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EXECUTIVE SUMMARY

A ministry responsible for water has existed in Tanzania for many years and the first laws to
manage water quality were enacted in 1973. Since then, plans to manage the country’s water
resources have been implemented and revised regularly since the donor sponsored regional
‘Water Master Plans”were developed in the early 1980s.

More recently, significant legal® and institutional changes® have been implemented based on the
Integrated Water Resource Management (IWRM) model. Tanzania’s current national policy for
water resource management is enunciated in the National Water Sector Development Strategy,
2008, which outlines the broad strategic and political directions for the development of the sector.
The NWSDS includes a simple action plan for water quality management. This strategy document
complements and expands on those directives through the following plans and recommendations:

e recommendations for more focused and cost-effective water quality monitoring
programmes with a phased development that initially emphasises the provision of water
guality monitoring to determine the safety and cleanliness of water for human use;

¢ recommendations to extend provision of drinking water quality monitoring services more
widely across the country;

¢ identified national priorities for operational water quality management;

e a model water quality management cycle for operational use at basin level, with advice to
managers to consult with stakeholders to establish water quality objectives and also to
focus more effort in reviewing their management actions.

e recommendations to improve financial sustainability, data quality and efficiency of
operation in water quality monitoring, particularly through government laboratories
developing more client focus;

e recommendations to improve data management including unified management and
storage, improved accessibility and reporting tools so all users and stakeholders can
access results;

e recommendations to improve institutional performance by funding human resource
development through training and education programmes, plus emphasising the
importance of identifying common goals and pooling resources to develop more
collaborative projects at every institutional level (high level Ministerial council);

e a review of the legal regulatory framework which identified actions to improve the
implementation of effluent controls;

o recommendations to develop national water quality standards;
recommendations to improve national drinking water quality standards, with a focus on
criteria relevant for protecting human health.

Current situation and future challenges for water quality management in Tanzania

The legal and institutional frameworks for management of the water sector in Tanzania have been
restructured by recent initiatives like the National Water Policy (2002), the National Water Sector
Development Strategy (2008) and the Water Resources Management Act (2009). Now the
agencies in the water sector are challenged by the new operational paradigm to improve water
resource management that increasing demand for water to power economic growth can be
satisfied, whilst maintaining and improving the quality of the resource.

There is demonstrable capacity to effectively manage water quality in Tanzania, evident from the
response to the EU import ban on product from the Nile Perch fishery in Lake Victoria.

! The ‘Temporary Water Quality Standards’ which remained in force until 2007, were an outcome of this program.
Z Environmental management Act, 2004 and Water Resources Management Act, 2009

® Basin Water Offices established in all major hydrological basins and stakeholders represented on Basin Boards
Page 6
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The threat of economic damage to this valuable export industry focussed political and institutional
support in a co-ordinated ‘whole of government’ response,which quickly resolved the problem.
Unfortunately, the responses to other pressing water quality problems in Tanzania have not been
so well been co-ordinated or resourced.

The main hazards to drinking water quality and sustainability of fisheries and aquatic biodiversity
in Tanzania are well known. Yet drinking water sources in rural and urban areas continue to be
contaminated, licensed discharges to streams and rivers from commercial and government
enterprises fail to comply with national effluent standards, and conditions on licences for mining,
water abstraction and discharge are unenforced.

The challenge now is for the institutions responsible for managing the nation’s water resources to
co-ordinate their efforts, motivate their staff and focus on taking the actions necessary to maintain
and improve the quality of the nation’s water resources to the benefit of current and future
generations.
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PART A - PRINCIPLES OF A WATER QUALITY MANAGEMENT
STRATEGY

1 INTRODUCTION

Tanzania’s water sector is a vital component of the national economy. The important uses of the
nation’s water resourcesare listed in Table 1 and the characteristics of the main hydrological
basins and their uses described in Table 2. The sustainable development of these freshwater
resources is essential for the continued social, economic and environmental well-being of the
nation. Human activities are degrading the quality of these resources and threatening uses of
water fordrinking, fisheries, biodiversity, recreation, irrigation and industry. Surface and
groundwaters are being polluted by untreated or partially treated sewage, non-compliant
discharges of effluents from point sources, leakage and spills of chemicals and petroleum, illegal
dumping od solid and liquid waste, mining operations (large and artisanal), poor farming methods
that release agricultural chemicals, and atmospheric deposition. Pollution undermines the use of
an important, and in some cases, an increasingly, scarce resource. Pollution also transfers the
consequences (or cost of treatment) to downstream users.

Table 1. Examples of important beneficial uses

Use ‘ Examples ‘

Human Uses Domestic (potable) water, Washing, Recreation
Maintain Ecosystems Aquatic biodiversity, Fisheries, terrestrial wildlife
Agriculture Irrigate crops, Water stock animals

Hydropower Reservoir storage - Energy prodn

Industrial use Food processing (fish)

Table 2. Characteristics and important water uses in Tanzania’s hydrological basins

Human  Basin HEP HEP Irrigated Fishery  Mines % No
popnA. area installed | potential Area (000s Basin
(M) (km?) (MW) (MW) (Ha) Tlyr) as
Park
Nyasa 2.2 39,520 222 n/a 1% 1
Ruvuma 2.2 103,720 9,483 minor 5% 1
Rufiji 2.4 177,420 464 3,207 | 27,221 35% 2
Rukwa 3.1 88,180 96,687 5% 1
Pangani 3.4 56,300 97 21 | 137,680 8% 4
Victoria 42 | 79,507° 45,885 284 | 4major | 54% 2
Tanganyika 4.5 151,900 16,543 180 | 1major 1% 3
Wami/Ruvu 5.4 72,930 46,993 7% 3
Internal Drain 7.0 153,800 n/a 3major 2% 3
Totals 345 | 923,277 561 3,450 | 380,492 464 20

A - Human population at 2002 Census (now estimated at ~40M in 2010)

B - Wild areas are major National Parks, Game reserves and Ramsar wetland sites

C - The estimate for Lake Victoria is the area within Tanzania and includes the area of the lake in the
National Park area.
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1.1 Specific hazards to water quality in Tanzania

The main hazards placing the beneficial uses of Tanzania’s water resources at risk in all basins

are:

faecal contamination and water borne disease from poor domestic waste management in
urban and peri-urban areas; that threatens water sources for human use

contaminants in sewage and industrial waste water from point sources that threaten
fisheries and other aquatic resources and the sustainability and biodiversity of aquatic
ecosystems;

sediment, nutrients and agrochemicals lost from the catchments, through poor landuse;
that threaten aquatic resources and the sustainability and biodiversity of aquatic
ecosystems; and

hazards associated with uncontrolled discharge of mining wastes; that threaten human,
stock and wildlife water drinking sources and aquatic ecosystems.

In additional to these ubiquitous dangers, there are some hazards which are basin specific,

namely

eutrophication, which threatens both the human use of aquatic resources and the
sustainability and biodiversity of aquatic ecosystems in large lakes;

illegal use of biocides in fishing particularly in large lakes, which threaten both the aquatic
resource and the sustainability and biodiversity of these important ecosystems;

seasonal salinity increases in surface and groundwater sources due to over exploitation of
these resources in in coastal areas, which threaten the availability of water for human,
stock, wildlife and agricultural use; and

naturally occurring levels of fluoride in basins across the fluoride belt, which threatens the
health of people and livestock.

A list of the more common hazards to beneficial use of water in Tanzaniais presented in Table 3.
The persistence of some of these hazards over many years indicates the need for new
management approaches toresolve the problems.

Table 3. Hazards to beneficial use of water in Tanzania

Hazard

Human Use | Aquatic life Agriculture Hydro power

Agrochemicals

Arsenic

Biocides

Faecal contamination

Fluoride

Heavy metals

Mercury

Mining waste

pH

Salinity

Toxic algae

De-oxygenation

Eutrophication

Nutrients

Qil

Sedime

nt
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1.1.1 Hazards to potable water use and populations at risk

The most important water borne hazards to human health are ranked in order of the population at
risk in Table 4. The single most important hazard is faecal contamination of potable water.
Although this hazard has been identified by all previous major reviews of water quality in
Tanzania, it still persists today as the biggest danger to human health in the country. Moreover, a
recent United Nations report placed Tanzania amongst those nations with least improvement in
access to safe water”.

Contamination of water sources and spread of diarrhoea, cholera and typhoid are preventable
using cheap and proven interventions, such as pit latrines and hand-washing with soap. Despite
this, progress in control of water borne disease has been painfully slow in Tanzania. Only 31% of
urbanites and 3% of rural populations have household piped-water connections supplying
‘treated’ water, and these supplies are often interrupted, requiring householders to store water in
the home. The rest of the population rely mainly on open wells, public taps, and surface sources
(rivers or streams) that are frequently contaminated at the source and may also be degraded
during collection, transport and use in the home. Moreover more than 50% of the population
have no access to improved sanitation (see BOX: Water Borne Disease).

