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DUNDEE PRECIOUS METALS TSUMEB: SMELTER
EXPANSION COMMUNITY HEALTH STUDY AND HEALTH
IMPACT ASSESSMENT FOR THE EIA

EXECUTI VE SUMMARY

This Community Health study and Health Impact Assessment has been undertaken as
part of the Environmental and Social Impact Assessment (ESIA) Amendment process
being undertaken for the Dundee Precious Metals Tsumeb (DPMT) proposed upgrading
of the Tsumeb Smelter to increase production by 54%. As the key emissions of
concern related to the smelter operations are sulphur dioxide (SO,) and arsenic, the
assessment focused mainly on these aspects as the priority hazards related to
community health. No new occupational and community health hazards are expected
due to the proposed project and only the existing hazards are thus discussed. Impacts

were assessed cumulatively to current baseline conditions being experienced.

KEY FINDINGS

Baseline Conditions

Ambient air quality monitoring shows that since the installation of the Sulphuric Acid
Plant, residential areas in Tsumeb rarely experience exceedances of the World Health
Organisation (WHO) daily limits for SO,. Short-term exceedances of the hourly limits
are, however, still being experienced in the northern parts of the town which can cause
temporary mild upper respiratory symptoms of cough and throat irritation. Less
frequently, more severe lower respiratory symptoms may be experienced. A survey of

residents showed that compared with Oshakati (which is a completely unexposed
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control area) there is evidence of respiratory symptoms being significantly more
prevalent in Tsumeb. Long-term monitoring data shows that the SO, exposures to the
community, however, continue to decline. This was confirmed by the results of the
respiratory health questionnaire survey in the community health study conducted in
2016.

Measured urine arsenic levels indicate that there is some systemic overexposure for
Tsumeb residents as a whole compared with Oshakati. The geometric mean for
inorganic arsenic is actually well below the most conservative occupational hygiene
standard (ACGIH BEI). A small number of high exposure outliers were found in
Ondundu in Town North which is likely related to behaviours such as hand to mouth
and ingestion. In other areas of Tsumeb where most of the population resides, arsenic
in urine levels were found to be closer to those in Oshakati, which were similar to global

reference values.

When considering the likely arsenic exposure pathways to the closest communities,
airborne arsenic levels in PMjo samples often exceed the European Uniond @nnual
criteria limit, but levels are low and unlikely to impact urine arsenic levels, or to pose a
meaningful lung cancer risk for most Tsumeb residents. Ongoing measures to control

fugitive dust emissions from the smelter complex is, however, still to be prioritised.

Similarly, drinking water was also not identified as a source of significant arsenic
exposure to Tsumeb residents. Mean values for arsenic in drinking water in all
residential areas in and around Tsumeb are well below the WHO and Namibian arsenic
exposure limits. Despite all measured values being below WHO limits there is
nevertheless a significant trend with small increases of arsenic in water levels the closer
the residential area was to the smelter. Drinking water is not a source of significant

arsenic exposure to residents.

Preliminary results of a recent soil sampling campaign identified numerous historic mine
dump sites outside of the smelter boundary and in close proximity to residential areas

like Ondundu in the north of town. These samples showed elevated levels of arsenic
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and it is most likely to be a contributor to arsenic exposure for residents in that area via
the soil exposure pathway and dust inhalation from disturbance of these areas.

The community study also found that significant determinants of inorganic urinary
arsenic included recent contact with the smelter, especially having household members
who work at the smelter. This means that some arsenic is being brought home on
clothes, shoes, bags and vehicles and other objects, and is finding its way probably via

the hand-to-mouth route and ingestion to household members.

For Ondundu only, growing vegetables and fruit, and picking wild fruit, vegetables and

edible insects locally also contributes to the urine arsenic burden among residents.

In summary, for the baseline situation at the current smelter throughput capacity,
ambient air quality monitoring has shown continuous improvement across all measured
parameters, however, an irritant burden from SO, emissions is still experienced
periodically. Arsenic in air levels are low and are unlikely to be cause elevated urine
arsenic levels. Drinking water is also not a source of significant arsenic exposure. Soll,
hand-to-mouth behaviour and eating wild plants from contaminated areas are the most

likely sources of arsenic exposure.

Project scenario

It is expected that with the higher concentrate throughput capacity, SO, emissions
would also increase. Modelling data have shown that with the efficient utilisation of the
sulphuric acid plant, it is not expected that exceedances of the long term criteria would
be experienced outside of the smelter boundary. Exceedances of the hourly criteria
might, however, still be experienced during upset plant conditions, leading to temporary
respiratory irritation.

Modelled data for concentrate throughput, showed that for arsenic in air levels in the
community, and urine arsenic levels in smelter employees, the likely cumulative impact

of a 54% increase in production throughput is expected to be very low.
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Other Environmetal Health Indicators

Reference is made in the report to available data on other general environmental health
indicators in order to identify project risks for DPMT. Of these, housing and respiratory
issues (e.g. Tuberculosis), sexually transmitted infections such as HIV/AIDS, soil,
water, sanitation and waste related diseases, food and nutrition related issues and non-
communicable diseases were rated as high risk areas. These ratings are, however, not
surprising or alarming when compared with baseline conditions in other parts of sub-
Saharan Africa. A well designed internal health management plan aligned with existing
Ministry of Health and local municipal strategies and priorities would significantly
mitigate any negative effects and accentuate benefits, e.g. contributions to local health
care services which DPMT is already contributing to as part of its Corporate Social

Responsibility.

RECOMMENDATIONS

Recommended actions are provided for reducing SO, and arsenic exposures to

community residents, and also to smelter employees.

On balance, wi t h t he necessary str en g tstha¢ hypgieng
capacity and increasing application to controlling sources of fugitive emissions in the
smelter, the overall levels of arsenic and SO, exposures will in all likelihood continue to
decline, notwithstanding a 54% increase in production. The largest positive impacts
come from the closure of the arsenic plant, and the remediation of legacy waste in the

smelter precinct.

Progress should be monitored in two ways - continued collection of routine data from
the monitoring stations; and periodic surveillance of arsenic levels in soil, locally grown
and consumed vegetables, fruit and insects, house dust, and urine of members of the
community, in Ondundu in particular. The first of these periodic surveillance
programmes was undertaken in the fourth quarter of 2018, with data currently being
analysed. Health surveillance should additionally focus on the principal adverse health
effect of lung cancer. The Namibian Government should consider setting up a cancer

registry.

of
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1. BACKGROUND

Dundee Precious Metals Tsumeb Ltd (DPMT) has applied for an Environmental Impact
Assessment’ to be carried out for the smelter expansion in the Oshikoto Region of
Namibia. The proposed smelter expansion would be contained within the existing site
footprint and would include the following components, to enable the copper concentrate

processing capacity to increase by 54% from 240 000 to 370 000 tons per annum:

1 Upgrading of the existing Ausmelt feed and furnace;

1 Installation of a rotary holding furnace (RHF);

1 Implementation of slow cooling of the RHF and converter slag;

1 Upgrading of the slag mill to improve copper recovery and handle the increased
tonnage from slow cooled slags;

1 Installation of an additional Peirce-Smith (PS) converter and new exhaust hoods;

1 Additional related infrastructure improvements (power supply).

The Tsumeb Smelter is currently owned and operated by Dundee Precious Metals
Tsumeb (DPMT), a subsidiary of the Canadian based Dundee Precious Metals (Pty)
Ltd. The smelter is located on the outskirts of Tsumeb in the Oshikoto Region of
Namibia, approximately 2 km northeast of the Tsumeb town centre. The regional and

local settings of the Tsumeb Smelter are shown in Figure 1 and Figure 2.

With additional custom concentrates available worldwide and areas for operational
improvements identified, DPMT is now proposing to expand their current operations in
order to increase their concentrate processing capacity from approximately 240 000 to
370 000 tons per annum (tpa). The proposed expansion would be contained within the
existing facility footprint and would include the following components:

1 Upgrading of the existing Ausmelt feed and furnace;

1 Installation of a rotary holding furnace (RHF);

1 Implementation of slow cooling of the RHF and converter slag;

! SLR ENVIRONMENTAL CONSULTING (NAMmIBIA) (PTY) LTD (2016): Scoping Report as part of an EIA Amendment Process

for the Proposed Upgrading and Optimisation of the Tsumeb Smelter, July 2016, Report No. Report No. 1
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1 Upgrading of the slag mill to improve copper recovery and handle the increased
tonnage from slow cooled slags;
Installation of an additional Peirce-Smith (PS) converter; and

Additional related infrastructure improvements (power supply, etc.).

The new project components and associated service infrastructure, together with the

existing (approved) infrastructure/ffaci | i t i es, is collectivel

y

Smel ter Upgrade and Optimisation Projecto.

DPMT currently holds an Environmental Clearance Certificate (ECC) in terms of the
Environmental Management Act (No. 7 or 2007; EMA) for its operations at the Tsumeb
Smelter. To allow for the proposed Upgrade and Optimisation Project, an amendment
of the original Environmental and Social Impact Assessment (ESIA) and Environmental
Management Plan (EMP) is required. This report focuses on the above mentioned

additional components not covered in the current ECC and EMP.

