Regulations were amended in 1983.
These regulations were developed to comply with the U.S. Environmental
Protection Agency’'s Safe Drinking Water Act, to allow the FSM to receive
U.S. EPA funds to administer the drinking water program., The purpose of
these regulations is “"to establish certain minimum standards and
requirements as determined by the FSM Department of Human Resources to
be necessary for the public health and safety to insure that public
water supply systems are protected against contamination and pollution
and do not constitute a health hazard."

These regulations also state "It is the responsibility of the supplier
of water to assure a quality of water supply that equals or surpasses
drinking water quality standards of the FSM."

The FSM National Department of Human Resources is responsible for
administering and enforcing these regulations, and receives assistance
from the State Environmental Health Offices.

B, National Drinking Water Quality Standards

. Maximum Contaminant Levels for Coliform Bacteria

a. Membrane Filter Technique

The number of coliform bacteria shall not exceed any of the
following:

(1) One per 100 milliliters as the arithmetic mean of all samples

examined per month.
(2) Four per 100 milliliters in more than 5% of the samples when
20 or more are examined per month.

. Fermentation Tube Method

When 10 milliliter standard portions are used, coliform bacteria
shall not be present in any of the following:

(1) More than 10% of the portions in any month;

(2) Five portions in more than one sample when less than 5 samples
are examined per month; or

(3) Five portions in more than 20% of the samples when five or
more samples are examined per month.

When 100 milliliter standard portions are used, coliform bacteria
shall not be present in ary of the following:

(1) More than 60% of the portions in any month;

(2) Five portions in more than 1 sample when less than 5 samples
are examined per montn; or

(3) Five portions in more than 20% of the samples when 5 or more
samples are examined per month.
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2.

4.

Maximum Contaminant Level for Turbidity

The maximum contaminant levels for turbidity in drinking water,
measured at a representative entry point(s) to the distribution
system, are:

a. One Turbidity Unit, except that 5 or fewer turbidity units may be
allowed if the supplier of water can demonstrate that the higher
turbidity does not do any of the following: |
(1) Interfere with disinfection;

(2) Prevent maintenance of an effective disinfectant agent
throughout the distribution system; or
(3) Interfere with microbiological determinations.

b. Five turbidity units based on an average of 2 consecutive days.

. Maximum Copntaminant levels for Inorganic Chemicals

Contaminant Levels (mg/1)
Arsenic 0.05
Barium 1.0
Cadmium 0.010
Chromium 0.05
Lead 0.05
Mercury 0.002
Nitrate (as N) 10.0
Selenium 0.01
Silver 0.05
Fluoride 1.4

The following chemical substances will not be present in a drinking
water supply in excess of the listed concentrations, where more
suitable supplies are or can be made available:

Substance Concentration (ma/1)
Chloride (as C1) 400
Calcium (as Ca) 200
Total Hardness 400 mg/1 as CaCOs

Physical Standards

a. Color will preferably not exceed 5 units and in no case exceed 50
units.

b. Taste will not be objectionable,

¢. Threshold odor number will not exceed 3.
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5.

Maximum Contaminant Levels for QOrganic Chemicals

Chemical Level (mg/1)
Endrin 0.0002
Lindane 0.004
Methoxychlor 0.1
Toxaphene 0.005
2,4-D 0.1
2,4,5-TP Silvex 0.01

Maximum Contaminant Levels for Radium—-226, Radium~-228, and Gross
Alpha Particle Radioactivity

a. Combined radium-226 and radium~228 = § pCi/1.

b. Gross alpha particle activity (including radium-226, but excluding
radon and uranium) = 15 pCi/).

Maximum Contaminant Levels for Beta Particle and Photon Radicactivity
from Man-Made Radionuclides

a. The average annual concentration of beta particle and photon
radioactivity from man-made radionuclides in drinking water shall
not produce an annual dose eguivalent to the total body or any
internal organ greater than 4 millirem/year.

b. Except for the radionuclides listed in Table A, the concentration
of man-made radionuclides causing 4 mrm total body or organ dose
equivalent shall be calculated on the basis of a 2 1iter per day
drinking water intake using the 168 hour data listed in “Maximum
Permissible Body Burdens and Maximum Permissible Concentration of
Radionuclides in Air or Water for Occupational Exposure”, NBS
Handbook 69, as amended August, 1963, U.S, Department of Commerce.
If two or more radionuclides are present, the sum of their annual
dose equivalent to the total body or to any organ shall not exceed
4 millirem/year.

Table A - Average Annual Concentrations Assumed to Produce a Total
Body or QOrgan Dose of 4 mram/year

Radionuclide Critical Qrgan pCi: Per liter
Tritium Total Body 20,000.0

Strontium-90 Bone Marrow 8.0
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I171. Implementation of Drinking-Water Quality Monitoring apd _ifegal Enforcement

While the supplier of water is responsible for assuring the quality of the
water supply, because the State Environmental Health Offices have mecre
laboratory capabilities, the Environmental Health staff perform the routine
monitoring of the public water supply systems, and notify the supplier of
the test results, along with recommendations for correction if necessary.

If monitoring results indicate a regulatory violation, the public water
supply system is notified of the violation and ordered to implement the!
necessary corrective measures. The public is also informed of the result
and provided with the necessary information to make their water safe to:
drink or of where alternate water supplies are available.

* A1l monitoring results are reported to the FSM Department of Human
Resources on a quarterly basis.

IV. Current Practices of Drinking-Water Quality Monitoring and Sanitary Surveys .

A. Monitoring Freguency

1. Coliform Analysis
According to the regulations, the supplier of water shall take
coliform samples at regular time intervals, and in proportion to the
population served, as follows:

Minimum Number of Samples

Population Served Per Month

25 to 1,000 1

1,001 to 2,500 2

2,501 to 3,300 3

3,301 to 4,100 4

4,101 to 4,900 5

4,901 to 5,800 6

5,801 to 6,700 7 P

6,701 to 7,600 8 @

7,601 to 8,500 9

8,501 to 9,400 10

9,401 to 10,300 11

Over 10,301 In Accordance with FSM
Regulations

2. Turbidity
Turbidity samples are to be measured at least once a day, at the !

entry point of the water distribution system.

3. Inorganic Chemicals and Physical Standards
After initial testing, systems using surface water sources are )
required to analyze for inorganic chemicals and physical standards
every year. Systems using ground water sources must perform the !
analyses every 3 years.
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vI.

VII.

4. Qrganic Chemigals
Analyzing for organic chemicals, after initial testing, is to be done

at least every 3 years for systems using surface water sources.
Systems using ground water sources are to repeat the testing at
intervals specified by the FSM Department of Human Resources.

5. Radionuclides
Radionuclide testing is to be repeated every 4 years.

B. Monitoring Techniques and Procedures
All testing is done according to the American Public Health
Association’s "Standard Methods for the Examination of Water and
Wastewater”. Bacterial testing is done using the membrane filtration
technique. Turbidity testing is done with a turbidimeter. Chemical and
radionuclide testing is done by private commercial laboratories in the
U.S.

C. Sanijtary Surveys
Sanitary surveys are carried out annually by the State Environmental

Health staff, using forms developed by the FSM, and in compliance with
U.5. EPA requirements. The results of these surveys are discussed with
the entity in charge of the particular water system, in order that the
appropriate treatment and/or protection measures can be implemented.

Training and Manpower Development

Each state employs one Environmental Health staff to administer the safe
drinking water program, and one or two staff to perform the water analyses.
These individuals have participated in both natjonal training workshops, on-
site trainings, and short-term WHO fellowships for off-island training.
These training activities involve both survey and analytical techniques and
interpretation of results.

Monitoring and Surveillance Problems and Corrective Measures

Efforts are continuing to have the water system operators become more
involved in the monitoring activities, in order that they will be more able
to utilize the analysis results to adjust the treatment of the water.
Training of the water system operators is also a need, to increase their
understanding and capabilities in producing drinking water of potable
quality.

In the area of water analysis techniques, steps are being taken to include
confirmation tests of the membrane filter results, and to introduce
alternate techniques in waters of high background, non-coliform, counts.

Summary and Conclusions

The State Environmental Health Offices adequately monitor the quality of
the major public water supply systems in the FSM. Continuing efforts need
to be made to involve the system operators more closely in these efforts,
so0 the treatment of the water can he appropriately adjusted.

Public education efforts need to be continued to make the public aware of
the role of water in infectious diseases, and means to protect their health
through water disinfection and protection of water supply sources.
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Mr, Lucio Abraham - Republic of Palau

The Republic of Palau iz comprised of more than 2040 0w fan
It lies between 2 degrees and 8 degrees north latitude and
131 degrees and 135 degrees east longitude. The islands
encompass 170.4 sguare miles of land. There are tour itypes
of geological formation: volcanic:; high limestone; low
platform; and coral atoll.

1

Only 9 islands are inhabited. Total population is 13,7772

hase on census carried out in March 19306 Ther win
population growth rate i1+= 0,6 percent since 1974,
Monthly morbidity reports {copy in attached) of the Hureau

of Health Services, National Health Center, shows
gastroenteritises cases as high as 758 1n 1986 and 292 cases
of Hepatitis type A in the same year. This was &5.5% and
2.1% respectively of the total population. Poor yuality of
water is believed to be ane of the contributing causes of
diseases mentioned.

Republic of Palau has recognized the following problems and
issues which prevent the delivery of adequate quantity and
quality of safe drinking water to the communities.

1. Additional Sources of Water

2. Excessive Demand for Water from Small Population
3. Shortage of Qualified Personnel

4. Inadequate Water Treatment

5. Inadequacy of Public Water System in Rural Areas.
6. Inadeguate Operational Budget

With this understanding, the National Government has
developed the following objectives to be pursued in a Five
Year Plan:

1. To provide a reljiable and dependable potable water
system to the capital center of Koror on a continuous
24 hour Dbasis.

2. To provide reliable and dependable potable water
systems to all the outlying states (rural areas) ot the
Republic of Palau.
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3. To provide for necessary expansion and upgrading of
each of the public water systems through proper
planning and design, construction and maintenance

programs.

To achieve the above objectives, the following policies and
strategies will be applied:

1. Provide a adequate budget to meet the operations and
maintenance requirements of the Republic's public water
systems;

2. Upgrade the capital center of Koror public water systTm
by implementing pending system modification;

3. Implement the Rural Water System project for which US$
3.7 million is available;

4. To protect the health of citizens and prevent the
possibility of waterborne diseases, appropriate wate:
quality standards for water supply will be determined
and applied in the operations, maintenance and
development of public water systems;

5. Through a training programs, establish a pool of
trained citizens to manage and handle the day to day
operations and maintenance of the public water systems:
and ‘

6. Within the Plan period, water sources of good guality
and of sufficient quantity will be identified and
tapped for expansion of the public water systems.

3. Palau National Code (PNC), Title 24, Chapter 1, Subchapter
II, section 129(a) stated that, "The Board shall promulgate
and enforce primary drinking water regulations." This was
enacted in 25 May 1983. The Board is Palau Environmental
Quality Protection Board (EQPB). By the authority vested in
the Board a Public Water Supply Systems Regulations is in
the process of adoption. Currently a Trust Territory
Environmental Protection Board's (TTEPB) regulations with
similar context is enforce in Palau. Part IV of these
regulations set Drinking Water Quality Standards and
mandated the supplier of water to assure a quality of water
supply that equals or exceeds drinking water qguality
standards. Within the same regulations a sampling
requirements are prescribed. Generally it specifies
frequency for routine monitoring, routine sampling points
and check sampling.
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frequency for routine monitoring, routine sampling points
and check sampling.

Environmental Quality Protection Board, as a regulatory
agency which responsible for the promulgation and
enforcement of safe drinking water regulations, has wever
since its creation in mid 1970 supported and operated a
water analysis laboratory. The laboratory is eguipped to du
chlorine residual, turbidity, pH, total and fecal colitorm
analysis.

4. Same laws and regulations (24 PNC and Public Water Supply
Systems Regulations) reguires that supplier of water is
responsible to monitor the guality of the water produced.
At the same time EQPB does water analysis to assure the
compliance with the drinking water guality standards.
However, presently no facility has the capability to do
their own analysis so EQPB is responsible for water guality
monitoring.

In the event of non-compliance to the standards, a supplier
shall report to EQPB within 48 hours and public notification
through public notice media within 2 days. At such time
consumers are usually instructed through public mediz rto
boil their drinking water. Disinfection of drinking warter
with household bleaching agent such as clorox or purex are
recommended under emergency cenditions.

Chlorine residual readings in distribution lines are taken
daily except week-ends and holidays. A Hach chlorine
residual test kit is used. Total coliform analysis of water
using membrane filter method is used to determine bacterial
contamination of drinking water. Samples are collecterd a!
different locations twice a month. In the event that
coliform counts exceed the standard, public notification is
put out and daily water sampling and analysis is pursued
until the guality of the water is brought within the
standard. Turbidity of the water is measured with
Nephelometric Turbidity Units (NTU) at same day that total
coliform testing is performed. Temperature and pH are also
measured at the same time.

Other tests such as organic and inorganic chemicals are
referred to more fully equipped laboratory overseas such as
University of Guam, University of South Pacific in Fiji and
U.S. Mainland. Samples are collected, packed and air mai’
by the staff of EQPB. \Upgrading of the EQPB Laboratory
capability to include simple inorganic analysis is
anticipated by June, 1989,
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Sanitary survey of all public water systems is carried out
annually. A form called "Public Water System Inspection
Form" is used in this activity. This survey is conducted by
the staff of EQPB, who actually visit the site. Necessary
inquiries for data collection are directed to state official
who is responsible for the operation and maintenance of
state water systems.

Another survey form is used for rain catchment tanks. This
is a two page form which gather necessary data on catchment
area (roof) and storage (tank). After these survey have
been conducted, a written report is prepared on the

, findings. Recommendations are included in the report andi
addressed to the state whose water system was surveyed.

5. EQPB is anticipating the training and certification of
supervisor of each water system. A proposed Public Water
Supply System Regulations, Part V, (5.1) stated that EQPH
will establish a training program which will lead to
certification of water system operation. The timetable for
such a program is, however, still uncertain at this time.
Beside training routine monitoring, record keeping and
reporting are specified in the same regulations.

EQPB staff who run the water monitoring and surveillance had
been trained overseas in East-West Center at the University
of Hawaii, Guam Environmental Protection Agency (GEPA) and
Division of Environmental Quality in Commonwealth of
Northern Mariana Islands. Continued laboratory training in
regards to monitoring and surveillance of water qguality is
anticipated next vear with GEPA. These are two(2) EQPB
staff who attend these water laboratory analysis training
and who are assigned to monitor the guality of the water.

6. Problems faced in drinking-water quality monitoring and
surveillance are:

1. Lack of capabilities of each state to do self
monitoring and surveillance of the quality of water
produced. This is a common problem throughout rural
areas of Palau. EQPB had been doing water analysis of
the rural water systems and presently developing a
monitoring strategies which will be undertaken in the
near future. The strategy determine frequency of water
sampling of rural water systems. Through this regula:
water sampling and analyzing, guality of water could be
ascertain. Self monitoring and surveillance will be \
attained with state development of trained laboratory
technicians, \

|
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2, Transportation, particularly by boat from Korqr to
outer states is sometimes interrupted. due ﬁq;machanical
difficulties to the office boat. 818 usually a
temporary setback. However, water sampling: during the
past year was severely hindered by the. lack of the
boat. These maintenance problems seem. to have been
corrected and no serious extended problams,‘j;
anticipated.