Safe water and adequate sanitation are interlinked issues. Water quality monitoring data shows
that the microbiological quality of potable water sources in Tanzania rarely meets the national
standard for drinking water, especially in rural areas®.At this level of contamination all Tanzanians
are potentially at risk from contagious water borne diseases like diarrhoea, dysentery, cholera and
typhoid. The combination of poor sanitation, poor personal hygiene, and unsafe drinking water
results in an estimated 1.7 million cases of diarrhoeal disease annually andmakes diarrhoea the
fourth ranked cause of death in children less than 5 years.

Table 4. Human populations at risk from various hazards to water quality

Population Locations
at risk (M)
Water borne disease 35° All basins*
Fluoride 10 Pangani, IDB, Rukwa
Mercury >2.0 Artisanal gold mines (6 basins)
Arsenic 1.7 ° Victoria Basin (gold mining)
Nitrate (babies only) b ~0.6 Semi-arid areas; Dodoma, Dar es Sal
Biocides unknown All (agriculture areas)
Heavy metals unknown All (industrial areas)

A - The highest incidence is in high density urban areas

B - Water borne diseases account for more than half the incidence of disease in the population of Tanzania
and more than 80 % of disease incidence in rural areas.

C — Regional population of 4.2million and 40% of water sources > WHO guideline.

D — High levels of nitrate reported in aquifers in Dodoma region

*UNICEF/WHO (2008).Progress on Drinking Water and Sanitation, Special Focus on Sanitation, UNICEF New York,
and WHO Geneva.
*NIMR survey results, 2007. (in press)
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BOX: Water borne disease hazards in Tanzania

Overall water borne diseases represent more than half of all disease incidences in Tanzania and
more than 80 % of disease incidence in rural areas. Health studies have shown that 60 — 80% of
hospital outpatient cases arise from consumption of unsafe water or poor sanitation. In part this is
driven by population pressure — Tanzania is experiencing an increasing rate of population growth
and increasing GDP. Both factors increase demand for the existing finite supply of water and
potentially generate increasing pollutant loads which threaten sustainable water quality. Faecal
contamination of potable water sources is most prevalent in the proximity of populated urban
areas.

The occurrence of diarrhoea is directly related to water shortage and consumption of unsafe
water. More than 1.7 million episodes of diarrhoea are reported annually in Tanzania and children
are at greatest risk. Diarrhoeal diseasewas the 4"™ranked cause of child mortality in Tanzania in
2006.There are regular outbreaks of cholera and between 1998 and 2008 there were 71,895
cases and 2,118 deaths. The spread of cholera is facilitated by faecal contamination of surface
and groundwater water sources.

The spread of diarrhoea, cholera and typhoid and the contamination of water sources can be
easily prevented with cheap and proven interventions, such as pit latrines and hand-washing with
soap. Despite this, progress in control of water borne disease has been painfully slow in Tanzania.
Apart from poor sanitation infrastructure, surveillance monitoring of potable source waters is
inadequate.

As an example, RWRA (1995) reported that the Kigoma area needed special attention, as more
than a quarter of the population suffered more than one reportable episode of water borne disease
in a year (incidence of diarrheal disease per year was 130:100 people) and the faecal coliform
concentrations were amongst the highest in Tanzania. In 2010 the Kigoma Basin Water Office
reported cholera was endemic in the area with regular outbreaks in recent years. Despite this,
thereis no routine microbiological testing of potable water sources in the L Tanganyika Basin®.

Where monitoring evidence is available,it shows that faecal contamination of source water
supplies for human use is a continuing problem in all basins. Groundwater has traditionally been
regarded as a safer source than surface water. However, these sources too are becoming
increasingly polluted’. A high proportion of the groundwater bores that contribute to the domestic
supply for Dar Es Salaam, have been reported to “not comply with the national drinking water
standards for faecal coliforms.?

The sewage systems in most major urban centres have recently been transferred to WSSA. One
survey of the performance of these plants reported that national standards for effluent prior to
discharge were met in 88% of cases (n=250 samples). However, the Pangani Basin Water Office
effluent monitoring program, which is the longest running and most comprehensively reported of
all the basins, found the Local Government Sewage Treatment Plants serving the towns of Arusha
and Moshi performed poorly in 2008-2009, and there were high levels of faecal contamination in
the rivers downstream of the discharge points.

1.1.1.1 Fluoride

There are areas in the Rift Valley regions of Tanzania which have naturally high fluoride
concentrations including Arusha, Kilimanjaro, Singida, and Shinyanga. The fluoride level in
water sources in this ‘fluoride belt’ often exceed the WHO guideline for prolonged exposure to

®personal communication from the Laboratory manager, Kigoma Water Laboratory.

" Surveys of groundwater supplies in cholera epidemic areas found faecal coliforms in all springs and shallow wells
and in 26% of deep wells

*Mato 2002
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fluoride in drinking water of 1.5 mg/L, so human and animal populations are at risk from fluorosis®,
which weakens teeth and bones.

Based on the distribution of fluoride affected water sources in each basin, a total human
population of around 10.5 million people are potentially exposed to potable water with fluoride
levels above the WHO Guideline maximum level in drinking water (Table 5). The Tanzanian
Drinking Water Standard for the maximum acceptable level of fluoride was recently revised down
from 8mg/L to between 1.5 - 4 mgl/l.

Table 5. Human population potentially consuming water with unsafe fluoride levels

Population (M) * ‘ % at risk ° Population at risk (M)

IDB 7.0 100 7.0
Pangani Basin 3.4 50 1.8
Rukwa Basin 3.1 50 1.7
Tanzania 35 27 10.5

A Population data from 2002 census
B Percentage of population exposed to water with fluoride >WHO guideline of 1.5mg/L

The estimate of the population affected by elevated levels of fluoride (10 million people) is based
on the population living in areas where fluoride in the potable water sources exceeds 1.5mg/L.
The analysis does not take account of some other known variables. Firstly, the risk of fluorosis is
reduced for educated and higher income sections of exposed populations because:

o Educated or wealthier people in risk areas (are able to) avoid using water sources
contaminated with high levels of fluoride;

e Dietary components like milk consumption raises the calcium intake and thus can reduce
the likelihood of fluorosis

Secondly, the risk of fluorosis can be increased by applying an externally derived guideline to the
Tanzanian population:

e Fluorosis can occur in people exposed to fluoride levels below the WHO guideline (genetic
diversity).

e Consumption of fluoride rich foods like tea, fish, potatoes and food additive trona/magadi®
add to the total fluoride load in the diet and increase the risk.

¢ WHO guideline based on water consumption in a temperate climate. This would
underestimate the fluoride intake if the water consumption rate was higher (e.g. tropical
weather).

1.1.1.2 Nitrate

Nitrate concentrations exceeding 50 mg/l may cause methaemoglobinaemia in bottle-fed infants
in short-term exposure. Such high levels of nitrate are almost exclusively restricted to polluted
groundwaters. In Tanzania, groundwater is a major supplement for surface water for many areas
and in semi-arid areas such as Shinyanga, Coast, Mwanza, Arusha, Mara, Tabora, Dodoma,

° Dental fluorosis is a hypo mineralization of tooth enamel produced by chronic ingestion of excessive amounts of
fluoride. The risk group is children at age from birth until about six years of age only. Skeletal fluorosis is from
fluoride accumulation in bone and is progressive over many years. In severe cases the bone structure may change and
ligaments may calcify, with resulting impairment of muscles and pain (WHO
http://www.who.int/water_sanitation_health/diseases/fluorosis/en/.

\Magadi is a calcium salt precipitate from spring water that can contain high levels of fluoride. It is used as a food

additive in Tanzania
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Singida, Mtwara and Lindi it is often the primary source. The population of these regions
Hestimated at 12.5 millionpeople, are dependent on groundwater sources.

Contamination of aquifers by effluent from poorly built and operated sanitation facilities is common
in Tanzania. For example, the mean nitrate level of water from deep level crystalline aquifers in
the Dodoma region was 34 mg/l (Nkotagu 1996).

Methaemoglobinemia impairs the oxygen transfer capacity of the patient's blood. A study of
children in Dar es Salaam found levels of 2% methaemoglobin in healthy children and significantly
higher levels in patient with malaria (Table 6). The authors reported that even modest
concentrations of methaemoglobin in blood were likely to exacerbate and complicate recovery
from other diseases which affect the ability of the blood to carry oxygen (e.g. malaria - a very
common childhood disease in Tanzania) (Anstey, Hassanali et al. 1995).

