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CHAPTER3 ENVIRONMENTAL MANAGEMENT AND WATER POLLUTION STATUS

3.1 Present Institutions for Water Potlution Control and Environmental Management

3.1.1 Institutional Framework for Water Pollution Control
In Zimbabuwe, the government control is exercised at three separate political levels:

- National : Cenlral government agencies
- Provincial : Provincial offices
- Local . Local authorities: urban councils including cities and municipalities,

towns, local boards and rural district councils

(1} National Organisation

The national agency concems itself with major policy and planning issues and with
establishing the laws, regulations and criteria to be applied by the lower goveramental
levels in resolving major issues. The national or provincial agencies provide varying

degrees of regulation, supervision and assistance, while sewage disposal is essentially a
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local function.
(2) Provincial Organisation

Provincial interests in water pollution control ar¢ also important. The provincial
government’s responsibility is central, especially designated to undertake the pollution
control in rural areas. The provincial government has varying degrees of authority
delegated to them by the national government. However, all authorities generally repose

in the national government.
(3) Local Organisation
The local organisation is political or administrative entily established by law for the

purpose of acquiring, constructing, improving, maintaining and operating projects for the

public use, including sewage collection and treatment facilities.
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In the urban areas, the water pollution control functions are vested in the independent
local authorities (urban councils) or assigned to their departments (such as engincering or
public works). The organisation for managing the sewage collection and disposal
systems lakes many forms and deperds upon local circumstances in each local

government area.
Primary Ministries and Instifutions for Water Pollution Control

In Zimbabwe, no one agency has sole responsibility for water pollution control. At the
national level, there are four (4) major government agencies which are directly involving in
the water poHution control and two (2) particularly concerning with its planning and financial

management aspects.

The various central government, local government, statutory and non-governmental bodies
responsible for or professionally interested in water poliution control in Zimbabwe in general

and the Study Area in particular are shown in Figure 3.1.1.

The primary central and local government agencies/institutions which are involving in the
water pollution control planning and management are the following:

Central Government Agencies

1) Ministry of Local Government, rural and Urban Development (ML.GRUD)

2) Ministry of Lands and Water Resources (MLWR)

3) Ministry of Environment and Tourism (MET)

4) Minisiry of Health and Child Welfare (MICW)

{Supporting Government Agencies in Planning and Financing)
5) National Economic Planning Commission (NEPC)
6) Ministry of Finance (MF)

Local Authorities

1) Provincial and District Offices
2) Urban Councils (including Cities, Municipalilies, Towns and Local Boards)

3) Rural District Councils

32




{s100f01g T01UO) WORN]IO 1B JO Immusmaldar] 2 9 PaIB[oY SUONMUSY] % SAIOUISY URA)
IMQEQUIIZ TI JOTIWO) TUONN][0J JJIBAA I0] JINIINGS UORBZIUESIO Y'I'€ xn31g

@war Apmis YOI | admog

...........................................................................................

uow Y / uopenen] AKARIAG SO TP ...,
_ égx:....m [RETTPT [V RONY, J—
(Fpalony yoamdotors o jo sopvpgousy) sdosy 0T _ THOLTRE |
MLS POVON - !
A LS veadowy - |
e oy e e sy v e I
(UG 40940}
£ oorhunog - | —m —
Koo IS PUTIAE - — W RARIEH
¢ z%s%ﬁﬂ.éé:z .l a-ose.,;
: AlsTancioagmory s 1) | e IS T :
H L D V] 4
o | iy SR ok ey - s et
— J prveve——AL I Worv KPR U SR :
7§ BUNT Jo udiRaeing HOAWOOp ]
(rML) TH LT | rerepesnesnerasguessssanggesninnn
! Mo, ALY sdemdy Fumeg : gmwb:.ﬁ&uﬂi |
iy o J 0 1 PUY EORYLETUTUPY STIQNd
P10 {mw) pounod 3oLt Term sGaTaZ - _ Y NN i DDA SAGRGEIT;
@.gagﬂiéa’woﬁ., ..... ua ..... errensrantaniannss h .

: () [1DUN0D) 1OLONHE THIMY ROViN - | e
i LHUNGY 1NEIC [IIMT WOpaam - | | uy —
:A.m_EbaﬂsnoﬁeﬁEiéi As | ] ETTREIY | e, TOUTURAD] SMIRINE
§ () DoweD WFARQ [Imy o _ oML UM | [ piwom o quomdg - , oy
et e bt g et sssaasaral H Remmmessemvessss ety d Ao H V1 HVSED) Luogmy Addng :

H (i panl] ; PG TR wniY - whpery | P ANOMON emamerz
” {|  goanod wwoy uouon - | i JITUIOAD : famemsmmaremmessa mmvemasen e
; i § s
| R B S emere” | ==t
1RG0 PUNTRIOGETA = [ T AL e S Ty TE oNQng
I () 1w puvmogTEN - | ; "_ TIBNC0 AID) PR = e
{ T - o ALY }
wary Apig Wt GO [MIATAOLE | 20T 1t _ ; LHINGD) USL] SHAW
W L i Ttﬁdﬁ%ﬁ : mml : WA T
m (SHTLIOYTTY| o4y} [ Ty uvgdry) wuunauo.::qm
1)
|
. - - 1 DN (MOHID
STl APWIS OO 01 SRLOqQNY (0 S i D TUNOR W, PITL) Pow
4 OFICUOOT TROSTN | §f TIWIH Jo LDTTUTA

M — T —

33




The following are the major agencies/ institutions involving in the water pollution control in

the Study Acea and their respective responsibilities and functions:

(Central Government Agencies)

(1) Ministry of Local Government, Rural and Usban Development (MLGRUD)

The MLGRUD is responsible for supervising tocal authoritics and regional development

including both the rural and urban areas with the foltowing main functions:

- to develop grassroots local administrative and consultative structure to enable the

devolution of self-governing powers;

- to foster infrastructural, supersiructurat and human resources development at local

level to enhance the capacity of local organs, specially local authorities in order for

them to assume the full responsibility of planning for their own development as well

as developing administrative and management skills;

- to ¢volve the policies aiming at:

Ll

correcting  developmental and administrative imbalances amongst local
authorities,

providing infrastcactural development assistance to local authorities,

planning for spatial development- of the country,

administering urban and rural statelands, and

providing for and administering proper fand settlement in rural areas; and

- to approve the development plans and their amendments.

The organisational chart of the MLGRUD is shown in Figure 3.1.2,

The MLGRUD consists of seven (7) departments: Department of Devetopment Planning

and Co-ordination, Local Authorities Administration, Physical Planning, District

Development Fund, Administration and Personnel, Finance and Audit. Among the above

sevea departments, the first two are deeply involved in this Master Plan Study.

The Deparimient of Development Planning and Co-ordination (DDPC) is the principal

acting counterpart institution which liaises and co-ordinates with the other government

agencies and institutions for smooth implementation of the Study, DDPC is designated
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responsibility for overall co-ordination of regional {rural and urban) development

assistance activilics.

The Department of Local Authorities Administration (DLAA) assumes the following
functions:
- enforcement of Acts and By-laws;
- promotion of human resources development and discipline enhancement of
staff in local authorities;
- preparation and supervision of elections;
- appropriate research in various aspects of local governmeat with a view to instituting

reform in policies, concepts, structures and practices.

The MLGRUD is one of the most important government agency, since its sole mission is
to supervise all the local authoritics decentralised, which take direct charge of

environmental protection and management including the water pollution control.

In conjunction with the Ministry of Finance (MF), the MLGRUD also determines the
nature of local finance. Officials from the MEGRUD are found in every part of the gg
country. Provincial Administrators, being MLGRUD's officials influence the nature of

local development programme.

The MLGRUD refers pollution matters to the Departiment of Water Resources (DWR) of

MLWR, according to:

* Regional, Town and Country Planning Act, 1976 (Section 27)

+  Regiona! Town and Countcy Planning (Development) Regulations, 1976 (GN 927 of
1976) subparagraph (i1} of Section 6 (i)(b)

Through these instrtuments, MLGRUD controls the kind of development occurring so as
not to jeopardise the quality of the water. A memorandum on the control of development
was also produced by the Water Pollution Control Section and also a handbook to assist

Local Planning Authorities with pollution control.

(2) Ministry of Lands and Water Resources (MLWR)
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The Ministry of Lands and Water Resources (MLWR) with its departments is the most
important central agency which affects the development of national lands and water
resources. Liffectively, the Department of Water Resources (DWR) oversees water

management of the countsy.

The organizational chart of the MLWR is shown in Figure 3.1.1, Section 3.1, Chapter 2,
Supporting Report.

The Water Pollution Controt Section (WPCS) of the department of Water Resources
(DWR) has the mandate to control "water pollution” countrywide, in terms of the Walter
Act, 1976, Part IX, Section 101 and 102, and to enforce the effluent discharge standards
set in the Water (Bffluent and Wastewaler Standards) regulations, GN 687/1977.

In order to achicve the above objectives, parts of its functions are delegated to provincial
water engineers and lacal authorities. The WPCS is responsible for the co-ordination of
activities by these bodies and for ensuring that a wniform and consistent approach to
waler pollution is applied throughout the country. The roles of WPCS can be
summarised as foliows:

- routine inspections of all sewage works, industries, mines and farms for waste
disposal methods and methods of works operation;

- liaison with Local Planning Authorities on control and abatement of pellution;

- monitoring of effluent discharges from all industries and mines and un-off frdm
roads and farms;

- water qualily monitoring to assess effects of pollution on the flora and fauna of
rivers, dams and/or reservoirs (limnology);

- design and monitoring of water quality (ambient) and drinking walet surveillance
programmes for all water treatment plants, reservoirs and distiibution networks
owned by the Department of Water Resources;

- liaison with all provincial water engineers on various sampling programmes and
water pollution issues;

- data collection, processing, analysis and storage;

- attendance to ali pollution reports throughout the country;

. preparation of water qualily reports and investigations; and
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- liaison with water related boards/institutions, e.g. Water Pollution Advisory Board
(WPAB), Air Pollution Advisory Board (APAB), Natural Resources Board (NRB),

Confederation of Zimbabwe Industries (CZI), government ministeies, etc.

The WPCS also takes charge of conduciing review studies on the Water Act and

elaborating its revised draft together with the Water Act Review Board (WARD).

A "Water Pollution Advisory Board" was set up in terms of the Water Acl. The

Department of Water Resources (DWR) chairs this Board (Mectings), consisting of

experts from various organisations concerned with watez pollution.

The functions of the Board are to advise the Minister of Lands and Water Resources on:

1) all maters regarding water pollution control; and

2) issues of exemption permits which local authorities may apply for in terms of the
Water Act to allow them to discharge sewage effluent which does not comply with

the relevant standards.

The latter may be in order to enable them to upgrade or relocate sewage treatment plants
or in cases where the efiluent standards are unnecessarily strict. The Minister of Lands
and Water Resources can only issue such a permit after consultation with the Minister of

Health and Child Welfare, according to the Water Act, Past IX, Section 101{3).

The Water Pollution control Section is in the process of building a National Water
Quality Laboratory with a view to stepping up the water analysis programme (0 boos! the

current monitoring programme.

Minisiry of Environment and Tourism (MET)

The Ministry of Environment (MET) has general responsibilities for environmental
management through the Natural Resources Act and several other acts. The Natural
Resources Act, section 46 (3) (a) and (4) (b) and (¢} secks to control pollution by
requiring a person 1o fake steps to prevent aclivities which pollule wates. The
organisational chart of the Ministry of Environment and Tourism (MET) is included in

Figure 3.1.2, Section 3.1, Chapter 2, Supporting Report.

3-8




In 1992, the Government of Zimbabwe initiated a bilateral assistance programme in
environmental and natural resource management with the Government of Canada. The
programme, called "Zimbabwe Natural Resources Managenent Programme™ with 73120
million for five years, is divided into two primary projects.

- a field support component has been devcloped'wilhin DNR to build capacity in
integrated resource managemenl, environmental jmpact assessment, resources
documentation and extension services; and

- an Environmental Planning and Co-ordination Unit (EPCU) Project which has been
established within MET. The EPCU has direct responsibilities relating o the co-
ordination and implementation of the National Conservation Strategy and resulfs of

the UNCED process.

Now in its fourth year, the EPCU project is focusing attention and resources on
supporting the government's efforls to review and reform environmental legislation.
There were several preliminary steps that have been taken to support the current
examination of environmental laws during the early 1990%s. Since then, an interim
Environmental Impact Assessment (EIA) policy has been introduced with the intention

that it will be entrenched within law after a sound testing in the field.

More recently, a legal consultant was hired to begin the legislative review process. The
results of review works summarised in the several papers (As o the reports, refer to

Section 3.3).

(4) Ministry of lealth and Chitd Welface (MHCW)

The Departiment of Environmental Health Services (DEHS) of the Ministry of Health and

Child Welfare (MHCW) is responsible for:

- conceplion, design, operation and surveillance of specialised programmes and
facilities necessary for the control of the quality of air, fand, water and man’s
personal and working environment;

. assessment and monitoring of areas of potential environmental hazards; and

- assistance in selting standards for the protection of man's health and well being.

39



The organisational chart of the Ministry of Health and Child Welfare (MHCW) is given
in Figure 3.1.3, Scction 3.1, Chapter 2, Supporling Repost. The major roles / functions of
the DEHS include;
- control of communicable discases;

- health education, especially on food and water quality;
- implementation of sanitation programs and inspection;
- wastes and waste management;

- water quality monitoring;

- control of air pollution and hazardous substances;

- inspection of premises; and

- port health aclivities

Water quality monitoring activities are done at provincial and district level. Regular
checks are done on domestic water as well as effluent discharges. Samples collected are

analysed by the Public Health Laboratories and the Government Analyst Laboratory.

The Department of Environmental Health Services (DEHS) of the MHCW administers
the Public Health Act and Public Health (Effluent) Regulations, 1972. As regards the @
water pollution control, DEIS informs the Department of Water Resources, Water
Pollution Control Section of the MLWR of any contaminated discharges into rivers,

streams, dams & reservoirs or seepage into the groundwater.

Whereas the Water Pollution Control Section (WPCS) is mainly concerned with illegal
discharge of contantinants into rivers and into the underground water, the Department of
Eavironmental Health Services (DEHS) is concerned with good housekeeping, e.g. of
sewage works, and with the quality of sewage effluent used for irrigation, which is laid
down under the Public Health (Cfiluent) Regulations, 1972,

As to the irrigation for farms, farmers may enter into agreements with local authorities
using guidelines provided by the WPCS 1o use sewage effluent for this purpose. The
local authority has to ensure that its effluent will satisfy the Public Health (Effluent)
Regulations, 1972.

The Minister of Health and Child Welfare must be consulted on the issue of effluent g

discharge exemption permits, in terms of the Water Act, Paxt 1X, Section 101(3).
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National Economic Planning Commission (NEPC)

The National Economic Planning Commission (NEPC) is the leading agency, responsible
for the planning and monitoring of the national economy, National development plahs

and economic programs are prepared by this Commission.

The NEPC is also responsible for planning external assistance and co-ordinating

preparation of development project proposals. ‘The Commission is chaired by the State

President.

Public Sector Investment Program (PSIP) is a medium and long-term capital investment
budget, in which NEPC indicates the most efficient allocation of resources to achieve

development objectives.
Ministey of Finance (MF)

‘The Minisiry of Finance (MF) is a financing agency which both directly and inditectly
affects the activilies in the central government agencies/institutions as well as local
government areas. It appropriates central funds for the provincial administration and
local authorities of all forms. The budget approved for centrat line agencies under

various ministries are spent in focal government areas.

The MF is responsible for determining external assistance requirements together with the

National Economic Planning Commission (NEPC).