DPMT currently also holds various other ECCs and EMPs for different project
components established after the original ECC for the Smelter operations was issued.

The objective of this project and ESIA Amendment process is further to combine all of

the commitments in the separate EMPs i nt o one <consolidated

facilities and operational components. This is beneficial, as impacts and related
management and mitigation measures will be considered cumulatively and it would be
easier to manage the environmental aspects if consolidated into one document linked to
DPMT6s overarching management system.

ECC issued, it would then serve as a consolidated ECC for the entire DPMT Smelter

complex and would supersede the previous ECCs.

PROJECT MOTIVATION
Economic

The motivation to support the project is economic in nature, with the project having the

potential to directly and indirectly benefit the country and surrounding communities.

The Tsumeb smelter currently employs between 600 and 700 persons in Tsumeb, with
many other services directly dependent on DPMT operations. As the proposed project

f

r e

EMP

ap
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would largely relate to the optimisation of existing components and processes within the
facility, it would not create a high number of new employment opportunities. Some
opportunities would, however, be created for contractors during the construction phase.
The proposed upgrade and optimisation of the smelter and related increase in the
throughput capacity of the smelter would, however, promote long term efficiency and
economic sustainability of the facility. By increasing the efficiency and sustainability of
the facility, long term employment security would be ensured, together with downstream

economic benefits to the town of Tsumeb.

The Tsumeb Smelter is unique in that it has the ability to process high sulphur, high
arsenic and low copper grade concentrates. It is one of only five commercial-scale
smelters in Africa capable of processing concentrates with a high arsenic content. It
thus provides highly specialised services to global clients. Upgrading the smelter
capacity to 370 000 tpa would ensure that the facility can operate at a higher efficiency
level with the related economic benefits.

An essential aspect of the upgrade is the installation of a RHF, which would make it
possible to increase the throughput of the existing Ausmelt furnace. Much of the
smelter upgrades that have been implemented since 2012 have enabled the plant to
accommodate a concentrate throughput of at least 370 000 tpa, but the Ausmelt
production rate cannot be increased without the addition of the holding furnace. The
current low utilisation is costly in terms of fixed costs and depreciation of equipment,
(such as the acid plant, oxygen plant, converters, etc.) which incurred high costs over
the past three years. This, however, presents a unique opportunity for the company to
leverage previously invested capital and to achieve higher throughput by alleviating
bottlenecks with limited additional expenditure, thereby increasing the profitability and
ensuring the sustainability of the operations. In addition, the RHF would facilitate higher
production rates, improved recoveries and the reduction in metal lock-up due to reverts
(e.g. circulating load in furnace), resulting in a reduction in pollution (reduction of metal
in slag and reduction of reverts). By ensuring sustainability and increasing the
profitability of the operations, current jobs at the smelter and additional jobs related to
the expansion would be preserved and the continued prosperity of Tsumeb would be

bolstered.
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The current proposed Upgrading and Optimisation Project is one of the later phases of
an overall optimisation and expansion which has already required substantial capital
investment. Recovering the cost of this investment would be significantly more

challenging should the proposed project not go ahead.

Compatibility with key policy and planning guidance

A critical aspect of economic desirability of the proposed project is the compatibility of
the project with key Namibian policy and planning guidance. A comprehensive review
of compatibility with socio-economic policy and planning was undertaken as part of this

ESIA (see Appendix H2). The review includes a consideration of the following

documents:
9 Vision 2030
1 The Fourth National Development Plan (NDP4)
T bl YAOAFI Q& LpaRIdzZZGNARIE t2f A08
1 The Logistics Master Plan for Namibia

The overall conclusion from the review is that the proposed DPMT expansion would be
largely compatible with key economic policies and plans, provided environmental and

other impacts can be adequately mitigated.

Note also that the Ministry of Trade and Industry (MTI) produced an execution strategy
for industrialisation in 2015 called Growth at Home (MTI, 2015). Growth at Home
identifies six sectors that show promise in terms of their potential to deliver economic

growth and job creation:

Agroprocessing;

Fish-processing;

Steel manufacturing and metal fabrication;
Automotive industry;

Chemical industry; and

Jewelry industry.

= =4 -4 -4 -4 4

Overall, the Strategy emphasises the importance of beneficiation as a means to
stimulate economic activity. Industrial policy is thus focused on encouraging greater
industrial activity and local value addition. Emphasis is also placed on encouraging

such activity in areas where other opportunities are limited and socio-economic needs
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are greatest (MTI, 2015). The proposed expansion would increase the amount of
foreign revenue generated by DPMT through value addition and provide benefits in a
region with relatively high socio-economic needs. It should thus achieve in-principle

compatibility with the Strategy.

STUDY SCOPE AND APPROACH

The purpose of this Health Impact Assessment (HIA) is to assess potential health-
related impacts associated with the DPMT expansion project. It can be used to inform
key DPM decision makers, relevant Namibian Government authorities, other relevant
stakeholders and to provide DPMT with information to help identify management and
mitigation measures. These mitigation measures aim to avoid, minimise and reduce

potential health impacts as identified below.

As requested by DPMT, the study considered the European Bank for Reconstruction
and Development (EBRD) Performance Requirements (PRs) as it relates to health and
safety of the surrounding community. In this regard, PR4 is of particular relevance as it
recognises the importance of avoiding or mitigating adverse health and safety impacts
and issues associated with project activities on workers, surrounding communities and
consumers. In line with this PR and other international standards for HIAs, a further
standard set of twelve health effects categories or Environmental Health Areas (EHAS)
were considered in the compilation of this report. Further details of the twelve EHAs

are provided in Table 2 under the HIA methodology section.



STUDY AREA AND PROJECT AREA OF INFLUENCE
Figurel: Regional setting of Tsumeb smelter
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TEMPORAL AND GEOGRAPHICAL STUDY LOCATION

The HIA covers the period since DPM took over the smelter precinct and
operations at Tsumeb in 2011. Since that time data relating to relevant
exposures are available. There is a focus on the most recent data for 2016
and 2017, since important capital improvements have recently been

introduced at the smelter precinct.

The Tsumeb Smelter is located adjacent to the town of Tsumeb in the
Oshikoto Region of Namibia, approximately 2 km north-east of the town
centre Figures 3 & 4). The town lies approximately 430km north of Windhoek,
the capital of Namibia. The town is directly South of the smelter.

The main road link into Tsumeb is the B1 highway which connects Tsumeb to
the Namibia/Angola border in the north and to Windhoek and eventually the
Namibia/South Africa border in the south.

Key railway infrastructure (TransNamib) runs from Walvis Bay on the coast to
Tsumeb, providing a pathway for feed materials to, and products from, the
smelter, and from Windhoek to Tsumeb.
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Figure 3 Site Location




Figure 4: Layout of the smelter site
L

" S
\& &

D 1
w .
Arsenic
Charge Storage -
. = '3:_ -

CLIMATIC CONDITIONS

Temperature

The climate in Tsumeb is subtropical with a mean annual temperature of 22
°C and monthly temperatures varying between 16 °C and 26 °C. October is
the warmest month when temperatures rise to a maximum of 33 °C. The
coldest conditions are experienced in July when temperatures drop to a

minimum of 8 °C. The monthly average temperatures are indicated in Table 1.

Rainfall
Tsumeb has an annual average rainfall of 478 mm (1914-2009). The annual
rainfall in Tsumeb in this period is illustrated in Figure 5.



Table 1: Long-Term Average Monthly Temperatures in Tsumeb
MINIMUM AVERAGE MAXIMUM
TEMP. TEMP. TEMP.
(°C) °C) 0
January 19 25 31
February 18 24 30
March 17 23 29
April 15 22 29
May 11 19 27
June 9 16 24
July 8 16 25
August 11 19 27
September 16 24 32
October 19 26 33
November 19 26 32
December 19 25 32

Source: Agro-ecological Zoning Project, Data from 1951-1989

Figure 5: Annual Rainfall recorded in Tsumeb (1914-2009)
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Most of the rainfall occurs between October and April with January and
February being the wettest months, both receiving an average of over 100

mm of rain. Average monthly rainfall (1914-2009) is shown in Figures 5 & 6.

Figure 6: Average Monthly Rainfall Data recorded at Tsumeb (1914-2009)
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Wwind

Prevailing winds in the Tsumeb area are predominantly from a south-easterly
and south-south-easterly direction. During the day the wind is predominantly
from the north east and during the night the wind shifts and blows from the
south east. Wind direction and speed recorded at the weather station (2006)
at the reservoir on the hill to the north of the Tsumeb Mine are shown in
Figure 7. The windiest conditions are experienced in the drier winter months
(May-August) i see Figure 8.