Assuming children <1 years represent 5% of the population potentially consuming nitrate
contaminated water, then the health of 600,000 young children could potentially be affected by
elevated nitrate and some lesser fraction of these would likely suffer from methaemoglobinaemia
or its side effects.

Although medical records of the frequency of occurrence of this disease in Tanzania were
unavailable, the high occurrence of malaria in children and the potential for a lethal synergy
between methaemoglobinaemia and malaria must pose a significant risk for bottle-fed infants in
Tanzania, in locations where nitrate levels in drinking water exceed 50mg/L.

Table 6. Incidence of methaemoglobinaemiain children in Dar es Salaam

Type of Malaria in patient Cases meanMethaem. Methaem>10% *
(as % (% cases)

haemoglobin) *

Cerebral malaria - unrousable coma 32 4.7 12.5

but complete recovery

Cerebral malaria - unrousable coma 18 5.8 22.2

and death or neurological sequelae

Malaria - severe anaemia - no 6 4.7 16.7

severe respiratory distress

Malaria - uncomplicated 37 4.1 5.4

Asymptomatic parasitaemia 5 3.3 not found

Healthy controls 34 2.0 not found

A - Level of methaemoglobinaemia (Methaem.) as percentage of haemoglobin in the blood

1.1.2 Pollution from mining activities

Mining activity has grown rapidly in Tanzania and the trend is expected to continue. In 2010 there
were at least seven major gold mines operating in the country (Table 2) and around one million
artisanal miners. The two forms of mining represent different potential and actual hazards to water
quality.

1.1.2.1 Pollution hazards from artisanal mining

The expansion of artisanal mining in Tanzaniais mainly due to the rising price of gold. These
miners operate on a small scale. Their mining of alluvial deposits releases sediment into rivers
and streams. But the greater hazard is from uncontrolled release of mercury used in the gold

"The population estimate based on regional population data from the Tanzanian Bureau of Statistics

http://www.nbs.go.Tanzania/index.php?option=com_content&view=article &id=103&Itemid=114
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extraction process. The important issues associated with mercury use by artisanal gold miners
are:

e the hazard to human health from ingestion of mercury contaminated food or water
(Minamata disease) and the potential for damage to valuable fisheries because of the
environmental persistence of mercury;

¢ thelimited understanding of the extent of the threat from environmental mercury, because
of diminished monitoring since 2004, despite increased numbers of miners.

 the ineffectiveness of the management actions**to modify the use of mercury by artisanal
miners (summarised in APPENDIX 2 :APPENDIX 1 :) (see also BOX: mercury use by
artisanal miners).

BOX: Human populations at risk from mercury use by artisanal miners

Artisanal gold miners use mercury to extract gold from sediment. Up to 2kg of mercury can be released into
the environment for each kilogram of gold won. During the gold extraction process a large proportion of the
mercury is vaporised into the atmosphere and ultimately deposited over a wide area. A smaller fraction is
retained in the mining waste and finds its way into local soils and waterways.

Elemental mercury is highly toxic to humans and even more so if transformed into methyl mercury. The main
human exposure pathway is through ingestion so mercury contamination of water and soil poses a serious
risk to human health. The risk is amplified by two other factors; mercury’s persistence in the environment
and its potential to concentrate (through bio magnification)in top level carnivores (e.g. Nile perch).

The monitoring of mercury in the environment around artisanal mining areas has been limited despite
concerns over human exposure. Therefore the number of people at risk from mercury in water and food is
difficult to estimate. A study around the Rwamagasa goldfields in 2003 showed that mercury concentrations
in water, soil and biota were unsafe within the goldfields, but fell to safe levels within a short distance
downstream™®. However, since then the increased mining activity throughout Tanzania is expected to have
added sltibstantially to the environmental mercury load, despite various measures to minimise mercury
release™.

Artisanal miners directly contacting mercury in the gold extraction process are the highest risk group. The
larger population living in and downstream of artisanal mining areas also risk exposure to mercury by
ingestion of contaminated water or animals (e.g. fish and ducks) contaminated by mercury entering the
aquatic food chain®™. Based on estimates of one million active artisanal miners'®; and assuming an equal
number of co inhabitants in the mining settlements, the population at risk from exposure to water borne
mercury is estimated in the order of two million people.

1.1.2.2 Water pollution hazards of industrial scale mining

Modern industrial mining can extract metals such as gold from very low grade ore. The liquid and
solid wastes produced in the extraction process are potentially hazardous because of the high
concentrations of co-occurring elements (e.g. arsenic); the residual extraction chemicals like

12 These include new mining regulations; raisingpublic awareness of the risks of mercury exposure; and technological
developments to improve mercury retention in the gold extraction process.

Breportedin Appleton, J., H. Taylor, et al. (2004). Final Report for Assessment of Environment and Health in the
Rwamagasa area, Tanzania. UNIDO Project EG/GLO/01/G34: 306, Taylor, H., J. Appleton, et al. (2005).
"Environmental assessment of mercury contamination from the Rwamagasa artisanal gold mining centre, Geita
District, Tanzania. ." Science of the Total Environment343: 111-133.

YH. Mmbando, Commissioner for Minerals, Mtwara Region, pers. comm. (2010).

15 Other important exposure pathways are direct contact, inhalation of vapor and contaminated dust, ingestion of
contaminated soil or vegetables grown on same and the use of skin bleaching creams are described in Unknown
(2010). A clinical perspective of geomedical hazards caused by toxic contaminants in mining areas Mwanza Mining
and Environment Conference (Draft only), Mwanza, Tanzania, NEMC.. Whilst these routes and pathways are relevant
to estimating the potential health risks to select groups like artisanal miners, they are not directly relevant to strategies
for managing water quality.

*MrRAfikHirji, World Bank, pers. comm.. 2010
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cyanide and the large quantities of powdered rock. Therefore mine wastes must be contained for
the life of the mine and beyond.

All developing and operating mines are subject to Tanzania’s environmental laws and regulations
(e.g. EIA, EMA and Water Quality standards), to protect the environment and water resources. As
with all development projects, mines are expected to institute a variety of measures to mitigate or
avoid environmental impacts should development proceed. Large mining companies usually
intend to operate in an environmentally responsible manner and in accordance with relevant laws
and industry standards. To avoid environmental harm and degradation of water resources from
activities of companies operating or establishing mines in Tanzania, the state agencies and
particularly the Basin Water Offices need to ensure that the existing laws and regulations are fully
enforced;that operators comply with the water quality regulations during operations; and that if a
pollution event occurs there is adequate payment for rehabilitation and compensation.

1.1.2.3 Arsenic associated with mining

Mining activities can release arsenic to surface or groundwaters when the element co-occurs in
mined ore and is then released by oxidation from waste dumps. A recent survey of arsenic levels
in drinking water sources in mining areas in the Lake Victoria basin found that 41% of samples
tested exceeded the WHO guideline of 0.01mg/L (Kassenga and Mato 2008). These authors warn
that if mining operation expand and are not managed correctly, arsenic contamination of more
water sources could potentially affect 1.7 million people in the basin (Table 4).

BOX: North Mara Gold Mine Incident

A recent example of environmental damage from large scale mining in TZ occurred at the North
Mara Goldmine site in 2007, when tailings water leaked into the Tigithe River. The result was
damage to the ecology of the river system downstream, stock losses and complaints of human
illness from people living nearby. The leak was caused by the theft of the plastic liner which had
sealed the tailings dam*’. Subsequent management actions included replacement of the liner and
ongoing monitoring of downstream water quality.

The North Mara example emphasises the potential for hazards created by mining to degrade
water quality even when companies adopt appropriate care. The impending development of a
uranium mine in Tanzania will demand even more care and attention. Asan event similar to the
North Mara incident involving leakage of radioactive tailings will have much more serious
consequences, due to the greater hazard of radionuclides to human and environmental health.

1.1.3 Pollution from agricultural activities

Poor agricultural land use practices like over-grazing (Tanzania has very extensive herds of
grazing animals)and deforestation (wood is a favoured fuel in rural areas) are causing serious soil
erosion in many of Tanzania’s hydrological basins. Inappropriate landuse is aggravated by the
increasing population pressure on agricultural land. For example, destruction of riparian
vegetation and use of the exposed river banks for cropping is a common yet particularly damaging
practice. Riparian corridors of stream bank vegetation are very effective barriers to soil export
from fields to streams, when disturbed or removed they lose this function and moreover, stream
banksthen become very sensitive to erosion.

Excessive loads of fine sediment transported in river systems can become a hazard to the
sustainability of aquatic ecosystems because the sediment and associated nutrients contribute to
eutrophication of lakes and rivers. Furthermore, the deposition of this sediment in man-made
storage lakes shortens the effective operating life of dams built for irrigation supply and
hydro-power generation (Tanzania’s main source of electric power).