3. There are two laboratory techniclans who do water
guality monitoring and surveillance, EQPB is at
present seeking necessary funding to recruit one more
laboratory technician to ease to ease the workload.

Republic of Palau understands the inadequacies in provisions
of adequate quality and quantity of drinking water to its
community. For this there are policies, objectives and
strategies being prescribed in a Five Year Plan. This plan
has not been totally implemented due to unsettled political
relationship of Republic of Palau and the United States of
America under a Compact of Free Association which will give
Palau necessary financial aid.

Palau Environmental Quality Protection Board (PEQPB), a
National Government Agency, is running a water analysis
laboratory which monitors the gquality of drinking water,
The same agency is also responsible for the protection of
the environment: air, land and water. There are regulations
being adopted and under process of adoption for the above
purposes by PEQPB. Achievement of the Decade 1s also the
goal of PEQPB and the Republic of Palau, but to meet the
target year of 1990 is almost impossible due to financial
constraints of the Nation. Again, U.S. financial aid
through Compact of Free Association i1s anticipated as
sources of necessary funding to alleviate the inadequacies
of public water supply systems in the entire Nation. This
will also provide necessary resources due required
monitoring and surveillance of guality of drinking water.
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INTRODUCTION AND GENERAL COUNTRY PROFILE

The cauntiy, Papua New Guinea has total area of d& 2&do0
gsguare kilometers with top graph varyivng from flat coastal
areas to high plateaus. '

Western of the Island is Indonesian province of Irian Jaya.
Fainfall wvaries from 20-d4S50mm/year. Population JO0&73I%9
growing at annual rate of Z2.d%. Port Moreshy being the
country's capital has 12270 people.

Morbidity & mortality — Water Borne Diseases

In Papua New Guinea Gastro—-intestinal diseases is Zvd  in
ordey of priovity when looking at morbidity and mortality of
ratterns .

Diarrhoeal diseases is the second most common reason for
hospital admission in children ander 5 years and accounts

for abkout ore third of all deaths in thizs age group. it is
commonly associated with pooey personel hygiene ard
contaminated water supplies- It presents a serious and

vacious cycle with malnutrition.

About 2 vyears ago, typhoid cases and epidemics have
increased. Thig is attributed to poor sanitation (mainly)
and lack of adegquate water supplies.

Skin diseases such as scahies, grillies and skin sepsis are
commons in rural areas where there is inadegquate clear water
supplies.

Water related disease such as Malaria is second important
disease in the country and major cause of hospitalisation.
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POLICY AND PROGERAMME 0QF WATER GQUALITY MONITORING AND
SLEVEILLANCE

MNatiornal Water Supply and Sewerage Roard (Water EBoard) came
into existence in Septemher of 1932 and was tharged with the

duty of co~ordinated plamnming, design, construction,
managyement of, and charging for, water and sewevage

facilities through out the country.

For rural areas and peri—-uwrhan settlement not served by
municiple systems installations opevations and guality
control are responsihilities delegated to Health Departments
hy the Board.

Water uality Momitoring and Burveillance of both urkban and
rral water supplies 1s the responsibility of Health
Inspectors, Water FResourcese Inspector and those officers
gazetted and authorised under certain legislations. These
legislations and provigion includes

2.1 National Water and Sewerage Act 1957

All persons including government aumthorities are
bound hy this act. The act is subject to the
Water Fesources Act 1932 and drinking water
quality standards are set and monitored by the
Department of Health.

The role of the Water FHoard in dealing Water
Duality Control is toy

= Comply with and enforce all current legislation
o the proper wse of water and proper discharge of
cewage.

- Bet standards for design and comstruct water and
sewerage Works.

= Declare regulations regarding water and sewevrage -
Declare water and sewerage district.
Arvange agencies for management of systems.

- Wate)r kesources Act 1382

This act is administered hky Watey Resources Roard.
The ot provide for the protection of a matural
resowrce and make provisions for the management of
Mational Water Resouvces and responsikilities  to
manage i1t. This responsibilities includei-

examination of problems and making plans in
respect of ~ the allocation and guality of water.
- control of erosions on the hanks of
rivers and shores etc.
= the conservation of water
~ needs of Tisheries amd wildlife anc
recreational uwse of water eto.
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2.3 Environmental Contaminant Act 197

This piece of legislation 1is administered hy
Department of Evnvironment and Conservation.

Amorig other provisions, the act relates to the
prevention, abatement and control of environmental
contamination.

Z2ed Public Health Drinking Water Regulation 19&d

Thie 18 a Regulations under Puhlic Health Act
which provides - Water gquality standards
- Standard for raw water Standards
for drinking water
= Sampling arnd analysis if raw
water

This ypiece of legislation is administered by
Healtrn Department. Health Inspector are empowered
under Public Health Act to enforce the
legislation. The same officers are also gazetted
persons to enforce legislations on Environmental
Contaminant act and Water Resouwrces Inspector.

2% Drinking Water Ruality Standards

Within the Puklic Health (Drinking Water) Regulations,

schedulese have heen included. Thise have heen adopted
from WHDI International Standards for Drinking Water,
1971 .

This include:—

(ay Micro-hkiological Standards fori-
— disinfected water
- von disinfected water
- raw water

(b Toxic contamirnants Standards

(ec) Aesthetic Buality Standards

IMPLEMENTATIGON OF MONITORING AND SURVEILLANCE PROGRAMME

Wateyr guality momitoring and surveillance of both urkban an
rural water supplies is the responsihility of Health
Department, Divisions and Local Authovrities. These
organisation employ Health Inspectors who do sampling of
water supplies.



Irn rural areas the sampling and analysing of water is not
programmed; however the samples are taken and tested mostly
for hacteriological tests when?

1. Thevre ave complaints water pollution.

2. There is rise in cases of a water horne disease.

. There is an epidemic of water horne disease.

. Physical surveys are done on viakhility of the water

supply.

Tie After construction and hefoyre the community have
access to the water supply to determine its safety.
In  urban centres, there are other treated waters. These

supplies  are monitored regularly according programmes and
standards as set under Public Health (Drinking Water)
Fegulations.

CLUREENT STATUS = QUALITY MONITORING

Water guality monitovring of both urban and rural water
supplies is the vresponsibility of Health Inspectors who are
employed by Provincial Health Divisions of Health and local
authorities such as municipal and Town Council.

Bureau of Water Fesouwrces also have appoint water resources
Inspectors to Moni Water Resources Act. The Department of
EFrvironment also appoint officers wader Envivonment and
comtaminant act to police the same.

dal Sampling Procedures, Technigues and Freguency

Apart from major urban cities and Towns Freguency of
sampling for water gquality is iregular in rural areas.
Samples are taken and sent in for analysis wheni—

{a) Determinding the gquality of water before and after
installation of a system- This may be a well. a
spring catchments or a river intake.

(k) Wher there 1s an epidemic of ovr a rise in cases of
& water—-horne disease.

(t) There is & complaint about certain water supplies.

(d> There is likely pollution to water systems hecause
of development projects and industries.

Whether the samples are taken from a tap, river, well
or spring, the techmigues of sampling is stancdard as
adopted fyrom WHO guidelines for Drinking Water Guality.

All Towns and citys serving large populations from
dOCGO to 1530 000 have theiyr water systems samples taken
according to schedule 3 of Puhklic Health (Drinking
Water) regulations 1232d.



4.2 Eguipment and Lakhoratovy Support Services

Water fluality testing is done at the Central Public
Health Labkoratory for hacteviocological tests. Cheminal
testing 1s done at the two institutions like £
University of Papua New Guinea and Unilversity of
Techinology» The National Department of Health Jd¢ not
have such facilities teo cater for the needs.

d.2 Sanittary Surveys

Sanitary surveys ave included in the physical SUTVEY S
viability of installing a water supply. This iwclade
the location and use of sanitary facilities, likely
pollution te water souwrces, such as traditiormal hurial
grounds, sites for disposing of refuse etc.

I Town and cities, sanitary surveys are also carrvied
ot and that site for disposal of refuse will have to
ke gazetted.

d.d Provincial Water and Sanitation Surveys

Monitovring and drinking water gquality surveillance is
include in  the Provincial Rural Water Supplies and
Sanitation SLYVeYSs in that the use of His test N
carried out to determivne the safety of Public installed
supplies through out the country.

The freguency of the monitoring and evaluations of the
installed systems avre or will he determined by the
Policies of each provincial water anrd sanitation
committees.

Eleven (11> Provinces nhave heen covered with these
surveys and  the results show that about 13%  of the
total population have access to sate watev supplies
which otheyr 37% of rural population do niots

Al)l major towne and cities have treated water supplies
which are maintained and run by municipal authorities

and Wateyr Board-s

TRAINING IN MONITORING AND SURVEILLANCE

Number of workshops on water and sanitation have ILeen
conducted ivt the country. In 1985 twe wovkshop were
conducted for Health Inspectors Incharge of Water and
Sanitation yprogrammes in  the country on Water Guality
Moni1toring and surveillance.

These workehops were conducted with reference to the
programme of co-operation hetween WHZ and the Governiment of
Papua New Guinea.



Total of 2% people were Training during the programme-

As at December 1982, d out of 1% provinces have heen
introduaced  to evaluation and monitoring  of the Fublic
Dirinking Water Supplies.

It is anticipated that the all provinces in  the country
shonld have full programmes of monitoring and surveillan. e
within I veard.

At the Provincial Water and Danitation Suwrveys, all Meallh
lnspectaors arnd personel invalved in the survey go btheoug

B odays of byiefing.

£D

PROBLEMS ENCCUINTE

i 1 High cost of analysis of water camples by local and
praivate arganisation in the country.

The Government i1s looking at establishing a Mationel
Laboratary for all analysis foyr both food and water.
The snmayliszsts will be all Government emplovecd.

mot all chemicals are available at loocal

fon o
o e

foei TE i3 presumed that all rural water suppliles are
5 grogaged in Uhe porograommen

contaminated and that perzoans
have wo set olanms for the purpose.

atlan Lo vemote aveas of the countrery 1

faw il Tyavspart
difficult, bhecause of tevvaln avd webthes

Tv 28 anticiyated that the country information will ke
avallable O OY as all province A T ey el R
mormitering and surveldllance of the ewisting pablic installed

cwsbtems . Thaiz eruerciese will, Japart From obhsy Tofordial iond

basr o and amportant data

» The cafety of the Wabter Supplies
s Ave they Coupplise) heing utilirzed
v Lre the = sems fumobioning

The purpose of the overal survey of the countiry i3 toy

Lo Tdentify existing wabtey supply and excrata disposal
syatems .

S Fecommend approprlate impiovement -

. Estimate the cogt of recommended imprdv&mantsu

With the procseding information available, 1t i3 pos

1kl
vt pvepare  a o short, mediam  and longbterm  plan :

Gy the

~r

prosince and the country.
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Introduction

E OF NOUNTRY : Rerublie of the Thilippines

VRED BY 0 FLLCNCR 0. CORIUZ
Senior Sanitary Engineer
Jerartment of Health

SGeneral

The Fhilirnines is an archipelago of 7,107
islands which lie between latitude 4% and 22°
Yorth and loneitude 116° and 128° Hast. he coun-
try has a total land area of 300,155 square kilo-
meters from Batanes islands near Taiwan in the
lorth to Sulu archipelago near Zorneo in the South.
The major island esroupines are lLuzon in *the lLorth,
Vigavas island in the middle and Mindanao in the
South,.

More than two-thirds of the area of the countrv
is within the two large islands; ILuzon in the north
nnd Mindanao in the south. ‘he other major islands
include Jamar, Levte, Neeros, Panay, Cebu and 3ohol.
Mege islands which lie between Tuzon and Mindanao
are ¥nown as the Visavas islands. The lons island
nf Talawan strotceches sonth westward from Iuzon

Che islands of the thilivrines are *he hisher
nortions of a rartly subneresed mountain chain and
the terrain is =enerallwv mountainous. The coun*rvy
has 2 tropical climate with a mean annual tempera-
sure of E?OC and relative huriditv of 21 nercent,
It has a wide ranege of nrecinitation which varies
with time and rlace dve to the archinelasic nature
of the countrv's reorraphyv and local tonograrhy.
The annual averare 7vainfall is 22A0 mm.

The countrv basicallv, has an arricultural aco-
nomv with fishine, forest rroduct industry, mining,
tourism, and light %o hreavyv industry, accounting

for the major develonment areas.

Civil sdministrative and Folitical Jivieion

The countrv has thirteen (1%) rerions (inclu-
dineg tkhe Wational Carital Repion of Metronolitan
Manila (NCR), containine 7% vprovinces with A0
cities, 1,5%1 municipalities and &?a%grangays(viﬂ
1lares). The Thilirrine climatic conditions are

characterized by distinct dryv and wet season.



Fopulation Profile - As of December 1988, the pronu-
lation of the Fhilippines was estimated at 58 million
with an annual pooulation growth rate of 2,704 ,
this total, about 41 nercent resides in urban areas

while 59 mnercent resides in rural aresas.
jected population from 1985 to 1990 indicating the

rural and urban population is shown in Table 1l.