Figure 7: Tsumeb Period Average Wind Roses (2006)
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Figure 8:Tsumeb Seasonal Wind Roses (2006)
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The key operational processes comprise the following:

Receiving Bay

The raw materials (which include coal, silica, concentrates and ore) are railed
in mainly from Chelopech in Bulgaria and El Brocal in Peru, and offloaded at
the receiving bay. These materials are stockpiled in different sections for use
in the Ausmelt furnace. The necessary fuel, concentrates and additional
materials are crushed and blended for introduction into the furnaces. The

charge for the Ausmelt is pelletised in a small pelletising plant.

Top Submerged Lance (TSL) Furnace
The TSL furnace is charged with pelletized copper concentrates and fuelled

wi t h heavy furnace oil (the

hY

AAuUstn=e | t 0)
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injected into the Ausmelt furnace where it reacts predominantly with iron and
sulphur through exothermic reactions.

The melt consists of two phases, namely matte (molten metal sulphide phase
formed during the smelting of copper concentrate) and slag (silicate waste
product from smelting) which are tapped separately at different elevations.

1 Matte from the Ausmelt goes directly to the Peirce Smith converters
(see below).

1 The slag is transferred to the slow cooling process, then crushed and
then transferred to the slag mill and float plant (see below).

Off-gases and fugitive gas management

i Off-gases from the Ausmelt pass through evaporative coolers and are
then filtered through the baghouse where the dust which contains
arsenic, is captured. The filtered gas containing sulphur dioxide (SQ) is
transferred to the sulphuric acid plant gas cleaning system.

1 Fugitive gases from the tap holes and matte launder are captured and
filtered through the hygiene baghouse and are released to the
atmosphere via the copper stack.

1 During start-up and shutdown or during emergency plant stoppages,
gases from the Ausmelt are bypassed to the Ausmelt stack for short
periods.

1 Dust recovered at the baghouses was taken to the arsenic plant for
processing until the first quarter of 2017. With the subsequent
decommissioning of the arsenic plant, baghouse dust is disposed of at
the Hazardous Waste Disposal Facility.

The Ausmelt furnace was refurbished to smelt copper concentrates and was

re-commissioned in 2008.

Peirce Smith Convertor Furnace

Molten matte tapped off the Ausmelt furnace is transferred to a Peirce Smith
converter furnace for the final production of blister copper. Here, air is added
to the matte material and the oxygen reacts with sulphur, iron, lead and zinc.
The sulphur from the metal sulphides provides the energy through an
exothermic reaction to complete the conversion of matte to blister copper. The
blister copper (98.5 % Cu) is cast into 1.62 tonne bars for shipment to
refineries. The slag is transferred to the slow cooling process and is then

crushed, or alternatively, if it contains large amounts of entrained matte, it is
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recycled to the converter for further smelting. The crushed material is

transferred to the slag mill and float plant.

Off gases & fugitive gas management

1 The hot primary off-gases (more than 90 % of the total gas stream)
from the convertor pass through a wet scrubber gas cleaning system
and the clean gas is directed to the sulphuric acid plant gas cleaning
system.

1 The remaining fugitive gasses that are captured during slag and matte
tapping are passed through a balloon flue before being cooled in a
series of U-tubes, followed by further cooling in the new gas cooling
tower (installed in February 2010 in order to provide additional cooling
of the gases before they pass through the convertor section of the
copper baghouse, prior to being released through the copper stack at
the southern section of the smelter and to allow arsenic to solidify). The
ducting required to carry the off-gases was replaced in October 2010.
The baghouse was also extended in February 2011 to increase its
capacity.

The filtered gas containing SO, is transferred to the sulphuric acid plant gas

cleaning system, where sulphuric acid is manufactured.

Slag mill

Slag is transferred from the Ausmelt and the convertors to the crushers, and
the crushed material is transferred to the slag mill and float plant where the
entrained valuable metals, consisting mainly of copper, are recovered. The
concentrates produced are re incorporated into the smelting process. The
tailings produced during the flotation process are deposited on the old mined

section of the old tailings dam located south-west of the smelter.

Reverts
Some of the molten material that flows through launders and is transferred in

ladles freezes on the walls of these transfer vessels and form coatings

referred t o as Askull so or fishell so.

inadvertently spilled, are collected as so-called reverts and are recycled to the

Ausmelt.

The
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Power Plant

Electrical power for the majority of the smelters operations was historically
supplied by an on-site power plant. The power plant has been
decommissioned in recent years and electrical power is drawn from the
national grid as required. However, the cooling component of the power plant

is still in use.

Oxygen Plant

The oxygen plant was commissioned in order to increase production at the
Ausmelt. The oxygen plant extracts oxygen from air and produces oxygen
(96% 0O2). The oxygen is injected into the Ausmelt furnace where it reacts
predominantly with iron and sulphur through exothermic reactions. As a result
of the additional heat in the Ausmelt it is possible to smelt greater quantities of
copper concentrate and thus increase production. Burning of the sulphur in
the concentrate also reduces the consumption of fuels such as coal and
heavy furnace oils. The additional heat from the sulphur and oxygen provides

for a higher smelting rate.

Arsenic Plant

The arsenic plant is used to produce arsenic trioxide from dusts recovered
during the smelting process. Four roasters are used to convert the material
into arsenic trioxide, which is sold for the manufacture of pesticides and wood

treatment.

Concentrates and other secondary material processed at the smelter are
traditionally high in arsenic. The majority of the arsenic passes through the
smelter and is captured from the off-gases in the bag houses. Bag house
dusts with high arsenic levels are used as feedstock for the arsenic plant. Bag
house dusts that cannot be processed in the arsenic plant are disposed of in
the hazardous waste disposal site. The arsenic plant is used to produce
arsenic trioxide from dusts recovered during the smelting process. Four
roasters are used to convert the material into arsenic trioxide, which is sold for

the manufacture of pesticides and wood treatment.
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The plant operates a two stage process, firstly converting the arsenic dusts
into black arsenic and then producing 99% arsenic trioxide from the black
arsenic. In the initial conversion the bag house dusts are mixed with coal fines
and pyrite (or other sulphur-bearing material) and introduced to the roaster. In
the second conversion the resulting black arsenic is mixed with coal and slag
material and introduced to the roaster. During the roasting process arsenic
sublimes and is then condensed as arsenic trioxide. Roaster calcines are
formed as a by-product from the arsenic plant and are either dumped as

waste or, if copper is present, returned to the smelting cycle.

Off-gases from the arsenic plant pass through a bag house before being
released to the atmosphere through the same stack as the Ausmelt off-gases.
Both the bag house and arsenic plant have been improved in recent years as
per the currently approved EMP requirements. The original bag house was
removed and replaced with a newer facility in order to improve efficiency. The
arsenic plant has been improved in order to reduce dust emissions. This has
primarily been achieved through the construction of a new dust transfer
system, upgraded roasting and fume management facilities, bag-filling station
and extraction system at the arsenic plant.

Update: The arsenic plant was decommissioned during February 2017 and

arsenic trioxide is no longer produced by DPMT.

Sulphuric acid plant

The sulphuric acid plant was installed in 2014. The plant captures sulphur
dioxide from the Ausmelt furnace and Peirce Smith converters and converts it
to sulphuric acid for onward sale. The sulphuric acid plant has two main
process steps 1 pre-treatment of gas (gas cleaning) and gas conversion. The
gas cleaning plant processes off-gases containing a variety of impurities with
different concentrations from two different sources, namely: the Ausmelt
furnace and Peirce Smith converters. The gases from the smelter and the
converter have different properties and impurity loads. While the gas from the
smelter has already been cooled down in evaporation coolers and dedusted in

a baghouse filter prior to the sulphuric acid plant, the gas from the converter
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contains a high dust load depending on the blowing cycle of the copper
converter.

The gases from the converter as well as the gas from the smelter are directly
guenched and scrubbed in high efficiency scrubbers with an integrated
guench section, each followed by a droplet separator and a fan. The gas
streams from the converter and the smelter are combined and then treated in
a common gas cooling tower and four wet electrostatic precipitators
( WESPos) .

The single-train sulphuric acid plant is based on the double absorption
process, whereby the converter consists of three beds. After gas pre-
treatment, the sulphur dioxide in the gas is converted to sulphur trioxide in a
contact process that takes place in a catalytic converter, containing a
vanadium pentoxide and caesium (final bed) catalyst. During this process the
sulphur dioxide containing gas passes through a series of catalyst beds to
achieve a high efficiency of conversion of sulphur dioxide to sulphur trioxide.
The double contact double absorption technology allows removal of sulphur
trioxide through absorption into 98.5% sulphuric acid. This occurs by means

of exothermal chemical reactions.

Acid produced is stored in three bulk above ground tanks prior to transfer to
railcars at the acid loading area and onward shipment by train. Site
management reported that all acid is sold within Namibia. Blister copper is
ultimately produced from the copper concentrate and delivered to refineries

for final processing.

Waste sites (active and historical)

1 Hazadous waste disposal site
General waste disposal site
Arsenic calcine dumps

Blast furnace slag dump

Old slag mill tailings dump
Mine tailings dumps

Tar pit

RCC quarry operations

=4 =4 4 4 4 8 -
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Ancillary operations include:

1 Warehouses

Engineering workshops
Admin and support buildings
New offices (container offices)
Canteen

Reservoirs

Roads (gravel and tar); and
Rail loop

=4 =4 4 -4 48 a8 -2

At this time, approximately 550 employees are on site at any time; 480
permanent staff and 70 temporary staff.