Y(LVBWO Interviews 2010; Dixon RutagemwaMoW!I, pers. comm. 2010).
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Agro-chemicals like nutrients and biocidesalso pollute water bodies where farming practices are
inappropriate. A special hazard in Tanzania is the use of agricultural chemicals to catch fish in
lakes and rivers. There are laws and regulations intended to modify all these behaviours, but at
the operational level more attractive incentives seem to be necessary to address these problems
of pollution form diffuse sources in rural areas.

1.1.3.1 Eutrophication affecting the sustainability of aquatic ecosystems

Eutrophication®® is an emerging issue in all the major Tanzania lakes, but it has most serious in
Lake Victoria, which is already suffering from excessive plant and algal growth, oxygen depletion
in deep waters and subtle changes in the ecosystem affecting biodiversity and fishery
productivity’®. The Lake Victoria fishery was valued at 300-400 M USD in 2007, so threat from
eutrophication needs a serious co-ordinated management response.

1.1.4 Industrial effluent and other point source pollution

Pollution by effluentsfrom point sources is an issue in most river basins. Although water quality
monitoring of point sources is not systematic in Tanzania, surveillance monitoring in the Pangani
Basin is a good example of chronic non-compliance with the national effluent quality standards, by
large companies, over many years (see Box: Point source pollution in the Pangani Basin).

BOX: Point source pollution in the Pangani Basin

The Pangani Basin Water Office (PBWO) is the longest established BWO in Tanzania. It has been
monitoring river water and point source effluent quality since 1993. A Tanzania government
sponsored survey of the basin in 1995 ?° identified point source discharges operated by industry
and local government as major pollution problems.

More recent surveys by the PBWO report that the same industries continue to pollute the Pangani
River ((Pangani BWO 2009)(Pangani BWO 2009)(Pangani BWO 2009)(Pangani BWO
2009)Pangani BWO 2009). Of nineteen industrial sites tested, only two complied with the national
effluent standards. The BOD of effluent from both thecompanies with the worst compliance
performance (Fibre Board (2000) and Tanzania Breweries) was more than thirty times the
maximum acceptable to comply with the national standard. Theextent of non-compliance revealed
by these surveys is a clear sign that point source pollution of rivers in Tanzania is uncontrolled and
anti-pollution regulations are not being enforced.

1.1.5 Management efforts

A ministry responsible for water has existed in Tanzania for many years and the first laws to
manage water quality were enacted in 1973. International interest in Tanzania water resources
and support for development of water quality management has been significant (Figure 1).

The first systematic plans to manage the country’s water resources were regional ‘Water Master
Plans?’'that were implemented in the early 1980s. Since then there have been several major

8Eutrophication: Is the progressive enrichment of waters with nutrients, primarily phosphorus, causing abundant
aquatic plant growth and often leading to seasonal deficiencies in dissolved oxygen.

YKaufmann, L. (1992). "Catastrophic change in species-rich freshwater ecosystems: the lessons of Lake Victoria." Bio
Science4?: 846-858.; Hecky, R. E. (1993). "The eutrophication of Lake Victoria." Verhandlungen Internationale
Vereinigung Limnologie?5: 39-48.; Mugidde, R. (2001). Changes in phytoplankton primary productivity and biomass
in Lake Victoria (Uganda), University of Waterloo, Canada. PhD Thesis: 196.; Verschuren, D., T. C. Johnson, et al.
(2002). "The chronology of human impact on Lake Victoria, East Africa.”" Proceedings of the Royal Society. Series B.
Biological Sciences269: 289-294. and Kolding, J., P. Zwieten Van, et al. (2008). Are the Lake Victoria fisheries
threatened by exploitation or eutrophication? The Ecosystem Approach to Fisheries. G. Bianchi and H. R. Skjoldal,
CAB International, London: 309-354.

“Rapid Water Resource Assessment (RWRA, 1995)

! The ‘Temporary Water Quality Standards’ which remained in force until 2007, were an outcome of this program.
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water resource investigations in Tanzania’s hydrological basins, and data produced by those
programmes provide anongoing basis for water quality assessments®.

However, in general the GoT has not given less a lower priority to monitoring water quality as
compared to water quantity, despite the importance of quality for the overall management of water
resources. Where water quality data have been collected, the data management has been poor,
so it is usually inaccessible to stakeholders. Moreover the data are usually inadequate to
characterize total contaminant loads accuratelyor to identify the contaminant contributions from
sub-basins or point sources.

The pollution control framework and infrastructure are rudimentary. The existing pollution control
capacity is still weak as the institutions responsible for this function lack experience and need an
‘all of government’ approach to support the development of their roles.

This strategy provides a guide to the sustainable development of Tanzania’s water resources and
identifies key requirements to improve the management of water quality.

WSDP
2

o Great Lakes

Phase I
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2] .
S 400 Basin &
= Great Lake
E studies
=~ 300
w .
3 Regional
g 200 . water management
o Plans
© 3
100
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Figure 1.Water resource management project funding from funding International sources

Spending in Tanzania since 1970 adjusted to 2010 $US(in millions)

“?Rapid Water Resources Assessment (RWRA), River Basin Management and Smallholder Irrigation Improvement
Project (RBMSIIP), Lake Victoria Environment Management Project - Phase | (LVEMP1), Lake Tanganyika

Biodiversity Project (LTBP) Phase I, and Lake Nyasa Biodiversity Conservation Project.
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2 WATER QUALITY AND THE ENVIRONMENT

The relative presence or absence of water and its quality substantially determines the richness
and diversity of terrestrial and aquatic ecosystems. Diverse ecosystems are more stable, provide
more resource use opportunities and offer alternate pathways for production and nutrient cycling
when ecosystems are stressed. Any marked change in the quality or quantity of water will result
in an immediate change in the range and structure of ecosystems including the numbers and
types of organism that can survive in the altered environment.

Healthy ecosystems are not only intrinsically important, but also provide direct and indirect
benefits to human society, because water is a basic economic input that determines regional
productivity and development of society.

An adequate supply of clean water for domestic and economic use determines the distribution of
human and animal populations, the quality of life and culture. The scope and complexity of water
resource management issues together with the economic requirements to maintain and improve
the functions of water sector to better meet Tanzania’s needs, makes this an essential national
strategic endeavour.

However, it must be recognised that water resourcesare always part of the broader environment
and sometimes solutions to a water resource problem could have an adverse impact on other
parts of the environment.

The movement and storage of water in the environment is regulated by a complex set of physical
processes, which are influenced by climate, regional topography and the local environment, and
are highly variable in time and space.Change in any of these factors affects the outcome from the
hydrological chain and human activity can disturb almost every stage of the cycle with the
potential for significant, if not irreversible, impacts on water quality and aquatic habitat.

Except in its vapour form, water in nature is never pure. Water quality is defined by the
physical,chemical, biological and sensory characteristics that affect its suitability for community
uses.These characteristics can vary widely and are different for different uses.The chemical
characteristics of water are particularly important for human use, agricultural and industrial
purposes and its suitability for aquatic organisms.

Growing urbanisation, changing agricultural practices and industrialisation have increased both
the demand for clean fresh water and the load of pollutants entering the waterways.In Tanzania,
water pollution is directlylimiting economic development, through human disease caused by poor
drinking water guality;diminished or excessive productivity of aquatic ecosystems;and diminished
biodiversity. Slowing and reversing the degradation of Tanzania’s water resources will
requirechanges in behaviour by government agencies responsible for management; by water
users and industries in every basin; and by individual farmers and households.

The relationship between water quality and environmental management leads to three
conclusions.

1) One, water quantity and quality both vary in time and space.

2) Two, availability of adequate water of suitable quality is essential for the sustainability of
natural ecosystems and the nation's social and economic development.

3) Three, the continued availability of water for all beneficial uses is vulnerable to impact not
only from natural events, but also from human activities.
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3 POLICY FRAMEWORK AND OBJECTIVES

3.1 Management philosophy

There is worldwide recognition that ecologically sustainable development is not only desirable, but
an essential strategy to ensure that economic and social gains that benefit the current generation
are not at the expense of future generations.The concept of ecologically sustainable development
recognises that the natural, economic and social spheres interact within a closed system and
disturbance in one sphere will impact the others. This does not imply the elements of the system
or their interactions are static. Instead, it accepts that natural and human environments are not
only interdependent; but that society has options in choosing the character of each element.

However, as there will always be some uncertainty in defining truly sustainable development, the
general preference of the community is to conserve the natural environment whilst maintaining
economic and social development. Therefore, the costs and benefits of any potential trade-off in
resource development should always to be made clear and understandable to society.