(Local Authorities)

(7) Department of Works (DOW) of the Harare City Council

Local authorities are empowered by the Minister of Lands and Water Resources
(MLWR) to report pollution matters in their areas of jurisdiction to Water Pollution
Section of MLLWR, if the Minister deems them capable {(Water Act, 1976, Part IX,
section 103 and 104), The organisational chast of Harare City Council is given in Figure

3.1.4, Section 3.1, Chapter 2, Supporting Reporl.
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The main local authority in the Study Area, the Harare City Council, has in turn set up a
Trade Waste Inspectorate, who controls industrial effluent discharges in terms of by-laws
under the Urban Councils Act (1995), Section 189, in order to protect scwer systems, the
treatment plants and water courses. They also provide advisory services to industry and
sample for tariff purposes. Watér and wastewater sampling points and frequency in the 7
city of Harare are included in Table 3-.1.1, Section 3.1, Chapter 2, Supporling Report.
The staff complements of the four (4) Sewage Tieatment Works concerned in the city of

Harare are given in Table 3.1.2 to 3.1.5, Section 3.1, Chapter 2, Supporting Report,

{8) Town Engineer's Departments; Chitungwiza Municipal Council, Norten Town Council,

and Ruwa and Epworth Local Boards

These local authorities are responsible for the collection, treatment and disposal of
sewage and indusirial efftuents within their boundaries in a simifar manner to the city of

Harare,

Chilungwiza, Norton and Ruwa have sewage works, while Epworth does not; as it has

developed from an informal seitlement, it relics on pil latrines at present.

The organisational charts of Chitungwiza Municipal Council, Norton Town council, and
Ruwa and Epworth Local Boards are shown in Figures 3.1.5, 3.1.6, 3.1.7 and 3.1.8,
Section 3.1, Chapter 2, Supporting Report.

(9) Sewage Treatment Works

The existing sewage treatment works in the Study Arca became generally loo small for
the anticipaled workloads and are inappropriately operated and maintained. Major
institutional & organisational issues in each sewage treatment works concerned reside in
the following two points: 1} lack of qualified and experienced personnel and 2) poor

training {refer to Table 3.1.2, Section 3.1, Chapter 2, Supporting Report}.

With regard to the operation and maintenance of the existing sewage treatment works,

their cosls are barcly covered by the revenues within the “sewerage accounts” of each
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Council. Operation and management are apt to fall into a kind of vicious circles as

shown below.

]

Lack of Q&M Increase of Sewerage > Charg,-a
Funds - Charges Cotlection
Reaction and Moverment Problern
t, Against the Increase
| Overage Facilities . -
. Insufficient Servic
T ! to the Users
" T nadequate
L e d Insufficient Training > o&M
Detericration of
L -f [ ack of Qualified Staff | the Favironment

The staff components of the respective sewage treatment works concerned are given in

Tables 3.1.3 to 3.1.9, Section 3.1, Chapter 2, Supporiing Report.

To sum up, the institutional framework for water pollution control with the

ministries/instilutions concerned and their functions and responsibilitics can be broadly

defined as follows:

Agencies / Institutions

Functions & Responsibitities

1) Ministry of Local Government and Rural
and Urban Development (MLGRUD)

2} Ministry of Lands and Water Resources
(MLWR)

3) Ministry of Environment and Tburism(MET)

4) Ministry of Health and Child Welfare
(MHCW)

5) Nationa! Economic Planning Commission
{NEPC)

7 6) Ministry of Finance (MF)

7} Local Authorities

3-13

Construction and for rehabilitation of wells,
rural roads and commuaity centres under DDF
scheme

Supervision of local development plans
Co-ordination of regional (rural & urban)
development programs and projects

Management of lands

Security of water sources for agricullure,
hydropower generation , water supply, elc,
Trrigation development

Waler resources planning for basins and zones
Formulation of water resourcss development
investigation projects

Waler resources management

Environmental control and management
(Waler quality)

Monitoring of waler quality and hygiene

Planning and monitoring of the national
economy .

Planning of external assistance

Co-ordination of development project proposals

Appropriation of central funds
Deatermination of external assistance
requirements

Planning and management are decentralised to
local authoritics, which increase antonomy and
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responsibilities
- Waler and Sewerage Services

As described above, several authorilies are involved in the water pollution control in the
Upper Manyame River Basin. Their involvement in water pollution control are
summarised in terms of jurisdiction/ functions in Table 3.1.1.
Training and Manpower Development
In Zimbabwe, there exist various institutions which trainfeducate people in the courses
directly and indicectly related to water pollution control. The following are the major
institutions which contribute to the human resources development in this sector:

(1) University of Zimbabwe (UZ)

- Department of Civil engineering: This offers degree courses which are related and

are applicable to water pollution control. Direct liaison with the Water Pollution
Control Unit is helping cstablish relevant courses in this degree.

- The Geography Depariment aiso has water pollution control courses on offer to its
studenls.

- The B.Sc. General Degree has various courses which are directly applicable to water

pollution control like chemistry, biology, microbiology, which are basic requirements

for water pollution control officers in the civil service.
(2) Institute of Water and Sanitation Development (IWSD/UZ)

The IWSD was developed from the Training Centre for Water and Sanitation (TCWS), a
project of the UNDP-World Bank Programme hosted by the Department of Civil

Engineering, University of Zimbabwe.

The institute located in the University of Zimbabwe (UZ) offers training through short
and medipm duration courses, some of which are commissioned courses held at the
request of sector agencies and organisations. ‘The courses vary from management of
waler supplies and sanilalion to waste management. The participants are drawa from

local and regional institutions and companics.




Fable 3.1.1 Authorities and Thelr Jurisdiction/Functions foc Water Pollution Control in the Study Area

“\“‘—\‘__ Authorities
‘_\\
JuHsdictlon Functions ™

Agencles In Charge

Government Agency

Local Authordty

1. Water Pollution Control
1} Water Act and Regulation
2) Environmental Water Quality
Standard

3} Water Pollution Cortrot

4} Environmental Water Aspecis

- Depanimeat of Waler Rescuzces (DWR)/
Ministry of Lsnds and Water Resources (MLWR)

- Department of Water Resouzces (DWR) f
Ministry of Lsxds and Water Resouroes (MLWR)

- Departivent of Water Resources (DWR) /
Minisiry of Lands and Water Resources (MLWR)

- Water Poltution Board (WPR) & Water Polleticn
Contro] Section (WPCSYDWRMLWR

- Departeaent of Natural Rescusces (DNR) /
Ministry of Envircnment erd Tourism (MET)

- Depariment of Health Services (DHS) 7 City of
Hsrare

2. Environmental Assessment

- Ministry of Emvironment and Tourism (MET)

3. Water Quality Monitoring
and Counlermeasare Order

- Departeneat of Eavironmeats] Health Services
(DEHSY Ministry of Health and Child Welfare
(MHCW)

- Department of Natural Resources / MET

- Departmzat of Works (DW) / City of Harare

4. Water Samgpling #nd Quality
Fasmination

= Waler Pollulion Conied] Section (WFCS )/ DWR/
MLWR .

Departraent of Eaviroamentz] Health Services
(DPREHSY MHCW

- Deparbment of Works (Weter Quatity Laboratory) /
City of Harare {CH)

£, Hydrological Data Collection
and Keepling

- Departinent of Water Resources (DWR) F MLWR
- Depariment of Katura]l Resources { MET

o

. Control of Wasteweter
Treatment’Sewersge Syslem

Ministry of Local Government, Rural znd Urban
Development (MLGRUD)

- City Coupeil, Municipat Council, Town Council,
Local Board

7. Operations end Management
of Wailer Treatment Plant

- Ministry of Local Goveinment, Rural and Urban
Development (MLGRUD)

- Department of Works {Engincering services Division/
Waste & Sewerage Branch), City of Harare

- Engineeriag Services Department {Water and
Sewage Division), Chitungaiza Muaicipal Council

- Town Eagineeriag Deparimeat (Waler & Sewet
Reticulatica Division), Nortea Tewn Council

- Works [ Engineering Department (Sewerage Werks
Division), Ruwa Local Board

&, Refuse Collection and Dispasal

- Ministry of Local Government, Rurzt and Urbzn
Development {(MLGRUD)

= Depariment of Works {Armenity Division f Wasle
Management Braach), City of Harare

- Engineering Services Deparimeet (Roads & Services
Division.Refuse & Cleaning Seclion), Chiturgwiza
Municipa] Councit

- Town Engincering Department (Refuse Collection /
Adreaities Division), Worlon “Fown Councid

- Works f Engineesing Depanimead (Health £ Amerities
Drvision), Ruwa Local Board

Source : JICA Team
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The Institute collaborates with international training institutes to host specific to the

needs of the Southern African region. Not only the training for technical, managerial and

planning issues form the major parl of the training but also training of trainers and the

use of participatory approaches are being emphasised.

The Institute also offers research opportunities in the wasle management sector within

and beyond the borders of Zimbabwe,
(3} Institute of Environmental Studies (IES/UZ)

The Institute funclions mainly (o facilitate inter-disciplinary collaboration in research and

education on environmental issues, and stimulates new initiatives in these fields.

The Instifute also provides a forum for the exchange of information andr ideas (e.g.
organising seminars, funding publications); assists in oblaining funds for research and
studentships, disseminates information about environmental issues, provides consultancy
services, including policy analysis and advice on environmental issues, and helps

maintain a national environmental database.

(4) National Universily of Science and Technology (NUST)

The National University of Science and Technology offers degrees in applied chemistry

and water engincering which are relevant to potlution control.
(5) Harare Polytechnic

The Polytechnic fosters civil engineering technicians and various subjects are applicable
to water pollution control, It also brings up technicians in chemistry, biology and

microbiology, who can work directly as pollution control technicians,

In liaison with the Waler Pollution Control Section of the Department of Water
Resources, the Polytechnic is in the process of establishing a water and wastewater
management lechnician course with the help of Canadian funding. These technicians

will be employed as water pollution control technicians by the Department of Water g
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Resources, local authorities and other industries who have environmental sections in their

establishments.
(6) Intemational Union for the Conservation ef Nature (IUCN)

The Union holds courses, workshops and seminars on cavironmental issues such as
Human and social Perspectives in Natural Resources Management. Their groups arc

normally middle level managers in the water management and natural resources seclors.
(7) Scieatific and Industrial Research and Development Centre (SIRDC)

The Scientific and Industrial Research and Development Centre (SIRDC) has an
Environment and Remote Sensing Institute, which is involved in lraining people in
environmental cousses. [t has sponsored some to masters level, and they are now

involved in environmental research,

The Environmental Unit is still new and planning its way forward. It intends to provide
structures courses, workshops, in-house training and external courses. In conjunction
with the Cleaner Production Centre, the Unit carries out eavironmental impact audits and
procéss analysis in order to identify processes that have minimum negalive
environmental impacts. They are also involved in public awareness, organisation of
seminars and symposia, giving advice on aspects of controlling air, waler and soit

pollu!i()n and assessing environmental impairnient.
(8) Department of Water Resources (DWR)

The Department of Water Resources (DWR) has an on-going training program for its
staff. Water Pollution Control Section (WPCS) and National Water Quality Laboratory
staff have been trained to masters level in both analytical chemistry and microbiology,
with the help of ODA funding as part of the techaical co-operation programme {o

establish the laboratory.

There are two week in-house courses in moniloring, sampling, elc., which are offered to

province-based water supplies technicians involved in water pollution control.  Furiher



in-house (raining is planned for the laboratory staff ranging from lab management to

dalabase management.

W
o

Some courses will also be established to attracl a regional market, and these will be run

in conjunction with the Institute of Water and Sanitation.

(9 Harare City Council

Training is offered in-house to sewage treatment plant operators, trade waste inspectors
and waler scienlists. Laboratory staff sponsored to the Harare Polytechnic College for a
lechnicians courses and the operators and inspectors take the water and environmenial
management operators courses which is in three paris:

- Part 1 and 2 are City of Harare ceriificates

- Part 3 is a Chartered Institute of Water and Environment Management certificate

The course is also offered to the Department of Water Resources staff and those of other

local authorilies.

(10) Zimbabwe Institutc of Public Administration and Management (ZIPAM)

The Zimbabwe Institute of Public Administration and Management {(ZIPAM) was
established within the Ministry of Public Service, Labour and Social Welfare (MPSLSW)
in 1984 to conlribute to the development of the new nalion by helping to build a dynamic,

performance-oriented public service.

In 1993, ZIPAM became a fully fledged parastatal enterprise and its functions were

broadened to cater for private sector requirements. Specially, ZIPAM seeks to enhance

management performance through:

- training for top, senior and middle level managers in the civil service, local
authorities, parastatal enterprises and the private sector;

- consultancy services in organisational development, management of &evelopment,
training needs analysis, market research, project appraisals, etc.; and

- Research and publication,
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It is reported thal since its establishment, over 4,560 managers and dignitaries have had
the oppoitunity to attend its training programmes including the following arcas:

- human resources management and development;

- training development and management;

- povernment policy design and management;

- project design and management;

- financial management and budget reforms;

- locat government and urban development; and

- others.

With regard to the manpower development programmes 1o the staff working in the Sewage

Treatment Works of the urban local authorilics concerned, they are shown in Table 3.1.2 (1).

According to the interview and questionnaire surveys to the respective officers in charge, the
training programmes were organised and provided to their staff only in the City of Harare and
Chitungwiza, but it is reported "none” in Norton Town and Ruwa Local Board due to the

limited budget.

To the question on the training programmes expected to be provided in the future, several
expectations are presented as summarised in Table 3.1.2 (2). The results of the surveys
reveal the fact that every authorities recognise the importance of training progtammes to

improve operational skills of their staff in parailel with the expansion and/or rehabilitation of

the plants,
System for Implementing the Water Pollution Control Project

The project financial sources for planning, construction and operalion of a sewage treatment
system usually come from the Public Sector Investment Programme (PSIP) funds (central
government loan fund), own resources of local authorities, open market funds and/or

international institutions.

In case of the construction of a new plant or big rehabilitation or expansion works, funds are
mostly raised by means of PSIP and/or financial assistance from fereign country or
international institution. The procedure flow for implementation of the water pollution

control projects is indicated in Figure 3.1.3.
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At central government level, the planning and financing the water pollution conltrol projects
are administered by the three government agencies: National Economic Planning
Commission (NEPC) for planning, Ministsy of Finance (MF) for financing and MLGRUD

for supervising the local avthorities and co-ordinating their development activities.

As shown in Figure 3.1.3, in the event that the local authorily has recourse to the funds from
international agencies, most of activities for project implementation will necessarily be

carcied out through inter-agency co-ordination.

To promote a water pollution coatrol project, the local autherity should submit its

development plan MLGRUD for approval.

Present Policies and Countermeasures for Water Pollution Control

The Government of Zimbabwe promotes the policy to decentealise the preseat administration
systen to local authorities to establish a bottom-up managing system. Decentralisation of the
administration system aims (o allow greater participation of provincial administration and
tocal governments in the annual planning and budgeting process and link regional
development needs to national decision-making processes. However, judging from the
analyses described in the previous Seclion, this policy does rot scem (o be thoroughly put

into practice.

National Development Plans

Since independence in 1980, the Government of Zimbabwe implemented the following

national development plans as an instrument for achieving socio-economic development.

(1) Transitionai National Development Plan, 1982/83 - 1984/85
(2) First Five-Year National Development Plan, 1986-1990
(3) Second Five-Year National Developnient Plan (SFYNDP), 1991-1995

The Second Five-Year National Development Plan (SFYNDP) ended up in December 1995

and the Government of Zimbabwe is in the process of formulating a national vision and long-

term development strategies, which will be based on the aspirations of the people.
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The national long-term or 25-year development plan called "Zimbabwe Vision 2020" is to

provide the country with direction in its secio-economic development ¢fforts. Through this,
long-term development stralegies will be formulated to serve as a guiding framework for

short and medium-term policies and plans by government, private sector and the civic groups.

Some of the major components of the National Vision 2020 are reported to be the policies
on: 1) "indigenization” of the economy and 2) drought management. Indigenization of the
economy is intended to ensure the participation of people in the development process and

their benefits.