3. THE POTENTIALLY AFFECTED COMMUNITY (PAC)

Community Health Hazards

Arsenic and SO, in air are the two principal hazards arising from fugitive
emissions from the processing of complex copper concentrates at the
Tsumeb Smelter that may affect the community. The arsenic content of
airborne particulates as well as SO, gas present risks to the health of
surrounding communities, notably respiratory health disorders including
asthma, respiratory infections and cardiorespiratory insult, while Arsenic is a

known cause of lung cancer.

Community Stakeholder Concerns

Since DPMT took over the smelter in 2011 there has been an active
environmental monitoring programme for arsenic, dust and SO, in the air and
groundwater at various points within, and at the boundary of, the smelter

precinct. DPMT hired an occupational health consultant who reported in 2011
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and noted that there was a minimal occupational health programme at that
time. There was no industrial hygiene component at all, and there was a
minimal occupational medical component comprising biomonitoring of arsenic
in the urine of workers at the smelter. Working conditions at that time were
poor with little in the way of any preventive interventions to minimise exposure
or to detect any adverse occupational health effects at an early stage,
whether from arsenic or SO,. The report recommended, amongst other
things, that a substantial industrial hygiene programme be established with
immediate effect, together with a competent modern and ethical occupational

medicine programme. These were duly instituted by DPMT.

There were also many complaints at that time by community residents, mostly
with regard to respiratory problems, notably asthma, which they attributed to
SO, pollution on a regular and frequent basis, especially when the wind blew
from the smelter towards the town. The town is situated to the south of the
smelter precinct and separated by a hill. The prevailing wind direction is from
the North East and South East. The North East wind blows dust and gas over
the Northerly and North Westerly parts of Tsumeb.

Three planning and stakeholder engagements were held in Tsumeb in August
2016 in preparation for the community study. | met with members of the
community who had been publicly invited to attend one of 3 separate town
hall meetings in Ondundu in the North East, The Makalani Hotel in the
commercial district at the Northern end of town, and in the Nomtsoub
community hall in the South West part of Central Tsumeb. Residents from all
Tsumeb suburbs were alerted to the survey by Mr Isai Nekundi of DPMTé s
stakeholder department well before these meetings took place, and
attendance was excellent, resulting in over 120 household representatives
with over 440 potential survey respondents registering as being available for
participation in the study. Two of these meetings were relatively
straightforward with audiences appearing to be very interested and willing to
cooperate in getting the survey done, including volunteering their own
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participation. Many questions were raised at these meetings and

explanations were given in 4 languages.

The Makalani Hotel meeting, however, was rather different in that a number of
community members present raised objections in an initially hostile and
critical manner about the process that was being envisaged and was being
presented at the meeting for the HIA. In particular, they did not want DPMT
personnel to be involved in the survey in any way, as they did not trust DPMT
personnel with the results. The DMPT representatives then recused
themselves. | took over the chair of the meeting and was able to ask the
objectors for their suggestions as to the way forward. | offered to recuse
myself if the meeting felt that | was likely to be biased in favour of DPMT. |
pointed out that at the end of the day it was going to be DPMT who would be
paying my costs for the study | was conducting as part of a Government
mandated EIA. The meeting then asked me not to recuse myself and to
remain in charge of the study.

Opinions on other matters were divided. Some felt that since DPMT had
taken over the smelter, there had been improvements with regard to SO,
exposures, and further improvements over the past few months when it was
widely agreed that emissions had declined substantially. DPMT was also
praised for their various community contributions, including creating
employment. Others at the meeting continued to view DPMT in a negative
light.

Ultimately a pharmacist in the town offered to take charge of urine and tap
water samples in his fridge during the survey and suggested that a system of
community monitors be present throughout the survey to ensure that there
was no tampering with the samples and that the questionnaires were fairly
administered. Residents present offered to nominate potential monitors to
assist with the taking of samples and securing their chain of custody until they
reached the care of Pathcare, the laboratory service performing the analysis.
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The meeting was happy for me to lead the survey process. There was also
enthusiastic approval for a plan to get a number of Public Health students
from the University of Namibia in Oshakati to conduct the interviews, and for
community monitors to ensure the probity of the sample collection, thus

ensuring independence from DPMT.

Attendees at the other two town hall meetings were quite happy with this
proposed approach to the survey. Residents from different residential areas
in Tsumeb volunteered to be community monitors and 6 of these were co-
ordinated by Mr Moses Awiseb, a well-known community organiser in
Tsumeb. They were present throughout the survey and acted as custodians
of the questionnaire administration and sample collection processes and
observed prompt delivery of samples to the custody of Pathcare during the

period of data collection in September 2016.

Before and during the data collection phase, strangely enough, even though |
had gone to considerable lengths to accommodate the Makalani objectors
and there had been agreement by the end of the stakeholder meeting at the
Makalani Hotel on how their objections would be handled, none of the
objectors at that meeting participated in any way. They did not respond to
attempts to contact them and failed to nominate community monitors as they
had promised, withdrew offers to store the accumulated specimens in the
pharmacy fridge, and were all unavailable as survey subjects during this
phase, despite being encouraged to participate, in some cases by personal

invitation.

The team of 6 community monitors headed by Mr Moses Awiseb, functioned
seamlessly together with 6 UNAM public health students and myself to ensure
that subjects on the register from the community engagement meetings were
contacted and were available for participation in the survey; that
guestionnaires were administered impartially (the community monitors were

there as interpreters and observers); and specifically they observed that urine
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and tap water samples were indeed taken on the spot from survey subjects
and from their drinking water taps, and that specimen jars were immediately
sealed and signed by both survey subjects and community monitors. These
were then handed immediately to myself and taken directly to Pathcare at the
Tsumeb Private Hospital where they were kept under lock and key (there
were only 2 keys available - one for myself and one for the Pathcare Sister) in
a locked fridge until despatch to the analytic laboratory in George, South
Africa. Access to some of the more remote farms to the North of the smelter
beyond NAMFO farms which was also volunteered and promised at the
Makalani meeting did not materialise during the data collection period. This
led to a waste of valuable survey time and slightly decreased the number of
study subjects. | was present and exercised quality control and oversight

throughout all stages of the survey in Tsumeb.

The principal concerns voiced by community residents in these various
encounters were vague but were mainly about cancer, SO, irritation, and one

report of a negative effect of SO, on a home garden.

Sensitive Community Receptors And Exposure Pathways

The entire community living in Tsumeb is affected by the operations of the
smelter including people living on farms to the North and North West of
Tsumeb town. Within Tsumeb, populations particularly likely to be affected
are those at closest proximity to the smelter precinct which is immediately
adjacent to the northern edge of town separated by a hill. The prevailing wind
direction is Easterly with South Easterly and North Easterly winds
predominating. Smelter emissions are driven westwards and alternatively
northwards and southwards affecting the western industrial area and the

northern part of town including Ondundu and the farms to the North West.

Oshakati residents several hundred kilometres to the north were also included

as unexposed controls.



Page 37

Children older than 10 and all adults of all ages were surveyed. There are
two hospitals in Tsumeb, a private hospital in the Northern part of town, and a
public hospital in Nomtsoub near the stadium. There are several schools,
including a public and a private school in Ondundu, the most northerly
residential area just below the hill behind which is the smelter and its waste

disposal site.

Rather than estimating exposures from other routine sources, this study was
able to directly measure accumulated arsenic doses from all exposure
sources and pathways by using a biological measurement of arsenic
absorption whi ch therefore reflects i nd
irrespective of their age, gender, and occupational status. Similar
considerations apply to respiratory health outcomes which were measured
directly in this study. At the time of this survey, apart from the 5 air monitoring
stations which are located at the boundaries of the smelter and within the
town, there were no other independent air quality data, nor was there any
modelling information available for use in this report, which could provide
estimated airborne exposures beyond the monitoring stations. The Air Quality
Impact Study? component of this EIA then became available in February 2017
after the writing of this report. By way of water samples, only 3 samples had

been taken in 2016 from taps in Ondundu at the school and at a house.

In addition, the preliminary results of an ongoing Contaminated Land
Assessment and recommendations for the Environmental Management Plan®
became available in December 2016. Exposures of interest and their

concentrations in different parts of Tsumeb have been estimated from soll

2 Appendix F: Air Quality Impact Study for the Proposed Expansion Project at
Dundee Precious Metals Tsumeb Smelter. Report No: 16SLEO1v2. N von
Reiche. February 2017

® Preliminary results of the ongoing Contaminated Land Assessment and
Recommendations for the DPMT Environmental Management Plan (EMP) IM

Weiersbye. December 2016
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samples done by DPMT and their boundary air quality results. These are
marked as high, medium and low exposure zones and are superimposed onto
a map of Tsumeb and surrounding areas as shown in Figure 10. It should be
noted that this modelled map was not based on any substantial number of
measurements outside of the smelter precinct proper, while the air quality
study was based on data from the 5 permanent air monitoring stations at the
boundary of the smelter precinct and within Tsumeb. Additionally the
Atmospheric Dispersion Simulations for arsenic in PMo show a plume that is
mainly in the North Western direction from the smelter but which also has a
distinct but much smaller southerly tail* which lies directly over Ondundu.
These are due to the two prevailing wind directions. The modelled plume
based on soil measurements from the CLA also shows Ondundu to lie mainly

in a higher exposed zone than more southerly parts of Tsumeb.