Tanzania’s national strategy for Growth and Reduction of Poverty (MKUKUTA) is based on three
clusters:

1) Economic development and reduction of poverty;
2) Improved quality of life and social wellbeing; and
3) Governance and accountability

MKUKUTA is a very important driver for improving water quality management, as reduction of
poverty and improved quality of life are directly linked to the beneficial uses of water.Poor people
are highly dependent on natural ecosystem services. Livelihoods like subsistence farming and
animal raising, fishing and informal forestry are precisely the activities most affected by
degradation of aquatic ecosystems and loss of biodiversity(Sukhdev 2010)(Sukhdev
2010)(Sukhdev 2010)(Sukhdev 2010)(Sukhdev 2010). Secondly, contaminated water is a
significant cause of disease which impact on the quality of life and the social wellbeing of all
Tanzanians. Most especially the young and the least advantaged members of society.

The government of Tanzania has recognised the centrality of these issues for national
development and have set a goal to provide “safe clean water for all people”. The policy and
national strategy for developing the water sector to achieve this goal are described in the National
Water Policy (2002) and the National Water Sector Development Strategy (2008).

3.2 Policy

Thewater quality management strategy described here uses a policy framework based on
integrated catchment management. Every resource use, improvement or conservation has a
cost. Governmentultimately decides whether the cost is acceptable. But the decision should not
be made without careful consideration of community views and wider community interests. It
should combine economic considerations and value judgements. The community must
determine the trade-offs made to acceptably balance aspirations, economic realities and cultural
values. Of particular relevance is the principle of maintaining inter-generational equity, and
allowing future generations the same opportunities for using these natural resources. International
experience is that development that maintains or enhances water resources will yield greater
social and economic benefit over the long term than developments that result in degradation of
either the quantity or quality of water resources.

The GoT has clearly signalled its ambition is for sustainable development that maintains the
guality of the nation's water resources. This policy principle provides the fundamental strategic
direction for water quality management.
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3.2.1 Core objectives and guiding principles for water quality management

The aim of this water quality management and pollution control strategy is to:

improve quality of life and social wellbeing by promoting development that safeguards the
welfare of current and future generations; and

to protect biological diversity and maintain essential ecological processes, as these benefit
all but especially the poorest members of society.

The guiding principles of the strategy are that:

resource management decisions should integrate considerations of short and long term
economic, environmental, social and equity consequences;

where there are threats of serious or irreversible environmental damage, lack of full
scientific certainty should not be used to justify delaying measures to prevent
environmental degradation;

actions and policies should consider any transboundary economic, social and
environmental impacts;

a strong, growing and diversified economy will be needed to enhance the capacity for
environmental protection;

environmentally sound methods must be used to maintain and develop internationally
competitive industries;

cost effective and flexible policy instruments should be adopted, such as improved
valuation, pricing and incentive measures; and

Management decisions and actions should allow for broad community involvement on
issues which affect them.

The challenge is

to develop and manage water resources, so that economic, social and community needs
are satisfied and aquatic ecosystems are sustained.

This requires a balanced approach that applies all the foregoing principles and objectives equally,
allowing no single one to predominate.

Tanzania’s water policies stipulate that a water quality management and pollution control strategy
is needed to protect the beneficial uses of the nation’s surface and groundwaters from pollution
and degradation. The policy identifies the following requirements for successful implementation:

systematic water quality monitoring and assessment procedures to establish the status of
water resource quality; to detect problems at an early stage and to permit their timely
management and remediation;

conjunctive and comprehensive management of quality and quantity of water resources;
application of the "polluter pays” principle along with other legal and administrative tools;

development and enforcement of standards for in-stream flows, industrial effluents and
other waste discharges to meet environmental objectives;

practical and cost effective water quality and pollution control monitoring programs
(including networks); and

raisingpublic awareness of the importance of protecting water resources from pollution
and degradation.
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4 FRAMEWORKS FOR WATER QUALITY MANAGEMENT

4.1 Legal Frameworks

Water quality management and pollution control in Tanzaniaare governed by a number of
national, regional and international legal instruments. At the national level, the Environmental
Management Act, (EMA — 2004), and the Water Resources Management Act (WRMA — 2009) are
the key legal initiatives for improving the management of water resources.

4.1.1 The Environmental Management Act (EMA)

The EMA is a framework, cross-cutting piece of legislation for the promotion, protection and
sustainable management of all aspects of the environment regardless of the fact that specific
aspects may be assigned to other ministries. The principles of environmental management are set
out in Section 7 of the Act. The Minister has a mandate to make regulations where necessary to
manage any aspect of the environment if the relevant sector ministry has not taken the necessary
environmental protectionmeasures.

The National Environmental Standards Committee of the Tanzania Bureau of Standards is
required to develop environmental quality standards for different uses of water,establish
standards for the treatment and discharge of effluent, for approval by the Minister responsible for
the environment.

The Environmental Management (Water Quality Standards) Regulations, 2007, were enacted as
part of this process. Although the title suggests that the regulations are for all uses of water they
only provide minimum quality standards for drinking water and permissible quality of effluent
discharges into water.

Other provisions of the EMA which address or have an impact on water quality issues are as
follows:

Section 60: which requires an applicant for a water use permit to indicate the likely impact of the
proposed use on the environment to enable the Basin Water Boards to monitor compliance with
conditions with respect to:

¢ the return of the water after use to the water body, unpolluted;
e taking precautions to the satisfaction of the Basin Water Board to prevent silt, sand, gravel,
stones, sewage, etc., accumulations likely to harm humans and the environment.

Section 61: which empowers the Minister to advise or issue directions to local government
authorities on matters relating to the discharge of sewage.

Section 62: which empowers the Minister to consult and advise the Minister responsible for water
on the making of rules governing the issue of permits for effluent discharge.

Section 77: which requires sector ministries to take legal and administrative measures to reduce
or eliminate releases of intentionally produced persistent organic pollutants in accordance with the
Stockholm Convention.

Part VIII: which requires measures for the prevention of pollution and prohibits the violation of any
standards prescribed under the EMA or any other law regulating any segment of the environment.
The NEMC, or any other authority under any other law, is required, in determining the issue of
discharge permits, to ensure that the prescribed best practicable option (which is the best method
for preventing or minimizing adverse effects on human health, life and the environment) is
adopted. The Minister has wide-ranging powers to make regulations establishing requirements,
standards and guidelines for the prevention and control of pollution.
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Sections 109 and 110 specifically prohibit the pollution of any stream including the discharge of
any hazardous substances into any waters in the process of producing, transporting, trading,
using, storing or disposing of chemicals, oil, toxic substances, etc. and require compliance with
any regulations in place on safety.

Part IX: which deals with waste management. Section 125 requires local government authorities
to ensure appropriate treatment of sewage to prescribed standards before disposal into water
bodies.

Part XI: which provides for the issue by the NEMC of restoration, compensation and penalty
orders against any person who has caused harm to the environment.

4.1.2 The Water Resources Management Act, 2009

The Water Resources Management Act (WRMA) provides the legal framework for the
management of Tanzania’s water resources. The WRMA is based on the internationally
recognised and promoted philosophy of Integrated Water Resource Management (IWRM) which
advocates the principle of subsidiarity and decentralisation of water resources management to the
basic hydrological unit, the water basin. The WRMA also provides for the sustainable use of water
resources for human and environmental needs. Specific provisions of the Act for water quality
management and pollution control are as follows:

Section 32: requires the Minister responsible for water resources to prescribe a system of
classifying water for purposes of determining water quality objectives for each class of water
resource. Further, the Minister is required to:

e establish procedures designed to satisfy the quality requirements of water users with
respect to each class of water resources as far as is reasonably possible without a
significant alteration in the natural water quality characteristics of the water resource;

e set out water uses for in-stream or land-based activities regulated to protect the water
resource.

Section 34: gives the Minister power to prohibit human activities within 60 metres of a water
source.

Section 37: gives the Minister power, after consulting with the institutions responsible for land
management, to establish Protected Zones on land draining to or above:

e any water source, borehole, treatment or other water works; or
e any sewer, sewage works or outfall; or
e any catchment, swamp, reservoir, aquifer, wetland spring;

for protection from pollution, erosion or other adverse effects. Basin Water Boards have power to
construct and maintain any works or take any measures they consider necessary in a Protected
Zone for the protection of any water resources.

Sections 39-42: provide for measures for the prevention of pollution, enforceable by Basin Water
Boards.

Section 48: provides that avoidance of water pollution is an implied condition of every water use
permit.

Section 49: requires Basin Water Boards to take quality into account for the sustenance of
ecosystems when allocating water when there is insufficient water to satisfy all permits.

Section 64: penalises pollution involving effluents.