Table 1. PROJECTED POFULATION FROM 1985-1990

The vro-

of

TOTAL RURAL PERCENT URBAN PERCENT
YELR PCTPULATION PCTPULATION RURAL POP. POPULATION URBAN POL,
1985 34,377,993 32,671,817 60.08 21,706,176 39,92
1986 55,576,197 33,083,894 59.53 22,492,303 4O 42
1987 56,760,655 33,474,285 58.97 23,286,370 41,03
1988 57,926,910 3%,840,708 58,42 24,086,202 41.58
1989 59,070,022 34,18C,70C8 57.86 24,289,314 42 .14
1990 60,184,894 34,491,861 57.31 25,69%,033% 42 .69
Table 2. Morbidity, leadineg causes, number and rate/100,000

population

Table 3. Mortality, rate/100,000 povulation



Tanle 2 : MORBIDITY, TRADING CAUSES, NUMBER &
RATE /100,000 POFPULATION

FHILITPINES S
S_YEAR AVERAGE ( 1982-1086) % 1987

+ G-YSAX AVERAGE '
CAUSES : (1982-198¢F . 1987,

: No : . Hate ¢ No. ' Rate
1. Bronchitis : 556,922 1 1043,48 @ 725,818 : 126546
2. Diarrhea : 528,629 : 990.45 1 722,972 : 1260.5C
2. URTI : 541,95/ : 1015.42 : /A20,909 : 1082,55
4, Influenza T 444 608 1 833,03 1 578,514 ¢ 1008.64
5. Pnuemonia : 181,660 T RUC.RE 1 215,3R8 ¢ 375,40
6. PTB, all forms: 156,625 1 293,46 @ 200,534 @ 240,63
7. Malaria i 89,714 T 168,10 @ 135,2%1 ¢ 225,77
8. Accidents : 68,95F T 129,20 1 13%,421 ¢ 232,67

9. Diseases of T 32,340 : 6O.6C ¢ RO,744 140,78
the Yeart

10. Measles s 50,120 : 93,91 : 76,2%2 : 132,91

Note:
1988 data is on the process of congolidating



Table %, MORTALITY, LEADING CAUSES, NUMBER % RATE/
100,000 Population

PHILIFPPINES
C5-YEAR AVERAGE ( 1982-1986) & 1987

~VEAR AVERAGE:

. Q87
CAUSES No. : Rate : No. :+ Rate
1. Pneunonia : 50,928 ¢ 95,42 : 59,063 : 102,08

?. Diseases of the: 28,829 : 54,01 : 34,227 1 59,87
Heart

3, PTB, all forms : 23,500 : 44,0% : 30,01% 52,23

4, Diseaseg of the: 20,842 : 329,05 : 16,338 ;28,40
Vascular System

5. Accidents : 9,716 ¢ 18,20 : 14,99% : 25.15

~. Malignant Neo- : 10,984 : 20,58 @ 14,152 : 24,R7
plasm

7. Diarhhea P 7,991 ¢ 14,97 ¢ 7,R89 0 13.41

8. Pre-maturity : 2,245 4.21 3,605 : 6.29
9, Senility ;o BMR0 1 648 0 3324 i 5,80
10. Avitaminosis and 1,706 : 3,20 -1 1,266 : 2.”71

Cther Nutrition-
al Deficiency

Note
1988 data is in the process of consolidating



National Policy

Generally, *the existing sanitation donditions
in the countrv are btelow the standard deisred level.
This is due to low priority given to environmental
sanitation bv ovublic health authorities as well as
the vrivate sectors in the past. In the Five-Year
Department of Health National Plan (1985-1990),.
however, the National Environmental Sanitation Pro-
gramme has been eriphasized and, during its implemen-
tation it became one of the three ton priorities in
the public health proeran. "The diseases associated
with poor environmental sanjitation are still prevail-
ing throurhout the country and in a way of endaneer-
ing the health of the:communities specially peonle in
the rural areas and urban slums. On the other hand,
most of these can be prevented and/or controlled
throurh improvement of environmental sanitation con-

ditions.

Primarv Health Care (PHC) as an arproach to sol-
ving the health problgms in the community has been
adopted nationwide. The utilization of volunteer work-
ers in the barangay called the baranegav health workers
(BH'Y to take care of the health needs of the popula-
tion at the ratio of at least one BYHW to 50 households
has been an effective strategy in promoting safe wa-
ter supplv and sanitation which is one of the elements
of PHC,

In the Thilippines, mortality and morbidity data
shov that water borne and sanitation associated disea-
ses are still major health problems that confronts.

The vrovision o€ zafe water sunply of sanitarv
toilets decreases the mprbiditv and mortality rate
of the countrv as shown,Teble 2. The priority envi-
ronmental sanitation nrograms being imvlemented Dby
the DOH =are water supply sanitation, sanitary toi-
let construction and improvement, and the foéd
sanitation progran.



Bv the end of 1987, Aiarrhes ranked number two
and number seven in the countrv's rorhidity and morta-
lity on water supply sanitation diseases. Other di-
seases like Malaria, infectious Hepatitis, Schistoso-
miasis, Tvnhoid and Paratyphoid fever, H-fever, Fila-
riasis and Jiptheria are likewise vrominent in rankine

under these disease probhlemn.

In 1988, about 65% Filipinos has access to a safe
and adequate water suprlyv. The service coverage in-
cludes 26Y for letro Manila, 55% in other urban areas
and A%% in rural areas. aproximately, 37? veonle are
atill devendent on water from onen dug wells and rain-
water, lakes and streams, the majority of which are of

doubtful quality.

From 1981 to 1988, a total of 94,565 level T
water sunply “acilities were constructed as well as
2,040 level II facilities and 1,005 level II facilities.
In addition, 1,%03%,2”% sanitarv toilets were cons-

tructed and 161 water AdAistricts were formed,



The IDWSSD programme is one of the important com-
nonent of the National midterm and long term Develop-
ment Plan and it is *the ~overmment rolicv that the im-
rlementation of the Decade vrogramme is the pre-reaqui-
site to the achievement of health for all by the yvear
2000. Based on this plan and policy, Decade vrograume
has been imnlemented Jjointly by the related amencies
through‘internal and external coordination and coopera-
tion The imvlementation strateries are desiegnated as
follows: commlimentary sanitation and water supply deve-
lopment, self-reliant and self-sustaining action, maxi-
mum comnunitv participation at all levels and use of
appropriate .technology and local resources.

An inteerated health education prosramme has been
carried out continously in coordination with health
educators, vrimary health care (PHC) coordinators and
sanitation versonnel at all levels.

'Community marticipation in the water supnly and
sanitation vroeramme has made substantial immrovement
in the implementation of *“he sector vrosramme, ictive
community varticipation has been influenced by the sanitary
insnectors, nrimary health care coordinators (FPHC),
rural health midwives, the rural water service adminis-
tration, anproximately 257,000 baranray health workers,



IDVSSD Decade Master Plan

The Master Plan was prepared Jjointly in 1982 by
Deanrtment of Health, the Derartment of Public Works
and Highways and the Rural "aterworks Development Core.
- poration, with the cooperation of related agencies and
with WHO technical assistance. The Second Master Plan
covering 1987-2000 has been completed and approved by
the National Economic and Development Authority (NEDA)
in May 1988 which was prepared in conjunction with the
IDWSS Decade Consultative Meeting. Government of the
Philippines has formulated a Water Supply, Sewerage and
Sanitation Master Plan reaches far beyond the Decade,

' covering the period 1988-2000. Through its implementa-
tion, the Government exvects to attain the service cove-
rage in water supply of 97% in Metro Manila, 95% in
other urban centres,; and 93%-in rural areas, The sani-
tary toilet coverage nationwide will be 93,4% and sewe-
rage in Metro Manila %2% and 1% for other urban areas.

The National Water Resources Council was designated
as the National Action Committee for the IDWS3D pro-
gramme on 1R Julv 1980. Four Sub-Coﬁmittees on Water
Sunvly, Sanitation, Information and Technical Support
were formed on 24 November 1980. The National Water
Resources Council was abolished in 1987, The " Natio-
nal Water Resources Board" was created under the reor-
vanized set-up of the National Government of the Phili-
rpines which took over the functions of the lational
Action Committee (NAC) for the IDWSSD Progranmme,

The Project Imnlementation Review Committee was
created in 1982 to monitor and evaluate the overall

implementation status jointly by the Bepartment of
fealth, the Devartment of Public Works and Highways, |
the Rural Waterworks Development Corporation and WHO.




The Project Manapement Offices for the Decade Fro-
gramme were created at all levels by the amencies con-
cerned during the early part of 1982,

Formulation of the itural Waterworks and Sanitation

imeeciation (RWSA) has been carried out by the former
Rural Waterworks Develovment Corporation (RWDC) to under-
take manavement of amortization, operation and mainte-
nance of the rural water supply and sanitation facili-
ties. As of the end of 1987, a total of 32,454 RWSAs

had been formed.
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Agencies/Institutions Involved

The Department of Public Works and Highways,
(DPWH) is responsible for the development of integra-~
ted water supply plans and programs consistent with
the national vplans and policies. It performs engi-
neering and construction functions like the drilling
of wells and the develorment of sorings. The DPWH
is responsible to providing technical assistance and
financial erants for the repair/rehabilitation fof
these systems. It shall also be responsible for the
planning and execuvtion of sewerage projeéts in some

cities and larger “poblaciones" in the country.

The Local Water Utilities Administration (IWUA)
is an specialized lending institution, development

and financing of local water utilities. The chief
concern of the IWUA is the vprovision of loans to
Water Districts for the development of water syvstems
at concessionary terms based on their potentials for
development and continued viability. In addition,
its funetion includes the rromotion of the organiza-
tion of works RWS's and the provision of institutio-
nal, technical and financial assistance to the RWSA's
in the construction, operation and mraintenance of

rural water supply system,

The Jepartment of Health (DCH) is responsible
for promoting safe water supplies and exereising sur-
veillance of water quality. Its operational and capi-
tal expenditures come from its share of the annual

hudeet alloted by the National Government. A network
of regional and vnrovincial laboaratories and central
laboratorv with technicians is used to carrv out

water sampling vprogrammes that require neriodic bacte-
riological and chemical examinations of all water
supply sources. The D0H, has, a major function of sa-
nitation proeramme nationwide and the administration
of health education.

I
)

|
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The Devartment of Local Government (DIG) under~
takes the USAID assisted Barangay Water Frogramme
which aims to develop the capability of provinces
and cities to undertake waterworks projects using
this stratepgy. Target area are rural communities
with population not exceeding 10,000 which are will-
ing to operate and vrovide institution buildihg ser-
vices. Local movernrent units pian and implement wa-
terworks proijects, and the recipient communities,
through users charges, finance the operation and main-
tenance of the water supply facilities.

The National Water Resources Board (NWRB) is or-
ranizationally attached to the DPWH, the NWRB is a
hiech level ex-oficio bodv responsible for coordinatine
and integrating all activities related to water resour-
ces development and management. As such, it formulates
policies, evaluates and coordinates water resources Nro-
erammes, regulates and controls the utilization, exploi-

tation, develooment, conservation and rrojection of
the country's water resources including the regulations
of water utilities omerations.

The Metrovolitan “Waterworks and ZSewerage System(MJSS3)
nrovides for the potable water supply requirements and
sewerage system to four cities and thirteen municipali-
ties comprising the Metro Manila plus one city and
other municinalities, adjacent to it. It is resvonsi-
ble for the planning, design, construction, omeration

and maintenrance of water suopnly and sewerage disposal
svystem within its Jjurisdiction, the MW33 develons and
orerates the svstem out of resources, bhorrowed funds

and rovermnnment capital subscrintion.

Drinking Water Yuality Monitorine and surveillance

In rural areas, ural Yaterworks and Sanitation
Lssociation (RWSA) memhers, Barangav Health Workers
(BEYW's) and designated care takers for water suprly fa-
cilities are disinfecting and séfemuarding water su-
rply facilities under the supervision of sanitary ins-
pcetors and sanitary eneineers., Monitoring and survei-
‘1lance work has been handled by Sanitary Inspectors and
Sanitarv Engineers with the help of the barangay level

workers,



Since the start o7 *he new Thilirrine Government

‘dministration, reorcanization hae hean ondertoien

and the following are *he sienificant chanses made

in the “Yater Supply and Sanitation Sector:

(1)

(2)

(4

The Division of Environmental Health, Devartrent
of Health, has bheen elevated to "nvironmantal

Yealth dervice (Hureau level).

The Rural Waterworks Development Corvoration
(RIDC) hag been mermed with *he Llocal wWater 3.
lities 2dministration (IHTA) which is under +he
nmhrella of the Derartment of Pubhliec dorvs and

i erhwavs,

e Jemartment of invirenment and Matural “Yeeanre
ces was created and the Hational Follution Con-
trol Commission and the Hational Znvironmental
Protection Council have been absorbed hv the Fn-

vironmental Manasemant 3uresu of this Dehaﬁfmnn+l

The Taruna Lake levelooment Authority ( LIDA )

ig still under the Q¢ fice of the Tresident
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PHILIPPINE STANDARDS FOR DRINKING WATER

Coliform group organisms shall be judged consis-
tently not present when either of the following
conditions are met:

When the dilution tube technique is used and 10

ml standard nrortions are examined, not more than
10 »er cent in anyv month shall show the presence
of the coliform grour. The presence of the coli-
form group in three more 10 ml portions of a stan-
dard sample shall not be allowable if this occurs
in:

(a) Two consecutive samnles;

(b) More than one samnle per month when less
than twenty (20) samples are examined vper
month; and

(c) More than 5 percent of samples when twenty
(20) or more samvles are examined vper month

When the Membrane Filter Technigue is used, the
arithmetic mean coliform densitv of all standard
samples, each of which shail not be less 50 ml
examined per month shall not exceed one per 100
nl. Coliform colonies ver standard samnle shall
not exceed three per 5C ml, four per 100 ml, seven
rer 200 ml, or thirteen ver 500 ml in:

(a) Two consecutive samples;

(b) More than one standard sample when less
than twenty (20) are examined per month; and

(¢) More than 5 percent of the standards sanvles
when twenty (20) or more are examined per
month
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Water Quality: Thysical, Chemical and Radiplorical

Requirements
: Maximum rermissible
]
Parameter i 1eve1¥m
Turbidity : 5 units
Color : 5 units (s) **
Odor : Inobjectionable
Threshold odor : Not more than 3
Number
Taste : inobiectionahle
"atal Solids : 500 (8
vH : 5.5 - 8,5
Thenolic Substances : n.,001

Radjioactive Subs.
Gross Alvha : % pCi/l
Gross Beta : 20 pCi/l

'race Tlements

Arsenic : 0,05
Barium : 1.0
Comner H 1.0
Cyvanide : n.05
Fluoride : 0.6
Iron : 1.0 (8)
Lead : T.09
Manganese : 0.5 (s)
Mercury : 0,002
Zine : 5,0 (s

Parsistent Pesticides

~ldrin : L0
207 : .05
Dieldrin : .001
Zhlordane : nLN0A
Endrin : 0. 00ND
Heptachlor : Q.0001
Other Chemicals
Caleium : 75
Chloride : 200 (8)
Marmesium : 50 (s8)
Nitrate (MNOz) : z20
Sulfate : 200 (8)
Hydromren sulfide : .05 (s)

A1l units are in mg/l unless, otherwise stated

L)
(s) - Secondary standards; comvnliance with the standard
’ and analvsis are not ohligatory
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From 1984-1988, a total of about 119,400 kgms.. of
HTH (Chlorine disinfectant) was procured and distribu-
ted nationwide to disinfect contaminated or doubtful
water supply sources, with Special emphasis on the lo-
calities which are flooded and endemic areas for the
water ~borne and water related diseases.

Since 1981, the Devrartment of Health has im-
proved 12 regional water laboratories and trained 12
regional chemists to enable them to conduct bacteriolo-
gical, chemical, vhvscial and biological water analvsis.
A total of 57 vrrovincial water laboratories were esta-
blished, one for each vrovince, with UNICEF financial
assistance. Frior to the establishment of provincial
water laboratorv network, a total of 93 laboratory tech-
nicians were trained at regional and national level.

The water supply and sanitary toilet comstruction
improvement activities in the Philippines started long
before the launchineg of the IDWSSD programme in 1981.
However, the decade nromgramme accelerated the water su-
pply and sanitation program. Priority was nlaced on
the rural areas where sanitary conditions are extremely
poor and associated diseases.

Monitoring of Potabilitv of Water Supply:
1. Various kinds of drinking water sources

a. Level I - point source of facilities like pump
wells and improved springs.

b. Level Il - point source supply with limited
pived water to communal faucets in the commu-
nity being served hy *the system.

¢. TLevel III - standard waterworks system with
piped water connection to individual homes
served by the system.
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el

- 2. Freaquency of testing for these various kinds of

drinking water source :

a. Frequencv of sampline for bactriolosical
analysis for levels I, II, II1 at least

once a month,

b. Frequency of smarling for phvsical and che-
mical analysis for levels I, II and III -
once a vear.

