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SouTH AFRICAN HIGHVELD

ABSTRACT

Atmospheric reactive nitrogen concentrations on the South African Highveld have become a
growing concern, with satellite images indicating very high nitrogen dioxide (NO,) concentrations
in the region. This study investigated the nitrogen budget on the Highveld through the analysis of
the concentration of the atmospheric nitrogen species on a temporal scale as well as the atmospheric
conversion, transport and removal of these species. Data were collected at Eskom’s Elandsfontein
ambient air quality monitoring site, which is centrally located on the industrialised Highveld. A year’s
dataset from 2005 and 2006 was analysed and it was found that nitrogen oxide (NO ) concentrations
were higher in winter as a result of stable atmospheric conditions, as well as prevalent westerly and
north-westerly airflow, which transported emissions directly from the nearby power station sources
to the monitoring site. Nitrate (NO,) concentrations also peaked during winter, with a distinct
biomass burning peak during August 2005. Diurnally, NO, concentrations indicated a tall-stack
industrial source, where concentrations peaked at midday. The NO, concentrations were higher at
night than during the day; during the day the NO, radical is rapidly photolysed and nitrates cannot
be produced. Case studies indicated that the conversion rate of nitric oxide (NO) to NO, was highly
variable as a result of varying atmospheric factors, which include time of day, dispersion, stability
and regional atmospheric chemistry. These rates ranged from 11% to 59% per hour. Rates of dry
deposition of NO, NO, and NO, were generally higher during winter as a result of higher atmospheric
concentrations and increased atmospheric stability. Nitrogen was predominantly deposited as NO,
throughout the year, except during spring when NO, deposition dominated. The total annual amount
of nitrogen that was deposited to the Mpumalanga Highveld region was in the range of 6.7 kg/ha —
13.1 kg/ha per year, which is well below the stipulated critical load value. Such deposition, therefore,
should not pose significant threats to the natural environment on the Highveld. Between 4% and 15%
of the total emitted nitrogen from power generation on the Highveld was deposited to the surface via
wet and dry deposition. The remainder was advected out of the region.

INTRODUCTION

Molecular nitrogen is highly abundant in the atmosphere and exists in a natural balance. Anthropogenic
activities, however, have disrupted the natural nitrogen cycle via the production of reactive and
sometimes toxic nitrogen-containing compounds. At elevated concentrations, such compounds may
lead to severe health and environmental effects through their transport and deposition to the earth’s
surface.!?

The South African Highveld is a highly industrialised area containing rich coal reserves. It is home
to nine coal-fired power stations, which are in close proximity to one another, resulting in very high
emission densities in the region. The area is also home to heavy industry, located within small towns,
as well as the petrochemical industries in Sasolburg and Secunda. These industrial activities are all
responsible for disturbing the nitrogen budget in the region.’*>® According to satellite retrievals, such as
the Global Ozone Monitoring Experiment (GOME) and the Scanning Imaging Absorption Spectrometer
for Atmospheric Chartography (SCIAMACHY), the South African Highveld is an area of highly elevated
nitrogen dioxide (NO,) concentrations (Figure 1). Although satellite-based instruments are effective for
recording trace gas concentrations with fixed spatial and temporal resolutions over large timescales, the
area of elevated NO, concentration over the Highveld region has been identified as one of the outliers in
the satellite dataset.” This implies uncertainty, particularly where it has been found that field research
does not correlate with the satellite data, and so further investigation is required.

A relatively comprehensive understanding of the sulphur budget on the Mpumalanga Highveld has
been acquired.® Various sulphur deposition studies have also been performed by Zunckel et al. over
the years.”*!! However, there is limited knowledge regarding atmospheric nitrogen on the Highveld,
necessitating further research in the field. This study provides insight into the atmospheric nitrogen
budget on the South African Highveld by analysing the atmospheric concentration, transport and
deposition of various nitrogen species in the region.

METHODS
Study area

The industrialised Highveld plateau region in north-eastern South Africa extends across parts of
Gauteng, the Free State and Mpumalanga provinces at about 1400 m — 1700 m above sea level.**!2 About
70% of the Highveld area is covered by grassland and the rest is utilised for agricultural, urban and
industrial activities. Being a highly industrialised area (accounting for about 75% of South Africa’s
industrial activity), this region accounts for about 90% of the nitrogen oxide (NO,) emitted in South
Africa.*??