Section 65: provides for the designation by the Minister of water quality laboratories for analytical
references for purposes of the WRMA in accordance with water quality and effluent standards set
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in terms of the EMA. In addition, discharge permit holders are required to comply with these
effluent standards.

Section 66: provides for conditions to be attached by Basin Water Boards to discharge permits.

Part XllI: provides for the enforcement of the obligation to honour international and regional treaty
obligations undertaken by Tanzania in respect of the sustainable use and management of
trans-boundary waters.

4.1.3 Water Supply and Sanitation Act

The legislative framework for water supply and sanitation is based on the Water Supply and
Sanitation Act No. 12 (May 2009). The Act outlines the responsibilities of government authorities
involved in the water sector and establishes Water Supply and Sanitation Authorities (WSSA) as
commercial entities. It also provides for the registration and operation of Community Owned Water
Supply Organisations.

4.1.4 Transboundary responsibilities and treaty obligations

Tanzania shares seven of its nine water basins with neighbouring states. These transboundary
waters are potential sources of both co-operation and dispute and Tanzania is party to several
important regional arrangements, which govern their management and use®.

Existing domestic legislation (EMA and WRMA\) is in harmony with the principles and objectives of
these treaties and provides a sound basis for Tanzania’s participation in the management of its
transboundary waterways*,

4.2 Institutional Frameworks

The institutional arrangements for the management of water resources in Tanzania are framed by
the laws described above and by the National Water Policy (NAWAPQO) of 2002. The policy aims
are for sustainable development and management of Tanzania’s water resources for
economy-wide benefits and an increase in the availability of water supply and sanitation services.
Most importantly for water quality management, NAWAPO introduced the principle of Integrated
Water Resource Management (IWRM)with the hydrological basin as the planning and
management unit, and ushered in significant change to the institutional framework by
decentralising water supply management to the basin level.

In 2008, the Ministry of Water and Irrigation (MOWI) issued “The National Water Sector
Development Strategy”, which is its blueprint for implementing NAWAPO. The strategy is
designed to support re-alignment of policies in the key water dependent sectors of energy,
irrigation, industry, mining, and environment. It defines the roles and responsibilities of various
actors, including the separation of delivery of water supply and sanitation services and regulation.

% |mportant regional arrangements to which Tanzania is a party are: (1) the East African Community (EAC) Treaty;
(2) the Lake Victoria Basin Commission’s Protocol for the Sustainable Development of the Lake Victoria Basin; (3)
the Revised SADC Protocol on Shared Watercourse Systems; and (4) a number of bilateral and multilateral
arrangements, some concluded and others in the process of being negotiated, between Tanzania and neighbouring
states.

# The EMA (in Part XV), provides that where Tanzania is a party to an international or regional agreement concerning
the management of the environment, the relevant sector ministry should initiate appropriate legislation to enable
implementation of the agreement. It should also initiate discussions with the relevant authorities of neighbouring
countries on programmes and measures to minimise negative trans-boundary environmental impacts. The WRMA (in
Part XII), imposes similar obligations specifically for water resources management. It requires the development of

policies and strategies which ensure the sustainable, equitable utilisation and management of trans-boundary waters.
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The Strategy notes that MOWI “has started to restructure its institutions to be compatible with the
requirements of the country’s decentralisation and reform policies”, but also recognised that “we
need to improve co-ordination and full participation internally between the Nation’s cross-sectoral
interests in the Water Sector”.

4.3 Frameworks supporting non-governmental stakeholders

The ultimate objective of natural resource management is to improve community welfare through
sustainable development of natural resources. Therefore the general community has a vital
interest in the objectives of water quality management. However, community behaviouris a
largedeterminant in many impacts on water quality. In Tanzania it will be very important to
educate the community about the consequences of poor landuse and waste disposal activities for
water quality. All government agencies should committo awareness raising efforts and provide
communities with relevant information on their responsibilities and opportunities in water
management. Government must then build on-going community involvement in improved water
guality management by developing and applying appropriate policy and regulation.

Industry has a dual interest and involvement in water quality management. It is a resource water
user requiring water quality suitable for a range of purposes.But industrial waste can also degrade
water quality. Although exploitation of water resources can provide short-term benefits, industry
should be made to realise that the long term economic benefits for industry are greater when it
aligns its interests with those of the general community.
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5 ACHIEVING THE NATIONAL POLICY OBJECTIVES

5.1 Policy Objectives

The national water quality policy objectivesused in this document are derived from the Vision 2025
targets for the Water Sector and from the National Water Sector Development Strategy.
The general objective is

to maintain (or improve) the quality of Tanzania’s water
resources®

and the specific objective is

‘ toincrease community access to clean, safe water?®

The strategies proposed to achieve these objectives recognise that point and diffuse sources of
pollution, modifications to river flows and land use changes all affect water quality and the
management of pollutants at source is equally important as management of water bodies.
Cleaner production methods and waste minimisationwill both be necessary to reduce pollution
loads. Theweak enforcement of regulations in Tanzania suggests that other incentives to reduce
pollution need to be considered.

5.2 Developing Water Quality Objectives?’

5.2.1 Beneficial Uses

Beneficial uses are those uses of a water body that contribute to public or private benefit, welfare,
safety or health. If the community wants to preserve some or all of these uses, the water
resource will require protection from pollution and management to avoid over exploitation.

5.2.2 Water Quality Objectives and criteria

The suitability of a waterbody for a particular beneficial use is determined by its physical, chemical
and biological attributes.The water quality criteria used to establish national standards and set
water quality objectives are based on the ranges or maximum level of the attributes including
contaminants, which can limit each beneficial use.

Once the beneficial uses to be protected have been agreed, water quality objectives need to be
developed based on water quality criteria drawn from the appropriate National Standard or
international guideline. The scientific knowledge to accurately define critical threshold levels for
some contaminants affecting human use is still evolving and the requirements to sustain
environmental values are even less well defined. Therefore, water quality objectives should be
conservatively based on the best available scientific criteria, to give an additional safety factor and
the precautionary principle should be invoked where necessary in resource development
decisions.

% From NWSDS p 37 - Goals for water quality and pollution control.

%This is based on the National Development Vision 2025 target for the Water and Sanitation Sector of universal access
to safe water by 2025.

“"Water Quality Objectives: are agreed and accepted community values and uses for rivers, creeks, estuaries and
lakes. An example would be‘water suitable for fishing, swimming, and drinking’. The water quality objective may
specify values of particular water quality indicators to help assess the condition of the waterway for sustaining those

values and uses.
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5.3 Water resources are community assets

Tanzania’s water resources belong to the people. Accordingly, the wider community can expect
their asset to be protected. Water uses which do not cause deterioration in water qualityshould
attract a fee-for-use linked to the cost of providing and maintaining access to the resource. This is
done through the abstraction permit system managed by the BWB. However, if agreed uses are
likely to degradewater quality, then the loss of value and the cost of replacement should be
acknowledged and accountedin either the EIA process or in an effluent discharge permit.

As it is very difficult to accurately estimate coststhat adequately account for future value, the
precautionary principle?® must be considered in these decisions. A conservative approach to
assessing return on the asset is necessary to maintain the quality of water resources to agreed
objectives.

“precautionary Principle: When an activity raises threats of harm to human health or the environment, precautionary

measures should be taken even if some cause and effect relationships are not fully established scientifically.
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6 A SYSTEMS APPROACH TO WATER QUALITY
MANAGEMENT

6.1 Incentives to control pollution
Incentives to deter pollution can be classified by intent to influence behaviour as follows:

e regulation - intended to compel change;
¢ marketbased incentives - intended to induce change; and
e community engagement and education - intended to facilitate change.

Observations on how incentives are perceived and applied by communities elsewhere in the world
are summarised below:*°

e successfully changing farmer behaviour to adopt better land management practices
dependson cultural and economic factors; plus location, soils and the degree of
institutional support;
economic motivations appear to be a dominant factor; and

e regulation is usually the community’s least preferred incentive option.

6.1.1 Regulation

Regulatory controls work by setting limits on water quality (e.g. the levels of hazardous chemicals
in industrial effluent). The strength of regulatory control is the expectation that harm will not occur,
if levels of a hazardous chemical are kept below a legally defined limit.

Regulations are most effective in protecting high value environments where risk should be
avoided; and for managing point source effluent discharges, where quality cannot otherwise be
guaranteed.

The EMA, 2004 and the Water Quality Standard Regulations, 2007, both provide water quality
management regulations supported by financial and custodial penalties for pollution offences. The
maximum fines of 10 million TSH (Water Quality Regulations) or50 million Tsh (EMA) are unlikely
to be adequate deterrent or compensation for major pollution events like oil spills or mining
accidents.