The results of these two studies were therefore consonant showing that the
western industrial area and the Northern Town industrial area (Topshop) are
the most highly exposed areas in Tsumeb. Both are not residential. Together

they form part of the high exposure zone (red) which overlaps with the smelter

precinct itself. Next is a medium exposure zone which comprises the
Endombo residential area to the West which is separated by a small hill form
the Western Industrial Area and located at the Northern edge of Nomtsoub;
and the Ondundu residential area to the East which abuts the hill on the other
side of which is the smelterthey fommasst e di s

medium exposure zone (orange) and are referred to in this report as Town

North. Ondundu has two schools. The residential areas to the South of this
zone comprising Nomtsoub to the West and the Eastern suburbs of Tsumeb

fall into the low exposure zone (green) and are referred to collectively as

Town Central. The area known as Kuvukiland to the South West of the town

and furthest from the smelter was considered to be an even lower exposed

area (but still green in the map) and is referred to as Town South.

* Appendix F: Figures 32: Base scenario simulated 1 year average arsenic
concentrations and and 35: Base scenario simulated long term arsenic

deposition rates
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The last area is that of the NAMFO farms to the North West of the smelter and
also in the path of wind dispersion of pollutants but further away from the
smelter. Many farmworkers live and work there together with their families.
A very few individuals were accessed in further outlying farms beyond
NAMFO.

Figure 10: Exposure zones and residential suburbs in Tsumeb

The conceptual site model in Figure 11 shows the possible exposure
pathways via air, water, soil, and crops. Arsenic that is deposited in the soil
may be re-entrained as bioavailable inhalable or ingestible dust. These four
pathways are impacted by behavioural determinants of arsenic absorption.
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Figure 11: Conceptual site model showing sources and pathways of exposures to receptors.
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4. LIMITATIONS

This report does not address classic occupational health concerns
encountered by workers, which .adovweever,

occupational health is addressed in Appendix 5 below.

In this study no household level data were obtained for the EHAs apart from
EHA # 7 which constituted the specific objective for this study, and regarding
which extensive individual data were obtained. Available data and
information were sought from published sources to cover the other 11 EHAs.
Consequently these data are indirect and rely to some extent on extrapolation
from information in the Southern African region more generally, when they are
not available for Namibia in particular. The same applies to health information
from Windhoek the largest city in Namibia which is to some extent

extrapolated to Tsumeb, when local information is not available.
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5. METHODS

HIA METHODOLOGY

HIA is a structured planning and decision-making process for analysing the
potential positive and negative impacts of programmes, projects and policies
on public health. The HIA process is designed to:

1 Provide a systematic methodology and process of how a project, policy
or programme is potentially generating human health impacts;

1 Predict the consequences (positive, negative or both) and distribution
of these impacts across potentially affected communities, including
vulnerable individuals or groups;

1 Identify positive health effects while prioritizing the prevention of
potential negative health effects;

1 Be multidisciplinary in approach and use information from many
different health providers, disciplines and allied technical fields, e.g.
environmental, socioeconomics and human rights;

1 Facilitate discussions across decision makers and key stakeholders;
and

1 Generate detailed baseline information that can be used to develop key
performance indicators for future monitoring and evaluation.

An HIA can be a short desktop exercise that takes an expert practitioner less
than 2 weeks to prepare, a rapid assessment that takes several months, or a
comprehensive report that requires extensive fieldwork and data collection.
Each type involves different approaches to baseline data collection and
stakeholder engagement. The type of HIA chosen by the practitioner
depends on a variety of factors including the type of project, the timeframe
available for HIA completion, and the resources available for performing the
HIA. The current study is a comprehensive HIA that involved collection of
new data, and a participative and interactive process with a broad range of

stakeholders across multiple levels of potentially affected communities.

The HIA can also assist in the planning process for health and social outreach
programmes that extend beyond the fence line and into surrounding
communities, e.g. capacity and institution building, health infrastructure
support, information education and communication, vocational training, safe
water projects and small-scale business (trade markets) infrastructure

support. All of these programmes can provide positive and important health
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benefits, both in terms of strengthening public health services and enhancing
household-level health outcomes, the latter being strongly associated with

improved income generation.

HIA seeks to identify and estimate lasting or significant changes resulting from
different actions on the health of a defined population. These changes can be
positive or negative, intended or not, single or cumulative. Furthermore, the
range of changes may or may not be evenly distributed across the population.
The potential for uneven differences is a major concern for many impact
assessment practitioners (including health) and is generally referred to as the
6assess ment The management ang dnitigation of potential health
impacts is discussed in later sections of this report.

Environmental Health Areas (EHAS)

Given the broad def i ni potedtialy hafe exirénmelg | t h 6,

wide scope and latitude. The underlying philosophical model of the HIA often
drives the scope of the HIA. The two traditional models of health are
biomedical and social or socio-environmental. The biomedical model of health
focuses on disease and illness, and related causal mechanisms. In contrast,
the socio-environmental model tends to focus on the broader factors or
determinants that shape and influence health and well-being. Health
determinants are personal, social, cultural, economic and environmental
factors that influence the health status of individuals or defined populations.
Examples include age, sex, genetic factors, air, water, housing conditions,

income, employment and education.

H

A third model / perspective noiwn aalss 00 egcaoisnyi

traction particularly with environmental practitioners. The ecosystems services
perspective received a substantial boost as the 2012 International finance
corporation (IFC_ Performance Standards update included specific language
regarding ecosystem services in Performance Standard 6, Biodiversity
Conservation and Sustainable Management of Living Resources. There is a
continuous effort to link biomedical and socio-environmental models and

ecosystem services. According to the IFC, ecosystem services include:
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1 Provisioning services: e.g. food, fresh water, timber, fibres, medicinal
plants;

1 Regulating services: e.g. surface water purification, carbon storage,
climate regulation, protection from natural hazards;

1 Cultural services: e.g. natural areas that are sacred sites, or important
for recreation, aesthetic enjoyment; and

1 Supporting services: e.g. soil formation, nutrient cycling, and primary

production.

The 0ty p bforar HlAs madiqularly in sub-Saharan Africa, is driven by
the World B a nirk depth analysis (Listorti and Doumani, 1991) of the
relationship and potential linkages between infrastructure-related activities
and overall environmental health, i.e. a significant improvement (up to 50%
improvement in key health performance indicators) can be achieved by
improvement in community and regional area improvement across four key
sectors. Sectors defined by the World Bank are: housing; water and food;
transportation; and communication and information management. This
integration of health and infrastructure is compatible with the design and
execution of large, capital-intensive extractive industry projects in low and

middle human development index (HDI) settings.

The environmental health perspective represents a shift from a disease-
specific focus (e.g. malaria) toward an examination of the relationships
between overall disease burden and infrastructure impacts. There are twelve
defined EHAs (Table 2) that are traditionally utilized within an HIA. EHAs are
a standard set of health effects categories that have been developed by both
the extractive industries sector and international multilateral lending
institutions (IPIECA, 2016; IFC, 2008, 2012).
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Table 2: Environmental Health Areas (EHAS)

Environmental Health Areas

1 | Housing and Respiratory issues i acute respiratory infections (bacterial
and viral), pneumonias, tuberculosis; respiratory effects from housing,

overcrowding, housing inflation.

2 | Vector-related disease i malaria, dengue, Chikungunya, schistosomiasis

and ectoparasites, etc.

3 Sexually transmitted infections 1 HIV/AIDS, syphilis, gonorrhoea,

Chlamydia, hepatitis B.

4 | Soil, Water, Sanitation and Waste related diseases i e.g., giardia, hook

and pin worms, etc.

5 | Food and nutrition related issues T Changes in subsistence practices;
stunting, wasting, anaemia, micronutrient diseases (including folate,
Vitamin A, iron, and iodine), gastroenteritis (bacterial and viral); food

inflation, etc.

6 | Accidents/injuries i road and marine traffic related spills and releases,

construction

7 | Exposure to potentially hazardous materials i road dusts, air pollution
(indoor and outdoor related to industrial activity, vehicles, cooking,
heating or other forms of combustion/incineration), landfill refuse or
incineration ash, any other project related solvents, paints, oils or

cleaning agents, by-products.

8 | Social Determinants  of  Health (SDH) i psychosocial,
resettlement/relocation, violence, and security concerns, substance
misuse (drug, alcohol, smoking), depression and changes to social

cohesion.