Field measurements were conducted at Eskom’s Elandsfontein ambient air quality monitoring site
in central Mpumalanga (Figure 2), which is ideally situated in the hub of the industrialised region,
allowing for an intensive study of industrial nitrogen emissions.
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Data and instrumentation

The Elandsfontein monitoring station houses various trace gas,
particulate and meteorological instruments. Concentrations
of NO,, nitric oxide (NO), nitrate (NO,), ammonia (NH,), ozone
(0,), sulphur dioxide (8O,), hydrogen sulphide (H,S) and black
carbon were continuously monitored and meteorological
information was recorded at the site. Data from a one-year
period, from 1 April 2005 to 31 March 2006, were utilised in the
analysis. Owing to instrumentation constraints, only one year
of data has been analysed in this study. This dataset, however,
provides statistically significant seasonal patterns of nitrogen
compounds because it is the only dataset that can examine NO,
formation in the region.

South African Journal of Science

A TSI Model 17C Chemiluminescence NH, analyser (Thermo
Environmental Instruments Inc., Franklin, USA) was utilised
to measure NO_ and NH, concentrations whilst particulate
nitrates were measured using a Rupprecht and Patashnick
Series 8400N Ambient Particulate Nitrate Monitor (Thermo
Electron Corporation, New York, USA). Ozone concentrations
were recorded using a TSI UV Photometric O, analyser (Thermo
Environmental Instruments Inc.) and meteorological parameters
were measured with various meteorological instruments
(mainly RM Young, Traverse City, USA) that were mounted on
a microwave mast located at the site. During the one-year study
period, the gas analysers and particulate nitrate monitor were
calibrated on a monthly basis. The instrumentation calibration
was intended to eliminate or reduce bias in the instruments’
readings. During the calibration, reference standards with
known values for selected points covering the range of interest
were measured with the instrument in question. A functional
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The mean tropospheric NO, column density for 2006 derived from the SCIAMACHY instrument

relationship was then established between the values of the
standards and the corresponding measurements in order to
correct for instrument bias. Range checks were also performed,
where any values that were not within the measured operating
range of the instrument were removed. After power cuts, several
hours were allowed for instrumentation warm-up and coinciding
data were eliminated. At Elandsfontein, none of the instruments
showed any zero drift. Any span shifts were corrected during
calibration and data were subsequently corrected for the
previous month based on the zero and span checks.

Methodology

Rates of conversion of NO to NO, were calculated using various
case-study days when the wind was blowing directly from an
industrial source towards Elandsfontein, as well as when high
NO, concentrations were experienced. A geometric sequence
was utilised to calculate the percentage of NO that converts
per hour as an air mass travels downwind from its source. The
literature assumes that the initial NO to NO, ratio on release into
the atmosphere is about 95:5."* According to Eskom, however,
the ratio of NO to NO, released from their power station stacks
is 98:2 (Ross KE 2008, personal communication, June 30);
therefore, this latter ratio was used in the calculations. The final
concentration was calculated as a percentage that was based on
the ratio of NO to NO, recorded at the monitoring site.

Conversion rates for NO to NO, were calculated during the day
only, because without the presence of sunlight, O, is unable to
be produced and so one of the main conversion pathways of
NO, stops. Also, any industrial NO_ that is produced at night is
trapped above the natural inversion layer. This NO, can only be
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FIGURE 2

Location of the Elandsfontein monitoring site on the Mpumalanga Highveld

detected at the monitoring site the next day, after the inversion
has dissipated. Vertical mixing within the inversion layer is
poor, but at times a strong horizontal wind shear is present. At
night, particularly in winter, NO_ may also be advected away in
a low-level jet. These jets develop above the natural inversion
layer, at about 150 m — 300 m above the ground, and have been
found to transport air masses and pollutants distances of up
to 400 km in one night.>'*'* Such phenomena provide a highly
variable indication of the rate of conversion due to the different
residence times in the atmosphere.

Conversion rate calculations are very challenging because
they are based on numerous assumptions. These assumptions
include, (1) that all the NO and NO, comes from one specific
source and (2) that the rate of conversion was uniform for each
hour that the air mass transports downwind. Other factors that
need to be considered when calculating conversion rates are:
wind speed, dispersion in the region, stability, transport from
other areas, regional atmospheric chemistry and time of day.

Dry deposition processes are very significant on the Highveld
plateau, as the area receives mostly summer rainfall on average
only 60 days per year.” Dry deposition has therefore been the
focus of this research. Wet deposition rates are, however, also
included from a previous study performed by Mphepya'® in
2002 over the same area.