The “Medium_Term Action Plan_Framework” is also under preparation based on the

perspectives given by the vision and long-term development strategies identified in the
vision, while the drought policy is to make the country less vulnerable to the scourges of

drought and famine.

Since the previous development plan has not been achicved to the desired exteat, the priority
areas are to remain in rural developrent, land reform, economic expansion and employment
creation, etc. in the next "Medium Term Action Plan (MTAP) framework" which is
scheduled to be brought into effect in December 1996. This MTAP will be implemented
together with the "Three-Year Rolling Budget” which is to be introduced from the fiscal year

1597,

Waiting for publication of the accomplishment report on the SFYNDP and implementation of
the next Medium Term Action Plan, major components of the SFYNDP are indicated for the

time being as follows.

Out of 12 objectives of the SFYNDP described below, the mosl critical objeclives were: 1)

improvement in living conditions, 2) sreduction of poverty, 3) economic growih with the

increase in investment and employment opportunities.

The main objectives of the Second Five-Year National Development Plan { SEYNDP) and its

targets were the following:
1) Improvement in living conditions and reduction of poverty,
- The target is to increase per capita GDP from Z$1,508 in 1990 to Z$1,673 by
1995 (at 1990 prices)
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2)

3)

4)

5)

6)

7

8)

9

- People's participation in the development process is the foundation for self-
reliant and self-sustained development |

Economic growth

- at least an average GDP growth rate of 4.6% per annum

Increasing and restructuring of investment

- 2817000 million (1990 prices) over the Plan period

Expansion and liberalisation of trade

Stabilisation of public finances

- Reduction of the government expenditure from 45.9% of GDP in 19%0/91 to
38.5% in 1995/96

Reduction of the rate of inflation ‘

- Decline from the high average annual rate of 25% in 1990/91 to about 9% by
1995/96

Creation of employment opportunities

Population planning

- reduction of the population growth rate

Regional development

- Achievement of balanced regional development

10) Rural and urban development

- Expansion of the economic base and income-generating capacity in tural areas

11) Conservation of environment

12) Development of science and technology

The GDP was planned to grow at an average annual rate of 4.6% during the SFYNDP period

compared with 3.2% average annual rate attained during the 1986-90 period (see Table 3.2.1,

Section 3.2, Chapter 2, Supporting Report).

Zimbabwe's macro-economic performance and management since its independence can be

summarised as follows:

sluggish output and export growth,
recovery of investment since the mid-1980s, but little increase in formal sector
employment; and

substantial structural reform since 1991, but continued unsustainable fiscal deficits.
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During the 1997 fiscal year, the Public Sector Investment Programme (PSIP) is designated to
be the main instrument for implementing the provision of economic and social infrastructure
for the growth of the productive sector {refer to Table 3.2.2, Section 3.2, Chapter 2,

Supporting Report).

To create a favourable environment for the productive sector, a number of social and
economic infrastructural programmes are planned to get high priority during the PSIP period.
Of high priority in the 1997 financial year is the provision of adequate social infrastructure
including facilities for health and education. This PSIP has a critical role in supporling the
social and economic infeasteucture devetopment including water poliution control and sewage

projects by providing the necessary funds.

The proposed total capital programme for the fiscal year 1997 amounts to 7$4,523 billion, of
which Z$2,431 billion will be from external sources in the form of grants and loans. The
loans of World Bank called "Urban H" are incorporated in this PSIP. The “Urban 11" loan
programme which amounts 1o about US$80 million (for 5 years) covers 21 urban areas in
Zimbabwe and is contributing to improvement of basic socio-economic infrastructure

including water and sewerage, roads, residential stands, etc.

In the fiscal year 1997, the MLGRUD has been allocated about Z$1billion mainly for the

provision of general infrastructure development in utban and communal areas.

Of the above twelve targets, the basic policies for environmental conservation including
necessarity water pollution control are clearly formulated in terms of "improvement in living
conditions” and "conservation of environment”. More specific policies and counternicasurcs

are stipulated in the respective relevant laws and regulations (refes to Section 3.3).

Local Development Plans

The "Regional, Town and Country Planning Act, 1976" provides for the preparation of local
development plan by Local (Planning) Authority. The main objective of this Act is to
provide for orderly planning of regions, districts and local areas with the objective of
conserving and improving the physical environment in order to promote health, safety, order,
amenity, convenience and cfficiency as well as economy in the development of fand and

related purposes.
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In terms af part HI of the Act, local authoritics are empowered to:
- prepare development plans;
- amend development plans;
- determine planning applications submitted to the Authority; and

- take enforcement action, where there has been a breach of planning regulations.

Specially in the urban arcas, the spatial extent and population have increased tremendously
resulting in significant challenges for local avthorities to ensure their sustainable
development and provide a comprehensive and reliable services throughout the areas. To
tackle such issues, every local authority starts 1o prepare their own urban planuning and/or

project study reports with a view to improve their basic infrastructure.

The major critical issues pointed out in most of plans and reporis concern the water supply,
sewerage and solid waste/refuse disposal and their management. The most critical trend in
the development over the years is that the urban local authorities failed to provide efficient
and reliable services because of inadequate financial resources to make investments in the

basic urban infrastructure.

Numerous studies were carried out by the planning & development division of each local
authority in order to establish the type and extent of future developments and the likely
population growth within the area. These reports provide a framework for the layout and

devetopment of the designated planning areas.

The (urban) local authorities in the Study area have respectively the following development

plans and/or project & study reparts especially on the water pollution control:

City of tarare

1) Marare Combination Master Plan (Report of Study & Writlen Statement), August
1992;

2) Harare Water Supply Study (Raw Sources Pre-Feasibility Report), September 1993
(Revision July 1994), Department of Water Development, Ministry of Lands,

Agriculture and Water Development;
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3)

4)

5)

6)

7

8)

Master Plan for Water Distribution, Volume 5: Pre-Feasibility Study on Water
Treatment Processes (Report A - Desk Studies), March 1994, Department of Works,
City of Harare;

Crowborough Sewage Treatmeﬁt Works, Discussion Document on the Proposed
Growth within Crowborough Catchment and the Sizing of Future Extensions to
Crowborough Sewage Treatment Works, August 1994, Department of Works, Cily of
Harare;

Harare Sewerage Firle V Project, Report on Subsidiary Sewers in the Firle
Catchment Area, November 1994, Department of Works, City of Harare;

Master Plan for Water Distribution, Appendix A: Development Planning &
Poputation Growth, June 1995, Department of Works, City of Harare;

Master Plan for Water distribution, Volume 3: Existing Supply Arca, October 1995,
Department of Works, City of Harare;

Crowborough Sewage Treatment Works, Volume 1 - Catchment Study (Final
Report), October 1995, Department of Works, City of Harare.

Chitungwiza Municipalily

Chitungwiza Town Council 5-Year Financial Pesformance Programnie, 1993/94 10

1)
1997/98,
2) Urban Development Projects
- Zengeza Sewage Treatment Woks and Sewer Reticulation Development Project
(Phase I)
- Second Urban Development Project (Sewerage Augmentation Scheme: Phase 1),
February 1996
Notton Town
1) Norton Master Plan (The Study Report and Written Statement), October 1995,
Norton Town Council,
2) Repori on the Feasibility Study for New Sewage Treatment Works, May 1996,

Norton Town Council;
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3) Report on the Rehabilitation of Norton Sewage Treatment Works and Sewage Pump

Station, May 1996, engineering Department, Norton Town Council.

Ruwa Locat Board

1) Ruwa Local Development Plan, March 1996, Ruwa Local Board

Epworth Local Board

1) Socio-Economic Study, Epworth Local Government Area, 1989, (actually Epworth
Local Board)

Urban Local Authorities

1) Zimbabwe Urban Solid Waste Management Study (Final Report), August 1995,
MILGRUD

Among the development plans enumerated above, the Harare Combination Master Plan is a
comprehensive study report which provides a strategic land use policy framework at regional
and sub-regional level for the development and control of the physical eavironment in the
Greater Harare. As a finding of the study, the report points out that the potential for
development in both Harare and Chitungwiza depends on the availability of public utility
infrastructure such as water, sewage, eleclricity, traffic and {ransportation systems. The
repott also indicates the urgent need to introduce the environmental impact assessment for

major development projects and to conserve the river courses and water supply sources.

The rapid urban growth in Zimbabwe has imposed huge stresses on the eavironmenl in
relation to water resources. The stresses exist both in terms of quantity and quality of the
resources. Material flux from many urban wastes (liquid, solid, industrial, etc.) are, in
particular, so large that they are not casily attenuated in the immediate vicinity leading to the

pollution of rivers and aquifers.

In such urban areas densely poputated, the impact of pollution is seriously recognized. The

existing sewerage systems in the areas are inappropiiately operated and maintained, and need
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to be expanded or replaced completely, as they became too small for the anticipated

workloads,

Laws and Regulations Relevant to Water Pollution Control and Environmental

Maunagement

The effecliveness of measures for control of water pollution depends on the enactment of
comprehensive and realistic laws and statutes, coupled with theic prudent administration and

management and the commitment of adequate financiat and othes resources.

In Zimbabwe, a new revised edition of the "Statute Law of Zimbabwe" is published in five
(5) volumes. This contains the Constitution and all current Acts of Parliament in a revised,

amended and updated form, including alt Acts passed by Parliament up to March, 1996.

Both the central government and local authorities are required to comply with the
requirements of national policies, law and regulations when executing their tegal powers and

responsibilities.

Water Pollution Conirol

Control of water pollution is necessary for the protection of the aquatic environmeat and the
maintenance of acceptable quality in lakes, reservoirs, streams, groundwater and so on. The
first step to be taken in determining the degree of treatment and other measures required for

control purposes is the establishment of environmental wates quality standards.

In 1970s under the regime of Rhodesia, Zimbabwe had turned to establishing andfor

strengthening its legal structures as a means of more effectively controlling water quality, A

- principal provision of these statutes was the promulgation of the following water regulations:

1) Water Act, 1976 (amended in 1984 , 1989 and 1993)

2) Water Pollution Conlrol (Waste and Effluent Water Standards) Regulations, 1971;
- Repealed and replaced by 4) Water Regulations, 1977

3} Public Health (Effiuent) Regulations, 1972;

4) Water (Elflueat and Wastewaler Standards) Regulations, 1977

3-29



- Dealing with the standards of effluents that may be discharged into natural water

COUrses.

5) Public Health Act, relating to sanitation, housing and water supplies;
Notes: Regulations currently in effect are underlined.
(1) Water Act

The preamble of the Water Act states that the legislation is "to provide, inter alia, for the
planning of the optimum development and utilisation of the water resources of Zimbabwe
and for the prevention and control of water pollution”. The Act is assigned to the
Minister of Energy and Water Resources Development (actually Minister of Lands and

Water Resources).

This Act consists of twelve {12} areas covering such administrative maiters as the powers
of the Minisler and the Secretary for Water Development, the establishment of water
boards, the water court and its powers and procedures, the making of regulations and
offences and penalties and water matters specially. Part IX of the Act is titled "Water %
Pollution Control" and includes sections 101 through 105; thice of these sections deals

directly with water pollution control.

According to the Water Act, 1976, "Pollution " is defined to mean:

- such contamination or other alteration of the biological, chemical or physical
propetties of the public strearn or water, including changes in colour, odour, taste,
temperature or turgidily; or
such discharge of any gasecous, liquid, solid or other substance into the public stream
or waler;

- as will or is likely to create a nuisance or render the public stream or private water,
public water or underground water,
as the case may be, detrimental, harmful or injurious to the health, safety or welfare
of the public or any section thercof or {o any consumer or user of the water or to any

birds, fish or other aquatic life, livestock or wild animals.

(2) Effluent Standards : 737
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The efflucnt disposal is governed by two (2) sets of cegulations:

- Discharge to Jand is controlled by much less strict regulations, viz. the Public Health
(Effluent) Regulations (GN 638/72), issued under the Public Health Act, and

- Discharge to rivers is conlrollcd-by the Water {(Effluent and Wastewater Standards)
Regulations (GN 687/77), issued under the Water Act (1976).

The important provisions of the above regulations are summarised as shown below.

The "Public Health (Cffluent) Regulations, 1972" stipulates the standards required for the
reuse of effluents by irrigation. On the other hand, the “Water Pollution Control (Wasle
and Effluent Water Standards) Regulations, 1971", subsequently replaced by the "Water
(Efftuent and Wastewater Standards) Regulations, 1977", dealt with the standards of

effluents that may discharged into natural water courses.

Public Health (Effluent) Regulations

Conventional Works Pond System Effluent

a) Surface irrigation of non-edible crops, pastures & Plantations

BOD = 70 mg/l DO > 1 mg/l at all times

b) Spray irrigation of ditto
BOD = 30 mg/l BOD = 30 mg/l

¢) Surface or spray irrigation of the above, plus pastures
for dairy éallle, and cut flowers
BOD < 10 mg/l BOD s 1 mg/t at all times
E. Coli. s 10/100 mi ~ E.Coli. < 10/100 ml

d) Public amenities, playing fields, etc.

Same as ¢) above, plus chlorination
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N Water};i‘f‘ﬂuenl & Wastewater Standards) Regulations
Parameter Limit

pH 6~9
Temperature % 35 deg.C
Dissolved Oxygen ' = 60% sal.
Chemical Oxygen Demand < 60 mg/
Total Undissolved Solids =25 mg
Total Dissolved Solids = 500 mg/l
Anmonia s 0.2 mght
Chlorine < 100 mg/l
Total N s 10 mg/t

Also limits for heavy metals, oils, pesticides and other toxic

Note: Original Regulations are attached in 3.3.1 Relevant Regulations,
Section 3.3, Chapter 2, Supporting Report..

The standards for discharge to rivers were introduced to control cutrophication of
important dams, and require pulrieat removal. The current "Water (Effluent and
Wastewaler Standards) Regulations, 1977 were made in terms of section 135 of the
Water Act, 1976. The Regulations are composed of the three major clauses:
Interpretation, Prescribed standards of quality for effiuent and wastewater and Sampling

procedure.

Although these regulations provide a basis for legal contro} of the discharge of effluent or
wastewater, complete prevention of any discharge of effluent or wastewater is practically
impossible, and in extréme conditions, even from well designed systems, occasional

discharges of raw or partially {reated sewage have 1o be expected.

Water quality standards have generally taken on of two forms - {ambient stream) waler
standards and {wastewater) effluent standards. The approach to environmental
protection, including water pollution contro}, taken by Zimbabwe, has been to apply the
"best practicable means® method used in the United Kingdom, by setting standards

according to needs of local environments and economic circumstances. Efftuent
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standards are considered to be more useful in order to identify the polluter and enforce

the regulations.

(3) Trade Efftucnt Control

The Urban Councils Act (Chapter 214) prescribed the "Trade Effiuent Control" and all
stipulations is now incorporated in the Urban Councils Act (No.24), 1995, even though
their Section numbers are changed. In the Urban Councils Act, 1995, the Section 180

stipulates the "projection of public sewers and public drains”,

In terms of Section 180 (1) (<), (d) and () of the Urban Councils Act (1995), no person
shall, except with the consent of the Council and subject to such conditions it may

impose:

1) discharge or put into o1 permit to enter a public sewer or public drain any solid,
liquid or gaseous subslance which the council, by notice in writing to the person
conceined, has prohibited from being discharged into that sewer or drain oa the

g grounds that it s likely to injure or damage that sewer or drain, interfere with the free
flow of sewage or storm-water or cause a nuisance or involve danger to the health of
persons entering that sewer or drain or employed at the sewage works or to endanger,
destroy or be injurious to the structure of any public sewer, public drain, scwage

works or land or to the processes used therein or thereon; or
2) discharge or put into or permit 10 enter a public sewer any storn-waier; or
3) discharge or put into or permit to enter a public drain any sewage.
In terms of lj above, every Urban Councils have set the following limits on effluents

which are discharged into each sewerage system. The Urban Councils may also impose

limits on any other substances which are not listed below as it deems necessary for the

pretection of public sewers or drains.