%2, Disinfection done:
Diminfection of water supply sources is re-
auired vnder the following:
a. Vewly~constructed water suprly facilities

b. Water supply facility being used for domes-
tiec drinking water source found positive bac-
teriologically by laboratory analysis

c. Water supply facility that has been repaired
and improved

d. Container disinfection of drinking water co-
llected from a water facility that is subject
to recontamination like open dus wells, un-
improved srrinms and surface water and doubt-
ful sources

Monitoring System :
a. Sanpling of sources/frequency
b. Selection of method;

Frimary Wealth Care method (with the use
of PHC bottles), and conventional method

c. Transvort to ‘ater Analysis +“aboratorv

d. Resources of laboratory; versonnel, equip-

ment and supvlies
e. Revorting to local health office
f. Action taken

e. mvaluation/Monitoring
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Frequencies in the =uidelines:

The minimum frequency for a sanitary survey is
twice yvearly. Additional visits should be made when
abonormal conditions exists, e.g. epidemics, floods,

negative analvsis.

The minimum frequency for sampling drinking water
systems for bacteriological analysis is :

Population Minimum No. of
Samples/Month

Less than 5,000 1
Over 5,000 1 per 5,000

However, for unpiped and untreated supplies, no speci’ic
recommendations are nade in the cuidelines. The fre-
quency is largely devendent on the capacity of the apnro-
priate control agency and will reflect local circums-
tances in varticular the frequency and results of sani-

tary surveys.
vhemical analvsis should be carried out once ner
system and then as requested by consumers' adverse

reports.

How it is imnlemented

1. Collect water samples at least once =z
month for level I

Collect water samples at least onee a
month for level II

3, Collect water samvles at least once a
month for level ITI

4, Conduct sanitary surveys:

a) when new sources of water are being

developed.



wren laboratory aralwvsis indicate a poten-

tial hrazard to henltsh.

when an outbreak of diseases, which could be

water-borne, occurs in or near the area gervp$

when anv sirnificant chanee or event ocorrs
that could atfect water quality (e.e. berin-
nine of the rainyv season, asricultural
natterns, near industrial construction on
the watershed)

collect water samnles by the use of PHC

bottles .
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FROBLEMS /CONSTRAINTS

1.

1C,

12,

1%,

Inadequate supervision and monitoring by Sanitary
Engineers (8Es) and Chief/Assistant Provinéial
Senitary Inspectors (SIs) due to some intervening
functiona aswsigoed,

THS Provincial Management Staff like 38s, Chiefs
SIs and District Sanitary Inspectors need training
for supervising and monitoring skills.

Checklisgt for monitoring and supervision of program
activities have pot been fully developed.

Current program forms for reporting is inadequate
in terms of data and inforration needed for program
review/progras planning,

Poor enforcement of rules on environmental sanita-
tion by field units.

Accuracy and promptness of reporting as required
has not been complied.

Some SIs due to their low education gualification
and many duties assigned have not been capable of
ziving ovtimum service delivery and compliance to
submission of reports.

Frequent typhoons and floods, peace and order pro-
blen and socio-economic vroblems, i.e. low income
families cannot construcrt toilet facilities per
DOH standards.,

Countrv's difficult wzorrarhical condition resultine
in inaccessibility, lacx o7 rosdi network, oulh
rterrain, etc,

Cultural habits and practices in certain regions
like Southern Mindanac and Mountain Provinces in
Northern Luzon particularly on toilet consvruction.

High porulation prowth rate of 2.4 to 2.7% and inmi-
eration due to urbanization has created sdditional

requirenents for sanitary facilities,

Inajequate coordination bv concerned agencies (go-
vernment and non-government agencies) with DOH es-
¢cially at the baraneav lavel,

Fresent vrovincial laboratories cannot c¢ope up with

the demand for water samrles to be examined and they
are only accenting limited number.



RECONMAENDATTONS

1.

&,

ST

N

Professionalization of 9T nositions. B8anitarians and
Chrief Sanitary Inspectors. At the same time, higher
educational qualification instead of just a mere high
school graduate is recommended. Training of Sanitarians
to further develop their technical skills and in super-

vision and monitorine.

Tmprovement of Environ=antal Health TProeram rerortine
throusch a strengthened surervisory ayvstem, rerular mo-
nitoring and evaluation and commuterization of date

and information.

Strencthened enforcement of sanitarvy laws, rules and
regulations through traininr of SIs on leral intervre+
tation and nrocedures as well as provision of lemal | .

staff surnort at the rrovincial level.

ory and financial nroeram includine prenaration of
annual rrocurement nlan shall be strictly required at

all administrative levels of ZInvironmental Vealth Tro-

411 DCH water analysis lahorntories at the resinnal
2nd nrovinecial levels shall have to be made functio-
nal and their service canahilities strencthened and

he eynanded to district levels,

Closer coordination on the &ifferent agencies involveb

and vlan together to imnroved existineg ~iving »riori- -
ty to the construction of water supply facilities %o .
nrevent water-horne disenases.

12) appromzch to

Utilization of Primarv Haalth Care (Tu
nroeram imnlementation which includes the use of THT

M"adia in the hackeriolosrical analvsis of watar samplaa,

Ramilar schedule on consultative conferences on all

arencies involved and imnlermantors.
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.3.

GENERAL

SOLOMON TSLANDS

Solomon Islands comprises of a scattered archipelago of mountainous
Islands and hundreds of coral atolls stretching over 1,500km in &
generally south easterly direction from Boungainville (Papua New
Guinea) to Tikopia Island in the Temotu Province.

Australia is approximately 1,860km to the west and New Zealand 2 400km
to the South.

The six main Islands and cluster are arranged in a double chain, with
Choiseul, Isabel and Malaita to the North, and the New Georgia Group,
Guadalcanal and Makira to the South. Together with numerous small
Island groups at either of the chain, the archipelago covers a land

and sea area of approximately 650,000 Sq.km. of which only approximately
30,000 Sq.km is land. The land is 90% dense tropical Forest.

The main Islands have thickly Forested mount ranges, deep narrow
valleys, rivers that are subject to sudden and heavy floodings and
nearly navigable for any length, coastal swamps as well as Axtensive
coral reefs and lagoons. The only large coastal plain of any size is
the North-east of Guadalcanal. The small outlying Islands are either
typical coral atolls or raised atolls with rather limited vegetatjon,
Solomon Islands lies in the Centre of an area of seismic activity,
and there are several extinct or dormant Volcanos.

CLIMATE

Solomon Islands has a tropical climate with slight variations from
Island to Island. There are no clearly defined seasons, but between
November and May the North-West winds bring squalls, and cyclones may
occur, For the remainder of the year, the South-East trade winds blow
steadily, mainly during the da The Temperature at noon in Honiara the
capital, is normally around 30c w1th a high level of humidity.

The average annual rainfall in Honiara is around 2,230mm. This is much

lower than other parts of the country, where annual rainfall often
exceeds 7,500mm,

POPULATION OF SOLOMON ISLANDS

Solomon Islands is a multi-cultural, multi-racial Society. The most
dominant racial group, the melanesians generally inhabit the larger
Islands, while the polynesians tend to live on small outlying lslands
and atolls. There are some Pacific Islanders resetting in some parts
of the Solomon Islands. Europeans Chinese and other Foreigners lives
mostly in urban areas.

Total population 1870 - 160,998
1976 - 196,823

1986 - 285,176
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~dialect is spoken by all the people of Solomon Islands.

Annual Rate of increasé 1976 - 19883, 5%
Solomon Islands populatlon ethnic component: (198& census)

A) Melanesia - 94 .2% |
B) Polynesia - 3.70% ﬂ
C) Kiribati - .45 |
D) All other - 0.7%

90% of Solomon Islands population lives in Rural areas and 10% lives
In urban areas.

ECONOMY

Solomon Islands becowme more diversified and more self-reliant, both

in terms of trade and aid. However like many other developing countries
dependent on commodity exports, Solomon [slands experienced economic
difficulties. These are not unmanageable and in the longer term the
outlook 1s gquite favourable.

The market economy is dominated by the production of Fish, Copra, Cuzog,
Tlmber and Palm oil for exports.

The country is still dependent on other Countries for manufactures,
experties, and developmenial € inande. -

With about 90% of all our people lives in rural areas and 10% lives in

urban areas. Solomon Islands is and willremain an agricultural nation} Most
of the people in Solomon Islands are subsistence farmers bhtan increasing
number of small holders are involved in growing Coconuts, Cocoa, snice

and cattle raising.

LANGUAGE.

Solomon Islands have English as an official language, and Pidgin English

the Lingua Franca for the majority of people in Solomon lslands.

There are approximately more than 100 different local dialects but no one

SOLOMON ISLANDS GOVERNMENT

Solomon Islands is a constitutional monarchy with Queen Elizabeth II as
head of state, represented locally by a Governor General. The country
gained independence from Britain in 1978. The 1978 constitution was built
on existing Political institutions and practices. It provides for a
SingeChamber National Parlliament, composed of not less than 30 and not more
than 50 members elected every four years, and a Cabinet type of execufive

headed by a Prime Minister chosen by the National Parliament. He in turn

chooses up to 14 Ministers.



In line with a decision taken in early 1970's to devolve
certain Central responsibilities, provincial assemblies and
administrators have assumed responsibilities for certain
functions that use to be the domain of the Central government.

At present there are 8 provinces including Honiara City Council
which they administer their own affairs.
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1

RURAL WATER SUPPLY AND SANITATION PROJECT

INTRODUCTION

It 1s an aim targeted by World Health Organisation for better health to
the World by year 2000.

Therefore the Solomon Islands Government with World Health Organisation,
United Nations Development Program, Australian Development Assistance
Bureau and USAID decided to put their priorities on rural water supply

and sanitation project to be implemented in Solomon Islands.

The Project which effectively carried out in 1978 although it slowly
started before 1978 after Solomon Islands Government and World Health
organisation realises that better water and Sanitation will greatly
contributes to better health in Solomon Islands is jointly funded by the
Solomon Islands Government, WHO, ADAB, USAID and other Foreign aid donors.

The project is implemented by the Environmental Health Division of the
Ministry of Health and Medical Services and manpower on Sanitary engineering
is provided by WHO and WASH (Projec) of the United States Agency for
international Development.

There are 33 Health Inspectors and more than 200 Health Workers who carry
out the implementations of the project.

These officers are permanently posted out in the 8 Provinces of Solomon
Islands. They carryout Survey, Plannings, Constructions and Superivisions
to water supply and Sanitation projects in their own provinces.

At the end of 1978, 24% of the rural population in Solomon Islands had an
adequate water supply system. By the end of 1966, the project (RWSS)
program has reached 60% of the rural population with improved water systems,

The water systems have proven {0 be very popular and the government is
aggresively pursuing the goal of providing satisfactory water systems to

the entire rural population.

The Environmental Health Division of the Ministry of Health and Medical
Services is responsible for carrying out the RWSS project and has been
constructing four types of water supply systems.

These are: . gravity -fed systems piped from springs or streams.
Rainwater catchments
. Handpumps
Hydraulic Rams and
. Solar powered

These water systems are relatively easy to maintain in proper operating
condition and to repair when breakdowns occur compared to more technically

complex systems.



The Environmental Health Division cannot by itself maintain the
water systems built under RWSS Program. The Communities themselves myst
accept major responsibility for water system maintenance. :

The Government of Solomon Islands has established procedures covering
the implementations of the RWSS Programme which give general guideling
regarding community responsibilities towards the improved water systems.

W

These are:- _
1)  The community, not the government, is the owne:

of the improved water system.

2) The Community must contribute, at a minimum, local
materials and labour towards the construction of the water
system

-3) The community is reponsible for the operational ang minor
maintenance of the water system.

2.2 MAINTENANCE POLICY FOR RURAL WATER SUPPLY SYSTEMS

A National maintenance Policy have a purpose of establishing a consis
approach to water system maintenance that can be followed by each of
provinces,

ent
he

The policy is based on the concept of community responsibility for th
maintenance of its water system.

The policy is divided into 5 sections consiting of:-
1) Introduction

2) The method used by the Environmental Health Division personnel
to present the concept of community responsibility for the water
system prior to construction.

3) The concept of community management of water supply projects and|
an explanation of Village responsibilities with respect to the design,
construction and maintenance of the water system.

4) The technical requirements for the maintenance of water system.

5) The responsibilities of government in the process of constructing
and maintaining rural water supplies.

This pélicy has been adopted by the Environmental Health Division ‘inecdertnat
the water supply systems we are constructing now or have constructed wiil still be
providing water to villages in Solomon Islands for many years in the future.

Inorder for the RWSS program to have future success, each provincial govgrnment
must take the steps necessary to adopt and implement the maintenance policy.
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2.3.

ADAPTATIONS OF MAINTENANCE POLICY TO PROVINCES.
The policy is based on village management of their project.
The provisions are:-

a) Village responsibilities must be explained to them and the
Village must agree to carry them out before the province
agrees to construct or rehabiliates the water system.
Village responsibilities include setting up a water
committee collecting funds for maintenance, providing
local materials and labour and selecting caretakers. In
general, villages will be expected to be responsible for the
management of their water system.

b) The water system project cycle adopted by each province
should include at least two visits to the village in where
their responsibilities are told to them and for the
environmental Health Division to vartéy that the village
1s fulfilling their responsibilities,

c) Provision for the villages to buy tools or have access
to tools must be included.

d) The province must establish a method for the villages to
obtain spare parts and inform villages of this method.

FINANCIAL RESPONSIBILITY FOR MAINTENANCE.

At present villagers pay very little, if at all, to have their water
system repaired. This policy requires that villagers purchase tools
and spare parts to carry out minor maintenance, however, major
maintenance work remains as the responsibility of the environmental

Health Division.



3.0.

3.1

3.2.-

GENERAL

WATER PROJECT DEVELOPMENT CYCLE - (RURAL WATER PROJECT)

The water project development Cycle describes a water project from
the time the village first requests an improved water supply =
system through follow up visits by an Environmental Health Division
representative, after the water system is constructed. It is not
possible to give 100% assurance that a village will carry out its
responsibilities towards the maintenance of their water systems.
However, it is possible to introduce the new water system to the
village in such a way that they are fully aware of and agree to carry
out, their duties with respect to caring for the water supply system
before its construction actually begins.

CURRENT METHOD

While the technique for providing improved water systems for rural
Solomon Islands differs somewhat from provinces to provinces, the
basic approaches are similar, and can be described in the following
steps.

1. A village requests an improved water system.

2. The health inspector/Sanitary officer assigned to the provincel does
an initial screening of the proposed project.

3. Those not deleted will be surveyed by the provincial Environmental
Health Division staff. This includes on-site evaluations and
preparations of a design plan. Some projects may be rejected
at this stage due to technical problems.

4. The Senior Health Inspector/Sanitarian officer in the Provinces
prepares a final list of projects and a master list of materials
needed. The master list is submitted to the Director of the
Rural water supply and sanitation project at the Headquarter

(Honiara)

5. Afterddetermining the amounts of funds and materials available
the Director , will inform the provincial Environmental Health
Division office.

-

6. The Senior Health Inspector in the provinces prepares a list of
projects that, can be completed during that fiscal year and
plans the construction schedule,

7. If a village is required to provide labour and local materials,
they are advised of their construction. T




3.3

8. When materials are received from Honiara and the village
has gathered its contribution in local materials, the
construction of the water systems begins.

