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Abstract 
Over the 1995-2009 period the gaseous elemental mercury (GEM) 
concentrations have decreased by about 0.04 ng m-3 yr-1.at Cape Point 
(CPT). A reduction of the same magnitude is indicated by measurements 
during intermittent ship cruises, implying a homogeneous distribution of 
GEM concentrations in the Southern Hemisphere (SH) and a 30% reduction 
of its atmospheric burden. Almost all GEM measurements in the Northern 
Hemisphere (NH) point to a substantial decrease but the trends are 
inhomogeneous, most likely due to a variable source distribution. However, 
measurements in the NH during ship cruises suggest a trend of similar 
magnitude. A decrease in the total atmospheric GEM burden by about 30% 
is inconsistent with the current mercury budgets. The most probable 
explanation for this is subsiding re-emissions from the legacy of large past 
emissions. 
High-resolution data since 2007 revealed depletion (DEs) as well as 
pollution events (PEs). Both types are embedded in air masses ranging from 
marine background to continental. The DEs observed at Cape Point are a 
local phenomenon (<100 km) and are the first mercury depletion events 
reported outside the Polar Regions. In contrast to polar DEs, the DEs at 
CPT are not accompanied by concurrent O3 depletion. They mostly appear 
at wind speeds < 10 m s-1 and their predominating occurrence between 11 
and 18 hours suggests a photochemical destruction mechanism which could 
not be explained yet. 
GEM correlates with CO, CO2, and CH4 during most PEs at CPT (GEM 
levels > 1.3 ng m -3) and with 222Rn during about half the events. Most of the 
observed GEM/CO emission ratios are within the range bracketed by values 
reported for biomass burning and industrial/urban emissions, thus 
suggesting a mixture of both. No significant differences of GEM/CO and 
GEM/CO2 could be found between different source regions defined by 
backward trajectories. This implies that exceptionally high emissions 
ascribed to the Gauteng region in global mercury inventories are 
overestimated. 
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1. Introduction 
Mercury is a bio-accumulative, toxic metal, which 

is emitted from both natural and anthropogenic 
sources into the atmosphere (Schroeder and 

Munthe 1998). It typically occurs in the 
atmosphere in three possible states: gaseous 
elemental mercury (GEM), gaseous divalent 
mercury (Hg2+), and particulate mercury (Hg(p)). 
GEM, which makes up more than 98% of these 
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species (Wängberg et al. 2008) has been 
measured at CPT since 1995 (Baker et al. 
2002). The first ten years of measurements 
were made manually using an atomic 
fluorescence spectroscopic (AFS) analyser, with 
the monthly sampling frequency fluctuating 
between 2 and 27. Since March 2007, however, 
a Tekran 2537A vapour -phase mercury analyser 
(Tekran Inc., Toronto, Canada) has been used, 
which enabled measurements to be made once 
every 15 minutes. This high-resolution data set 
revealed depletion and pollution events (Brunke 
et al. 2010) not previously observed in the older, 
lower frequency data set. In this paper we will 
summarize previous results (Baker et al. 2002, 
Brunke et al. 2001, Slemr et al. 2008 and 
Brunke et al. 2010), focussing on seasonal 
cycles, long-term trends, depletion and pollution 
events. 

 
2. Seasonal Cycles 
The composite annual data from September 1995 

till June 1999 (low temporal resolution of about 
200 samples per year) showed maximum 
concentrations during January - February 
(summer) and minima during austral winter 
(Slemr et al. 2008). The high resolution data 
collected from April 2007 till the end of 2009 – 
in turn - have also been analysed for their 
seasonality. An important fe ature is that the 
individual years (2007, 08 and 09) are not very 
consistent with regard to their seasonal cycles. 
Nonetheless, the overall tendency of the 
unfiltered data indicates autumn maxima and 
spring minima (Figure 1). All-in-all the seasonal 
GEM cycle is not so clearly defined, but if 
anything, it is out of phase to that of CO, whilst 
in the Northern Hemisphere (NH) it is in phase. 
The inter-annual differences of CPT GEM levels 
suggest that variable and less stable processes 
are driving the annual Hg variations in the 
Southern Hemisphere (SH) compared to the 
NH. This probably includes: biomass burning, 
import from the NH into the SH and oxidation 
via OH in the NH as well as oceanic emissions. 
Such oceanic Hg sources may be of greater 
quantitative significance in the SH than they are 
in the NH (Slemr et al. 2008). 

 

Figure 1: Composite seasonal cycles (2007 – 2009) for 
GEM and CO. 