PHocciiss 6.8-9.0
] : 3 ,
z : Setilable solids {cm /litre} ... tess than 10.0
Fats (mg /1), .....less than 400.0



Mineral Qils oo rinmreenns Nil

Organic Oils ..o, Nil
Individual Heavy Metals (ing /1)... Iess than 50.0
Calcium Carbide ....ooveviviinninennann, Nil

BUmMen. ... Nil
Cyanides.....cccvniiiviiniinnnnne, Nil
Temperature (°C) ...onvcvvniviirinnininnes less than 60

With 1espect to 2), storm-water is prohibited from entering their sewerage system from
any source within the premises including:

) unroofed structures including washbays, etc.,

b) broken or low sewer inlet gullies,

¢) broken sewer manhole covess, and

d} broken sewer pipes, etc.

With respect to 3), any wastewater thal arise from any process or aclivity carried out in
the factory or premises is considered as sewage and must not be allowed to enter the

public storm-water drains. All such water should enter the sewerage system.

The contents of the regutations on "trade effluent control” are the same in every urban
councils and being applied in coatrolling trade effluent from industries. As sample, the
regulations of trade effluent control in the City of Harare is attached in 3.3.2 Trade

effluent control standards, Section 3.3, Chapter 2, Supporting Report.
{4) Effluent Irrigation

The efftuent from sewage treatment ponds and conventional and modified conventional
works cannot be discharged directly to a water course. However, it is commion practice
to use the effluent to irrigate land specifically set aside for this purpose. In auy cases,

final efflucnt from this land should be to an acceptable standard.

Main problem with irrigation is the acceptable effiuent quality which varies from wet
season 1o dry season. A major problem is the eutrophication in effluent storage dams.
The “Guidelines for the Disposal of Sewage and Sewage Efftuent in Wet Weather®, g
issued by the former Ministry of Water Development (MWD, 1978) take account of this
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problem by allowing direct discharge of treated effluent in excess of 1 average dry

weather flow (ADWF) 1o rivers in petiods of prolonged wet weather.

The factors to be used to determine the design of effluent irrigation schemes are the

following:

- quantity of effluent,

- rainfall amount and pattern,
- soil type and permeability,
- subsoil drainage (if any),

- method of irrigation, and

- crop lype.

‘The crop is often pasture grass or gum trees, both of which can withstand extreme

variations in irrigation rate, and a rule of thumb for sizing schentes is:

- to provide 35 ha/1,000m>/day ADWF.

Source: Sanitation Manval Design Proceduses, Technical Manuals and Guidelines for

Infrastructure Projects (Manual 5), December 1990.
(5) Conslruction of Building and Sewerage Work

In terms of Section 183 of the Urban Councils Act (Chapter 214), as read with Section
83A of the Rural Councils Act (Chapter 211), the then Minister of Local Government
and Housing made the following by-laws: The “Model Building By-laws", 1977
(amended in 1980 and 1981).

These By-laivé include twelve (12) chapters, and Chapter 3 & the subsequent chapters are
primarily concerned with providing technical information on the standards to which
building and sewerage work shall be undertaken. ‘The provision of these by-laws do not
cover all administrative matters associated with building and sewerage work, and cach
local authority is likely to have further by-laws which it has made or adopted concerning:
,§ a) applications for and the supply of water, b) applications for connections to public

sewers and the making of such connections; and others.
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Chapter 9 is titled "Drainage and Sewerage" and consists of the following 7 pasis:
- Pantl : General requirements in respect of sewerage and plumbing work
- Partll : Quality and design or sanitary fittings, piping and accessories

- Partlll :  Construction and fixing of soil-pipes and waste-pipes and fittings
- Part1V :  Construction and laying of private and combined private sewers

- PartV :  Sepiic tanks and private disposal plants

- Pait VI:  Storm-water drainage and use of sewers

- Part VIE:  Cleaning, inspection and testing

In terms of Part V, Section 78 (1), "no person shall, on any premises, consiruct or use any
septic tank and appurienant disposal works for the treatment and disposal of sewage
without the written consent of the local authority". Section 79 (1) stipulates that "every
septic tank shall be sited, designed and constructed to the approval of the local authority,

and in accordance with C.A.S. No. CAl, smalt domestic septic 1ank installations".

{6) Solid Waste Management

Solid wastes conlain various pollutants and contaminants and become sources of water
poltution. Solid waste/ refuse removal and its managenient concern, to a great extent, the

water pollution and vrban sanitation and environment.

In terms of Section 180 of the Urban Councils Act (Chapter 214) and the Public Health
Act, the tocal authorities are required to enact appropriate by-laws pertaining to issucs
such as sanitation, refuse collection, its transportation and disposal. For example, the
Harare City Council applies the Harare Waste Management By-laws of 1979 as the major

legal instrument for its solid waste management.

These By-laws are adopted in most of urban councils for solid waste management and
main provisions are almost the same. However, the provisions of these by-laws do not
cover the current waste management practices, and the urban local authorities are
increasingly failing to pravide efficient and reliable refuse removal and its management,

because of spalial extent and rapid population growth in the urban areas.

These By-laws consist of the following fourteen (14) Sections:
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- Section 1
- Seclion2
- Section 3
- Seclion4
- Section 5
- Section 6
- Section 7
- Section 8
- Seciion®
- Section 10 :
- Section 11 :
- Secction }2 :
- Section13 :
- Section 14 :

As pointed out in the final report on "Zimbabwe Urban Solid Waste Management Study”
in August 1995, there is need for a "National Waste Act™ which provides the necessary
legal framework for a co-ordinated solid waste management. Ordinances and regulations
regarding littering and improper disposal of solid waste and penalties for violation shoutd

be formulated and responsibilities of enforcement agencies must be clearly delineated.

Major constraints in the solid waste management of the urban local authorities can be

Title and datc of operation
Application

Interpretation of terms

Regular removal of domestic waste
Provision of waste-receptacles

Use of waste-receptacles

Removal of excess domestic waste and garden waste
Control of deposit of wastc
Sanitary services

Disposal of industrial waste
Waste-disposal sites

Charges for services

General

Repeals

summarised as follows:

1) lack of finance,

2) aged equipment,

3) Ilack of knowledge to run the disposal sites,

4) insufficient manpower development, and

5) lack of awareness to the public.

{7) Livestock Pollution

With regard to the

~ problem may be regulated in terms of water pollution and/or solid waste, as mentioncd

above.

livestock (farm) pollution, there are no specific regulations. This
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According to the interview survey, droppings (dung or excrement) of domestic animals
become part of the soil organic matiers. Some may enter the stream directly but these are

very snall quantities.

There are no staughierhouses (cows & pigs) on the farms. Most of livestock are sent

directly to established abattoirs in towns - nanely Marondera and Chinhoyi.

As to the settings and enforcement of the standards & regulations mentioned above, they
are summarised in Table 3.3.1, Section 3.3, Chapter 2, Supporting Report. Except the
largest urban local authority {City of Harare), it is actually difficul for the other medium
and small urban authorities to 2pply/ enforce them properly. This is mostly due to their

Iimited funds and lack of Manpower,
33.2 Environmental Conservation and Management
The environmental legislation, policies, standards and guidelines in Zimbabwe are too much

fragmented. There are seven major pieces of government legislation and some documents

relevant to environmental protection and management that the Ministry of Environment and

@

Tourism (MET) has recently prepared for environmental legislation reform.
(1) Lepislation

1} Natural Resources Act (amended by several Acts in 1975, 1976, 1979 and 1981)
2} Forest Act

3} Communal Land Forest Produce Act, 1987

4} Parks and Wild Life Act, 1975 (amended at the 1st August 1990)

5) Trapping of Animals Act, 1975

6) Hazardous Substances Act, 1974

7) Atmospheric Poilution Act, 1977

(2) Related Documents
1} A Review on Zimbabwe's Nalura! Resovrce and Land Use Legislation, and Some

Options for Implementing an Integrated Management Approach to Natural Resources g

to Achieve Environmentally Sound sustainable Development, December 1990
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2) Policy for Wildlife Zimbabwe, January 1992

3) Eavironmental Impact Assessment Policy, July 1994

4) Report on Zimbabwe's Bnvironmental Legislation, Assessment of Report; Alternative
Approach Towards Reform, May 1995

5) Environmental Legislation Reform for Zimbabwe (Staff Report), December 1995

6) Review of the Reporl: "Towards an Envionmental Management Act - Review and

Revision of Zimbabwe's Environmental Legislation”, January 1996

The impact of pollution has long been recognised. Many Environmental Impact Assessment
(EIA) studies have been carried oul, some as early as the mid-1970s but most since the mid-
1980s. However, the role of laws in controlling environmeantal quality has only recently been

established.

Government is responding to such priority problems as deforestation, soil erosion, loss of
biodiversity, and air and water pollution through a number of statutory instruments, policies,

programmes and projects.

Though the Second Five-Year Development Plan (1991-1995) specified that EIA be
undertaken before projects are implemented, there was no formal GoVemménl procedure. In
December 1993, according to a clear ditective from the Cabinet, the Ministry of Environment
and Tourism (MET) commenced to develop the necessary legislation and policy to

implement effective environmental management and sustainable development in the country.

Consequently, an "Environmental Impact Assessment Policy (EIA Policy)" was developed in
1994 and being implemented by the Ministry of Environment and Tourism for application to
development projects likely to have significant environmental consequences. However, this
EIA Policy is being established on a trial basis. [is design and further application is to be

reviewed anaually until it is superseded by format legislation requiring EIA.

It is pointed out that one of the major impediments to more effective environmental
management for Zimbabwe is the lack of clear and co-ordinated institutional, policy and
legislative framework for delivery on a national level. Zimbabwe currently lacks a coherent

and comprehensive environmental law framework.
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Staff Report on environmental Legislation Reform for Zimbabwe (December 1995)
recommends the development of a new piece of legislation under the auspices of the Ministry
of Environment and Tourism and enactment of a new “Environmental Management Act”,
The current Environmental Legisiation Reform aims to improve the country's environmental

framewoik (o make it more efficient, effective and fair,

On the other hand, the Review Report on Zimbabwe's Environmental Legislation identifies
the following as the major problems of the environmental law framework:

- fragmentation;

- lack of inlegration of social and economic factor into environmental planning;

- discriminative legislation on the basis of land tenure categorics;

- inadequate legislation to determine appropriate standards;

- failure to centralise the role of the Ministry of Environment and Tourism; and

- Tack of inter-sectoral co-operation and participatory mechanisms in planning

frantework.

Zimbabwe's environmental legistation is conlained in over 18 different stalutes and

administered by at least 8 different Ministries.

‘The above reports also suggest modifications of the following pieces of legislation in
conformily with the EIA process in the new Favironmental Management Act:

- Mines & Minerals Act, 1961 {for new mincs and exploration)

- Waler Act, 1976 (amended in 1984 , 1989 and 1993)

- Natural Resources Act, 1981 (for dams)

- Regional, Town and Country Planning Act, 1976 (empowering the local {planning]

authority to prepare, amend, approve and implement the development plans)
- Rural District Councils Act , 1988 (for ptans)
- Agricultural & Rural Development Act

In addition to the above, there are a number of government legislations that are relevant to
environmental protection and management including water pollution control. These are:

1) Natural Resources Act, as amended in November 1981

2) Statutory Instrument 204 of 1990 (providing for the establishment of local boards

2) Land Acquisition Act, 1986 (amended in 1992)

3) Communral Land Act, 1982
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4) Rural Land Act (regulating the disposal and subdivision of State land)

5) Public Health Act (relative to sanitation, housing and water supplies)

6) Rural District Council {RDC) Act, 19383

7) Urban Councils Act, 1995 (with reference 1o the powers of urban councils to control

pollution and regulate land use)

A list of different pieces of environmenlal legislation which is administered by different

government agencies is shown in Table 3.3.1.

As for the tariffs (water, sewerage, refuse collection, elc.), they are fixed by the local
authorities after the written approval of the Minister of Local Government, Rural and Urban

Development (MLGRUD) and levied in terms of Section 220 and 221 of the Urban Councils
Act of 1995.

On the other hand, some major local authorities have already formulated the local regulations
on the environment against pollution by industrial ad urban aclivilies as principal targets.
Iarare City, Ruwa Local Board, etc. have their own regulations under the control of each

Urban Councils.
Financial Arrangements for Environmental Management

The term “environmental management” is usually defined as the broad objectives
encompassing conservation of naturat resources and wildlife, The environmental issucs
discussed in this section is more specifically narrowed down (o the field of sanitation and

water pollution control rather than environmental conservation.

The environmental management takes the form of project components (public sewerage
systems, and solid waste collection and disposal), and supporting activities (monitoring of
water qualily, and institutional and training programs) in the field of sanitation and water

pollution control. Financial arrangements for project components consist of capital, and
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Table 3.3.1 List of the Pieces of Legislation Related to Environmental Management

Legistation

Respensible Organization

1. Natural Resouices Act

2. Forest act
3. Parks and Wildiife Act =~
LA BeesAct

3. Trapping of Animals Controf Act

7 _,6:,,!{?‘,?@_‘191,',3 S}:bstlancq?{ ﬂ!ﬁld Arf!ﬁiﬁg!es Act o

7. Atomospheric Polluiion Prevention Act

8. Noxious Weeds Act

| Environmentand Tourism (MET)

| ‘Depariment of National Parks and Wildlife
. Management, MET

i Department of Natural Resources, Ministry of

Farestry Conunission, MET

Ministry of Agriculture MA)

_ Ministry of Environment and Tourism (MET)

ril\jﬁl}?if{_;y of Heg!lh and Child Welfare (MHCW) B

Department of Meteorological Services, Ministry
of Transportand Energy

9. Plant, Pests and Diseases Act

IQ ‘I_\-fl:l_l}gsifmd Minerals Act

~Ministry of Agriculture (MA)

Ministry of Mines_,_(_ly_l_l_\ilz__”___r )

11. Regional Town and Country Planning Act

Ministry of Local Government, Rural and Utban
_Development (MLGRUD)

12. Urban Councils Act

Ministry of Local Government, Rural and Urban
_Development (MLGRUD)

13. Rural Councils Act

Ministry of Local Goverament, Rural and Urban
Development (MLGRUD)

14. Distrct Councils Act

15. Communal f.ands Act

16. National Museums and Monuments Act

17. Communal Land Forest Produce Aclt

18. Water Act

_ i_Development (MLGRUD)

Ministry of Local Government, Rural and Urban
Devetopment (MLGRUD)

Ministry of Local Government, Rural and Urban
Development (MLGRUD)

. Ministry of Home Affairs (MHA)

Ministry of Local Government, Rural and Urban

Depariment of Water Resources, Ministry of
Lands and Water Resources (MLWR)

Source : Resources Development Division, Ministry of Environment and Toutism (MET)
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operation and maintenance costs. Projects for water pollution control are principally under
the jurisdiction of local governments. The National Government on-lends capital funds to
local governments on a foan basis only. Operation and maintenance cost is financed by local
goveraments. Accordingly, financial status of locat authority is the key issue for analysis of
financial arrangements for capital, and operation and maintenance cosl. Water quality
monitoring and tsaining programs are financed through the budget of the relevant institutions

such as central government agencies and local governments,

In view of the growing population between 5 and 7 percent per annum in urban areas such as
Harare and Chitungwiza, an emphasis should be given to the role of urban seclion to
accommodate the increasing demands for urban services in terms of public services and
infrastructure.  The investment policy in the urban sector is cursently geared to housing
development, which was clearly spelled out in the Second Five Year National Development
Plan. But there was no explicit statement of investment policy to tackle the environmental
deterioration caused by the poputation pressure on the water courses and lands in urban

areas.
National Government

The pubic invesiment in urban sector takes the form of lending from the central government
to local authorities. Capitals are credited to local authorities in the form of long-term loans,
whose sources are from domestic financial market, multilateral and bilateral aids. Long-term

loans correspond to the mark noted by (*) in Table 3.4.1.