However, the law allows that these fines can be combined with custodial penalties and other
economic sanctions like revocation of Permits, issuance of Stop Orders and payment for
restoration and compensation.|f these penalties are applied flexibly and together, they should be
adequate to maximize the deterrent and fully implement the ‘polluter pays’ principle to recover the
cost of premeditated or poorly planned activities that cause pollution.

Most importantly, successful regulation depends on establishing water quality standards for
effluent and ambient receiving waters, having adequate monitoring to detect non-compliance; and
being willing to prosecute offenders. These essential elements for an effective regulation regime
are weak or missing in Tanzania (See BOX:Point source pollution in the Pangani Basin);
rendering the regulatory regime ‘toothless’ and largely ineffectual in maintaining water quality in
receiving waters at acceptable levels.

The disadvantages and limitations of the regulatory approaches used in Tanzania are:

e no incentives to reduce effluent concentration below prescribed standards;
e regulationsare not load based (there is no limit on the volume of the discharge).

 This evaluation of incentives was drawn from experiences in the Burdekin River catchment in Queensland,

Australia, with reviews of experiences from other countries (Lankester and Greiner, 2007).
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e noaction can be taken to reduce water quality impacts and environmental damage caused
by compliant discharges, because there are no receiving water quality standards.

6.1.2 Economic instruments

Economic instruments include tax benefits, subsidies, grants, competitive tender mechanisms,
cap and trade mechanisms, offset mechanisms, transferable development rights, etc. Unlike
regulation, economic incentives can be tailored to specific situations taking into account cultural
conditions, lifestyles and any other factors pertinent to target groups. So these market—based
incentives are useful when people cannot otherwise see a private benefit.

Market-based instruments, attempt to ensure that resource-use decisions take into account all the
social costs and benefits of those decisions. Market-based measures may be used to influence
decisions about the use of clean water and about the management of wastes. By bringing costs
of these impacts to account, waste management becomes an integral part of decision making with
respect to optimising production choices and profit opportunities.

This perspective requires inter alia a shift in focus from end-of-pipe control of waste to one
encompassing the full range of potential options to solve waste problems. A cradle-to-grave
approach means that economic optimisation can be applied across the full length of the
production chain and can also involve minimising costs of waste management. Many resources
are under priced in terms of the opportunity cost of their use. There is also a downward bias in
estimating the cost of supply of particular resources to the extent that external impacts such as
environmental costs are not included. Economic instruments can be authorised under Section
80 of the EMA, 2004. As yet these have not been developed in Tanzania.

Application of the 'user’ and ‘polluter pays’ principlesare necessary to ensure that resource users
pay the full cost for their activities. In particular, the real costs of pollution are generally not
accounted for in pricing and investment decisions. This means that the costs of pollution are
borne by the community at large, rather than by those who benefit from the production process
that generates the waste and pollution problem.

The primary difficulty in implementing a market-based approach to waste management lies in
costing the environmental damage caused by pollution. In relation to water quality management,
this focuses on the social and environmental costs associated with the degradation of a particular
water body by the addition of wastewater. If the receiving water is thought of as a capital asset,
the use of a water body for wastewater disposal results in the depreciation of that asset through a
reduction in water quality. The extent of degradation can be measured scientifically and the cost
estimated from the treatment costs to restore the receiving water to its original state.

A charge or levy on pollution equivalent to cost to restore the water to its original state would
transfer the costs currently borne by societyto the polluter. The implementation of these charges
could induce waste producers to re-evaluate their production system and change the economic
profitability of various disposal waste recycling or options.

This approach promotes water resource management by strengthening cost pressures for
efficiency in resource use, by including them in the overall production cycle. Efficiency of
resource use is the beginning of sustainable use of the nation's water resources, the central
element of the policy objective. Moreover, explicit costing for water asset depreciation would give
effect to the policy to protect and enhance water quality, while maintaining economic and social
development. Increasing the private cost of water resource degradation will inhibit this as a
waste disposal choice and force more consideration of other disposal options, or even more
fundamental responses such as waste minimisation.

6.1.3 Public education

Public education is an essential element of water quality management in Tanzaniaas the
community have a critical role in addressing all the major water quality hazards. Public education
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of the hazard of faecal contamination of water sources and the health benefits of improved
personal hygiene is a simple and effective approach which has markedly reduced the incidence of
diarrhoeal disease in trials in Tanzania. Public education about these hazards complements
capital investment in water supply and sanitation infrastructure, and can deliver significant health
outcomes at a fraction of the cost. Public awareness and education campaigns to explain the
dangers of pollution of water sources by hazards like domestic waste; mercury; and
agrochemicals is an integral part of the national water quality management strategy.

6.1.4 Cleaner production technologies

Efficient production is a goal of all industrial process management. 'Cleaner Production' focuses
on reducing waste production by adopting more efficient processes. If waste generation is
unavoidable, recovery, recycling and reuse of waste are the next preference, with disposal as a
‘last resort', to be considered when all other opportunities for minimisation have been fully
explored. Better approaches to waste management are needed in Tanzania and the hierarchy of
methods listed in Table 7that minimise the environment impact need to be encouraged.

Table 7.Hierarchy of approaches waste management to minimize the environmental impact

Waste management aroach Impact on environment

waste avoidance Least impact (most desirable)
recycling or reclamation 4
re-use

treatment to reduce impact

Disposal Most impact (least desirable

A focus on waste can provide opportunities for business to improve productivity and efficiency and
the application of the ‘polluter-pays principle’ should also encourage these approaches.There are
‘win-win’ examples in Tanzania, where cleaner production and waste minimisation are reducing
manufacturing costs and benefitingriver water quality (see BOX: Mtibwa Sugar Mill waste stream
processing).

BOX: Mtibwa Sugar use mill waste as cattle feed

The Mtibwa Sugar Estate (MSE) in the Wami-Ruvu Basin used to discharge sugar mill waste including
molasses to a tributary of the Wami River. The high BOD of this effluent degraded the river water quality
affecting the suitability of the water for human use and the sustainability of the aquatic ecosystem. When
MSE considered re-use of the mill waste,they found that it could be used as a feed additivefor cattle, and so
developed a cattle-fattening business. This has reduced the impact on the environment and been
economically beneficial to the company as the cattle salesprovide a new income stream.

MSE plans further waste reuse initiatives like using the cattle manure as fertilizer replacement in their cane
fields and in the longer term, to convert molasses into ethanol for sale to local distilleries and to recycle
bagasse, a by-product of sugar production, by using it to manufacture fibreboard.

6.1.5 A mix of approaches for managing wastewater disposal

An effective regulatory regime is a necessary basis for building more flexible economic and social
management approaches. Effluent quality standards provide a form of ‘insurance’ against
failures in market-based measures. But a mix of regulatory and market based measures have
delivered improved water quality outcomes elsewhere. Clean production processes provide the
technological limits for industrial effluent standards. But other technologies can be applied to
optimise waste management. A mixof regulatory and market-based measures needs to be
investigated further in Tanzania.
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PART B -A PROCESS for WATER QUALITY MANAGEMENT

7 CONTEXT FOR DEVELOPMENT OF A MANAGEMENT
PROCESS

The GoT has recognised the importance of the water sector to the economic and social
development of Tanzania and introduced policy (NAWAPO, 2002) and legislation (WRMA, 2009)
to reform and improve water resource management in Tanzania. The institutional structures for
water resource management are based on the IWRM philosophy which uses the hydrological
basin as the lowest management unit.

The government agencieswith key responsibilities in the water sector (i.e. water, health,
environment, mining, fisheries, forestry, and agriculture) broadly acceptthat -effective
management of water sector issues requiresa multi-sectoral perspective. This National Water
Quality Management Strategy provides a framework within which all stakeholders can contribute
to improve water quality. However, more formal mechanisms may be required to convert
recognition of the need for better collaboration between government agencies into actions to
achieve common goals and objectives.

This document sets out the policies and provides a model water quality management process,
which can be adapted to meet particular basin or sub-basin conditions and needs. Another
discussion paper(SMEC 2010) addressesthe management process and capabilities for water
guality monitoring and assessment in more detail.
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8 A PROCESS FOR WATER QUALITY MANAGEMENT

8.1 Generalprinciples

Despite recent advances the water quality management processesto implement the principles
and policies established in Tanzaniastill require the following attributes and supports:

e aconsistent process for setting water quality objectives;
relevant and up-to-date National water quality Standards to protect beneficial uses;

e involvement of all stakeholders in defining water quality objectives, developing
management plans and implementing strategies;
clearly defined responsibilities for administration of water resources;

e provision of a mix of for incentives to change stakeholder behaviour, based on enforceable
regulations, market forces and community education and awareness of the issues

e water quality monitoring that is well designed, cost effective and quality assured

e ready access for stakeholders to water quality data and information;

¢ financial support from government to ensure the interests of the wider community are
protected,;

e transparent administrative processes;

e accountable reporting

8.2 Integration of basin, national andtransboundary planning

The national vision of provision of safe clean water and sustainable use of water resources for
economic and social development will be implemented at the basin level by the Basin Water
Boards.The planning and operational processesof each Board will depend on a national
framework of water quality standards and enforceable laws and regulations.The BWB operations
will require technical support from central agencies to ensure monitoring reporting and storage of
water quality data is standardised.