9 | Cultural health practices i role of traditional medical providers,

indigenous medicines and unique cultural health practices.
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Environmental Health Areas

10 | Health services infrastructure and capacity © physical infrastructure,
staffing levels and competencies, technical capabilities of health care
facilities and Program management delivery systems 1 coordination and
alignment of the project to existing national and regional level health
programmes, (e.g., TB, HIV/AIDS, Non-communicable Diseases such as

diabetes and hypertension), and future development plans.

11 | Non-Communicable Diseases 1 hypertension, diabetes, stroke, and

cardiovascular disorders.

12 | Zoonotic Diseases i animal to human disease transmission; potential
disease distributions secondary to changes in animal migration patterns

due to project-related activities or infrastructure.

EHAs have been developed to capture a variety of determinants of health.
The EHA approach includes all of the biomedical and social concerns
originally developed by key international health and development agencies,
i.e., the World Health Organisation (WHO) and the World Bank Group. In
general, while each EHA may not be relevant for a given project, it is still
important to systematically analyse the potential for project related impacts

(positive, negative or neutral) across the various EHAs.

Regardless of whether EHAs, the ecosystem services framework, or
determinants of health are utilized, the critical objective is that the HIA utilizes
a systematic methodology that is compatible with environmental, social and
human rights impact assessment strategies. This focus on compatibility is
important to ensure that the HIA is viewed as an integral and essential part of
the overall impact assessment process, regardless of whether the HIA is a
stand-alone report or part of an EIA. Overall, the DPMT expansion study
utilizes the EHA methodology for evaluating potential project related impacts.
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The study approach will also include:

A Baseline Health Study With Emphasis On EHA #7

The other EHAs were assessed indirectly from published sources, as this was
not the main thrust of the study and no household survey data were obtained
other than those required for the community survey for EHA # 7, nor were
they available from other sources at the time of community study.

General Objectives

The purpose of this Health Impact Assessment (HIA) is to assess potential
health-related impacts associated with the DPMT expansion project. It can be
used to inform key DPM decision makers, relevant Namibian Government
authorities, other relevant stakeholders and to provide DPMT with information
to help identify management and mitigation measures. These mitigation
measures aim to avoid, minimise and reduce potential health impacts as

identified below.

Impact Assessment

The data from the literature review and survey provided an objective basis for
assessing potential DPMT expansion project impacts.

In general, impacts exist in two broad categories:

Within a project span of direct control, i.e., it will be controlled both in a
technical and managerial way by a project.

External to immediate project control and often require either:

o Contractor and sub-contractor co-operation;
o Government involvement and participation.
While this distinction is crucial in developing roles and responsibilities for

mitigatory actions, it is less critical in the overall assessment of potential
project impacts.

Each potential health risk has several different dimensions. These include:
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Nature i direct, indirect, or cumulative; defined as:

o Directi caused by an action and occurring at the same time and
place;

o Indirect T caused by an action and occurring later in time or
farther removed in distance, but still reasonably foreseeable;

o Cumulative 7 caused by an action and when added to other
past, present and potential actions, may become collectively
significant over a period of time.

Timing and duration T when (project phase) (i.e., construction, operations,
decommissioning) and how long (i.e., days, weeks, months, years).

Frequency i the overall rate of occurrence within the defined time duration.

Extent T localities most likely to experience the projected impact (i.e., local,

regional, national).

Magnitude T intensity, particularly with regard to existing baseline conditions.

Significance T perception of risks by a potentially affected community.

Manageabilityor abi l ity to influence risk respons

o High manageability 7 within the control of the Project
Management team. Can control probability or impact (or both);

0 Medium manageability i Within the influence of the Project
Management team. Can influence probability or impact (or both);

0 Low manageability i Outside the influence of the Project
Management team. Can only influence impact.

The analysis assumes a fdbase case scenaric

not in place. This is standard HIA practice,

The results of the HIA are used in order to develop a Health Management
Plan (HMP). The HMP is often a standalone report that develops specific
plans to efficiently and effectively manage the potential impacts identified in
the HIA. Within the structure of formal mitigation actions, the rating and

ranking process is repeated using the risk matrix presented in the HIA. The
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goal of the mitigation strategies is to reduce potential consequence and

likelihood to a level that is reasonable and practical.

Risk Rating and Ranking Process

The initial step is identification of potential high-level impacts. This is
accomplished by r e v i -Blace-Potentially hAdfecteddi Pr oj ect
Communitiesiiwithin the context of the available baseline health data and the

set of defined environmental health areas (EHAS) listed in Table 2. The EHA

methodology has been developed over the last two decades and is a well

established strategy for analyzing potential project impacts on communities.
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Risk Assessment Methods

The risk assessment process is driven by a conjoint analysis of consequence
(severity) and likelihood (probability). Consequence and likelihood are defined
and then combined into a matrix so that a specific impact risk can be assigned
a consistent numerical value. The matrix and its consequence and likelihood
inputs are based on established and practical methods that have been utilized
by the HIA team across other international extractive industry projects. All risk
matrices have limitations and because of the consequence terminology (e.g.,
high, moderate, low, etc.) tendtofiover st at ed0 actual ri sks a:
communities. Hence, the risk matrix analysis is best utilized to help focus and

prioritize mitigation and management efforts.

For the DPMT expansion project HIA risk analysis, consequence has been
divided into five levels of increasing severity based on general health

outcomes:

=

Insignificant or nuisance effects - fully reversible and not requiring

medical treatment; Example - headaches, sneezing, cough, eye

irritation not requiring formal medical evaluation and reversing rapidly;

2. Minor - reversible health effects requiring treatment or medical
visit/consultation; Example - Isolated short term complaints from
households, e.g., noise, odours, headaches, cough, etc.

3. Low - reversible effects but associated with temporary impairment
requiring treatment and care; Example- Health claims at local clinic,
e.g., headaches, sneezing, cough, eye irritation, etc.

4. Moderate - irreversible health effects resulting in long-term impairment
to an individual and/or multiple members of a household or community;
at a community (population) level change in morbidity outcome by 10-
30% over baseline;

5. High - severe irreversible (immediate or chronic) health effects

resulting in permanent impairment and/or death to multiple members in

a household and/or community; Example- major road traffic accident;

major explosion or chemical release; dam failure; change in morbidity

outcome by 30% over baseline with permanent impairment and/or
death;
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Likelihood has been divided into five numerical levels of decreasing likelihood
5to 1.

Level 1 Description - Criteria:

5. Certain - will occur within; daily or monthly; will occur during
construction phase and during operations; >90% occurrence.

4. Likely - expected to occur; monthly to annual; has frequently been
documented in similar projects; occurrence noted during construction
phase in similar projects; 60-90% occurrence

3. Possible - event will occur under certain circumstances; could occur
within a 5 year period; has occurred in similar projects in the same
settings; 30-60% occurrence;

2. Unlikely - event has occurred within the industry; could occur in a 5-10
year period; 10-30% occurrence;

1. Rare - event has rarely occurred in the industry or may occur under
exceptional circumstances; could occur within a 10-30 year time frame;
<10% occurrence,

The consequence-probability scales are combined into a 5 x 5 matrix. In the

A5 x 50 matri x, numbers are assigned

scale of the likelihood weighted impact. This allows for an overall ranking of
potential risks. The numbers (1 - 25) reflect the relative levels of risk (risk

rating):

Minor1 -5
Low6 - 10
Moderate 11 - 17
High 18 - 25

v > > >

The 5 x 5 risk matrix is shown below:

t



Figure 12: HIA 5 x 5 Risk Matrix

HIA 5x5 Risk Matrix
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Consequence
Likelihood 1 2 3 4 5
Insignificant| Minor Low Moderate High
5 Moderate | Moderate 0 0 0
Certain (11) (16) 0
4 Low Moderate | Moderate 0 0
Likely (7) (12) (17) 4
3 Low Moderate 0 0
Possible (8) (13) 3
2 Moderate 0
Unlikely 9) (14) 0
Low Low Moderate
(6) (10) (15)

The risk dimensions are also utilized in the overall rating and ranking process

as inputs into determining the consequence level. Likelihood rating draws

upon both professional experiences with other similar projects for which

similar information is available.
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COMMUNITY RESIDENTS STUDY METHODS

The study approach will include:

Hazards Assessment

This will be undertaken on the basis of existing routine data from DPMT
occupational and environmental monitoring programmes, specialist reports,
information from the international literature, and direct measurements from a

community health study conducted in September 2016 in Tsumeb.

Exposure Analysis

Potential sources of exposures and pathways to community receptors that
could give rise to health risks as a result of activities at, or associated with, the

smelter will be identified.

Risk Characterisation

Health risks are characterised using internationally recognised exposure
guidelines, by analysing the results of a questionnaire measuring respiratory
health status as well as other health-related variables, and by laboratory

analysis of arsenic in residentsod d

Risk Management

Recommendations for appropriate mitigation measures to reduce potential

health impacts as well as future occupational and environmental monitoring

needs will be made.

r

nki

ng
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Different management scenarios and their health implications going
forward will be discussed. These cover the current baseline scenario and

projected future scenarios in which production throughput increases by 54%.