Table 3.4.1 Government Expenditures
Unit: Million Z8

1990/91 1991/92 1992/93 1993,94 1994/95

Current expenditure 6,830 8,732 11,614 12,995 14,783

Goods and Sarvices 4,193 5,048 6,641 7,866 8,959

Interest payments 1,137 1,577 2,309 2,991 3,250

Subsidies 534 961 1,104 360 548

Transfec paynienis 967 1,146 1,560 1,777 2,077

Capital expenditures 858 1,200 1,423 1,724 1,777
Net lending 657 1,246 621 1,260
Long-term(*) 543 824 703 1,125
Investment 58 152 o5 104
Short-term 55 271 (147) &y

Source: Zimbabwe Achieving Shared growth, World Bank
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Of the many linc agencies, the Ministry of Local Government, Rural & Urban Development
(MLGRUD) and the Ministry of Public Construction & National Housing (MPCNI) are the

major lending agencies to the local authorities.

The MLGRUD has been responsible for various projects handled by local governments in
the ficld of finance. Most of national government’s loan is lent to tocal governments as
District Development Fund to upgrade rural infrastruclure, mainly roads. Historical
performance of loan disbursement from the MLGRUD to local governmeats in urban sector

with the break down by source of fund is presented in Table 3.4.2.

Table 3.4.2 Loans Disbursement from MLGRUD in Urban Sector
Unit: Million Z$

Source of funds 1990/91  1991/92 1992/93 1993/94 1994/95
Government fund 138 741 176.4 138.2 168.7
Foreign

World Bank (Urban IT) 0.5 6.0 53.6 116.8
Other external 216 21.9 62.7
Sub-total 0.5 276 75.5 179.5
Total 13.8 74.6 2340 213.7 348.2

Source: Local Authorities Administration, MLGRUD

The World Bank is the major source of foreign capital, recently involved in implementation
of the nation-wide Project calfed Urban 1. The other external sources consist of Eurcpean
Investment Bank and African Development Bank, which finances the Harare Water Supply
Project and Firle V (augmentation of the existing Firle sewage trealment works) in Harare
Cily. The government fund is also mobilized as a pait of capitat finance to projects of local
government in urban areas. The share of the government capital out of total funds decreased
from almost 1005 in 19931/92 to 48% in 1994/95, presumably because of bigh interest rates

in domestic financial market.

The World Bank currently commils itself to various urban developmént projects called
“Urban Sector and Regional Development Programme (Utban II Project)”. The City of
Harare and the Norton Town Council are the target areas to include in Urban if. The project

background is as follows:
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Botrower : Central government
Agencies concerned @ MLGRUD, MPCNH
: Zimbabwe Electricily Supply Authority
: Local Authorities
: Building socictics
Loan amount : LiS$ 580 million
Project componenls : Primary infrastructure
- water augmentation
- sewer augmentation
- roads and drainage
Housing infrastructure
- site development of low/middle income housing
schemes
- mortgage finance
Urban services
- plants
- gquipment
-vehicles
Elecleicily services

‘The project cost of the Urban H by component is shown in Table 3.4.3:
Table 3.4.3 Summary Financing Plan by Project component
Unit: Mitlion US$

Total IBRD/Bilateral Building
gj Doners Passed on
_ as
Component Cosl Loans Grants  Gov’'t  Socicties
Low/Middle Income Housing:
On-site Infrastructure 108.63 23.61 85.02
Housing Finance 241.96 241.96
Compuler Equipment 7.15 7.15
Community Factlities 21.36 4.27 17.09
Electricity Supply 27.80 7.63 20.17
Primary Infrastructure 94.55 2413 70.42
Urban Services & Maintenance 54.81 31.31 23.50
Regional Development 13.53 240 11.13
nstitutional Development 10.21 0.50 3.00 6.71
Tolal Financing Required 580.60  101.00 3.00 234.04 241.96
Source: Staff Appraisal Report Utban Sector and Regional Development Project 1BRD, May
1989

An IBRD loan of US$80 million, together with other donors would, amount to US$101
million, which would finance 17.5% of the total project costs (USSSSD million). Bilateral
donors would provide US$3 million as a grant. Government funds would provide USS$234
i million or 40% of the total project cost. Private funds from the building societies would

provide US$242 million or 42% of the total project cost. The total project cost (US$580
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million) includes physical contingency (US$24.1 million), price contingency {(US$59.72
million), and tax and duties (US$33.1 million).

‘The project cost (base cost) of the primary infrasiructure by component is as foliows:

Unit: US$ Million

Local Foreign Total

Road & Storm Water 828 3.55 11.83
Water supply 24.85 10.65 35.50
Sewerage 12.89 552 18.41
_Design & Supervision 3.49 1.68 5.17
Total 49.51 21.40 7091

A list of the projects included in the primary infrastructure components is a well-balanced
project formation consisting mainly of water and sewer augmentation. The advantage of the
Urban Il is attributed to the formation of multiple project components to be implemented by
the respective urban councils. Thus, a plan for water augmentation is counter-balanced by
sewer avgmentation, taking account of water poltution controf. Out of the loan amount (US$
70.91 million) allocated to primary infrastructure, about 50 will be disbursed to walter and 25
percent will be distributed to sewerage development. Accordingly, the sewer component

(water pollution control) would account for US$ 18.41 million in Urban IL

The proceeds of the IBRD loans, together with the government loan are lent to local the
authorities through the General Development Loan Fund (GDLF) provided by the MLGRUD
and the National Housing Fund (NHE) by the MPCNH. Loans 1o primary infrastructure are
released from the GDLY through the MLGRUD. The terms and conditions of the leading of

funds to the local authorities are as follows:

1) Repayment period 1 25 years
2) Grace period : 3years
3) Prevailing interest rate r 1205%

FLocal Government
(1) Local Authorily Finance

‘Ihe accounting systems of the local authorities are based on a separate system, with

expenditures and income of each type charge to a particuter account. The aggrepate
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accouating (one-city) is, in general, the common system in most countries, but each account
is expected to be self-financing here. The typicat accounts adopted by the local authorities

are as follows:

- Rate account

- Watcr and sewer account
- Health/clinic account

- Education account

- Housing account

Except for the rate account, revenue is financed by tariffs, flat monthly charges and rent
levied by the city council and is intended to cover the fult cost (operating expeaditure and
debt service requirement) of each service. The rate account, which might otherwise be called
the general administration account, does not have any specific tarifs or rents, The revenue
of the rate account feccives the proceeds of the general local taxes collected the areas,
including fees paid by business companies for operation licenses and fees paid by vehicle

OWIErS.

Development funds are mostly owed to external loans consisting of the internal revenue of
the central government, foreign currencies lent b); both multilatesal and bitateral aid, and the
domestic financial market. The central government is responsible for both internal revenue
and forcign loans as the General Development Loan Fund {(GDLF), which is released to the
local autherities. The GDLF is earmarked during the budget cycle based on a project-by-
project evaluation by the government. Thereafter, the GDLF is released during the fiscal
year for those projects thal have been approved. The central government exercises a number
of fiscal controls over the local authorities through the MLGRUD, including the approval of
both budgets and the use of its borrowing powers. In the course of project appraisal, the
MLGRUD assesses the capacity of the local authoritics to borrow the funds required for a

particular project.

The Financial Performance Plan (FPP) is prepared by the local government to show the
financial performance of the local authorities. The FPP is designed to provide the details of
+ each account, including the extent that the account is in annual deficit (surplus), the status of
the debt service, the requirements for increasing sources of revenue to move from an annual
deficit to a surplus for each account. The principal objective of the FPP is to instigate a

programme of revenue increase while expenditures ate kept at planncd tevels; it is hoped that
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this would result in a revenue balance or surplus within a theee to five year period. The
minimum obligation on anaual basis required for the FPP is that the total revenues to be
expected should be sufficient to cover operaling expenses and debt service requirements. At
any evenl, the FPP is a valuable tool to assess the borrowing power of the local authorities,
enabling the MLGRUD to check if the proposed projects under the PSIP are in dine with the
targels agreed on by the MLLGRUD and the local authorities.

In gencral, the principle of cost recovery is applied to each account that can be run
separately. Under curzent practice, two financial statements (a statement of revenue and
expenditure, and a balance sheet) are prepared for each account. The principal of revenue to
recover operating expenditures and debt services (interest and principals) for cach account is

given below.

Account Revenue Source
1) Water Tariff and Copnection fees
"2) Sewerage -do-
3) Housing
On-site development Plot sales
Housing conslruciion Morigage repayment
4) Waste management Refuse fees
5) Education School fees
6) Hospital Medical fees

Cost secovery would be logical in that the users are obliged to pay for all costs for the
operation of a respeclive utilily service in return for the benefits received. In this sense, the
use of cost recovery would be clearly understood to make the vsers pay for costs on service-
to-service basis. But this approach is somelimes unfair to some users who do not receive
their expected benefits in return for the supply of utilily services. One example is that a large
scale housing development would definitely push up the tariff for water and sewerage,
because the augmenlation of both utilities ought to be necessary as associated costs of
housing development. Under such circumslances, such associated costs would be considered
external costs as a result of housing development. The costs would be recovered not on a
service-to-service basis (single separate account), but on a multiple accounts basis. The
project components of the World Bank-assisted Urban 11 had the following cost recavery

plan:
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Project components Recovery Sources

Plot sales Tariffs Rales
Site and services 0 o
Electricity services o
Primary infrastructure o o o

The recovery sources for primary infrastructure are well-balanced, consisting of plot sales,
tariffs and rates (property tax}. The recovery source for electricity service is, on the other
hand, confined to the electricity tariff. In this sense, a comprehensive plan of revenue
generation including housing development, has to be taken into account in order to the

recover project costs related to primary infrastructure.

(2) Harare City

Revenue and expendifure

The latest performance (1991/92-1993/4) of revenue and expenditure is summarised as

follows:
Unit: Million Z$
1991/92 1992/93 1993/94 1994/95
Revenue 326 394 626 715
Expenditure 333 435 630 661
Balance (N (41) {4) 54
Accumulated deficit (29) (70) (74) (20)

Harare city has recently suffered from a revenue deficit, which ought to be financed by its
own revenues or shorl-term credits. Due to the large population {more than one million) in
the city, it seems to be difficult to control general administration expenses. Accordingly, the
rate account became deficit in 1992/93 and in 1993/94 successively. The balance of other
account was almost negative. It might be inferred that of increase of tariffs and reats would
not have been sufficient to cover the growing operating expendilures. Therefore, strict cost
controls to avoid unnecessary expenses are strongly required. The consolidated income

statement of Harare City is shown in Table 3.4.1, Section 3.4, Chapter 2, Supporting Report.

Balance Sheet

The balance sheet of Harare Cily is summarised as follows:
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Unit Million 738

1991/92 1952/93 1993/94 1994/95
Assets
Fixed 670 816 976 1,292
Current 237 292 385 511
Totat 907 1,108 1,361 1,803
1.iabilities and Capital
Long-term 408 496 624 794
Shorl-term : 233 276 285 406
Capilal 246 336 452 603
Total o7 1,108 1,361 1,803

Long-term outstanding liabilities consisis of government loans, bonds issued, commercial
loans and private annuity funds. The City Council established a Consotidated Loans Fund
which was approved by the Ministry of Local Government Rural and Housing in 1977. All
loans received are pooled. Advances and interest are repaid to borcowing accounts on a half-

yearly basis. Capital outlay shares a substantial portion (about 90%) of fixed assets, which is

mostly financed by the Consolidated Loans Funds. The average annual capital- investment

(capital outlay) was about Z$150 million during 1991/92-1993/94 and jumped into 2§ 322
million in 1994/95.

The repayment of loans (debt service) is supposed to be financed by net revenue (revenue
balance) according to cost recovery. Owing to an increase in the accumulated revenue
deficit, such recurrent costs have been funded by drawdowns of cash deposits, various

contribution funds and money reserved from the sate of properly assets.

The consolidated batance sheel is shown in Table 3.4.2, Section 3.4, Chapter 2, Supporting

Reporl,

2) Chitungwiza Municipality

Revenue and BExpeaditures

A statement of revenue and expenditures is summarised as follows:

3-50




e

Unit million Z$

Fiscal Year 1991/92 1992/93 1993/94 1994/95
Revenue 72 73 99 141
Expenditures 68 86 97 130
Balance 5 (12) 1 11
Accumulated deficit (35) (47 (46) (35)

Financial performance in terms of revenuc balance geadually improved towards the fiscal
year of 1994/95. This owned much to a revenue surplus in the rate, and water, sewerage, and
refuse accounts, The improvement of the revenue balance resulted in the reduction of the
accumulated revenue deficit, though the accumulated deficit was still substantial in 1994/95.
The continuos revenue deficit appears Lo be in the housing, health and welfare accounts. The
consolidated income statement is shown in Table 3.4.3, Section 3.4, Chapter 2, Supporting

Report..

Balance Sheet

The long-tesm outstanding liabilities consists of government loans for housing development
and capital development fund. Government loans were aboul 75% of the tolal loans in
1994/95. ‘The capital development fund consist of unexpended govesnment loans and

commercial loans. Capital outlay shares about 77% of total fixed assets.

The batance sheet of Chitungwiza Municipality is summarised as follows:
Unit: MillionZ$

1992/92 1992/93 1993/94 1994/95

Assets ,

Fixed 61 63 61 68
Current 26 21 33 48
Total 87 84 24 136
Liabilities and Capital

Long-term 51 53 51 71
Short-term 55 60 67 65
Capital (19) (29) 24) 0
Total 87 84 94 136

Assets have been balanced by funds from long-term loans and short-time credits during
1991/92-1694/95, Because of a continuous negative revenue balance, capital has not been
positive in the balance sheet. Neveriheless, the capital account substantially recovered due

to a reduction of the deficit. The consolidated balance sheet is shown in Table 3.4.4.,
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Section 3.4, Chapter 2, Supporting Report.

(3) Norton Towr Council

Revenue and Expenditures

The historical performance of revenue and expenditures of Norton Town Council is
summarised as follows:

Unit: Mitlion 7%
1995/92 1992/93 1993/94 1994/95

Revenue 5.1 79 7.8 10.5
Expenditure 4.8 1.7 8.1 10.2
Balance 0.3 0.2 (0.3) 0.3
Accunmwlated deficit (2.7 (2.5) (2.8) (2.5)

Although the revenue balance on anaual basis has shown a minimal surplus, the revenue
balance accumulated continued to be negative. Primary infrastructure, comprising water,
sewerage and roads is included in the Town Board Account. This account was not
financially well-managed, contributing to the revenue deficit. As a whole, the revenue
surplus accrued from the housing and beerhall account is counter-balanced by the deficit
derived from other accounts. The consolidated income statement is shown in Table 3.4.5,,

Section 3.4, Chapter 2, Supporting Report.
Balance Sheet

About two-thitds of the current assels consist of revenue surplus, special funds and
temporary advances to capital development funds. In other words, those current assels
(liquidity fund) could be effectively utilised for the capital formation of fixed asséls. The
fixed assets consist facgely of land and buildings, and plants and equipmient 1o be utilised for

daily operations.
From the viewpoint of capital finance, the increase of long-term loans was remarkable, but
some loans were advanced to the capital development fund or remained uvnexpended.

Despite the accumulated revenue deficit, the capital account produced a minimal surplus.

Implementation of development projects requiring a substantial amount of loans would

squeeze the liquid assets and put a heavy burden on the users owing to an increase in tariffs

3-52



or changes; these increase would be more than their affordable capacity-to-pay. The
consolidated balance sheet is shown in Table 3.4.6., Section 3.4, Chapter 2, Supporting

Repaort.
(4) Ruwa Local Board
The Ruwa Local Board separated from Harare City in 1990 is stilf in the development stage.