The inferential method was employed to calculate rates of dry
deposition. The inferential method calculates the dry deposition
flux (F) using the atmospheric concentration (C) and the
deposition velocity (v,) of a certain species through the equation
F=-wvC.

Active nitrogen concentration measurements at Elandsfontein
were utilised in the calculations along with v, values taken from

the literature >171819202122324% These v, values range from 0 cm/s
to 1.5 cm/s for NO and NO, and 0.12 cm/s to 1.2 cm/s for NO,. To
compensate for the large variations, the mean, maximum and
minimum of these v, values were utilised in the calculations. This
provides a more representative measure of how the possible flux
values are spread. Thus v, is described as a parameterisation of
the rate of transfer of a pollutant from the atmosphere to the
receptor surface, %2305 where v, is expressed as the reciprocal
of a series of the aerodynamic, boundary layer and canopy
resistances. Both v, and C are height-dependent and the negative
sign indicates a downward flux.>%03233343

The inferential model has been found to compare well with other
micrometeorological techniques®®??# and has been utilised
during similar deposition studies on the Highveld.?!%!*13% Most
recently, Lowman® utilised the inferential technique to analyse
nitrogen deposition to a grassland area and a forested area on
the Mpumalanga Highveld.

RESULTS AND DISCUSSION
Seasonal variations

For the study period, NO concentrations peaked in winter
(May and June) (Figure 3) with no other significant trends.
The prevalent westerly and north-westerly airflow at this time,
associated with westerly waves and anticyclonic circulations,”
transported NO directly from the nearby power station sources
to the monitoring site. This winter peak may also be a result of
stable conditions, which prevented upward mixing.

The NO, concentrations during this period were variable from
month to month, with lower concentrations during January,
April and September. The highest concentrations occurred
during winter, as a result of very stable atmospheric conditions
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that limited the amount of atmospheric dilution. The NO,
concentrations were relatively low throughout the year, but
showed a marked peak during July and August. This peak could
have resulted from atmospheric accumulation as a result of stable
conditions and no rainfall. This was very similar to what was
found by Scheifinger and Held during a study on the Highveld
in 19972 The winter peak may also have been augmented by
biomass burning emissions in the region at the time. Biomass
fires produce high concentrations of NO_ as a result of the high
nitrogen content of the fuel.” The NO, concentrations during this
time were also expected to be at a maximum as a result of this
biomass burning. However, NO, readily oxidises due to the high
occurrence of O, in the atmosphere (Figure 4) to produce higher
NO, concentrations. As a result of these high O, levels during
July and August, it was likely that NO rapidly oxidised into
NO,, resulting in much lower NO concentrations than during
May and June, provided that all other atmospheric conditions
remained the same.

For the study period, O, concentrations peaked during winter
(Figure 4). This was a result of elevated NO_concentrations that
were rapidly photolysed in the presence of sunlight to produce
O,. For the context of this paper, this is a highly simplified
explanation of O, formation, as other species are also involved
in the chemistry. NO_acts as the catalyst for O, production when
hydrocarbons, volatile organic compounds (VOCs) and carbon
monoxide (CO) are oxidised.>***#'High O, concentrations during
August may be attributed to biomass burning in the region.
Previous studies have discovered peaks in O, concentrations
during late winter and spring as a result of biomass fires, which
produce high concentrations of O, precursors.®4+

Diurnal variations

Using the hourly averages of all the days for the study period,
the diurnal pattern of NO and NO, indicated low concentrations
during the night and a peak around midday (Figure 5). This was
a result of surface inversions which developed at night. Power
generation and petrochemical industrial stacks are 200 m — 300 m
in height and emit pollutants well above this natural inversion.?
Pollutants are unable to move to the surface at night. After
sunrise, convective mixing is initiated and the surface inversion
breaks down, allowing pollutants to be transported to ground
level. The O, concentrations were low at night and peaked
during the day, when both NO, and sunlight were available.
The diurnal trends in concentration, however, do not reflect the
expected NO -O, photochemical behaviour. During the O, peak,
a major decrease in NO, concentration was not experienced, so
it could be assumed that some of the O, was transported into
the area or that NO, was continually forming. There was also
a disproportionate amount of O, produced in the atmosphere
in relation to the amount of NO, that was available. This is
probably due to the fact that not all of the O, was a direct result
of NO, dissociation; the O, exists at background levels of about
40 pg/m® It also needs to be considered, however, that
concentrations of other O, precursors (like VOCs, CO and
hydrocarbons) were not measured and analysed during this
study and may also have an impact on the unusual O,
concentration measurements.