The primary difficulties with this method are two-fold.

One, the village still percives, in most cases, that the water
system is owned by the government and that the village is

not responsible for maintenance, and two, in instances where
the village accepts their responsibility the villagers do not
possess the skills, tools and spare parts needed to take

care of their water system.

PROPOSED MODEL! CYCLE

The proposed cycle requires that the provincial Environmental Health
Division personnel spend more time before construction to make the

village people aware of their responsibilities and for the village

people to take steps including the formation of a water Committee and

and the collection of funds to demonstrate their committment to

the project. Two pre-construction visits to the village are required.
These visits serve two purposes. The first is to determine if the proposed
water system is technically feasible and to carry out the survey of

the system. The second and equally important purpose 15 to carryout
community preparation activities.,

This method also includes the use of written agreements between the
Environmental Health Division and the village. The agreements help
to define the role of Environmental Health Division and to insure
that the water system is a village project, not a government one.

The first step is a request from a village for improved water system,
The next step is the first visit to the village by Environmental Health
Division staff.

The purpose of this visit are to:-

1) Describe the RWSS program

2) Insure that the village understands that the water project and
systems is theirs.

3) Inform the village of their responsibilities towards the system.

4) Describe and leave with the village a copy of the request for
assistance (RFA) form for the village people to read and sign.

5) Carryout the technical survey of the water system.

6) Instruct the village to form a water committee before the second
‘meeting and advise them of the composition and duties of the committee.

After the village notifies the Environmental Health Division staff

that they have decided to continue with the project, have signed the RFA
form and formed a water committee, the Environmental Health Division
schedules the second visit with the village.
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The purpose of the visit is to:-

1)  Insure that the village has signed the RFA form and formed
a water committee.

2) Prepare the construction agreement for signature by the'village
water committee and the Environmental Health Division
representatives.

3) With respect to community preparation activities inform the .
committee of the steps they must take, before construction is
scheduleed and advise them on methods for carrying out these
tasks. The tasks include:

- raising funds for maintenance
-~ selecting caretakers
~ arranging for tools

4) Instruct the committee to inform the Environmental Health
Division when they have completed the requireddiasks. .

Upon receiving notice from the village that they have completed their
pre-construction task, the Environmental health Division

schedules construction and arranges for delivery of government
provided material to the construction site.

Construction is then carried out. During construction, the water
system caretakers identified by the water committee are trained
by the environmental Health Division construction crew. When
construction is completed, a dedication ceremony is held and the
ownership certificate is signed and presented to the water
committee.

A followup visit to insure that the village is properly carrying
out their responsibilities should also be scheduled during the
ceremony,




4.0.

URBAN WATER SUPPLIES

In Solomon Islands there are 2 water Units, one deals with planning
and constructions of urban water supplies the other deals with rural
water supplies.

The management of urban water supplies maintenance and construction

1s carried out by the Water Unit of the Ministry of Transport Works

& Utilities, while the Rural water supplies, management, maintenance
and construction is carried out by the Rural water supply project

of the Ministry of Health and medical Services (Health Inspectorate
Division).

The Health inspectorate Sanitary Engineer can also assist the Ministry
of works and utilities on plannings of the urban water supplies

but other works on urban water supplies is entirely the responsibilities
of the Water Unit-
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5.0.

TYPES OF WATER SUPPLIES IN SOLOMON ISLANDS

In general terms there are only 3 possible sources of water in
Solomon Islands, and each will have to be investigated and the

feasibility established.

a)

c)

Ground water

This is the most frequently used source. It has many disadvan
and advantages which should be weighed and considered prior to
utilization. The advantages and disadvantages of ground water
valid for hand dug wells boreholes and infiltration gallaries.

If disadvantages can be eliminated, the use of ground water
appears to be pre{%rable to any other Sources.

Therefore the disadvantages will be examined and procedures
set forth to deal with the problems. Commonly used in atolls,
isolated villages away from the nearest water source (streams
rivers)

SURFACE WATER

Water orginating from the run-off @f precipitation i;x%e consid
(River, streams etc).

In Solomon Islands this type of water is usually common in
mountianous Islands.

RAIN CATCHMENT

Roof catchment however can be easily assesed by the Health Inﬁ
In the possession of the maximum/minimum and mean annual rainf
This can easily be calculated inorder to find out the size of
storage tanks.

This type of water supply is commonly used in atolls and isol
villages away from the nearest water sources. 7

f
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WATER QUALITY CONTROL IN SOLOMON ISLANDS.

GROUND WATER

Two things can go wrong with water quality in a well in Solomon
Islands. One is the entry of undersireable Micro-organisms which

can be estbalished by a bacteriological examingation (coliform Tests),
or the salinity may increase beyond tolerance level thus rendering
the water unfit for human consumption. The former could be called
bacterial contamination and the latter chemical contamination.

1) Bacterial contaimination

The indicators of bacterial contaimination are two groups of
bacteria defected by exmination in a lab, they are:-

IT)

Total coliforms

This is an indicator of faecal pollution and the most commonly
used bacteriological indicator of water quality.

Faecal Coliforms

This is an indication of faecal pollution where the detection
process is based on higher incubation temperatures permitting
the differentiation from other coliforms widely distributed

in the environment. Table 1.1 shows the permissable levels of
both indicators. Samples should be negative for E.Coli In
Principle. But in almost all small community water supply
systems faecal bacteria are. likely to be found. It

would be pointless on Solomon [slands situations to condemn
all supplies that contain some faecal contamination especially
when the alternative source of water is more polluted. When
pollution is found a sanitary survey is indicated to correct
the situation.

Corrective measures

Should the indicators exeed the values shown in table 1.1 an
investigation and corrective measures are required. The
investigation does not require special equipment just a little
bit of common sense.

1)  Establish the distance of the well from pit latrines or
solid waste disposal pits in the vicinity.

2) To observe the activities around the well and establish
possibility of reinfiltration.

On basis of these observations the following steps could
be taken.

a) If pit latrine or solid disposal are found within 15m
of the well these should be eliminated.

b) Handpump is usually installed.

- 12 -
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3)
4)

iii)  WELL CHLORINATION

c) Conrete apron should be constructed around the well
or alternatively full reconstruction of the well
could be done.

To observe the means of extraction of water from the well.

Chlorinated well

Equipment Required.

iv) CHEMICAL POLLUTION/SALINITY

Tape measure or calibrated rod

c12 comparator and DPD tablets No.4
Sample bottle

Chlorine

]

1

1
1
1
1

The above term may not be the most descriptive but it is intend
to differentiate between the causes of water quality
There could be several types of chemicals which
could contaminate water supplies in Solomon Islands. Since
most of them are due to industrial wastes therefore their
appearance in Solomon Islands is very rare.

deterioration.

SURFACE WATER

Under this category water originating from the run off of
precipitation will be considered (Rivers/Streams). etc.

a) Quality check
Similarly to ground water level of:

1)

ii)

Bacteriological pollution must be established. However

when dealing with surface water are adequated.(Refer to
Table 1.1). If the level of pollution is higher than
shown theregf freatment of the water is necessary.

Physical pollution

Really there is only one test that is needed to rectify
the extent of treatment required. The turbidity must be
established. Turbidity 1is the quantity of suspended
matter in the water. These particles could be organic

or inorganic.

Simple Field test kit for measuring turbidity. On the
basis of this analysis it is possible to establish tne
degree of treatment required.

- 13 -
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b.3. RAIN CATCHMENT

Roof catchment can be easily assessed by Health Inspectors. This

type of water supply which consists of a storage tank, catchment roofs

can only be calculated for sizes due to the following informations.

a) Annually available water in m3

b) Mean annual rainfall in mm.

c) Horizontal roof area in m2

This have been found to be the most sqfest water supply in Solomon Islands

but control measures such as Bacteriological monitorings is frequently
carried out. :

Solomon Islands annual rainfall is approx more than 8000mm.

6.4, FIELD KIT FOR TESTING SALINITY.
1. EQUIPMENT
- Syringe, plastic, 50m]l x 2 ml

- Bottle, wide mouth with screw cap.
500m]l mark (For use in storage of silver nitrate titrant),

- Dropping Bottle with pippette, 40ml.
Mark with 1ml mark on the Dropper (For use in storage of indicator

solution).

- Bottle wide mouth screw cap with 50ml mark (For water sample)

2. REAGENTS

Two Reagents are required, they are to be prepared by dilution in
distilled water. The chemical could be weighed on a sensitive
balance or if pre-weighed in plastic sachets.

One such sachet could be used in preparing reagent. The silver
nitrate (N Ag. No3) sachet should contain 2.396 grams and the
potassium chroyate sachet should contain (K 2 Cro4) 2 grams.

SILVER NITRATE TITRANT . 028N,

a) Carefully dissolve one sachet of silver nitrate in distilled water
in the number bottle.

b) Fill up to 50ml mark with distilled water yaker
¢) Mix well by shaking the bottle

S e e
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POTASSIUM CHROMATE INDICATOR SOLUTION

Dissolve on sachet of potassium chromate in distilled water in the
dropping bottle,

Fill up to the 40ml mark with distilled water and mix well.

PROCEDURE

Fill the sample bottle to the 50ml mark.

Add 1 ml of potassium chromate solution using the small medicine
dropper.

Fill the syringe with silver nitrate solution to the 50ml mark and
drop by drop the solution into the sample bottle until an orange
red colour start to appear.

Read the level of solution in the syringe and subtract this from 50
to find out the quantity used.

CALCULATIONS

FOREMULA

No. ml. of Silver nitrate added x N. Ag Nos,a X 35450

50 ml

= mg/L of CL.

Prepared table - already calculated

Silver Nitrate added Chloride in water
ML MG/L
1 100
5 100
10 200
15 300
20 400
25 500
30 600
35 700
40 800
45 900
50 1000

15
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6.5.

Solomon Island Standards for drinking water (Chloride)

Ly Solomon Islands we are still using the W.H.0 standards which
is:-

- Maximum desirable level of chloride =200mg/L
- Maximum permissable level of chloride =600 mg/L

FIELD KIT FOR TESTING . TUABIDITY.

1. EQUIPMENT

We use the easiest way of testing turbidity by preparing with the

use of distilled water and clean inorganic (Sterilized) silt a set
standards of 100ml, volume each, Thenm seal the test tubes.

Shake up the standards and compare with the sample to find out turbidity.

2. ESTABLISHING SETTLING VELOCITY

In establishing settling velocity, the standards must be shaken well
before the readings, but the sample should not, contrary to the normal
Establishment of turbidity when both the sample and the standards
must be well shaken.

1. Fill one test tube with the sample water.

2. Compare the upper half of the sample with the standards in
10, 15, 30, 60, 90, 120, 240 intervals.

3. Repeat the test and average Results.

For example

A stream which has a turbidity reading 250 degrees is to be utilized
for drinking.

Then the duration of detention in this case is:

Reading after minutes ist Test 2nd Test Average
Turbidity
10 200 180 190
15 180 160 170
30 150 135 142%
60 120 110 115
90 80 70 75
120 45 30 374
140 15 10 18%

A degtention time of 4 hours is required so that the turbidity could reach
less than 20 degrees and thus possibly filter through a slow sand filter.

18
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7.0.

7.1.

7.2

WATER TREATMENT

FILTRATION

When the quality of surface water is doubt (due to high turbidity
or riskKKof contamination), therefore the following provisions have
been included in the design of water works in Solomon Islands.

The provision includes either filtering the water or drawing
the water from an infiltration gallery.

A} FILTRATION

Filtration of water requires elaborate concrete works which
consists of sedimentation tanks and filter boxes.

B) INFILTRATION GALLERIES

As stated before when surface water is doubtful it was found
a8 very good practice to have the design provisions to draw
water from infiltration galleries.

In Solomon Islands the type most suitable for a locality

depends on the findings during the Pre-construction survey.
There are factors which are always considered before the latter
is constructed, these includes soil formation and head of water

If the ground water is not permeable enough for sufficient
water to be extracted from a well, it is possible to build an
“Infiltration gallery" under the bed of the body of surface
water. This is basically a horizontal tube well. Instead of
the tube, a collector pipe is laid with its joints open so
that water can drain into them. Gravel and sand must be
carefully placed around it in layers, so that each layer is a

little finer than the one inside it. This is toc prevent the fine

sand from running into the pipe and blocking it. The collector

pipe is closed at one end, and the other end leads the water 1into

a collecting well, from which it can be pumped in the usual way.

Alternating, a gallery could be built beside a stream by raising
the water level by a dam. This has the additional advantage

that water is stored behind the dam. The sand and gravel are
deposited behind the dam. The stored water will be partially
purified by seeping through the sand, and will not be lost by

evaporation,

CHLORINATION

Chlorine have been found to be the most useful di;infectqnt in
Solomon Islands for its water works and is effective against the
bacteria commonly associated with water-borne disease.

7
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The ability of maintaining Chlorine in the distribution network
makes the use of chlorine the more sought disinfectant since this
added characteristic in chlorine makes it as a useful chemical since
it safeguards the consumer against contaimination which might

occur during main repairs, leakage or through faulty plumbing
installations etc -

Many Factors generally affect the concentration of chlorine in

water, such as the contsact period, the temperature of water, and

the presence of organic matter. Chlorine enters almost instantneously
into chemical combination with organic matter found in water and in
water and in such a “combined form" is only of limited use for
disinfectant.

Three forms of chlorine (that is the chlorinated lime, the HTH and the
sodium hypochlorite solution), a stock solution containing 1%
chlorine or as desired is made and applied to the water as a
concentrate by means of mechanical devices know as hypochlorinators.

The required dosage of chlorine varies with the degree of organic
pollution and the minerals or gases process which are subject to
oxidation. The dosage should be sufficient not only to meet the
“Chlorine Demand” of the water but also to maintain a dectable
chlorine residual in the water at distance points of the water

distribution system.

The application of chlorine in Solomon Islands to water works varies
from one type of water to another. Thus each type of water requires
different dosages due to increased turbidity after heavy rain etc .

18



8.0,

8.2

OTHER MEASURES IN MONITORING, SURVEILLANCE OF NATER;EOLOMON
ISLANDS.

REGULATIONS TO CONTROL‘MATER SOURCES AND QUALITY
TN SO0LOMON ISLANDS.

. a
This isalegal method enforce by the Ministry of Health and Medical
Services through her environmental Health Staff to safeguard the
water sources in Solomon Islands.

This has been long introduced due to facts that water sources in
Solomon Islands especially those at the rural areas have been
found faecally polluted either from animals, human beings etc or
water quality sometimes been adultrated. '

This also have been found most effective in Solomon Islands.

REGULAR BACTERIOLOGICAL SAMPLING .

The need to control water quality is an essential fact since 1t is as
food, it should be under sanitary control. It has been found a good
practice to sample both rural and urban water supplies from time to
time but as it is expensive to rural isolated areas therefore in rural
water supply situations the emphasis have been placed on “Sanitary
Surveys". If a sanitary Survey is carried out around the source

it is possible to tell even before bacteriological results are available
whether the water is podluted or not.

After "Sanitary Survey" is carried out remedial measures be taken
to correct the situation. This does not mean banning the taking of
samples from rural water supplies, it is quite the contrary, it is
meant to emphasis the need to take samples when pollution persists
even after remedial measures are taken.