The financial resources of the Local Board are quite small, accounting for only Z$2 million

in the revenue account in 1993/94. The revenue and expenditures are summarised as

foltows:
Unit: Million Z$
1591/92 1992/93 1993/94
Revenue 0.58 1,22 2.42
Expenditures 0.35 0.47 1.07
Balance 0.23 0.75 1.35
Accumulated surplus 0.30 0.21 0.97

The Local Board seemed to have made efforls to sustain a revenue surplus, The four
accounts appear to be in the Auditor’s Report. All accounts were financially well-
maintained, resulting in a revenue surplus. The increase of revenue was substantial in the
water and housing accounts. This was mainly attributed to the dramatic increase of the water
tariff and of rents on houses. The consolidated income statement is shown in Table 3.4.7,,

Section 3.4, Chapter 2, Suppotling Report.

Balance Sheet

Most of the fixed assets accounted for by the plant, equipment and tools to be used for daily
operations. Revenue assets, constituting a substantial portion of the current assets, are made

up of stocks and bank deposits, -

Revenue contributions are a the part of the funds used to finance the capital formation of
fixed assets. The Board slill has enough capacity for borrowing loans since its revenue
surplus suspasses its debt services. The debt services repaid between 1992/93 and 1993/94
were merely 787 thousands. The consolidated balance sheet is shown in Table 3.4.8,,

Section 3.4, Chapter 2, Supporting Report.
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Sewage and Water Works

(1) Harare City

Revenue and Expenditure

The revenues and expenditures of the water account consist of water sales and connection
fees, and those of 1the sewerage account are sewerage tariff, reticulation fees and the sales of

treated sewage to farms. Sewage is cursently sold to farms at the price of 7 Zeent per m’,

Due to the increase of the water and sewerage tariffs, both the waler and sewerage revenues
substantially increased in 1994/95, resulting in a revenue surplus of Z$96.7 million in the
waler account and Z$17.2 million in the sewerage account, The revenues and expenditures
are summarised as follows:

Unit; Mitlion Z3$

199192 1992/93 1993/94 1994/95

Water

Revenue 58.0 69.2 149.5 240.7
Expenditures 679 88.2 126.5 144.0
Balance {9.9) (19.2) 23.0 96.7
Sewerage

Revenue 24.5 29.2 46.2 60.4
Expendilures 24.2 320 394 43.2
Balance 0.3 (2.8) 6.8 17.2

Morton Jaffray constituted by far the largest share of water expenditures. The share was kept
constant at around 52 percent from 1991/92 to 1994/95. Sewerage expenditures consist
largely of reticulation, treatment works and farming operations. The expenditures for
farming operations are the operation and maintenance cost of canals and equipment utilised
to sell the sewage to farms. Reticulation constituted the largest share of the sewerage

expenditures, between 33 and 40 percent from 1991/92 to 1994/95.

There were the seven sewage treatment works under operation, out of which one treatment
work (southern) was already disposed of in 1993/94. The historical secords of the operation
and maintenance costs expended by the two sewage trealment works (Crowboroﬁgh and

Firle) are shown as follows:
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1994/95

Firle
Annual expenditures (million Z5) 10.6
Annual influent flow (million m3) 48.3
Unit cost (Z8/m3) 0.22
Crowborough
Annual expenditures (million Z3$) 7.4
Annual influent flow (million m3) 20.2
Unit cost (Z$/m3) 0.37

Remarks: Anaual influent Row is estimaled based on present influent flow (Crowborough
55,311m3 per day, Firle 132,291m3 per day).

The unit cost per m3 is estimated to be Z$0.22 at the Firle STW and Z$0.37 at the
Crowborough STW, The consolidated income statement of the water and sewerage account

is shown in Table 3.4.9., Section 3.4, Chapter 2, Supporting Repori.

Investment and Finance

Capitat assets of the water are account comprised of thee Morton Jaffray WTW, and the
distribution networks of Harare Water Supply. Those of the sewerage account consist of
reliculation, several sewerage freatmenl works and irrigation canals used for farming
operations. ‘The capital assels of the both accounts and the total of Harare City are

conlrasted below:

Unit: Million Z$§

199192 1994/95
Capital Assets
Water 211 391
Sewerage 72 186
Harare total 593 1,200

Capital assets of both the water and sewerage accounts conslitule 48 percent of the total
assets in 1991/92 in 1994/95.

The soutces of the funds used to finance capital assets consist of long-term loans, special
funds and capital, Loans constituted the largest share of capital finance. This share was 83
percent for the water account and 80 pescent for the sewerage account in 1994/95. The loans

outstanding of both accounts and the total of Harare City is contrasted as follows:
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Urit: Million 7Z$

1991792 1994/95
I.oan outstanding
Water 162 326
Sewerage 44 149
_Harare total : 408 7%4

Loan outstandigg of both accounts constituted about 50 percent of Harare total loans
outstanding in 1991792 and 60 perceat in 1994/95. The major sources of the loans used to

finance the niajor projects are given below:

Projecis Source of Funds
Harare Water Supply Earopean Invesiment Bank

African Development Bank

Water Distribution/Reservoir World Bank (Urban II)
-Highfield SPCA Pipeline

-Hatcliffe trunk Main

Reservoirs

Firle V Buropean Investment Bank
Hatcliffe Sewcrage Treatment Worid Bank (Urban 1)

Based on the balance sheet, both investment and capital finance by source on the flow basis
can be calculated, which is summarised as follows:

Unit: MillionZ$

Water
1991/92 - 1994/95
Average Annual
Investment Disposal Net investment Investment
Tolal 185.4 5.5 179.9 61.8
1991/92 - 1993/94 E
Repayment/ Average Annual
Finance Transfes Net finance Repayment Flow
i.0an 180.2 16.5 163.7 5.5
Fund 1.0 1.0 0
Capital 209 4.7 16.2
Total 202.1 22.2 179.9
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Sewerage
1991/92 - 1994/95

Average Annual
Investment Disposal Net invesiment Invesiment
Total 118.9 54 113.5 39.6
1991/92 - 1994/95 )
Repayment/ Average Annual
Finance Transfer Net finance Repayment Flow
Loan 116.5 11.7 104.8 39
Fund 0 0.2 {0.2)
Capital 4.7 58 8.9
Total 131.2 17.7 113.5

During the period from 1991/92 to 1994/95, the average annual investment flow was
calculated to be Z$61.8 million for the water account, and Z$39.6 miilion for the sewerage
account. The average annual loan repayment was Z$5.5 million for the water account and
7$3.9 million for the sewerage account. The amount of loan repayment was calcilated to be
within the revenue surplus of both accounts in 1994/95. The statement of invesiment and

finance is shown in Table 3.4.10., Section 3.4, Chapter 2, Supporting Report.
% 2) Chitungwiza Municipality

Revenue and Expenditures

Water and sewerage are combined into one account. The water and sewcrage account
produced successive revenue surpluses from 1991/92 to 1994/95. The revenue consists of

watcr and sewerage charges. The revenue and expendilures are summarised as follows:

Unit; Million Z$
1991/92 1992/93 1993794 1994/95

Revenue
Waler charges 8.54 0.34 24,00 31.31
Sewerage charges 2.58 272 3.77 4.84
Maintenance charges 0.05 0.10 0.07 0.02
Others - 0.04 0.06 1.82
Sub-total 11.17 12.20 27.90 37.99
Expenditures 7.65 10.52 12.13 28.09
* Bstimated O&M cost 1.2 1.72 2.20 2.68

g of Zengeza Treatment

Balance 3.52 1.68 15.77 9.90
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The sewerage charge is based on a flat tadiff, while the water charge consists of a flat tariff

and a per o consumption tariff. Accordingly, the fate of increase in water revenues was

much larger than that in sewerage revenue, Water constituted the substantial share {82
percent) of the total revenue in 1994/95. The increase of both the water and sewerage tariffs

pushed up the revenue amount in 1993/94 and 1994795, resulting in a Z315.8 million surplus

in 1993/94 and 759.9 million in 1994/95.

The Auditor’s Report of Chitungwiza does not include the historical operating expenditures
of the Zengeza STW. The Zengeza STW used to be owned by Harare City and was
transferred to Chitungwiza in 1991/92. The operating expenses of the Zengeza were
recorded in the City Treasure’s Report (1990/91) of Harare and were accounted at 2$0.98
million as of 1990/91. The expenses of 1990/91 are inflated in proportion to escalation rate
of the consumer price index given below in order lo estimate the current operaling

expenditure of the Zengeza STW for the years 1992-1995.

1950 1991 1992 1993 1994 1995
CPI 100 123 175 224 273 335

(i

The operating expenses of the Zengeza STW are estimated to be 7Z$2.68 million in 1994/95,
The current influent flow to the Zengeza is estimated to be 36,405 m3/day. The operating

€Xpenscs per m3 are estimated as follows:

Operaling expenditures Annual influent flow Unit cost per m3
7$2.68 miltion 13.3 million m3 7%0.20

The unit cost per m3 is estimated at Z$0.20, which is almost equal to that of the Firle STW.

Investment and Finance

The capital assets of the water and sewerage account and those of Chitungwiza as a whole

are contrasted as follows:

Unil: million 73
1992/93 1994/95
Capiltal assets 5
Water and Sewerage 18.89 36.19
Chitungwiza Total 4504 68.91
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The capital assets of the water and sewerage account conslituted about 42 percent of the
total asscts in 1992/93 and 52 percent in 1994/95. The increased share was attributed to
water and sewerage augmentation works. The upgrading of the Zengeza STW consists of an

jrrigation canal and an anaerobic pond in which about Z$7 million was invested.

The sources of the fund to finance capital assets consist of loans, special funds and capital.
The loans outstanding constituted the dominant share of the capital finance in the balance
sheet. This share was 91 percent in 1992/93 and 1994/95. The loan outstandings for water

and sewerage are compared to that of Chitungwiza’s total and are summarised below.

Unit: Million Z%

1992/93 1993/94
Loan_outstanding
Waler and Sewerage 17.2 328
Chitungwiza Total 53.0 70.9

'The loans outstanding for water and sewefagc constituted about 32 percent of total loan in
1992/93 and 46 percent in 1993/94. The increased share can be explained by the substantial

amount of loans disbursed for the water and sewerage augmentation works.

The investmient flow and capital finance by source is calculated based on the balance sheet

and is summarised as follows:

Unit: Million Z$

Water/ 1992/93 - 1994/95
Sewerage

Netinvestmeni  Avg. Annual investment

Investment Disposal
Total 17.50 0.19 17.31 88

Finance  Repayment Net finance Avg. Annual repayment

Loan 17.93 234 15.59 1.2
Fund 172 - 1.72

Capital - -

Total 17.31

During the period from 1992/93 to 1994/95, the average annual investrnent was calculated at
7$8.8 million. The average annual repayment was Z$1.2 million. The repayment of Z51.2

million was within the revenue surplus of 7$18.8 million in 1993/94 and 23$9.9 million in



1994/95. The financial statement of the water and sewerage account is shown in Table

3.4.11., Section 3.4, Chapter 2, Supporting Report.
3) Norton Town Council

The Auditor’s report of Norton Town Council does not repott the financial performance of a
water and sewerage account separately. All financial data relating to water and sewerage are
included in the Town Board Account stated in the Report, Accordingly, data had to be
traced back to the bookkeeping kept by the treasury section of the Council. There was no
breakdown of water and sewerage charges on the revenue account. The account items are
identical on both revenue and expenditure accounts. This style of financial format is also

identified in the sewerage account of the City Treasure's Report of Harare,

Revenue and Expenditures

‘Fhe revenue balance has been minimally surplus during the period from 1991/92 10 1994/95,

excepl for the fiscal year of 1993/94. The revenue and expenditures are summarised as

follows:
~ Unit: 23
1991/92 1992/93 1993/94 1994/5
Revenue 660,588 969,171 1,304,100 2,496,963
Expenditure 389,935 744,523 1,326,208 2,104,775
Balance 270,653 224,648 (22,108) 392,223

‘The operating expenses of the Norton STW were Z23450,670 in 1994795, The current flow
to the Norton STW is estimated at 2,700 m® per day. The operating expenses per n’ arc

estimated as follows:

Operating expenses Annual influent flow Unit cost per m’
7%450,670 0.98 million m3 750.46

Unit cost per nt is estimated at 7$0.46, which is bigher than those of the Firle and
Crowborough STWs.

Investment and Finance

The ongoing sewer upgrading aims to rehabilitate the existing biological filter. 'The

rehabilitation cost is reported at Z$1.4 miltion, out of which about Z$0.9 million was already
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disbursed. Although the scope of work is not clear al the moment, a new STW will be
launched under the World Bank assisted Urban I project. Project appraisal and design
commenced as of December 1995, The financial statement of water and sewage works of

Norion Town Council is shown in Table 3.4.12., Section 3.4, Chapter 2, Supporling Report,

(4 Ruwa Local Board

The Auditor’s Report began to report the financial performance of the Board on the basis of
separate accounts in the fiscal year of 1992/93. The accounts stated in the Auditor’s Report
are 1) Rate, 2) Water, 3) Works, and 4) Housing. The sewage works are included in the
third account {Works). Financial data relating to the sewage works are taken out in order lo

combine them with the waler works, which is summarised as follows:

Revenue and Expenditures

Unit: 2%
1992/93 1993/94

Water

Reveaue 83,835 243,259

Expenditures 45,295 143,972

Balance 38,540 99,287
Scwerage

Revenue 17,248 128,045

Expenditures 1,586 105,565

Balance 15,662 22,480

The Board seemed to maintain 2 self financing ccileria for both its water and sewage works.
The increase of revenue was oulstanding in 1993/94, In particular , the sewerage revenue
increased nearly seven-fold in 1993/94. This is attributed to increase of the tariff and
expansion of Ihe reticulation fees. The existing STWs (waste stabitization pond) started
construction in 1993. The operating expenses were Z$105,965 in 1993/94. The present
flow to the existing ponds is estimated at 2,865m’ per day. The unit cost per m? is estimated

as follows:

Operating expenses Annuai inflow Unit cost per m’
25105,965 1.05 million m> 750.10

The unil cost per m3 is estimated at Z80.10. The estimated operaling expenses per m? are
lower than those of the Firle or Crowborough STWs, since the Ruwa STW is not equipped

with TF or BNR,
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3.4.4

Investment and Finance

‘the fixed assets of the Ruwa Local Board consist of machines and tools for water work, and
waste stabilization ponds for sewage treatment as of 1993/94. Investment from 1992/93 to
1993/94 amounted to Z$206,469 consisting of water works (Z$52,546) and sewage treatment
works (7$153,923). The source of finance for investment comics from the Ruwa Board’s
own capital. The financial statement of water and sewage works conducted by the Ruwa

Local Board is shown in Table 3.4.13., Section 3.4, Chapter 2, Supporting Report.
Tariff Systemt and Structure

In Zimbabwe, taxes and levies are collected by the central government and the local
authorities. The local authorities are also allowed to collect such taxes, levies, fees and user
charges for those services they should provide in terms of any appropriate law and

regulation.

Charges including water, sewerage, refuse collection, etc, are fixed by the local authorilies
after the wrilten approval of the Minister of Local government, Rural and Urban
Development (MLGRUD).

In view of the recent high inflation rates (cusrently pegged at around 25%), most of the local
authorities decide to review annually their tariff structure {consisting of charges for waler,
sewerage, refuse collection and others). In case of the City of Harare, the sewerage charges
are scheduled to be increased from Qctober 1996, while the water charges are scheduled to
go up from February 1997. In the other three urban local authoritics (Chitungwiza, Norton
and Ruwa), revised charges are applied in July {at the beginning of fiscal year). The general
data on charges collection system of the Urban Councils in the Study area are summarized in

Table 3.4.14, Section 3.4, Chapter 2, Supporting Report.