To aid in confirming that the NO_ emissions recorded at
Elandsfontein were predominantly a result of industrial sources,
black carbon and SO, concentrations were also plotted in
Figure 5. The SO, concentrations peaked at midday, after the
nocturnal surface inversion had dissipated and pollutants could
be transported to the surface, clearly indicating the industrial
origin of the SO, emissions. No peaks in SO, and black carbon
concentrations occurred during the morning or early evening,
confirming that the emissions monitored at Elandsfontein did
not originate from domestic coal fires in the region.

The NO, concentrations were higher at night than they were
during the day (Figure 6), because the NO, radical is rapidly
photolysed during the day and this prohibits the formation of
nitrates. >4
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FIGURE 5
Average hourly pollutant concentrations at Elandsfontein
between April 2005 and March 2006
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FIGURE 7

Average hourly pollutant concentrations at Elandsfontein
on 9 June 2005

Atmospheric conversion

Rates of conversion of NO to NO, ranged from 11% to 59%
per hour. It was observed that the higher the concentration
of O,, the higher the NO to NO, conversion rate; the more O,
that is available for oxidation, the greater the capacity for NO,
formation. Ambient temperature was found to not have had a
direct effect on the rate of conversion. Although the range of
calculated conversion rates was large, these values corresponded
well with the maximum NO to NO, conversion rate of 30% per
hour, as calculated by Hewitt.”® Gertler et al.*, however, found
much lower conversion rates of about 8% per hour.

Conversion rates of NO to NO, were not as easily calculated
because NO, only forms at night. A peak in NO, concentration at
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night is not related to an industrial plume, as these plumes are
trapped above the natural inversion layer at night and were thus
not detected at the monitoring site. Any peaks during the night
could be attributed to aged industrial plumes or plumes from
non-industrial NO_sources that are close to the surface.

Case study 1: Elevated NO_ concentrations associated
with coal-fired power station sources

On 9 June 2005, the diurnal concentrations of NO_and SO, clearly
indicated a tall-stack industrial source, with concentrations
peaking around midday and diminishing at night (Figure 7).
A sharp drop in O, concentration occurred at midday, which is
highly unusual. This decrease strongly reflected the occurrence
of a direct plume impact at the site. Background O, was used
up in the reaction to produce NO,. A second minor industrial

Source * at 262558 2942 F

Metres above ground level
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FIGURE 8

Three-day backward trajectory plot starting from Elandsfontein on 9 June 2005

peak in NO_and SO, was experienced between 15:00 and 17:00.
This peak was not of vehicle or domestic fuel burning origin,
since the black carbon concentration was low and the dominant
airflow was from Kriel and Matla at this time. A slight morning
peak in SO,, NO, and black carbon (between 08:00 and 10:00)
suggests the influence of domestic coal burning. Airflow was
from the west-south-west at this time, transporting emissions
from Thubelihle township that is situated just outside the town
of Kriel, 12 km from Elandsfontein.

On this day, westerly airflow dominated in association with the
anticyclonic circulation of an upper level high pressure system.
Both the trajectory analysis (Figure 8) and pollution roses (Figure
9) suggest that the high NO_ concentrations could be attributed
to the Kriel, Matla and Kendal power stations that lie to the west
of Elandsfontein. The average rate of conversion of NO to NO,
in this power station plume was calculated to be 34% per hour
(wind speed, 6 m/s; distance from source, 25 km).

Case study 2: Elevated NO, concentrations associated
with a petrochemical source

On 11 April 2005, higher NO, and SO, concentrations during
the day once again indicated a tall-stack source (Figure 10).
The O, concentrations remained high during the day as a result
of available precursors and sunlight. During the NO_ peak, O,
concentrations decreased to 0 pg/m* as O, was used up in the
production of NO, (O, is not emitted directly into the atmosphere
from the source). From 15:00, O, concentrations increased until a
maximum was reached at 20:00. Since all the other pollutants did
not increase accordingly at this time, it was assumed that this O,
was not a result of local sources but may have been a result of
long-range transport from other regions.

At the time of the plume impact at Elandsfontein the ratio of NO
to NO, was approximately 1, which indicated that the plume had
aged somewhat. On this day, the average conversion rate of NO
to NO, was between 21% and 30% per hour (wind speed, 0.9 m/s
- 2.2 m/s; distance from source, 40 km).