Samples are usually collected in sterile bottles and must be taken
properly and packed in ice boxes and delivered to the Laboratory for
anaglysis. This must be done as quick as possible.
The following method is used in Solomon Islands:-
EQUIPM VTS
sterile bottles
labels
gas burner
match
pen
ice
box
) bacteriological forms

If sample is taken from the source, the sterile bottle is dipped down
below the surface and water is collected, labelled with time, date,
and the source

If samples are taken from taps then the tap have to be heated first
for 5 mins before turning on and sample is collected.
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8.3.

On the Bacteriological forms should be filled in immediately with time,
date, serial number, the location of smapling point and officer taking
sample and on delivering to the Lab. it should accompany the samples.

In Urban areas Bacteriological samples are usually taken every week and
in rural areas it is taken monthly. There is another type of sterile
bottle used, this is mainly for isolated areas from the Lab. and this
is called field screening bacteriological sampling bottles.

This consists of sterile bottle, sterile paper containing chemicals

and same method as above, is applied when sample of water 1s taken. This
samples are not send to the lab. but retain in a cool place for 24 hrs.
If the water is polluted the reaction will take place in the bottle
between the bacteria and the chemical which produces hydrogen sulphide
which gives out nasty smell and sample turning black. But this does

not tell you what type of bacteria is present in the water untill the
bacteriological samples results are received from the lab.

These two types of sampling are wusually carried out together, one
for Bacteriological sample and one for field screening test to each
point of sampling.

On receiving the sampling Test results the Health Inspectors will make
his move in remedying the situations if it is polluted.

REGULAR MONITORING OF CHLORINE LEVEL IN WATER SUPPLY SYSTEMS

In urban water supplies in Solomon islands the amount of chlorine added
to water systems is carried out by the water unit of the Ministry of
works and utilities and Environmental Health staff of the Ministry of
Health and Medical Services is carrying out the monitoring of the
chlorine level in the urban water systems.

In urban water supplies systems are fitted with hypochlorinators and
therefore the level of chlorine whether of free chlorine or Residual
chlorine must be monitored.

Our permissible level is 0.4. mg/l on chlorine reading scale and can be
adjusted higher depending on the bacteriological results (For drinking water).

In rural water supplies chlorine might not be possible for some water
supplies, this also depends on bacteriological resutls.

Monitoring of chlorine level in water supply systems in Solomon Islands

is very important due to fact that chlorine sometimes are -added into water
systems in large quantities by the water Unit especially urban water
supply system disregarding the permissible amount of chlorine of each
urban water supply system.

In Solomon Islands we use the following reagents/DISCS.

a) REAGENTS

Reagents for determining DPD Tabet No.
- Total REsidual chlorine 4 or (No. 1 & 3)
- Free and combined chlorine 1 &3
- Free chlorine & Monochlorine 1, 2 & 3

hd 2

20



Standard disc. used in Solomon Islands

STANDARD DISCS

3/40A (for drinking water)

3/404 (for sterilizing

well etc)

RANGE

0.1 to 1.0 mg/l.

1 to 10 mg/L

Information on Hydrogen sulphide

wt ‘ b)
9
#*

NOTE:

Field screening Test

Eguigments

- Sterile Bottle

- Sterile Tissue Paper

Ingredients added to the Tissue

Peptone - 20g
Potassium

hydrogen

phosphate - 1.5¢

ferric ammonium
[~27)
synd%ate - .75g

Sodium thiosulphate - 1g.
Tepol -~ 1Iml
Water - 50ml.

1 ml to each bottle and a total of 50ml produced =50

2

bottles,




9.0. PRESENT QUALITY OF WATER IN SOLOMON ISLANDS

The quality of water .in Solomon Islands since 1986 was fairly
gooq. The very bad results were in early 1986 when cyclone Namu
striked the Solomon Islands.

We have the following permissible levels of Bacterial pollution.

Table 141
Sampling Frequency TOTAL COLIFORMS FAECEL COLIFORMS
PER 100 ML PER 100ml
- Weekly 1-10 0
- Monthly 1-10 0
- Three monthly 10 0 but 1.5 permissible
- Every 6 months 10 0 but 2.5 permissble

The quality mentioned above exludes turbidity, organic suSpended matters.
It is alway's the aim of the Health inspectors in Solomon Iglapds to ‘
keep bacterial level at permissible levels as well as permissible chiorine

level,

22
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CONCLUSION

Solomon Islands is one of the highest rainfall receiver per year
therefore it is always the aim ~f the government to provide the pecple
with better quality of water as tne Country is experiencing pollution
to water sources from floodings and other sources of pollution.

There are.np. proper.water treatment plants to larger water works in
urban areas this is due to financial difficulties and our government
is working on the project to remedy the situation on turbidity and
other pollutions (Sources).

In our rural water supply systems it has been found that poor
maintenance leads to contaimination of water quality and therefore
policies on maintenance have been implemented and used to remedy the

situation.

Other measures in controlling water quality have also been looked
into and this consists of regulations mainly to safeguard the .
water sources as well as protecting the quality of water in Sclomon
Islands, Sanitary surveys, regular Bacteriological sampling, regular
chlorine level monitorings and rarely testing for salinity and
turbidity.

23
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Jan -
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REPORT ON WATER BORN DISEASE

1988

HONTARA

CITY COUNCIL ONLY.

Diarrhoea
Diarrhoea

Diarrhoea

Diarrhoea

(Infants)
(Child &

(Infants)
(Child &

Adults)

Adults

CASES
61
131

95
125

Under 1 yr

1-4yrs

y yrs & Over

Diarrhoea
Jaundice
Trachoma

29
1
0

<O

81

April -

Diarrhoea
Jaundice
Trachoma

16
12

59
36

Diarrhoea
Jaundice
Trachoma

[o))]
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Diarrhoea
Jaundice
Trachoma

Bug -

Diarrhoea
Jaundice
Trachoma

dct -

Diarrhoea
Jaundice

Trachoma

Nov -

Diarrhoea
Jaundice
Trachoma

Note:

High cases of Diarrhoea recorded is not due to water alone but also
include diarrhoeal cases from others.

There are no proper defined cases of mqrtality to_water_?orne _
diseases recorded during the above period for Honiara city Councl

2.4
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SUMMARY OF RESULTS OF MORBIDITY/MORTALITY

)?

SURVEY ~ DIARRHOEAL DISEASES

| L. Under five mortality rate:
4, 1000 = 4l ® 1000 = 14.9 - 1.0
\ ol 0 = ek LUK = i.9 per 1,0uv
!
‘g 2. Under five diarrhoca assocliated mortality rate:
o 18 . .
4 § x 1000 = s3zs % 1000 = 6.5 per 1,00u
o e ] NS 3. Undzr five diarrhoeal death rare:
S e .18 -
g‘ \ b a' x 100 = T X 100 = 43.9
i
‘ 4. Annual Under five diarrlpeal incidence
| 2
b x 26 = 7723 X 26 = 2.76 episodes per
a /- child/y ~ar
5. Under five ORT Usape rate:
c 219 . _
S ox 100 = S \ = %
i % 0 757 x 100 74.77
6. Under five ORS Usafe rater
i f 83 .
, B x 100 = 2“(—)—*3—— = 28.3%
E.
7. Under five custom medicine usage rate: * y
- g 25 . ’.’
Loy 0 - aa - ;
v x 1O 557 8.57
|
*

This figure No. 7 should be rogarded with some caution o5 caty 1.av
not be complete. It is included to point out significant reole custom

medicine may play in treatment of diarrhoeal discases.

25 .
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LOCATION: The Kingdom of Tonga is at South of equator between 15% and

23% and just west of the International Dateline., Consist of 170 islands
with total area of 260 square miles. Main groups of islands are Tongatapu,
Vava'u, Ha'apai, 'Eua and the two Niuas. Total population about 100,000

and annual wainfall at 72 - inches.

SOURCE OF WATER SUPPLY: Groundwater is the main source of supply except

'Bua. Rain water catchment at Ha'apai and Niua plus of course private ownership.
Groundwater safe yield in Tongatapu at 14 imgd but current abstraction for
Nuku'alofs at jsut over 1 imgd.

COMMUNITY WATER SUPPLIES:- About 82% of the population of Tonga has access

€ommunity Water Bupplies, with piped distribution systems. Tonga Water Board
operates Nuku'alofa Water Scheme (main urban centre, Tongatapu), Neiafu

Water Scheme (main urban centre fior Vava'u), Pangai — Hihifo Water Scheme
(main urban centre for HA'apai) and 'Eua Water Scheme., ¥he Ministry of
Health supervise the viilage water scheme with a village water committee.

Continous chlorination practised for the Water Board piped system.

"WATER - BORN" DISEASE:
See table

DRINKING WATER QUALITY STANDARDS:-
W.H.O, "International Standard for Drinking Water' is being used as

guidelines. Two major considerations here: this standard would nedd another
New Department to be operational just to satisfy this*standard and only standardiz
the water inside the pipeline and up to the tap, not the health benefits to

the humanbody. '

..EREQUENCY OF SAMPLING:-

Frequency of sampling been improved by the need to report at each
Board monthly meeting, resulting in Neiafu (Vava'u) 'Eﬁa and Pangai (Ha'apai)
being 3 - 4 week and Tongatapu fortnightly, Resourcéé that control sampling
were the availability of independent sampler (M.O.H, Héalth Inspector instead
of Board's employee) and air transport to reach the Tongatapu Laboratory, same’
date, This system were somewhat continous because Minister of Health was
also Chairman of Tonga Water Board. o

If the analysis showed E - Coli present then chlorination could be carried
out because its the Board manpower but Re - sampling might be difficult because
the Independent sampler might not be available.



LABORATORY AND MANPOWER:

The present Laboratory in the Ministry of Health éguld handle 20 water
samples per week for Bacteriological tests. There is:énly one technician
attending to the Water Samples; but the testing of waté% samples is & extra
pugggn to the Ministry of Health Laboratory. There are Field Kit for chemical
analysis but no field kit for Bacteriological tests.

Technicians could be trained in this Laboratory for a period of 12-months.
Existing Health Inspectors could "sample' the Qater for testing.

The Tongé Water Board is currently designing a new Laboratory as perhaps
national water laboratory. A scholar being trained at an overseas university
to be chemist failed last year. One qualified chemist plus local trained .

technicians could operate this new laboratory.

COST INVOLVED IN MONITORING:-
Costs are hard to estimate as health benefits for water ame not easily

quantified. direct diseases from polluted water not easily separated.
Typhoid outbreak was not initiated from the reticulated water supply.
Diarrhoeal disease more likely to come from a dirty cup than polluted water.
For each sample:-
Sampler takes 5 minutes, driver to/from Airport takes 10 - minutes, Lab
etechnician 24 hours but effective work in 2 hours and typist and others takes
5 - minutes:-
Therefore: Mainpower of 2 hours 20 minutes @ $30 per 40 hour = $7-00
provision cost for electricity, reject samples airfreight etc. = $3-00 .
£10-00

Number of samples per month:

3 - 4 weeks:

Neiafu - 10, 'Eua - 10, Pangai - 6

Therefore averaged for 30 samples per month.

2 ~ weekly:

Tongatapu - 30 4
Therfore: cost per month = 60 X $10-00 =  $600 &f
or Annual cost = 12 X $600 = T$7200 p.a.

So a good approximation be T$10-00 p.a.
~ Thus this is urban water supply monitoring and only few rural villages
in Tongatapu; it does not include rural villages of Ha'apai, Vava'u, rest of
Tongatapu, 3 - villages of Niuatoputapu and rainwater.in Niuvafo'ou, Tafahi

and other islands.



REFORTED Cabes OF WATER-BORN DISEALE
M TONBA IRES TO 1987
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CEHTRAL PUBLIC HEALTI LABORATORY
VAIOLA [OSPLTAL

Date: 6/2/89

Result of Biacteriological Analysis of ¥ater

Coliform/100mls Faecal Coliforin/100mls
1. Popua | Nil Nil
2. Qucen Sal 'te Vharfl Nil Mil
3. DLateline Hotel Hil ‘ —Nil
4. Kiteau Topui Bakery Nil Hil
5. llnlavave 1 Hil Mil
6. llalavave 2 Hi) il
7. Desicated Faclory Nil Mil
8. llospital Nil Hil
9, ? Fua'amotu Airport Nil MNil
10. Pelehake 460 150
11. Malapo . 460 21
1° Vaini 15 4
13, Veitongo 240 15
14. lla'ateiho 7 7
15. Pea 43 23

o
ATENN
Performed by:.Aézbfffgffﬁ...
Sitino Maka :
Agsistant Lab, Technician



_,"
»

WORLD HEALTH ORGANIZATION ty"n""'“*xg, ORGANISATION MONDIALE DE LA SANTE
WESTERN PACIFIC REGION \(\l&\& . ’ é\? REGION DU PACIFIQUE OCCIDENTAL

REGIONAL CENTRE FOR THE PROMOTION OF
ENVIRONMENTAL PLANNING AND APPLIED STUDIES (PEPAS)

REGIONAL WORKSHOP ON DRINKING WATER ICP/RUD/001 PROG/112/CR-012
QUALITY MONITORING AND SURVEILLANCE

Kuala Lumpur, Malaysia ENGLISH ONLY
27 February - 3 March 1989

COUNTRY REPORT
VANUATU
by

.Mr Elison Sese Bovu



THE GOVERNMENT QF THE REPUBLIC OF VANUATU
GOUVERNEMENT DE LA REPUBLIQUE DE VANUATU

MINISTRY OF HEALTH
PREVENTIVE MEDECINE

MINISTERE DE LA SANTE
Private Mail Bag

MEDECINE PREVENTIVE

BXRXIBX
Port-Vila Port Vila
Qur Ref : Date : 13/02/89

REGIONAL WORKSHOP ON DRINKING WATER
QUALITY MONITORING AND SURVEILLANCE
KUALA LUMPUR, (MALAYSIA)

27 February - 3 March 1989

COUNTRY REPORT

REPUBLIC OF VANUATU

ELISON,S.BOVU
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GEDGRAPHY AND CLIMATE
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Name :Republic of Vanuatu |

Location : south-west Pacific,latitudes 13 and
22 south,longitudes 166 and 17&
east. approx. 80 islands.

Total Area :12,200 square kilometers

Total Pppulation: 140000

National Capital: Port Vila

Annual Growth Rate:2.8%

Date of Independence: 30 July, 1980

Climate From tropical in the north to a sub-
tropical in the south.

Average Temperature: maximum 887 F

minimum 72°F

Precipitation: average rainfall is about 2300 mm.

Wind : south-east prevailing
Seasons : November to April-rain,warm(cyclone
season)

May to October -cool,dry

Hydrography : conSiderable number of streams
decend to the sea in all the islands
but only few major rivers.

sometimes lakes are maintained in
volcanic depressions. )



Introduction

The importance of an adegquate and safe drinking water supply for
the peaple of Vanuatu has been realised and programmes in this
sector are being fully supported by the government.

Itg commitment to this led to the adoption of the UN International
Orinking water Supply and Sanitation Decade programmes(IDWS5D)
Therefor,the planned activities underthis two sectors(Water & Sani-
tation) have been included in the First National ODevelopment Plan

(NDP1) and again in the current NDP2. '
At the end of 1987,about B61.b4 af %he country's population had

access to an adequate water supply.