As an example, the water and sewerage lari{f siructure in the City of Harare is shown below:
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Water Tarill

1)  Single famity dwelling under which are served by a separate meter
2)  Commercial and industrial

3) Fla

Sewerage Tariff

1)  Capable but not connected (o sewer
2)  Residential

3) Commercial

4)  Public institution (exempted rate)

Note: The tariff structure in the small local auvthority area, which is more simple

than that in the City of Harare.

In most of cases, the water and sewerage chasges are collected monthly at the same time
from the beneficiary-users. Table 3.4.4 shows the water and sewerage (ariffs in the urban

coungcils in the Study Area.
Water Pollution Status in the Study Avea

The Upper Manyame River Basin covers the national capital Harare, which has a population
of 1.5 million. Due to the recent excessive population growth and economic development,
water pollution caused by domestic and industrial wastewater, as well as solid waste
dumping, has become remarkable in the area'’s water sources (i. e. lakes, rivers and dams). In
the area’s lakes and dams, eutrophication triggered by high concentrations of nitrogen and

phosphorus has been observed.

At Lake Chivero, excessive water hyacinth growth was reported as well as the blooms of
algac in Harava Dam and Seke Dam. Further, in addition to the water quality problem, Lake
Chivero has suffered from a chronic water shortage as demonstrated by the minimal overflow

from it’s spill way since 1590.

The on-going water quality monitoring systems, the water pollution status of the public water
bodies and the effluent water quality at the major pollution sources are presented in this
section. The available data were obtained from the relevant authorities (mainly from the City

of Harare) and the field investigation conducted theough this Study.
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Table 3.4.4  Waler and Sewerage Tarifls in the Urban Ceuncils Relaled to the Master Plan Siudy
(Urit; 28 = Zimtab=£an Dedlar)
Woter Tariil Rate per miath Scwerage Tarifl
per cubic mete Month'y Charge Meathly Charge
[ City of Hacare I (Fired) (Fix=dj
1) Singlc Famdly Drciting reder 15133 m3 m 95.0c bRy 3) Cugadle - capablc bul net 1300
which wie sercd by a scpd raic peim3 conncgicd ko scwer
meicr
14 @) - 333 2} Feveninl 5160
1180 Oc por m3 pet Gunen! gach il
afm3 - 69m3 3} Commerin £28 00 per Giment
a1 258 Gc permd
4} Infuserind (Effivent Crarges)
70m3 - Xediimd -Bagic S¥Speremd
375 0c por m3 - ot tath effleeat
esgeeding &Y mithignmmes £100 per hire
In cxcess of 500m3
£50.0¢ pei m3 5y Public Institaticns 1406
{Ezznpicd aic) ger Guncat
2) Commercial and Ir dustrial Is1 30m3 $200 G
nISx paml
In €258 of 3p0m3
8500 per m3
3) Flas 1606 $10.00
L._CE“’JS“’iZ aMu nicips‘li‘t!J
1) Resifentidd §51 % ;D oo desser $11 37 1) Resiflential $3N
(per Boesthel & monih)
Trereadier, $in
o per m3 2y Commeecial §30 538
(ped minth) {per water elocl)
2j Ng-Kesrdeatial perm3 §5 82
3} Lndundal ST ED
3} Governonest InsEisticns permd §$582 {pet manct) {per wwer Soscl}
I “Redon Town |} (Funed) (Fired)
1) Waker Charges for Mrdivon & %3] 8300 ger 130 m3 5500 1) Rzsidenta) {Low Densily 5375
Might Demsity Auta Only $350 por 1150 m3 Assa)
54 59 pes $1-100 3
$500 Bove 150 rd 1) Single Quanicrs $3750
2) Wa'es Conncativa $500 00 3) Commercial f Senice 3200
Tndueiriat {High Deasity
Area)
*} PBgier Ororgos for Low Densiy
A-g a-d col'eaed by MIRR £} Schocls (perpoint) 3200
£} Heponal {per pinnt) 83525
[ Rowsbeaibad |
1) Residential 1-5m3 52300 i} Higk Densiy $12.00
§-20m3 $356 ser month
-0 m3 837
Abcve i} md 10 ) Low Dersily £200.25
pei srawm
2) Cemme cial 1-19m3 5300
11-a)m3 333 3) Comme rcigt 2 permd
4] -6 m3 41 based on meted
Abcec 53 w3 £4.51 B 23Cr cOESUmpLCR
1) ladusiAab 1-10m3 $120.00 £] Indusirial $120 permd
11- 20 m3 373 taed on mcucd
2} - 6 md 410 water coRsuT ptitn
Aborc 61 m3 Hhn

Naie - Tanfls o8 of Jaby 1555
Soarces @ Local Aathanities Ceacomed
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Concerned Agencies Undertaking Water Quality Examination and Moniforing

The pertinent authorities for water quality examination and monitoring are the Ministry of
Land and Water Resources (MLWR) at the central goverament level and the City of Harare

at the local government level.

The examination/monitoring of public water bodies is conducted by the Water Pollution
Control Section {(WPCS), Department of Water Resources (DWR) of the ML.WR through the
collection of data from 12 self-recording water level surveillance stations, 20 river water
sampling points and 15 groundwater sampling wells within the Study area. However, the
water quality monitoring of the lakes/dams are not carried out by WPCS at present. The
water sampling is performed once every month and water quality examinations are carried
out by the Government Analyst Laboratosy of the Ministry of Health and Child Welfare
{MHCW). The capacity and efficiency of the Government Analyst Laboratory is the current
limiting factor in the developmenf of the program. This has resulted in the need for the DWR
to have its own laboratory, and it is in the process of acquiring one at the moment. However,
about 19 indices regarding the water quality are examined, the representative indices (BOD,

S$S, T-N and T-P etc.) that measure waler pollution are not examined.

Regarding the method of water sampling, the summary of the guidelines now distributed to

ali relevant field staff in Zimbabwe is shown in Table 3.5.1, Seclion 3.5, Data Report.

Since the City of Harare is stipulated by the Water Act to be responsible for the pollution
control/regulation of the public water bodies under its jurisdiction, the city has been
conducting water quality examinations at 48 river water sampling points and also in Seke
-Dam, Lake Chivero and Lake Manyame. Many sampling points in the rivers are the same
points with the MLWR. The river flow rate is not measured. Still, about 14 indices
regarding the water quality of public water bodies are examined, but the representative
indices (BOD, COD, 8S, T-N and T-P etc.) that measure water pollution are not examined in
the same as the MLWR.

Further, the inflow and cffluent water quality examinations of the STWs in terms of major

pollutants within Harare, and the canal waler qualily examination of farm irrigation systems

reusing the efftuents from the STWs are carried out. Industrial wastewater quality

examination is also conducted based on the standards for wastewater discharged into the

sewerage system, as Siipulaled in the Urban Councit Acl. The relevant detaited jnformation
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on water quality monitoring in Harare are shown in Table 3.5.1, Section 3.5, Chapter 2,

Supporling Report.

The summary of the water gquality monitoring by the MLWR and the Cily of Harare are
shown in Table 3.5.1 and the location: of the self-recording water level surveillance stations of

the MLWR and water sampling peints of both agencies are shown in Figure 3.5.1.

The major probleins of the present water quality monitoring system in the study areca are

enumerated as foliows:

(1) The concerned agencies are conducting water quality monitoring programs individually.
There is no comprehensive managemeat of the water quality monitoring programs by the

MLWR.

(2) Although water quality is periodically monitored by the concerned agencies, their
frequency/interval, sampling points and water quality indices of monitoring are not

consistent amongst the concerned agencies.

(3) No adequate legislation exists to contro! non-point-source pollution from agricultural and

urban runoff.

(4) There is a large quantity of data from the water qualily monitoring program which has

not been analyzed and there is no database system for the monitoring program,

(5) The Acts controlling water pollution have been in operation for a long time and are now

out dated.
Water Pollution Status in the Study Water Bedy

Based on the investigation resulls and data gathered from the agencies con'cemed, the present
water pollution status in the public water bodies: the Manyame River and its tributaries and
the lakes/dams was analyzed. All data on water quality of the ﬁvers/]akeé gathered from the
concerned agencies are included in Table 3.5.2 10 3.5.21 and Figure 3.5.1, Section 3.5, Data
Report, while the results of water qualily examination done through this Study is shown in

Table 3.5.45 to 3.5.48, Section 3.5, Chapter 2, Data Report. The waer qualily examination of
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Table 3.5.1 Water Qualily Monitoring by Concerned Agencies
Agencles MIWR City of Harare
Department Water Pollution Control Section {WPCS), | Bngineering Services Division,
Department of Water Resources (DWR) | Department of Works
1) Monitoring of water pollution in the 1) Monitoring of water pollulion in the
rivers public water bodies (rivers,
2) Policy making for pollution control lakes/dams)
3) Assess in the efficiency of water 2) Monitoring of effluent discharged from
Objective pollution contro! methods the STWs
4) Development of the natural water data | 3) Monitoring of effluent discharged from
base factories
4) Monitoring of groundwater in
irrigation area re-using the cffluent
from the STWs
Number of 1) 12 self-recording water level 1) 48 river water sampling points
Surveillance Stations surveillance stations 2) 3 lake/dam water sampling points
and Sampling Points | 2) 20 river water sampling points 1) 58TWs
3) 15 boreholes oparated by WPCS 4) Faclories
Frequency/Interval | 1time a month _ Depending on sampling points
Water Quality pH, Oxygen Absotbed, CODg,, EC, Total | pH, Hardness, DO, Gxygen Absoibed,
Tndices Alkalinity, Ct, SOF, Mg?, Ca¥, NH,-N, | EC, Total Alkaliaity, CF, Ca®™, NHg-N,

NO;-N, PO;-P, Fe, Mn, Pb, Cr, K, Na NQO;-N, PO4-P, Fe, Mn, Albuminoid

Notes: MLWR: Ministry of Land and Water Resources

public water bodies and major pollution sources conducted theough this study are shown al

length in 3.5.1, Section 3.5, Chapter 2, Supporling Report,

Al prescnt, because of the absence of appropriate environmental water quality standards in

Zimbabwe, the present water quality of the wates bodies was evaluated referring to the

general requirements to meet different purposes of water use.
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(1) Rivers

1) Manyame River

The yearly fluctuation of ammonia nitrogen (NI1y-N) which shows the effluent
discharge from the STW at the Skyline Bridge, upsiream of the Take Chivero, is
shown in Figure 3.5.2. This figure shows that such concentrations have been rapidly
dropped since 1995. This recovery of the water quality of the Manyame River may
be a result of the arrangement at the Zengeza STW to send treated effluent to the

farm land starting from August 1995,

In connection with the analysis of the present water quality in the study water body,
the data of September 1995 - May 1996 were fully utilized, due to the change in the
water pollution resulling from the decision to cease the effluent discharge into the

Nyatsime River from the Zengeza STW.

The presenl water quality at the major sampling points in the Manyame River
curtently observed by the authorities is shown in Table 3.5.2. and the locations of

these water sampling points are shown in Figure 3.5.3.

20 e, -~

0t

Concentration (mg/l)

O?M L - } l"_'-'—.r'_,_rr : o - 1 -"'""‘“"—-4“.)

1991 1992 1993 1994 1995 1596

Year

Figure 3.5.2 Water Quality of Manyame River (Skyline Bridge)

The concentrations of biochemical Oxygen demand (BOD), suspended solid (SS) and
dissolved oxygen (DO} at the major sampling points in the Manyame River are
observed with ranges; BOD: 0.6-1.1 mg/l, SS: 7.8-31.2 mg/t and DO: 3.13-6.59 mg/l.

In the comparison with the allowable level for drinking water al rivers (BOD: less
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than 3 mgA, §S: less than 25 mg/, DO; more than 5 mg/1}, these items are almost
within the allowable range at all sampling points. Mareover the concentrations of
total nitrogen (T-N) and total phosphorus (T-P) are observed with ranges of T-N:
0.50-0.80 mg/1, T-P: 0.052-0.080 mg/l.

As to heavy metals, zinc (Zn), nickel (Ni), iron (Fe) and cadmium {Cd) were
detected, of which Ni, Fe and Cd slightly exceeded the allowable limit of the health
requirements of the WHO guideline for drinking water (Zn: less than 3 mg/l, Ni: less
than 0.02 mg/l, Fe: less than 0.3 mg/, Cd: less than 0.003 mg/1). This means that
heavy metals do not adversely effect Lake Chivero; however, Cd which has a
significant impact on the human health, musl be observed periodically. Although the
cffluent of the STWs is considered as a major pollution source, a high concentration
of heavy metals was not detected through this Study. However, high concentrations
of Fe, Ni and Zn were detected in industrial wastewater through this Study. This
means that there is the possibility of a lingering influence from the past eftluent
discharge from the STWs. On the other hand, the cause of the delecied Cd were not
clarified by this Study.

Concerning agricultural chemicals, atrazine, captan and chlorpyrifos were examined
as lhe representative agricultural chemicals in the study area. But these chemicals
were not detected through this Study, which was carried out in the dry season.

Agricultural chemicals must be checked periodically through the year,

Tributaries

The water quality of the respective tributaries before their confluence with the

Manyame River is shown in Table 3.5.3. The concentrations of BOD, SS and DO of
cach river are observed with ranges; BOD: 1.6-3.8 mg/, SS: 10.3-12.4 mig/t and DO:
5.0-6.70 mg/l. Through the comparison with the allowable level for fishery in rivers
(BOD: less than 5 mg/l, SS: less than 50 mg/l, DO: more than 5 mg/1), it is observed
that these items are within the aliowable levels except for the Marimba River.
Regarding the water quality of the Marimba River, as the past water quality data are
the same level as the Mukuvisi River, the results seen this study are deemed

temporary.
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The concentrations of 'T-N and T-P are observed with ranges of T-N: 0.50-0.80 mg/I,
T-P: 0.052-0.274 mg/l. 'The concentration of T-P in the Ruwa and Nyatsime River

are higher than the other rivers.

Among the four major (ributaries, namely the Ruwa, Nyatsime, Mukuvisi and
Marimba River, there are STWs (the Donnybrook, Ruwa, Zengeza, Firle and

Crowborough STWs) in their respective river basins.

Figures 3.5.4 1o 3.5.6 show the NH,-N concentration upstream and downstream of
the existing STWs in the Nyatsime River, the Mukuvisi River and the Marimba
River. Figure 3.5.4 shows the influence by the effiuent of the Zengeza STW under
over loaded conditions in 1991, To cope with this sitvation, in August 1995, the
whole effluent was diverted to the Imbgwa Farm for irrigation rather than being
discharge into the Nyatsime River. This countermeasure contributed to the rapid

recovery of the river’s water quatity.

Likewise, the effluent discharged from the Firle STW seems to have affected the
water quality of the Mukuvisi River as shown in Figure 3.5.5. On the other hand, the
Crowborough STW is notable in that it appears to have no impact on the water
qualily of the river. However, the discharged phosphorus may be a one of the causes

of water pollution in Lake Chivero.

As to heavy melals, and agricullural chemicals {atrazine, captan and chlorpyrifos),
though the discussed conditions on the main river are common to its tributaries, Cd
was detected in the Nyatsime and Ruwa River shall be monitored in the future.

Agricultoral chemicals also need Lo be observed in the future,

charding the Muzururu and Gwebi River, the evaluation of the water quality was
carried out based on the results through this Study, since there was no ¢xisting data
available. The impact of the treated effluent discharged from the Marlbolough STW
to Lake Manyame sceins to be minor in terms of BOD, T-N and T-P, due to the
longer water courses and comparatively small pollution loads discharged in the sub-

basins.
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(2) Lakes/Dams

The present water qualily data of the Scke Dam, Lake Chivero and Lake Manyame are
shown in Table 3.5.4.