The pollution roses for 11 April 2005 indicated that the highest
NO, concentrations were associated with flow from the Kriel,
Matla and Kendal power stations (Figure 11). The pattern in
the SO, concentrations, however, did not reflect a typical power
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Pollution roses indicating the maximum NO, concentrations (left) and the 75th percentile NO, concentrations (right) at Elandsfontein for 9 June 2005
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FIGURE 10

Average hourly pollutant concentrations at Elandsfontein on 11 April 2005

station plume impact. The concentrations started to increase at
10:00 and reached a maximum between 13:00 and 17:00. The
elevated concentrations (between 50 pg/m® and 100 pg/mS®)
remained over the station until 20:00. The H,S concentrations
spiked at the same time as the other pollutants; H,S is a primary
emission from the Secunda plant.#” The trajectory analysis for
11 April 2005 confirmed that the high concentrations observed
during the day may have originated from Secunda in the
south-west (Figure 12). This trajectory depicts upper-level
airflow (at 500 m above ground level), whereas the pollution
roses indicate surface airflow. The higher concentrations may
then be associated with the period of upper-level anticyclonic
stability, resulting in south-westerly transport of industrial
emissions from Secunda towards Elandsfontein. This period of
anticyclonic stability over the Highveld was also conducive to
the accumulation of pollution between 10:00 and 20:00.

Deposition
Seasonal deposition patterns

As a result of the large range in v, values in the literature, the
expected uncertainties in the dry deposition flux estimates
when utilising the inferential model are between 30% and
50%.* Calculated dry deposition flux rates for the three nitrogen
species were very different when utilising the mean v, values
from the literature in the inferential calculations (Figure 13). The
NO dry deposition rates were much higher in winter months

Article #220
South African Journal of Science

(peaking in June) than in summer months. Dry deposition rates
of NO, were highly variable throughout the year, with a general
peak during winter. Particularly high rates of dry deposition of
NO, occurred during March. The rates of NO, deposition peaked
quite considerably during late winter, as a result of accumulation
and fallout to the surface. The peak NO, deposition rate in
August was considerably higher than the NO, deposition rates.
Predominant winter deposition of all three species may be a
result of increased atmospheric stability, preventing transport
out of the region, in winter.

Throughout the year, nitrogen was predominantly deposited
in the form of NO,, except during spring, when deposition in
the form of NO, dominated. Similarly, Hesterberg et al.” found
higher rates of NO_and NO, deposition during winter as a result
of higher concentrations at this time. According to Meyers et
al.®, rates of NO, deposition to various grassland and forested
sites in the USA were also higher during spring.

To evaluate the uncertainty in the depositional flux values as a
result of the variable v, values from the literature, the depositional
fluxes were calculated using the minimum, average and
maximum v, values for each of the species. A similar approach
was adopted by Lowman*® during a nitrogen deposition study
on the Highveld. Figure 14 indicates the range of possible dry
depositional flux values for the Highveld, as well as the annual
wet deposition flux value obtained from Mphepya’s'® study.
On the Highveld, rates of dry deposition were calculated to be
considerably lower than the wet deposition rates when using
the minimum and average v, values in the calculations. When
using the maximum v, values in the deposition calculations, dry
deposition exceeded wet deposition in the region considerably.

Total deposition to the Highveld

The annual rate of dry deposition of nitrogen to the Highveld
from April 2005 to March 2006 ranged from 0.18 kg N/ha per year
to 6.6 kg N/ha per year (Figure 14), depending on which v, value
was utilised. When combined with the wet deposition rates, the
total nitrogen deposited to the region was in the range of 2.4 kg
N/ha per year to 8.8 kg N/ ha per year. This rate was well below
the rates calculated in previous studies in various grassland
areas around the world.?*#4% In this study, however, only
NO, NO, and NO, were considered in the calculations. Even
though NH, is also a very important compound in nitrogen
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FIGURE 11

Pollution roses indicating the maximum NO, concentrations (left) and the 75th percentile NO, concentrations (right) at Elandsfontein for 11 April 2005
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deposition,”?*4! there was, unfortunately, no NH, data from
Elandsfontein available during the study period, thus NH, could
not be included in the deposition calculations. By incorporating
the NH, deposition rate value of 4.3 kg N/ha per year from
Lowman’s study conducted in the same area (as a baseline for
NH, deposition on the Highveld), the resultant range in dry
deposition values at Elandsfontein was between 4.5 kg N/ha
per year and 10.9 kg N/ha per year. If the wet deposition rates
were also included, the total nitrogen deposition was between
6.7 kg N/ha per year and 13.1 kg N/ha per year. These values are
much closer to the ranges calculated during previous nitrogen
studies, providing a more accurate interpretation of total
nitrogen deposition to the region.