Idealy,water supplies in rural areas are taken to be safe.for direct
consumption however,it would be‘'noted that our rural communities
tend to be concious and selective in what type and state of water

they would drink.

There are no reported and-éonfirmedocase§ of a8 waterborne:disease

in the country however,the incidence of diarrhoeal disesses is
prevalent through out the country and mostly so for “some smaller
igslands. Such cases are mostly suspected in connection with poer ..
hygiene in homes and also in areas having no water supply oT an
inadequate supply of water,

It is believed by health officials that a number of water supply
sources especially those serving larger communities, are susceptéble
to feacal contsmination but it does not show due to the fact that
peagple tend to prefer drinking rain water than that from communual
standpipes.

o e iy ot mn gy B e o -

The government cbjectives for the Water Supply development during
the NDP2 period are to:

-increase the coverage of piped and rural watersupply schemes through
put the Republic;

-upgrade existing rural water schemes which do not meet basic
specifications and standards of reliability; .

~increase the distribution of Urban domestic watersupply schemes
and improve the quslity of supply uwhere necessary-"

- ——————r— - ——— ———

The strategies pursued inorder to achieve water supply ojectives
are:

-provide sufficient funding to expand the capacity of water supply
facilities;

-gxpand ;:Fdata compilation and investigative resources necessary
for water resource development;

—gnntinue to provide appropriate programmes to train LGCs personnel
in the maintenance of rural watersupply schemes;

~~enact appropriaste water resources legislation;

-a-Z/



-reduce wastage of water through improved leakage detection
procedures in Port Vila and Luganville.

Water Quallity Standards ,

For Public standpipe supplies: WHO standards have bheen adopted how-
ever ,1t is not followed or rather applied to rural water supplies
schemes due to lack of equipments and the necessary supplies.

Taste and visual appreance acceptable to the consumer.

For wells with Handpump, a same quality standards is desired and a
protected zoning of 30m minimum from possible sorces of contamination.
Rgain the rainwater catchments/storage desired the same guality
standards especially the absence of faecal coliforms. Raincatchments

are built to a standard that they are protected from possible means
of contamination.

The:.Health Department . is in principle responsible for monitaring

the water guality but to date very little is being done in this areas.
Concerning watersupply for the two urban centres,Port Vila supply is
treated(childrine gas) and the chlorine level 1s being regularly
monitored by the responsible health staffs and as for Luganville
town,only the field screening test(FST) ghieh _, was introduced by
theWHO Technical Officer attached to the Heslth Ministry) is being
periodlicly done as a measure to detect any possible gontaminpation.

WHG, through its Technical Officer again has provided alot of assistanc
especially,in technical and training areas and finance to increase

the service levels in both the water supply programme and the Basic
sanitation programme., This is being greatly appreciated by the
Government,for this two sector programme must progress if possible,

at the same rate to ensure achieving the commom desired objective

as stated in the IDWSSD programmes for Vandatu.

- e A o s e e -

Public Works Department(PWD)under ministry of Transport is reponsi-
ble for construction,maintenance and operation of the two urban
watersupply systems and the supply system of the other three semi
urban centres of Norsup,Isasngel and Lakatoro.

Rural water supply/Unit under the Dept. of Mines & Geology 1is
responsible for the planning,designing and congtruction of rural
water supplies in the country. Other local authorities, Jcommunity
groups and NGOs also play or contribute in funding smaller water
schemes,especially rainwater catchments.(tanks).

In both rural and Urban water supply systems, the Health Dept. as
earlier stated is in principle resposible for ' - monitoring the
quality of these schemes.
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Humanresource .Developpment

—— e S AR SR g ek L e e g A L

Perhaps the important aspect to mention here is in the area of
local training courses conducted by both the Health Dept. for

itg field officerg(Village Sanitarians) and by Rural Water supply
unit for its project officers as well as for village sanitarieans.
Both departments benefit from technical assistance and financial
@ssistance from WHDO and Australian aid/grants respectivly.

A local programme af training iM Basic Plumbimg and Inter-midiate
plumbing had started in 1986 and over 22 personnels from throughout
the eleven Local government Councils(LGC) regions have undertaken
this courses. This includes EH staffs(village sanitarians) who are
employed by the LGBs ,thus enabling them among their respective
duties,to also able to cargyout maintenance and minor repairs to

the water schemes in their areas.

LThirty-four(34) village sanitarians are currently working throughout
the 11 LGC regions in the country. It will be these catergory of
health workers who will greatly assist in . .executing the future
monitoring and survellance programme of Drinking-water in the countjl'

The governmentofVanuatu has forworded a request to SPREP and WHO for
the establishment of a Monitoring and Survellance Project of Drink-
ing rUWater for the country. This project to be started as a pilot
project has several componets,ég.training,equipment purchasing etc.
and is to commence this year 1989 and hoped to be in full operation
gfiter 1930/91 when appropriate formal consultation by WHO and other

appropriate bodies on-&he subject have been made. -

References: NDPZ2 Document by NPSO-VanuatU.

: 198 Rursl Water Supply Programme—By RWS Engineer.

: Village Sanitatiang Monthly Reporis.

: Water 8 Sanitation Consuyltation Report by WHO Technical
Gfficer,Vila.

Minutes of meeting op Vanuatu Government request for

the Establishment of MES pilot project of Drinking
water quality ~13 Dctober 1988.(by Govt.Ufficers
and Dr.R.Helmer,WHO consultant.)
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NATIONAL REPORT : WESTERN SAMOA

WORKSIOP ON DRINKING WATER QUALITY MORITORING
AND SURVETLLANCE  PEPAS : 27 FELRUARY-3 HARCH 1989

PREFACE — GENERAL COUNTRY PROFILE:

The island of Vestern Samoa lies between latitudes 13 degrees
and 15 degrecs south, 168 deprees and 173 degrees west, close to
the International Dateline. The Vestern Samoa group is located
4160 Lim southeast of Hawaii, 2880 km from New Zealand and 4320 Lm
from Sydney Australia. 1ts nearest neighbour is American Samoa.
The- Independent State of Vestern Samoa consists of two main
islands, namely Savaii and Upolu with smaller islands Apolima,
Hanono, Fanuatapu, Huutele, Nuulua and Nuusafee., The total land
area is 2830.38 sq. um. Savail is the largest island of 1700 sqg.
km; the second largest island is Upolu of 1110 sq. km where rhe o
capleal Apia is located. .

The toral population ¢of Western Samoa is Just aver 160,000
people which include the largest concentration of fullwblooded
Polynesians in the world. The climate of Western Samoa is
tropical with abundant rainfall, Humidity averages 80%. The
average monthly temperature ranges from 22 ro 30 degrees Celsius
with very limited scasonal variations. There are two major
distinguishable seasons, The ralny season extends to November
through April, the dry season from May through October. The
annual rainfall is 2880 mn, alchough there is grecat varlation with
latitude and locatien.

NATYOHAL PROGRAIGIE AND POLICY OF DRINuING VATER
QUALT'TY MONITORING AND SURVEILLANCE:

(a) The Departments of Health, Public Works and Observatory, a

: section of Agciculture are Government authorities responsible
for monitoring and surveillance of drinking water quality,
but to date, not much has been done to it except when publie '
crigés arise. ’

(b) Only when someone polluted a source, then acrions are to be
taken against the offenders but not for quality monitoring
and surveillance.

(c) There is no national drinking water quality standard in
Vastern Samoa. We are only using the WHO standards as
guidelines for our drinking water quality.

(d) There are 3 Government bodies involved in drinking water
quality monitoring and surveillance.

(i)  Observatory Scection - testing of water prior to
use of such for a source of water supply and also
ad hoec sampling,
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Department of Health

Ten Leading Causes of Morbidity for

1988

Number | Incidence { Percent of All
Disease (/10,000) | Xnown Cases
1.4  Influenza- 7,428 467.3 40,2%
24 Gastroenteritis/
Diarrhoea 1,356 35.3 7.3%
3. ¥neumonia 1,251 78.7 6.7% j
4., Bronchitis/Emphysema 542 34.1 2.9%
5.4 Conjunctivitis 230 17,6 1.5%
6. Unspecified Diseases
of the Digestive Systen 233 14.7 1.3%
7. Infection of the
Skin & Subcutaneous
Tissue 226 146.2 1.2%
8. Obstetrical Diseases/
Reasons 193 12.1 1.0%
9.4 Hypertensive Discace 174 10.9 0.9%
104 Congestive Heart
Failure 152 9.6 0.8% |
t
P . ﬁ‘wm{pm”_mmm .
DALY ¥nmown Cases ! : f
of Merhidicy [ 18,469 | 1,162.0 100 0Y% i,

T S T

[FN]}
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DEPARTHMENT OF HEALTI
TEN LEADING CAUSES OF MORTALITY 1986
+ y\’ ;
Number Incidence | Percentage

Disease (/10,000) | All Deaths
1. Congestive Heart Fallure S4 3.4 18.7%
2. Cerebrovascular Disease 32 2.0 11.0%
3. Pneumonia 30 1.9 10.4%
4. 8Buicide 19 1.2 6.6%
5. Chroni¢ Liver Diseases and

Cirrhosis 17 0.9 5.9%
6. Aocuto Myooardial Infarction 13 0.8 Hh.5%
7. Septicemia 12 0.8 4.2%
&. Dinbetes MNelliruys 10 0.6 3.5%
9, Intestinal Infectious

Diseases 10 0.6 3.5%
10, Symptoms, Signs and ~

Ill-defined conditions 8 0.5 2.8%

All Cases of Mortality/

Registered Deaths 322 18.2 100.0%
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(11) Public Works Department - survey, sampling and
maintenance of Covernment water supply systems oaly.

(ii1) llealth Departmenc - survey, sampling and analysis
of all water systems, usually upon complaints from
the public. Consultations and advising the public
for proper mcasure: of maintaining good quallty wares
supplies, for both Covernment water supply systems
and *comunity warer supply system.

UATER QUALITY 11OMITORLIG ANL SURVEILLANCE PROGRAIMES AND
RELEVANT LAVS:

{a) 1r Wesvern Samca, rhere i1s N0 cUrrent programnic of drinking

water guality wonitoring and surveillance. Toe only wean
of maintaining & potable water supply is by general saniruc,
inspections and sampling but not on a regular basis., Healon

Department, 2bscrvatory Sectior and Public Worlks Department,
have just proposed a drinking water quality monitoring und
suzveillance programoe v January this year. Lilewlse there
cw ono natlonal srandacd U Arinkins wares quabivy in U
Samea but we are frying te follow the MG standards even
though we are far behind oF such standards.

mATE

(b) Also there is wo law Ln Western Samoa which spell our
drinking water quality mouitoring and surveillance. We
are only using general povers given under some Acts aud
Regulations for pgeneral inspections and sampling.

CURRENT PRACTICES OF DRLUIING WATER QUALITY HNODITORING

AND EUNVEILLANCE

{a) As I previously mentioned, water saupling in Western Sanoa
ts not regular. Most of the sampling has Leeu done by
inspectors of rthe Health Department, durine their general

sanitary inspections. There is only abour owne sample po:
month from Flve water :supply systems Sul »f wore thav 50
water supply systems ir rlhe country. TUf warer sampling is

o be carried our, it s necessary Lo ovtaln sampling
bottles from the lealth Nepartmment Laboratory then proceed
neothe povpesed sawplin, poelue. Taps are Eflaned by auny
means possible, if the sample i:= ro be taken from & rap.
Afrer flaming, the tap is run te wasre frr 5 minutes helo:.
raking che water sample, Ample space s left in the wampl:
container if the sample is for bacteriological analysis
otherwise it (s filled and sealed immediately. Complere o
lable on the sample indicating the required analysis, dare
time, weather and place of sampling. The sample is pul in
a cooler and delivered as soon as possible to the lealth

afa

Some water supplies have been installed privately by
village/community groups.

“E,
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(b)
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Department Laboratory for analysis. At present, the Foresald
laboratory is only carrying out Bacteriological analysis

. using Membrane Filtration method. The Observatory Section

has just received their equipment for Bacteriological and
Chemical analysis early January 1989.

There is very little work done on water surveillance in
Western Samoa. The three Covernment authorities as 1
previously mentioned are the ones to be involved in such
surveys.

TRAINING AND DEVELOPMENT OF HMANPOWER FOR DRINKING WATER

QUALITY MONITORING AND SURVEILLANCE:

(a)

(b)

Speaking from the Health Department's point of view, the
only training we received is the aid from WNQ vhich conducts
an Assistant lealth Inspector course of one year locally
and also llealth Inspector Diploma courses overseas. This

is the only training which helps to gain knowledge of the
public health work iwcluding water quality monitoring

and surveillance.

It is not known how many people are engaged in water supply
monitarving and anrveillance. (nly some nfflcara are
partially engaged in drinking water quality monitoring and
suryeillance.

CONSTRAINTS IN DRINYING UATER QUALITY LONITORING AND

SURVEILLANCE:

(a)
(b)
()
(d)

{e)

Lack of communication between involved Covernment auvthorities;
Lack of adequate enforceable legislation;
Shortage of manpower and lack of skill in existing manpower;

Lack of funds for sampling, testing and recurring cost of
resting media. (this is not a Government priority)

Shortage of transportation,

SUMHARY AND CONCLUSIONS:

(a)

(b)
(c)

Lack of appreciation by Covernment authorities of importance
of surveillance and monitoring.

Lack of communication by relevant Goverament authorities.

Lack of demand from the communities for proper surveillance
and monitering.

P&
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COUNTRY REPCRI

DRINKING WATER QUALITY MONITORING AND SURVEILLANCE

IN VIETNAM

Dr. HOANG TH] NGHIA
National Institute of Hygiene
and Epidemiology , Hanoi

e N T T

I. GENERAL COUNTRY PROFILE
"he socialist Republie of Vietnam is situated between 6750 and 2377,
parallele ; 102°07 "and llYQQO’longitudea in South East Asia , with

total area of 33Q,000 km2 and a total population of 62 millions ,80%

1 tnem live in the rural areas ., There are plenty of natural w~vate-
supply sources . The average density of rivers , streams

2
about 1 km / 1 km

But their distribution is not regular , so the shortage ¢f water ma

and the average rainfall is about 1300mm/yeai

occur during the dry season from April to Septiember

According to the data obtained from 43 surveys throughout the country
the averaxge dlarrhoeal morbidity in children under five years o1 aux
is 2.2 episodes / child / year ., The mortality rate ramges from |

¢ per thousand of hospitalized patients having acute wvastro-intestinal
infections . And the morbidity and mortality of main waternorne

seases are following :

Main'waterborne diseases Morbidity (1/105) Mortality ¢ 1/
Year: 1979 1987 1979 1987

- Dysenteric syndrom 178.6 242,70 1.2 0.5%

- Acute diarrhoea 980,1 623 .8 2494 . vE

- Cholera 1.2 0.3 0.04 0.0l

- Typhoid fever 4.6 11.5 0.3 0, 6o



2. NATIONAL ROLICY

With the guideline that " Prevention is better than cure " , the
adequate and safe water supply for every household is considered
as a very important component of health care by the Government .
Therefore since 1964 , the Government of Democratic Republic of
Vietnam has promulgated the Regulation of Hygiene and Health Care
which had been recommended by the Ministry of Health , in which
the national standards and control of drinking water quality were
determined ( table 1 ). This Regulation was amended in 1977 . Re-
cently the Health Code has been submitted te National Assembly
for approval. The responsible bodies for implementing the control
of drinking water quality as well as providing guidance to local
people in water supply in rural areas are the Department of Hy-
giene and Environment  of the Ministry of Health and the National
Institute of Hygiene and Epidemiology ( NIHE ) .