 
3. Long-term trends 
Due to human health considerations (Mergeler et 

al. 2007), measures have been introduced in 
many parts of the world to curb mercury 
emissions. On the other hand, emissions in 
developing countries may have been 
increasing. Nonetheless, the overall GEM trend 
as measured at CPT (Figure 2) over the 1995 – 
2009 period has decreased at a rate of about 
0.04 ng m-3 yr-1. To the best of our knowledge, 
no other long-term GEM time series has been 
reported for the SH, which could serve for 
comparison. 

 
GEM measurements from ship cruises (Temme 
et al. 2003) in both hemispheres and at Mace 
Head, Ireland, NH (Ebinghaus et al. 2001) also 
indicate a long-term Hg decline. The observed 
overall global decrease implies a GEM 
reduction of 30% within the atmosphere. This is 
quite considerable and inconsistent with the 
current Hg budget (Selin et al. 2007). A 
significant shift in the biogeochemical cycle of 
Hg, possibly involving oceanic (Mason and 
Sheu 2002) and soil sources, is indicated. 
Anthropogenic emissions including biomass 
burning per se (Streets et al., 2009; Pacyna et 
al., 2010), can, however, not adequately explain 
the observed decrease, because only 1/3 of the 
Hg source is attributed to direct human activities 
(Selin et al. 2007). Another possibility m ight be 
enhanced Hg removal via its reactions with OH, 
O3 and Br/BrO. However, there are no 
indications that these three gaseous species 
have increased markedly over the past ten 
years to account for this. An increase of the OH 
level – the primary cleansing agent of 
atmospheric trace gas species (Thompson A.M. 
1992) - would have had an influence on other 
atmospheric trace gases such CH4 as well - and 
this has not been observed yet. In fact, CH4 has 
increased world-wide (Rigby et al. 2008). At 
CPT an increase of 0.9% has been observed 
over the past three years (2007 - 2009) with 
respect to the 2003 - 2006 average (1730.3 
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ppb). GEM is also removed from the 
atmosphere via reactions with O3 and Br/BrO. In 
both these cases, there is also no evidence that 
Br/BrO (WMO 2007) and O3 (Oltmans et al. 
2006) have increased to such a degree as to 
account for the observed GEM decline. 
We speculate that the observed decrease in the 
atmospheric GEM burden can be attributed to 
declining atmospheric emissions from soil and 
oceanic reservoirs that have in the past been 
fed by anthropogenic emissions. The phasing 
out of industrial Hg processes and Hg-
containing products (Hylander and Meili 2005), 
which commenced in the late 1980s, as well as 
the declining emissions from coal burning since 
the late 1970s and 1980s has reduced the 
inputs to these reservoirs. We hence attribute 
the declining GEM trend to reduced emissions 
from these classical reservoirs. 

 
4. Depletion events 
The high resolution (15 min averages) GEM data 

has revealed depletion events (DEs) in the CPT 
record (2007 - 2009), which were not previously 
seen (Brunke et al. 2010). During such events, 
GEM levels often decreased from about 1 ng m -

3 to < 0.20 ng m-3 (Figure 3). 

Figure 3: Extract of CPT GEM time series (19 – 22 March 
2007) showing DE and PEs. 

 
DEs have been observed at CPT under different 
conditions of air advection - varying from clean 
maritime to continental and urban 
(anthropogenic). This has been substantiated by 
corresponding 222Rn, CO and O3 levels as well 
as by isentropic back-trajectories. CO, in 
particular, is a very sensitive indicator for urban 
pollution, while 222Rn is a powerful tracer 
allowing marine and continental air to be 
distinguished from each other (Brunke et al. 
2002). The DEs detected are independent of 
wind direction, but they almost exclusively take 
place at wind velocities < 10 m s-1. Furthermore, 
they are mainly observed during the afternoon 
from 11:00 to 18:00 suggesting that some kind 
of photochemical reactions of as yet unknown 
mechanism are involved here. The three years 
of data collected to date does not indicate a 

significant seasonal preference or typical annual 
frequency for DEs. During 2009, 89% more DEs 
were recorded than during 2008. 
To the best of our knowledge, mercury depletion 
events have - with a few exceptions - only been 
reported for the Polar Regions. The CPT type 
DE constitutes a new phenomenon with its own 
characteristics, which differ from the polar 
atmospheric depletion events (ADMEs) in 
several respects. At CPT, DEs have been 
observed during all seasons, while the polar 
ADMEs occur during spring and early summer 
and are associated with high levels of BrO 
concentrations (Steffen et al. 2008). In addition, 
CPT events are shorter and not accompanied 
by concurrent O3 reductions as are the polar 
ADMEs (Schroeder et al. 1998, Ebinghaus et al. 
2002). They constitute local processes within a 
radius of about 100 km. Additional work is, 
however, required to elucidate the mechanism 
of the CPT type DE. The vegetation in the Cape 
Peninsula and coastal kelp beds might 
constitute a source of volatile organic 
compounds (VOCs), which in combination with 
marine halogens could be involved in GEM 
depletion reactions without significantly 
affecting surface O3 (Brunke et al. 2010). 
Consequently, VOC measurements as well as 
the identification of the mercury species 
involved should assist in elucidating the 
underlying chemical mechanisms of GEM 
depletion. 