The Community Health Study providing both exposure and health data
directly from Tsumeb residents forms a major aspect of this HIA. The study
measures total as well as inorganic arsenic absorption levels among Tsumeb
residents and unexposed controls from Oshakati by determining the levels of
total and inorganic arsenic in their urine. It also measures total environmental
arsenic in drinking water available to them and also respiratory health

symptoms.

The availability of biological data makes this a high order HIA, and allows
examination of the relationships between environmental exposures to PMy,
SO,, airborne arsenic in PMjo, arsenic in drinking water, the absorbed dose
of biologically available arsenic of inorganic (anthropogenic) origin,
respiratory health indicators, and various relevant variables potentially
confounding or modifying these relationships between exposures and adverse

biological and health effects (e.g. diet, proximity to the smelter).

Only the operational phase is addressed in this impact study.

The HIA was originally finalised in 2016. Based on comments received on the
Draft Environmental Impact Report distributed in 2017 and recommendations
for further investigations made in the 2016 HIA, this report was updated
during the first quarter of 2018 in order to include additional information on
potential arsenic exposure pathways. Analyses of ambient air quality and
occupational health data were also updated with 2017 data. Following a
further review by the EBRD, the report was again updated in 2019 in order to

comply with European standards and the EBRD Performance Requirements.
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Various sources of routine data and survey methods along with findings are

described below.

A cross-sectional exposure control study was conducted of residents in
Tsumeb and surrounds constituting the exposed area, and Oshakati as the

control area.

Sampling methods evolved from a register kept at the three town hall
meetings to discuss the study. All those interested in participation were
encouraged to sign a register and provide their addresses and mobile
telephone numbers and the number of people over 10 years of age in their

households.

The community monitoring team then contacted all of them and set a date and

time for a house visit in order to survey them.

An attempt was made to balance the number of individuals and households
across three presumptive exposure zones, medium, low and very low,
orresponding to Town North, Town Central and Town South with additional
representation at the NAMFO farms and some further outlying farms, and of
unexposed controls in Oshakati at considerable distance from Tsumeb and
the smelter. The intention was to interview some 270 people in their
corresponding households and to obtain a urine sample from each individual
and one tap water sample per household surveyed. Where those registering
were not home on the day of the survey, nearby neighbouring households

were accessed instead.

The questionnaires (See Appendix 2) were administered by Public Health

students from the University of Namibia School of Public Health at Oshakati.

A glossary (See Appendix 3) lists the names of the variables analysed.
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ICP-MS was performed in a laboratory that is SANAS accredited and certified
to conduct urinary arsenic testing to ascertain the total arsenic in urine and
drinking water samples. Column chromatography was used to determine the
proportion of arsenobetaine, an organic form of arsenic arising from dietary
sources in the urine. The inorganic arsenic fraction was then derived by
subtracting the arsenic in arsenobetaine from the total arsenic measured by
ICP-MS. All urinary arsenic values were corrected for urinary creatinine
levels. Samples with urinary creatinine levels outside the reference range of
0.34-3.4 g/L were not included in the ensuing analysis. Detailed methods are

provided in Appendix 4.

STATA 12 was used for statistical analysis. Univariate distributions of key
variables such as the various arsenic in urine parameters were examined for
Tsumeb as a whole, within the various exposed areas within Tsumeb,
including the farms, and for Oshakati as a whole. Distributions of variables
were examined graphically using box plots. Arithmetic and geometric means
and their percentiles were estimated in order to better understand exposure
outliers.  Bivariate comparisons were undertaken to compare different
suburbs within Tsumeb, and between Tsumeb as a whole with Oshakati, and
to examine the relationship of arsenic in urine levels with age, gender, dietary
and other relevant variables. Where appropriate, known or suspected
variables that may have confounded or modified associations between
geographical location and urine arsenic levels were adjusted for using multiple
linear regression analysis. Significance testing was used for comparisons and
trends, and in all cases the convention of a p-value of < 0.05 was used to

assess the relevance of statistical testing.

Ethical approval and governmental permission were obtained prior to the
study from the University of Cape Town Health Sciences Faculty Human
Research Ethics Committee (Approval number: HREC REF 277/2016); and
from the Office of the Permanent Secretary for Health of the Namibian
Ministry of Health, Windhoek, Namibia.
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After explaining the survey in detail and providing written information, signed

informed consent was obtained for all participants, and by the parents of

those under the age of 18 but older than 10 years.

Each household was provided with a N$100 food voucher in recognition of

some inconvenience to them resulting from their participation in the study.

RE

SULTS

NAMIBIAN HEALTH PROFILE FOR EHA 1 - 12

In line with the EBRD requirements, Table 3 below sets out an analysis of the twelve EHAs in

a Namibian and Tsumeb context.

Table

3: Results for the 12 EHAs

Environmental Health Areas

Housing and Respiratory issuesacute respiratory infectiongbacterial and viral)
pneumonias, tuberculosis; respiratory effects from housing, overcrowding, ho
inflation.

A There will be @onsiderabldocal workforce recruited frorfsumeb and
surrounds.

o Communicable respiratory diseases are a significantern, as
there is a significartiurden of disease componenf cespiratory
diseases, including TB, influenza, acute upper and lower respirato
infections. These are aggravated by respiratory irritation by SO
exposures throughout the affected area

o TBisthe manifestation oHIV/AIDSand HIV prevalenéés around
17%

o Indoor cooking is a source ané fraction particulateexposure

A Project induced inmigration (employment seeking) is a significant issue
Tsumeb

A Resettlemenmight be an issue for people living in historically polluted are
viz Ondundu. Municipal resettlement plans for the Soweto population to
Ondundu should be scrapped. This includes decommissioning of the

® JIHME Namibia profile for Burden of Disease, http://www.healthdata.org/namibia, accessed January

2019

® Ministry of Health and Social Services, Namibia. Surveillance report of the 2016 national HIV sentinel

survey
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Environmental Health Areas

community gardens and light industrial scheme soati®ndundu.
Resettlement plansan be impacted, positively or negatively depending up
the postresettlement housing situation and access to health care

A There is serious pressure onusing inflationin Tsumeb. The hitherto forma
area of Ondundu isleeady impacted by Kombushus (Shacks) that have be
erected, many in back yards, and some self standing at the margins of th
formal housing area. There has been considerable expansion of shacks if
Kuvukiland informal settlement which now encroacloesthe old Tsumeb
West mine property. There is also pressure on housing and most likely
overcrowding in the Endombo Hostel environment . A further complicatio
with the latter is that there is uncertainty regarding ownership and tenure
Endombo and &awsuit is underway launched by a single owner who is
attempting to take control over an area that houses many hundreds of
residents. Soweto to the south of Nomtsoub is a densely populated shac
area reeking of sewage. Nomtsoub comprises formal hgusid does not
appear to be as densely populated as the other areas.

2 Vectorrelated disease ¢ malaria, dengue, Chikungunya, schistosomiasis,
ectoparasites, etc.

A These do not appear to be a problem in Tsumeb

3 Sexually transmitted infectiorfsc HIV/AIDS, syphilis, gonorrhoea, Chlamyd
hepatitis B.

A 2017 Burden of Disease data in Namibia shows that major infectious dise
viz. HIV/AID TB, neonatal disorders, diarrhoeal and lower respiratory t
infections, are responsible for the gteat proportion (68%) of the BoD. HI
and TB alone are respdbte for just under half (46%). This is followed by
injury which is responsible for 15% of the BoD and is due to interpersona
violence and road traffic crash in equal proportions. The tairge
component (17%) is due to nm@mmunicable diseases viz heart attack,
stroke and diabetes.

A There is a high prevalence of HIV in Tsumeb reaching 14.5% based on 1
sampling in Tsumeb of pregnant women. The overall proportion in Namik
was 17%

A Hepatitis B and C are common in Namibia

A in-migrationmight then result in a slightly higher prevalence of HIV/AIDS
may add to the STI burden

A Behaviarral changes secondary to increases in disptesmcomein a context
of high unemployment, inequ#yi and poverty would aggravate this situatiof

" IHME Namibia profile for Burden of Disease, http://www.healthdata.org/namibia, accessed January
2019
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Environmental Health Areas

4 Soil, Water, Sanitation and Waste related diseasesy, giardia, hook and pin worm

etc.

A Water and sanitatiorrelated'® diseases are higtas sewage and waste
disposal infrastructure utilities are lackiegpecially in the informal areas likg
Kuvukiland

A Concerns related to secure safe drinking water and bathing wateformal
areas and limited access to water even in formal areas like Ondundu

A Open defecation byesidents in informal areas the normleading to

increases in fecal oral diseasagarticular Hepatitis A and E. In Kuvukilang

children play in the rubish dump and open defecation is done nearby in arn
which are used for wood collection and are on West Tsumeb mine proper

5 | Food and nutritioft related issues (Food Secuffly

1 Despite being an upper middle income level country it has a (2ig!8%)
prevalence of chronic malnutritidhin children under 5 years in 2015.