The management process will involve:

e Basin Water Boards usingtheir own water quality planning tools to set water quality
objectives that are consistent with national guidelines and standards

o Communities participating in the process to identify the local beneficial uses to be
protected
Local management strategies developed and implemented by relevant stakeholders.

e Technical and material support to the BWBs from central government agencies

The water quality management process is illustrated in a flow chart (Figure 2). The
establishment of appropriate planning mechanisms and processes which span multiple sectors is
a necessary first step to achieving sustainable water quality management. Such processes
should aim to:

e integrate land and water planning

e assess the economic, social and environmental trade-offs involved in different water
resource development options and environmental allocations
demonstrate all costs associated with each option

e establish efficient and effective management strategies
maximise stakeholder involvement in both the planning and management phases.
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8.3 Water quality objectives

The mechanism for establishing the water quality objectives to sustain water resource usage is a
two-step process which involves:

e establishing the beneficial uses to be protected; and
e establishing scientifically based water quality criteria corresponding to each environmental
value.

The process of setting regional water quality objectives through consultation with communities will
require education and awareness raising in communities and strengthening of structures to
ensure communities are adequately represented. Local Government and Water User
Associations are obvious patrticipants, but BWB need to be inclusive and encourage participation
by all groups in these consultations.

Community groups need education in the significance of water quality and the long term
implications of poor management to allow them to make informed recommendations on regional
water quality objectives and resource management issues.

8.3.1 Beneficial uses

Beneficial uses are public or private uses of water resources that support the welfare, safety,
health and economic wellbeing of individuals or communities, and therefore require protection
from pollution and over exploitation. They include:

drinking water

agricultural water
maintenance of biodiversity
fisheries

industrial water

recreation and aesthetics

Determining the beneficial use(s) and locations to be protectedis the first step in developing a
water quality management program. In Tanzania’s water basins it will be necessary for the BWB
to categorise rivers, lakes and aquifers (or segments thereof) according to community preferences
for particular use or uses, and to establish water quality objectives to maintain and protect those
uses. The BWB will also need to recognise and consider the potential for population growth and
urbanisation to impact on water quality and to take account of the interests of downstream and
transboundary users of water bodies in setting water quality objectives.

8.3.2 Water quality objectivesand water quality criteria

The term ‘Water Quality Objective’ (WQO) is widely recognised in the IWRM literature and defined
in many national laws. However, most MOW!I staff are unfamiliar with the term. Nevertheless, they
do recognise the “provision of safe clean drinking water for public use” as a primary Water Quality
Objective for the country. Furthermore, Tanzania’s National Drinking Water Standards provide
ready-made WQO for assessing the safety of drinking water sources.

The only basin where WQO have been formally established is the Pangani Basin *. These WQO
aim to maintain receiving water quality suitable for human aquatic ecosystem and industrial uses,
by implementing waste load allocations, effluent standards and other pollution control measures.
A major deficiency of these regional WQO is the lack of numerical water quality criteria or other
guantitative measures for determining if ambient water quality is suitable for maintaining aquatic
life.

¥ These WQO were derived from the now defunct Water Utilization and Control Act, 1974’ and are the only WQO for

protection of aquatic life being applied in any basin.
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8.3.3 National water quality Standards

The EMA, 2004 directed the National Environmental Standards Committee (NESC) of the
Tanzania Bureau of Standards to establish the criteria and draft national water quality standards>*
for sustaining and protection the important beneficial uses listed in Table 8.

Receiving water standards define the maximum pollutant concentration permitted in the
environment at any place and often form the basis for setting WQO to protect aquatic ecosystems.
Therefore, the lack of national standardsfor most uses is an impediment to effective water quality
management in Tanzania. As an interim measure, some internationalguidelines for important
uses are provided in Table 8.

Table 8. Status of water quality standards for beneficial uses in Tanzania

I T GO

Drinking water (URT 2007) WHO Drinking Water (WHO 2004)
Guidelines

Agriculture No standards FAO Guidelines: water (Ayers and Westcot
quality for crops 1994)

Recreational use No standards WHO Guidelines for safe (WHO 2003)

recreational water
environments

Wildlife and stock No standards Stock water tolerances Annex in (SMEC 2010).

Fishery and No standards * n/a® (MRC 2008)"
Environment

A — Some ambient Water Quality Objectives for receiving waters are more appropriately derived from
measurements of the normal or desirable (unpolluted) condition in a lake or river than from a National
Standard for receiving water quality.

8.3.4 National water quality Tanzania’s Drinking Water Standard

The Tanzania Drinking Water Standards (TDWS)** established in 2007 are based on the first
edition 1984 version of the WHO Drinking Water Guidelines (DWG). However, the current WHO
DWG*® are more relevant for water quality management in Tanzania than the TDWS, as they are
simpler; focus on criteria for protecting human health; and recommend different maximum levels
for some important criteria (see Table 9).

8.3.4.1 Two tiers of maximum acceptable level

The TDWS (2007) set ‘upper’ and ‘lower’ maximum levels for some criteria. Whilst the concept of
a maximum acceptable level is well understood for potentially toxic elements and compounds,
setting two different (safe) upper limits is counter-intuitive®. National drinking water Standards
should clearly define the maximum safe level for a hazardous element or compound so that users
can easily understand the risk. National Standards should not be set above accepted ‘safe’ levels
to accommodate natural contamination (e.g. fluoride) or manmade pollution (e.g. nitrate).

%1 part X of the EMA deals with Environmental Standards and Clause 143 (Water) states that the National
Environmental Standards Committee shall: a) prescribe Criteria And Procedures For Measurement of Water Quality;
b) establish minimum quality standards for all waters in Tanzania; and c) establish minimum quality standards for the
major beneficial uses.

*2TBS (2007).National Environmental Standards Compendium.

#WHO (2004).Guidelines for Drinking Water Quality. 3rd Edition, World Health Organization.

*How can there be two different maximum safe upper limits for a contaminant of drinking water?
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8.3.4.2 Elements and compounds not hazardous to human health

The TDWS sets criteria for many compounds (e.g. organoleptics) and elements (e.g. iron and
major ions), which are not hazards to human health. As an example, dissolved iron and
manganese sometimes occur at high levels in ground waters in Tanzania, but the levels of these
elements which occur in potable water with simple treatment® are aesthetic concerns, not human
health hazards. The schedule in Table 9 lists the elements/compounds that the World Health
Organisation recommends for assessing suitability of water for human potable use.

Table 9. Water quality criteria recommended for assessing suitability of drinking water

WHO 2004 Tanzania 2007
(low limit)

Tanzania 2007
(high limit)

Parameter

E. coli or Faecal coliform * | cfu/100 ml at <1 <1

44 C
Arsenic* mg/l 0.01 0.05
Barium* mg/l 0.7 1.00
Cadmium* mg/l 0.003 0.05
Cyanide* mg/l 0.07 0.2
Selenium* mg/l 0.01 0.05
Fluoride mg/l 1.5(F) 1.5 4
Nitrate** mg/l 50 © 10 75
Manganese** mg/l 0.4 0.1 0.5
Copper** mg/l 2.0 1.0 3.0
Mercury** mg/l 0.006 0.001
Chromium (VI) mg/l 0.05 0.05

* Tanzania lower limit is >(WHO 2004) (Harmonisation required)

** Tanzania lower limit is < WHO (2004) (Harmonisation required)

(F) The daily consumption of water and other dietary sources of fluoride should be considered in setting
national standards. Based on these risk factors, a maximum level of Fluoride in Tanzania may be less than
the WHO maximum.

8.4 Recommendation for water quality standards
Drinking water standards

1. Although recently drafted, the Tanzania DWS are based on out-of-date sources. They
should be revised to harmonise with the current WHO Drinking Water Guidelines and to
focus on hazards to human health that are relevant in Tanzania, like indicators of faecal
contamination; fluoride; and mining waste contaminants (mercury (Hg), cyanide (CN) and
arsenic (As)).

2. All criteria in the TDWS which set two maximum levels should be revised to clearly define
the single acceptable maximum safe for human consumption.

3. Redundant water quality criteria in the TDWS (i.e. those which are not hazards to human
health and not listed in Table 9), are not essential for monitoring of water sources for
human use and should be considered for omission in future revision of the TDWS.

¥ Both elements are only soluble in water as reduced or complexed form