At the Nlﬁﬁxfépartment of Hygiene and Environment is responsible
for control of drinking water quality . This Department has the

duty to control , train and support the Units of Hygiene and en-
vironment in each provincial station of Hygiene and Epidemiology.

The provicial station of Hygiene and Epidemiology with their Unit
of Hygiene and Environment 1s responsible for the situation of
hygiene and environment in their province , and supervise all hy-
giene and environmental activities in all districs and communes
in their province .

The Ninistry of Construction with the Water-supply Companies are
responsible for drinking water supply ( tap water ) for urban po-
pulation and control the quality of the water . Ofcourse y the
provincial stations of Hygie;é and Epidemiology has the duty to
control the quality of water supplied by water companies and has
the right to fine the respective water ecompanies-if they violate
water-hygiene regulations .

3. NATIONAL PROGRAMME AND RESULTS

with the guidance of the Government and the technical support of
the World organizations, our people have been carrying out some
programmes successfully .



-« " The movement of 3 achievements in Eygiene " namely water well,
latrine and bathroom , has resulted in 3,897,000 wells (39.%)
for the country side in 1985 . There were only 17,000 walls -in
1955 ( 2¥ of total households ),,fisurea changed from 50 households/
well ( 1955 ) to 3 households/well { 1985 ) .

~ The National Programme of Drinking-water Supply and Sanitation
Decade with the UNICEP ‘s support has been bringing thousands
water wells to the people every year . And now , the well water
quality is being determined .

- With the WHO's support , 300 households in Thai-binh province
have got the good hygienic works with large rain water storage
tanka and good latrines .

- With, Finland’s support , the water supply system in Hanoi has
been improved .

The study and selection of the most suitable measures for preventing
and controlling the environmental pollution is one of the main ob-
jectives of the National Programme of Control and Prevention of in-
fectious diseases . Now moat of the water sources are being rewiewed

systematically .
The results of these activities are presented in table 2 and 3 :

The UNICEF well water quality on microbiology is very good . It
meets the standard about 707 of totdl samples , which is similar
to the quality of underground water in Hanoi ( table 2 ) . Howe-
ver its chemical and physical water quality is not satisfying ,fir-
stly on limpidity and iron content ( table 3 ) .

The tap water quality on microbiology is not very well : only one
fifth to .one third meet the standard .

The well water quality at the countryside : only one out of 60
samples meets the standard on microbiology (< 20 fecal-coliforms/l1).
fThe chemical and physical water quality is better ., But the number
of water samples meeting the standard are still low . However it

is better than .the surface water on limpidity and total coliforms.

The rain water quality from the WHO s tanks in Thai-binh province
on chemicals and physios is very good . On miorobiology)lQ% of to-
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tal samples meet the standard., The remains are slightly polluted.

4. TRAINING AND MANPOWER DEVELOPMENT

In the Department of Hygiene and Environment of the Ministry of
Health , of Hanoi Medical School and of NIHE . There are many
cardres with the diploma of Candidate of Science at work .

In each provincial station of Hygiene and Epidemiology , there
are at least 4 cardres : 2 of them have got university diplomé '
and the others are technicians and workers working in 2 labora-
‘tories of microbiology and physico- chﬁmistry. Once a month about
30 samples of all water sources from their provinces are tested
at these laboratories for drinking water quality monitoring and
surveillance , And at the laboratories of water-supply companies,
the quality of water is determined everyday .

Every year , a special refreshing course is hold by NIHE to train
doctors and technicians from all provincial stations of Hygiene
and Epidemiology new knowledges and skills on hygiene and envi-

ronment .

With the World Health Organization's support , a special course
was organized by the Ministry of Health of Vietnam on Microbiology
of Environment in Ho Chi Minh-City in 1985 for doctors and tech-
nicians in southern provihcea and some doctors have also attended
workshops , training courses sponsored by WHO in the Western Pa-
cific Region as well as in other Regions . The knowledge acquired
from these workshops and training courses were very useful to our
work at home .,

5. PROBLEMS AND SOLUTIONS

Problems

+ The information is always late and not enough

« Shortage of the reagents , chemicals and equipments

. Financial constraints

. There are very few persons who like.to be in this work

. The management and organization have not unified yet . So the



activities and cooperations between institutions were not highiy
effective .,

Solutions
. Regularly exchange and look for informations
. Fully utilize financial funds , supplied by the Government

. Closely cooperate with the world organizations and the other
nongovernmental organizatjons and govemmentai organizations
and the other national health programmes in the country such
as 1 The National CDD Programme ...

6. CONCLUSION

. National policies , programmes and the achievements for drinking
water quality monitoring need to be improved . The
measures for correcting water-polluted situations and for drin-
king water supply however have got some guccesses but- have not
reached the targets yet .

. The difficulties are not easy to overcome but with the devotion
of our health workds and Government inputs and coopera.tion with
and assistance from international community , the objectives
of the drinking water supply and control can be achieved .



Figure 1 : The relationship between the offices for
supply and control of drinking water

GOVERNMENT
MINISTRY OF HEALTH MINISTRY OF CONSTRUCTION
DEPARTMENT OF HYGIENE  NIHE WATER SUPPLY COMPANIES
AND EPIDEMIOLOGY /
| WATER PLANTS
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AND EPIDEMIOLOGY (+) LABORATORIES OF WATER QUALITY
| ' CONTROL
( for wurban water supply )
DISTRICS
COMMUNES —_
‘ WATER WELLS
VILLAGES .——-—-“"'"#'-'-ﬂ-ﬂ- in rural areas )
FAMLETS

(#) Por Southern provinces } the Institute of Hygiene and Epidemiology,
Ho Chi Minh - City
For Central provinces ; the , Inatitute of Hygiene and
Epidemiology in Nha Trang - City ..



Table 1 . The National Standard for drinking water quality

Parameter ( mg/l ) Vietnam WHO

Colour 10 Cobalt’s units 15 TCO
amatty 100 mbiemest 5 wm
waeste 005
s s o1 e
P
. o3 - 0
oxytation .
omerste o o
Har;ess ) “m]-.; © Gorman
Sqluble minerals 2 o ‘
Organic and metallic tox;r-x;" “-0 --------------------------------
atmogntc microorgaims - o T
. pertemeens o T

Fecal - coliforms 20 cells 0




Table 2 , Water quality : bacteriological examinations

Total fecal - coliforms/L ( % )

Sample Total ——
Meet the standard . Don't meet the standard
< 20 € 100 »>100
Rain water in
. WHO s tanks 30 10,00 23.33 66.67
.‘ UNICEF vell water 174 71.84 25.86 2,30
Underground water
sources in Hanoi 15 60.00 26.67 13,33
Tap water in
Hanoi 814 28.30 20.10 51.60
wWell water at
the countryside 60 3,33 11.67 85,00
Hed river wafer 48 100.0C




Table 3 . Water quality:chemical and physical examinations

Meet the standard ( % )

Parameter @ = = @ reemmeeemmecsereseee e e e
Well water at Rain water UNICEF
the countryside in WHOs tanks well water
Total 60 S 30 ‘ 90
--;;txite-Nitroge; 58.30 ----“—-—-—”;;j;;-- ----------- : ----------
--Nitra.te-N itrogen 10(;:00 ;;0 © : ----------
monisNitrogm 66,3 oo ess
ouatsen 1661 000 - s
--Iron--- -15.00 o '100.00 _’—*'-“-m;;:;; ------
Chloride 26.67 100.8;-“ ---*;;:;; ------
] Limpidity 10,00° 100.;; _--;;t;; ------
Catness 200 o Gt
+ German : degree

+«eFor well water , the standard is » 66 cm Dienexrt
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Urbanization is a phased process which normally atarts with the c1ear1ng of
vegetation, construction of dwellings and progressing with subsequant changxng
of behavior pattern to becoming cities. This process contributes dramatic
changes particularly to the streamflow and water quality characteristics of a
watershed. This study was designed to examine the changes in water quality in °
the Sg. Langat as it flows seawards from a protected catchment through several
human settlements and townships with variations in landuse patterns along the
river stretch. Nine parameters were selected to observe the changes 'in water
quality and its impact on treatment requirements for the production of potable

water.

The results showed a rapld decarxoraC1on in the rxver water quallty as 1t flowed
downstream especlally after passxng through human settlements and townshlps.
This is reflected in increases in the concentration of various pollutants in
the water samples obtained from selected sampling stations along the river.
Certain pollutants were attributable to human industrial and agricultural
activities while some were the result of geologic formations and human domestic
activity. The implications on potable water treatment requirements justifies
further research for the future.
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FIGURE 1 : Map of the study area (Ulu Langat District)
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Table 2 @ Summary of results of analyses of water samples taken
from the Sg. Langat ({rom Ulu Ponprsun to Denghkil)

Parameters
O — e . _ R — _»
O - %
Stations BCD DO Cl T3 -3 TS TES 3 Temp . Elect, F Coliforms
mg/l mg,/1 mg /1 g /1xl0 mg /1 mg /1l eC Conduct . Nos./100ml .
¢ Hos/cm
1 0.37 8.17 1.42 12.5 4.2 19.5 5.93 27.88 46 .4 20
2 0.88 8.04 1.25 25.0 95.3 26.0 5.58 25.80 39.0 31
3 1.73 7.74 1.08 55.8 168.0 48.0 5.51 26 .00 32.8 41
1
4 3.25 7.35 1.50 171.7 224.3 60.7 5,42 26,30 32.7 49 » o
i
5 3.34 6.71 2.83 222.5 331.8 113.2 5.48 27.17 38.2 75
6 4.10 6.52 2.33 272.5 426.7 167.0 5.54 27.711 47.5 94
. 7 T 4.63 6,33 2.50 338.3 599.0 272.3 5.42 28.88 49.3 134
Dengkil WTP 0.03 8.36 4.83 0.4 $.33 2.33 6.96 28.04 82.8B 0.15
/?a” Langat WIP ©.006 8. 06 2.42 0.3 4.5 1.91 6.83 27.9 74.82 0

* All values for each parameter represenlt the mean of 36 samnles taken cver a period of 4.months,

¢ @



Effccr of water treatment on the removai of specific
parameters from raw waler

@

Table 3

e e e e e e

Langat WTP . Dengkil WTP
L . % increase(+) e % increase(4)
Nos. Parameter Raw Treated _ or Raw Treated or _
. removal removii
L3
1. BCD (mg/l) 1.60 0.006 - © 99.63 4.63 0.03 99.35
2. DO (mg/l) 8.01 8.086 0.62 () §.33 8.36 32 .07¢+)
3. Chloride(mg/1) 1.22 2.42 98, 3G (+) 2.50 4.83 93 .20 (+)
4. Nitrate(mg/l) 0.062 0.0003 99.52 0.338 0.0004 99.88
5. TS (mg/1) 13% 2.3 98, 33 599 9.3 98.45
6. TSS(mg/l) 157 0.91 99,42 272.3 2.3 99 .14
7. pH 5.50 6.83 24.18(+) 5.42 6.96 28.41(+)
8. Temp (°C) 26.0 27.9 1.9(+) 28 .88 28.04 2.91
9. Conduct.
{1 Hos/cm) 34.4 64.81 88, 4(+) 44,33 82.83 67.90 (+)
10. F.coliforms 44.0 100 131 0.15 99 .88"
{nos /100 ml)
11. Odour + - LR -
12, Colour + + -
13. Organics, +(?}) ? - 2 -
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OPENING ADDRESS BY THE WHO REPRESENTATIVE
ON BEHALF OF THE REGIONAL DIRECTOR FOR THE WESTERN PACIFIC
FOR THE REGIONAL WORKSHOP ON
DRINKING WATER QUALITY MONITORING AND SURVEILLANCE
27 FEBRUARY - 3 MARCH 1989

On behalf of Dr Han, WHO Regional Director for the Western Pacific, I
have pleasure in welcoming you to PEPAS for this Regional Workshop on

Drinking Water Quality Monitoring and Surveillance.

It is estimated that approximately 80% of all illnesses in the world
are due to unsafe and insufficient water supplies and sanitation, and that
about 25 000 péOple die daily because adequate safe drinking water is not
available. Epidemiological studies indicate that unsafe water is the major
cause of waterborne diseases, such as cholera, typhoid, paratyphoid,
diarrhoea and hepatitis, Also, many chronic heart and kidney problems are
associated with the long-term consumption of water of poor chemical

quality.

In recognition of these problems, the United Nations inaugurated the
International Drinking Water Supply and Sanitation Decade on
10 November 1980 with the goal that all people should have access to safe
drinking water and adequate sanitation by 1990, WHO considers water supply
and sanitation to be critical components of primary health care; the
availability of clean water and adequate sanitation are essential

to achievement of WHO's goal of "Health for All by the Year 2000",

Since the inauguration of the Decade programme, many countries have
made special efforts to construct safe water supply systems. Yet statistics
show that the incidence of waterborne-related illnesses is still very high.
While a water supply system may be considered safe when initially

constructed, there are many factors which can make the water unsafe while it



is in operation, It is therefore extremely important to monitor the water
quality of a system regularly, to ensure that it remains safe and protects

the health of consumers.

Drinking water is considered safe 1f it is free of harmful
microorganisms, and if it does not contain chemicals in concentrations which
are harmful to the consumers, 1In order to ensure that there is always good
quality drinking water, an effective water quality monitoring and
surveillance programme must be instituted and rigorously carried out.

The two major components of such a programme are monitoring and
sanitary surveys. Monitoring involves regular sampling of water supplies
to determine their physical, chemical and bacteriological quality and
sanitary surveys involves on-site inspection and evaluation of equipment,
facilities and practices associated with water supply systems. These two
components complement each other and will be the focus of discussions

throughout the workshop

While some Member States in the Western Pacific Region have already
formulated comprehensive national programmes on drinking water quality
monitoring and surveillance, there are still some which have n@t done so.
Additionally, some of those which have established programmes are facing
difficulties in implementing them, particularly in the rural areas where

there is a lack of trained manpower and adequate laboratory support.,

Since financial resources are very limited in most developing
countries, it is important to make every effort to maximize the output and
benefit of the existing water supply systems, and to minimize the health

risks associated with the consumption of water. In this regard, the



implementation of an effective national drinking water quality monitoring

and surveillance programme is essential.

One of the main objectives of this workshop is to familiarize you with
procedures and methodologies which will enable you to carry out all the
necessary monitoring and surveillance activities yourselves, and to train
the environmental health personnel in your own country to do the same. This
workshop will also serve as a forum for the exchange of ideas and
experiences gained in various countries, It will provide you with a good
opportunity to discuss the problems and constraints associated with drinking
water quality monitoring and surveillance, and to find ways of overcoming

these problems

I wish you a successful meeting and trust that your deliberations will

be productive, Thank you.