1) Seke Dam

The waler quality of the Scke Dam is characterized by its high concentration of
nitrogen (T-N: 0.65 mg/1) and phesphorous {T-P: 0.070 mg/1), which exceed the
allowable level for drinking water in lakes (T-N: less than 0.3 mg/l, T-P: less than
0.01 mg/1). Such high levels of nitrogen and phosphorous show that the dam is
prone to cuthrophication, However, the low conceatration of inorganic nitrogen
(NH;-N, NO»-N, NO,-N) means that the influence of livestock excreta, festilizer,
dried grass is greater than the effluents from the Donnybrook STW, the Ruwa STW

which are located upstream of the dam.

Through the comparison with the allowable level of water quality indices for
drinking water source in lakes (CODy,: less than 3 mg/l, SS: less than 25 mg/l, DO:
more than 5 mg/1), it is cbserved that CODy,, (9.5 mgfl) is three times higher than

ihe allowable standards and also DO (5.8 mg/) slightly exceeds the standards. Thus,

it is obvious that the detesioration of the water in the Seke Dam is in progiess.

As to heavy metals, Zn, Ni, Fe and Cd were detected, of which Ni, Fe and Cd exceed
the WIIO guidelines for drinking water (Zn: less than 3 mg/l, Ni: less than 0.02 mg/l,
Fe: less than 0.3 mg/l, Cd: less than 0.003 mg/1). Although the effluent of STWs is
major source of organic pollution, the concentration of heavy metals are not
significant, provided however that Cd, among others, should be observed
periodically. As to the origin of these heavy melals, industrial wastewater contains
high concentrations of Fe, Ni and Zn. The possible influence of heavy metals which

may be dissolved from detritus is assessed.
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Concerning the agricultural chemicals, the atrazine, captan and chlorpyrifos were
examined as the representative agricullural chemicals in the study arca. DBui these
chemicals were not detected in the lakes/dams through this Study which was carried
out in the dry season, Agricullural chemicals must be monitored periodically through

the year.

There is no significant difference in the water quality at the samipling points upsiream
and downstream of the dam. Also, the difference in water quatily between the vpper
layer and the lower layer of the stored water is not obvicus, except that the extremely

high concentration of NO,-N was observed in the upper layer.

Lake Chivero

As ia the Seke Dam, water quality in Lake Chivero is characterized by its high
concentration of nitrogen (T-N: 0.51 mg/l) and especially phosphorous (1-P: 0.27
mg/), which exceed the allowable level for drinking water in lakes {T-N: less than
0.3 mg/l, T-P: less than 0.01 mg/A). The concentration of T-P is about four-times

higher than that of the Seke Dam. Inorganic nitrogen concenlrations are aiso high.

" This means that the lake was significantly affected by the inflow from the area

upstream of the lake,

The annual fluctuation of NH-N and PO4-P in Lake Chivero is shown in Figure
3.5.7. The figure shows that the water poliution resumed in 1990 and then rapidly
progressed. Also shown in the figure is that the decrease of NHy-N in 1995 reflects
the suspension of effiuent discharge from tfle Zengeza STW to the river. Likewise,

the effluent from the STW affected remarkably the lake's waler quality.

The CODyy, concentration (14.9 mg/l) in the lake is very high, at about five-times the
allowable leve} for drinking water in lakes (CODy,: less than 3.0 mg/l, 8S: less than
25 mgfl, PO: more than 5 mg/1}), white SS (4.3 mg/) is below than the standards and
DO (4.7 mg/l) exceeds the standards. Although walter sampling was carried out at

three points downstream of the conflucnce point of the Marimba River, the influence

" - of the Marimba River is not clearly identified. However, the tendency of increasing

T-N and T-P concentration downstream indicates the possibility of solution of

nutrient substances from the deiritus in the lake.
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Figure 3.5.7 Water Quality of the Lake Chivero (Top Layer)

With regard to heavy metals, the conditions are the same as at the Seke Dam and the

lake water is still deemed to be allowable as a drinking water source.

Concerning the agricultural chemicals, the atrazine, captan and chiorpyrifos wete
examined as the representative agricultural chemicals in the study area. But these
chemicals were not detected in the lakes/dams through this Study which was carried
out in the dry season, Agriculturat chemicals must be monitored periodically through

the year.

Lake Manyame

As in the other lakes, water quality in Lake Manyame is characterized by its high
concentration of nitrogen (T-N: 0.75 mg/1) and phosphorous (F-P: 0.044 mg/1),
which exceed the allowable tevel for drinking water jn lakes (T-N: less than 0.3 mg/l,
“I-P: less than 0.01 mg/1). The concentration of T-N is the same level to that of the
Seke Dam. On the other hand, the lower concentration of inorganic nitrogen
indicates that the lake is mainly affected by livestock excrela, fertilizer and dried

grass.
The CODy, concentration (18.9 mg/1) in the lake is very high, at about six-times the

atlowable level for drinking water in lakes (CODy.: less than 3 mg/l, SS: less than 25
mg/l, DO: more than 5 mg/1), while SS and DO arc less than the allowable level.
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Regarding heavy metals, Zn, Ni, Fe were detected of which Ni (0.04 mg/1) was
slightly exceeding the WHO guidelines for drinking water (Zn: less than 3 mg/l, Ni:
less than 0,02 mg/l, Fe: less than 0.3 mg/l). Considering its low cencentration, the

lake waler is deemed to be still allowable as a drinking water source.

Concerning the agricultural chemicals, the atrazine, captan and chlorpyrifas werc
examined as the representative agricultural chemicals in the study area. Bul these
chemicals were not detected in the lakes/dams through this Study which was carricd
out in the dry season. Agricultural chemicals must be monitored periodically through

the year,
353  Effluent Water Quality at Major Pollution Sources

Based on the investigation results and data gathered from the local authorities concerned, the
effluent water quality at the major pollution sources (factories and sewage treatment works)
were analyzed. The data of effluent water quality from the sewage treatment works gathered

from the local authorities are inchaded in Table 3.5.22 to 3.5.44, Section 3.5, Data Report.
{1) Factories

Harare, Chitungwiza, Notion and Ruwa have the industrial areas featuring daily life
related industries, such as processed foodstuffs and textile products. Recently, these
factories have become major pollution sources in the Study Area. Most of the induslrial
wastewater is discharged into the sewer system and its effluent standards are stipulated in
“Controlling TFrade Effluent from Industries” (Chapter 214, Urban Council Act).
However these standards are deemed to be looser than that prescribed in the Water

Regulations, in terms of the number of the water quality indices and their values.

Considering the types of industry in the study area, especially the organic pollutant types,
i.e. processed foodstuffs, pulp/paper, chemicals, etc., eight major types were selected for
sampling and analysis through this study. The water sampling was conducted at 45 large-

scale factories belonging to the above mentioned types as follows:
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Harare

Crowborough Service Area 10 factories
Firle Service Ar¢a 15 factories
Chitungwiza 10 factories
Norton 5 factories
_Ruwa 5 faclories
Total - 45 faclories

A water sampling point was designated at the effluent channel for every factory. The
sampling was carried out three-times a day to make composite sample for the
examination. The examination results refer to the calculation of the unit quantity and
quality of industrial wastewater which are to be utilized in the projeciion of
present/future wastewater volume and pollution load. The examination results are shown

in Table 3.5.49, Data Report.

Based on the results of the industrial wastewater quality examination, the average
wastewater quality by industrial type was calculated as shown in Table 3.5.5. ‘The

following are industrial types with higher concentration in terms of environmental water

qualily items.

Wastewater Temperature  : Chemical and Processed Foodstuffs
pH : Ceramics and Stone & Clay Products
BOD, COD and SS : Processed Foodstuffs, Pulp/Paper & Related

Products and Chemicals (extremely high,
about 30 times of common effluent standards)

Nitrogen and Phosphorus  :  Processed Foodstuffs, Pulp/Paper & Related
Products and Chemicals

Qil : Chemicals and Processed Foodstuffs

High conceatrations of heavy metals were detected in some wastewater discharged from

factories as follows :
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Processed Foodstuffs : Hgand[Fe
Pulp, Paper and Related Products : Al NiandFe

Chenicals : Hgand Ni
Plastic Products : Aland Pb
Ceramics, Stone & Clay Products g

Melal Products : Al,NiandFe
Transportation Bquipment : ZonandNi

In genesal, the Fe and Ni concentrations are high. Thus, industrial wastewaler may be
regarded as a major origin of Fe, Ni detected in rivers/lakes. Factories such as processed
foodstuffs, pulp/papers and related products, and chemicals are discharging highly

concentrated effluent into the sewer system.

Although the effluent standards in the Water Regulations are not applied to the industrial
wastewater, referring to the relevant regulations and standards sel forth in Water Act, the
Urban Council Act and the common effluent standards. Almost all factories are
exceeding the major pollution indices, i.e. BOD, COD, SS, nitrogen, phosphorous, Fe,
Ni, Pb and Zn, as shown in Table 3.5.6. Especially, three industrial types, processed
foodsiuffs, pulp/paper and selated products, and chemicals, are discharging wastewaler
exceeding the effluent standards by more than ten times. Generally, the pre-ireatment
facilities at factorics inadequate. In this connection, it is obvious that the industrial
wastewater is the major cause of over-foading al STWs and adversely affecting their

treatment efficiency.

Secwage Treatment Works

The STW’s efflueat is one of the major pollution sources of rivers and fakes/dams, and

contribute to eutrophication in the lakes/dams.
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Table 3.5.5 Average Wastewater Quality Discharged from Factories by Industrial Type

Note) * :mgA as CaCO;y
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There are six STWs in Manayame River Basin, namely the Crowborough, Fitle and
Donnybrook STWs {supervised by Harare City), the Zengeza STW (Chitungwiza
Municipality), the Norton STW (under the jurisdiction of the Norton Town Council}, and
the Ruwa STW (managed by Ruwa Local Board). Since all industrial waslewater is
reccived by the sewer system, only STWs are regulated by the effluent standards based
on the Water Act.

However, such efflucnt standards, especiatly nitrogen and phosphorus concentrations,
can not be achieved by means of secondary treatment processes except for the BNR
method. Thus, treated efftuent is discharged into pastures or forestry lands for irrigation

instead of rivers in order to avoid violating the standards.

Water qualily examinations were conducted at six STWs through this study;
Crowborough, Firle, Donnybrook (No.2), Zengeza, Norton and Ruwa. Water samples
were collected at inflow and outflow points of each STW. In the case of the
Crowborough and Firle STWs, which are provided with Irickling filter and BNR
facilities, treated effluent was sampled from both facilities. Water sampling was

conducted three times a day to a make composite sample.

The existing water quality data collected from the respective STWs and the results of the
examination through this study are summarized in Table 3.5.7, while the detailed existing
data of the STWSs and the results of this study are included in Table 3.5.50, Section 3.5,
Data Report. The BOD of the inflow sewage ranges from 480 to 970mg/l, with an
average of 695mg/l. The BOD at the Zengeza STW is the highest among the STWs; it is
heavily affected by the industrial wastewater discharged from the Tilcor industrial

complex.
Regarding heavy metals, since no metals exceeding the discharge standards were

detected through the examination, the impact from industrial wastewater seems to be

negligible.
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As to the treatment efficiency of the STWs, in terms of BOD, the Crowborough and Firle

STWs show favorable performance; 68 to 80% usiﬁg the trickling filter, 96 to 97% using
the BNR, while the T-N removal rate is 80 to 83% using the BNR. The BOD removal
rates at other STWs are 87% using the stabilization pbnd in Donnybrook, 86% using the
trickling filter in Zengeza and 80% using the stabilization pond in Ruwa. The efficiency
of the trickling filter at Norton STW was only 21%. Therefore, the rehabilitation of the
facilities are underway. The effluent quality from the BNR at the Crowborough and the
Fitle STWs is quite good, 10 mg/l in BOD and 10 mg/l in T-N. Except for trickling filter
at the Norton STW, the effluent BOD ranges from § to 210 mg/l,

Only the effluent from the BNR of the Crowborough and Firle STWs, which conforms to
the requirements of the Water Act, is discharged to the river, while the rest is discharged
to pasture or foresiry tand for irrigation burpose. This facl owes lo the strictness of the
standards requiring less than 10.0 mg/l of nitrogen and less than 1.0 mg/l of phosphous in
the effluent,

As to heavy metals, since the influent load is small, it will not affect the STW’s effluent

quality.
(3) Wells

The treated effluent at the STWs within the study area is used for irsigation, In this
connection, water qualily examination was carried out through this study at the wells

near the re-use site to assess its influence to the groundwater,

Three (3) STWs in Harare City, Crowborough, Firle and Donaybrook, are located in the
fringe of the Cily and their re-use sites of treated effluent are situated nearby their
respective STWs, Their surrounding environment is a high density area, developed long
before the provision of water supply systems. Thus, there are no wells in this area. A
limited number of wells were used for daily life before the completion of the water
supply system, they still exist in low density areas in the vicinity of the irrigalion re-use
site of the Marlborbugh STW. A waler guality analysis was conducted at two wells (W4
& WS5) within this arca (location of the sampling points are shown in Figure 3.5.3,

Section 3.5, Dala Report.

The effluent of the Zengeza STW in Chitungwiza Municipality is pumped to Imbgwa

Farm for jrrigation, which is tocated outside of the Study Area and is about 7km away

3-90



from the STW. A waler quality analysis was conducted at a well used for drinking

purpose in a small village ncar the farm {W1), and two wells (W2 and W3) at another

farm and a golf course which are about 3 kim away from the former well. (focation of the

samipling poimé are shown in Figure 3.5.2, Section 3.5, Data Reporl)

Table 3.5.8 Qutline of Examined Wells

Sampling Location of Concerned STW | Purpose | Distance from | Depth of Well
No. Trrigation Land Trrigation
Land ) |

Wi Imbgwa Zengeza Drinking 0.5 km ~10m
W2 Imbgwa Zengeza Drinking 4.5 km 10m
w3 Imbgwa Zengeza Drinking 3.5 km 8m
W4 Marlborough Marltborough | Sprinkling 3.0km 6 m
W5 Marlborough Marlborough | Sprinkling 3.0km Tm

The results of the water quality analysis are shown in Table 3.5.51, Section 3.5, Data
Report. The resulis of the three wells in Imbgwa (W1, W2 and W3) indicate the
presence of high nitrogen and phosphorus concenteations. Although the value of T-N is
high, due to the concentration of inorganic nitrogen, such as NH4-N, NO,-N and NO3-N,
are low. Thus, these wells are assumed to be influenced by livestock excreta, nitrogen
fertilizer and dried grass rather than the effluent from the STW. On the other hand, the
nitrogen and phosphorus concentration in W1, which is nearer to the re-use sile, is higher
than that of W2 and W3. There is a possibility of groundwater contamination by the
effluent from the STW.

The same phenonicnon was observed at the wells near the Marlborough STW (W4 and
WS). The concenlration of nitrogen and phosphorus is high, but inorganic nitrogen is
low. This means water may be affected by feutitizer and grass rather the effiuent from
the STW.

With regard to heavy melals, the analysis resulls are evaluated in comparison wilh the
WHO's drinking water guideline; as a result, the water qualily in some wells slightly
exceeds the standards as shown below:

Index with standard Wells Exceeding the standards

Fe (less than .3 mg/l) All wells
Ni (ess than 0.02 mg/) W2 and W5
Cd (less than 0.003 mg/) W4 and W5
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However, considering that the WHO's guideline describes the “desirable” level as
drinking water and does not imply that drinking of water exceeding the guideline’s
quality standards will cause immediate health hazards, the possibility of a direct health
hazard from these wells is deemed to be minimal. The influence of the efiluent reuse for
irrigation is deemed to be scarce, as Cd was not detected and the Ni level was within the

relevant standards at the Zengeza STW.

Concerning the agricultural chemicals, atrazine, caplan and chlorpyrifos were examined

as the representative agricultural chemicals in the study area. But these chemicals were

not detected in the wells in this Study.

Although the influence of the treated effluent in relation to the groundwater quality was
not clearly demonstrated, it is recommended that periodical observation and monitoring

of wells at strategic location be carried out to wil the safety for drinking use.
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