A (Changes in subsistence practidesve likely resulted istunting, wasting,
anaemia, micronutrient diseases (including folate, Vitamin A, iron, and iog
gastroenteritis (bacterial and viradndfood inflation

A There was an epidemic of Hepatitis E in 2018

1 Few tanges in nutrition statuare anticipated a a result of the expansion
project

® CDC Global Health i Namibia. https:/www.cdc.gov/globalhealth/countries/namibia/default.htm.
Accessed January 2019.

® WHO. Global Health Observatory data. Country profile for Namibia.
https://www.who.int/gho/countries/nam/country profiles/en/, accessed January 2019

% |HME Namibia profile for Burden of Disease, http://www.healthdata.org/namibia, accessed January
2019

1 World Food Programme. Namibia profile. https://www1.org/countries/namibia. Accessed January
2019.

12 The state of food insecurity in Windhoek, Namibia. Pendleton et al., African Food security urban
network (AFSUN), 2012. Urban food security series no. 14. ISBN 978-1-920597-01-6

13 |HME Namibia profile for Burden of Disease, http://www.healthdata.org/namibia, accessed January
2019
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http://www.healthdata.org/namibia
https://www1.org/countries/namibia
http://www.healthdata.org/namibia
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Environmental Health Areas

6 | Injuries”¢ road traffic relatedinjuries®with or without spills and releases (e.g., fu
oil)

A The incidence of road traffic fatalities is high in Namibia and Southern Afr
as a whole at about 27 per 100 000 with substantial and severe ensuing
morbidity. Collisions with wild animals crossing the road (warttaygs|ope
are relatively frequent.

A The expansion would lead to some increased risk due to increased traffic
and out of Tsumeb and within Tsumeb itself.

7 Exposure to potentially hazardous materiglsoad dusts, air pollution (indoor an
outdoor related to industrial activity, veties, cooking, heating or other forms
combustion/incineration), landfill refuse or incineration ash, any other project relg
solvents, paints, oils or cleaning agents;pogducts.
A The principal exposures are arsenic from the smelting process anessiog
of arsenic itself, S{xposures and waste disposdlarsenic

A Air qualitywill be worse in the dry seaspn

A Project activities could result in leaks, spills or other releases of potentially
hazardous materialsThis is mainly S@nd disturbance of toxic waste dump
from prior historical activity by human activities including traffic, gardening
etc.

8 | Social Determinants of Health (SDH) ¢ psychosocial, resettlement/relocatior
violence, and security concerns, substance mislgdrug, alcohol, smoking
depressior and changes to social cohesion.

A Indirect effects, positive and/or negative associated with employment and
incomes® are anticipated.
o Behaviaral changes (alcoh@d| drugs, tobacco) related to increases
disposable iname
0 Sexual behavior changes associated with increases in income
0 Increase in the population loosens social bonds and could result ir
increase in interpersonal violence and injury and traffic crash injur

* IHME Namibia profile for Burden of Disease, http://www.healthdata.org/namibia, accessed January
2019
15 Namibia National Road Safety Council (data from 2012)
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Environmental Health Areas

9 Cultural health practices role of tradiional medical providers, indigenous medicin
and unique cultural health practices.

A Extensive use made of local plants and materials for cultural purposes
A Extensive use of traditional healers
A Land contamination witlarsenic could play a rol@ arsenicexposures.

10 | Health services infrastructure and capaCtity physical infrastructure, staffing leve
and competencies, technical capabilities of health care facilities and Pro
management delivery systengscoordination and alignment of the projetd existing
national and regional level health programmes, (e.g., TB, HIV/AIDS;
communicable Diseases such as diabetes and hypertension), and future develqg

plans.

A The Halthcare Access and Qugl{HAQ) index from hstitute of Heath
Metrics and Evaluation(IHMB shows that in 201& stood at 45%o0f
expectation. This compares with Sweden at 95.5% in 2016.

A Health expenditure in 2015 was estimated to be $1 033 per person with a|
expectation of $ 1 260 in 2040. 63% govt, 20% private, 8.5%f aicket,
8% development assistance for health. Sweden total is 5 550 84%, 1%, 1
and 0% respectively.

A Private health care and public health services are available in Tsumeb at
primary and hospital levels

A DPMT providemedical aid cover for higlevel employees but not for all
workers.

A There is no DPMT HIV/AIDS programme

A The proportion of HIV+ pregnant women in Tsumeb is 42% compared wit
62.5% for Namibia as a whole. This despite a higher prevalence of 14% i
Tsumeb compared with 6% in citilee Windhoek.

A The high HIV prevalence together with low healthcare coverage are of
concern.

'8 Social Determinants of Health from the African Regional Office of the WHO Namibia profile.
http://www.aho.afro.who.int/profiles_information/index.php/Namibia: Social_determinants. Accessed
January 2019.

7 Atlas of substance use disorders. Country Profile: Namibia. WHO 2010.

18 Mental health Atlas 2011 - Department of Mental health and Substance Abuse, WhO.

' Namibia Household Income and Expenditure Survey (NHIES) 2015/2016 Report. Namibia Statistics
Agency.

2 WHO Alcohol fact sheet. WHO 2014,

' IHME Namibia profile for Burden of Disease, http:/www.healthdata.org/namibia, accessed January
2019
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Environmental Health Areas

11 | Non-Communicable Diseasés, hypertension, diabetes, stroke, and cardiovascy
disorders.

1 The impact of the expansion is unlikely to affect these NEBsy major or
direct way.

1 Indirect effects, i.e., individual changes in lifestyle and behaviours (diet,
smoking, exercise, etc.) are likely with increased incdooé high
unemployment would lessen the impact at the community level

1 Shift to NCDs mayraady be underwayand will likely increase with higher
wages and rising standards of living.

1 Local community clinics are ntained or generally not experienced to
diagnose and manage NCDs

1 NCD cases must seek diagnosis and treatment at the hospitiétlyfeevel
which places a lorterm burden on these facilities.

12 | Zoonotic Diseaseg; animal to human disease transmission; potential dise

distributions secondary to changes in animal migration patterns due to projdeted

activities or infrastucture.

9 Zoonotic disease transmission is not well documented; however, there is
proximity and interaction between households and anintaéspecially goats
and chickens which feed on grourantaminatedby arsenic and other heavy
metals in specifitocations related to historical mining and smelting sites

2 |HME Namibia profile for Burden of Disease, http://www.healthdata.org/namibia, accessed January

2019
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RISK RATING RESULTS FOR EHA 1 -12

Rating and Ranking Specific Project Risks

Each of the EHAs is analysed using the multi-step process previously
described. Effective mitigation strategies that are successfully implemented
can substantially reduce overall impact ratings. The impact analysis exercise
is to identify and highlight potential risks in a base case scenario setting, i.e.,
mitigation has not been added. In the HMP, the risk rating and ranking is
repeated after a series of mitigation strategies are applied in order to

demonstrate the potential effectiveness of the interventions.

EHA#1 Housing and Respiratory Issues

EHA 1 considers the burden of communicable respiratory diseases. The
transmission of communicable respiratory diseases is strongly associated with
(i) overcrowding (high household occupancy), (i) cooking/heating with wood
as a primary fuel source, (iv) low immunization levels in children and adults;
and (v) poor hygiene, particularly hand washing practices. Firewood and
charcoal are the dominant cooking fuel source as evidenced by most people
reporting firewood collecting activity for these purposes in the toxicological
survey. Both of these fuel sources are associated with production of high
levels of fine particulate matter (PM25). Hand washing data are covered in
detail in EHA #4 WASH-Related Diseases.

Namibia does not have a functioning District Health Information Sysrwm
(DHIS) with readily available morbidity data. However, Figure 13 from the
IHME produces up to date estimates of burden of disease including
healthcare access for Namibia. These show that the top 10 contributors to
the BoD are respiratory, diarrhoeal diseases, TB and interpersonal injury
which are all associated with poor housing and over crowding. In an African
context, TB is a critical co-factor with HIV/AIDS as is typically the leading

cause of death for AIDS patients.

Exposure to pollutants from indoor combustion of solid fuels in open fires or in

traditional stoves increases the risk of ALRI and associated mortality amongst
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young children. Indoor combustion sources produce fine particulate matter
(PM25), which is substantially more toxic than coarse particulate matter
(PM3p). Indoor air pollution from solid fuel use is estimated by the WHO to
cause 36% of all lower respiratory infections and 22% of chronic obstructive

pulmonary disease.

The underlying baseline level of particulate matter appears to be elevated
based on environmental monitoring; and this would generally be considered
a negative effect to community members in close proximity to roads. Road
dust is typically an issue for community members who work or live within 200
meters of a dirt/gravel road centerline and is dominated by the coarse fraction
( >10 micron size). Most of the roads in and around the residential areas of
Tsumeb where the poorer and black residents live including the informal
residential areas are dirt roads. Movements of earth and heavy transport in
close proximity to Tsumeb and surrounds has an impact on air quality
increasing the level of respirable particulates.
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Figure 13: Information on Burden of Disease and Healthcare access®

% |HME Namibia profile for Burden of Disease, http://www.healthdata.org/namibia, accessed January
2019
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