Source * at 26255 2942 E

Critical loads provide a measure of how elevated concentrations
of a pollutant will potentially negatively affect sensitive
elements of an environment.® This value is determined based on
the vegetation type in the region and the soil characteristics. The
critical load for nitrogen for grasslands has been set at 15 kg N/ha

Metres above ground level per year.”® For the Highveld region, for the study period, the
Lt values of 6.7 kg N/ha per year and 13.1 kg N/ha per year were

1000 well below the stipulated critical load and hence such deposition

500 i\‘\._.* 500 should not pose significant threats to the natural environment.

_ P Josipovic et al.* also discovered similar results utilising passive

;';:: e samplers, where levels of NO, deposition across the Highveld

were well below the critical level.

FIGURE 12

Three-day backward trajectory plot starting from Elandsfontein on 11 April 2005 USIHg emissions data from Eskom’s Annual Reports for 2005

and 2006 along with the inferential model calculations, it was
determined that between 4% and 15% of the total emitted
industrial nitrogen from power generation on the Highveld was
deposited to the surface via wet and dry deposition processes.
It was assumed that the remaining nitrogen (between 85% and
0.04 - 96%) was advected out of the region. These values, however,

: may underestimate the total amount of nitrogen deposited to
0.035 - the region, as nitrogen emission sources from other industries,
vehicles and domestic combustion, as well as other aerosol
0.025 | forms of nitrogen, were not included in the calculations. These
emissions may potentially increase the amount of nitrogen that
is deposited to the surface.

0cc# Py
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0.015
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Although the amount of nitrogen deposited to the surface was
0.005 - well below the critical load, the percentage of nitrogen that
0 remained in the atmosphere and was advected out of the region

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec is significant. This increase in atmospheric nitrogen causes a
positive balance in the atmospheric nitrogen budget. Such an
FIGURE 13 increase results in questions about the impact of this added

Average monthly dry depositional flux values (calculated using the mean v, values) nitrogen on the troposphere and may begin to confirm the
at Elandsfontein for the period 1 April 2005 to 31 March 2006 nitrogen ‘hotspot’ detected by GOME and SCIAMACHY.

Depositional flux (ug/m*/cmls)
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CONCLUSION

Anthropogenic activities have disturbed the natural nitrogen
cycle on the South African Highveld. Increased atmospheric
concentrations of NO, NO, and NO, have led to a positive
T Dry deposition W Wet deposition nitrogen balance as more.of these molecules remain in the
9 atmosphere than are deposited to the surface. For the observed
s year, NO, NO, and NO, concentrations peaked during winter.
The diurnal signals of NO and NO, clearly indicated tall-stack
industrial sources, where concentrations peaked at midday and
diminished at night. NO, concentrations were higher at night and
lower during the day, because, in the presence of sunlight, the
4] NO, radical rapidly photolyses and nitrates cannot be produced.

Rates of conversion of NO to NO, were calculated for case-study
days when the wind was blowing directly from an industrial

Deposition rate (kg/ha per year)
o

14 source towards the monitoring station. The estimated rates of

o conversion ranged from 11% to 59% per hour although, given

v, min v, average Vg max the uncertainties and assumptions in the methodology used,

the actual range could be higher than this. Using the inferential

FIGURE 14 method, rates of dry deposition were calculated to be higher

Annual wet and dry deposition rates at Elandsfontein, where dry deposition rates during the winter months. Deposition was predominantly in the

were calculated using the minimum, average and maximum v, values from .
the literature and wet deposition rates were taken from a pre‘(/ious study form of Noz throughout the year, except for spring when N03

performed by Mphepya'® deposition dominated.
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The total amount of nitrogen deposited to the Mpumalanga
Highveld region was in the range of 6.7 kg N/ha per year to
13.1 kg N/ha per year, which is below the stipulated critical
load value for grasslands of 15 kg N/ha per year. For the whole
industrial Highveld area, it was found that less than 15% of the
total emitted nitrogen from power generation was deposited to
the surface via wet and dry deposition. The rest remained in the
atmosphere and was advected out of the region.
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