 
5. Pollution events 
Besides DEs, pollution events (PEs) are at times 

also recorded at CPT. These are generally 
observed in the northern wind sector (Brunke et 
al. 2010) and unlike the DEs occur almost 
exclusively in polluted air masses, which are 
characterized by elevated levels of CO, CO 2 as 
well as 222Rn. Ozone levels during PEs show a 
large range of variability. They are sometimes 
elevated (> 50 ppb) due to photochemical 
production or depleted (nocturnal titration via 
NO) thereby reaching levels of < 10 ppb. Events 
have been arbitrarily classified as PE when their 
GEM concentrations > 1.3 ng m-3 were lasting 
for two or more hours. Based on this cut off, 84 
PEs have been found during the period from 
March 2008 till October 2009. These often last 
for a few hours and are attributed to 
anthropogenic activities such as medical waste 
incineration, landfills and coal burning (Pacyna 
et al. 2006). Using isentropic back trajectories 
from NOAA-ESRL (http://www.esrl.noaa. 
gov/gmd) these PEs have been broadly 
classified into three general fetch regions, i.e. 
those which originate locally (Cape Town) , 
regionally (Cape Province), and those that are 
derived from within the sub-continent (e.g. 
Gauteng, Zimbabwe, Malawi). The GEM 
sources from the greater Cape Town region 
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Figure 4: Average GEM and 222Rn levels for three fetch 
regions, respectively, which only vary marginally with respect to 
GEM (ng m-3): Cape Town (1.73); Cape Province (1.55) and 
sub-continental (1.48). The average 222Rn levels (mBq m-3), in 
turn, have a larger range varying from 754 (Cape Town) to 
1379 (Cape Province) to transport from up country (3041). 
This is in accordance with the progressively longer continental 
exposure times of these air masses. 
 
GEM/CO and GEM/CO2 ratios have been 
determined for the various PEs in an attempt to 
classify these either as anthropogenic or as a 
result of biomass burning (Ebinghaus et al. 
2005). 
Most of the observed GEM/CO emission ratios 
fall within the range bracketed by v alues 
reported for biomass burning (~ 1.5 ng m-3 ppb-

1) and industrial/urban emissions (~6 ng m-3 
ppb-1) (Slemr et al. 2009), thus suggesting a 
mixture of both. However, no significant 
differences of GEM/CO and GEM/CO2 could be 
found between the three different source 
regions defined by backward trajectories. The 
average GEM levels are also very similar 
between the various regions. This suggests that 
the exceptionally high emissions ascribed to the 
Gauteng region in global mercury inventories 
(Pacyna et al. 2006) are somewhat 
overestimated. We in turn suggest that the 
observed, elevated GEM levels are largely 
derived from biomass burning within the sub-
continent. 

 
6. Summary and conclusions 
Although a regular, repetitive annual cycle of GEM 

at CPT cannot be found for each year, the 
overall tendency does show an autumn 
maximum and a spring minimum. This is out of 
phase to that of CO suggesting that OH is not 
the primary driver of the GEM annual curve as it 

is in the NH. Other sources could be more 
prominent in the SH such as oceanic emissions 
and biomass burning, which leave their mark on 
the seasonal cycle.  
The GEM trend at CPT shows an overall 
decrease of 0.04 ng m-3 yr-1 for the 1995 to 
2009 measuring period. This constitutes a 
decline of about 30%, which is considerable. 
We propose that the declining atmospheric 
GEM levels might be due to dwindling 
anthropogenic emissions and associated lower 
emissions from soil and oceanic reservoirs. 
GEM DEs – previously only reported for the 
Polar Regions – have been seen at CPT within 
the high resolution data (2007 onwards). The 
characteristics of these events have been 
described in more detail by Brunke et al. 2010. 
However, so far no adequate explanation exists 
for the chemical mechanism of these events. 
The DEs are not a function of wind direction, 
although they occur generally at wind velocities 
< 10 m s-1. They also take place primarily from 
noon to late afternoon thereby implying some 
solar dependence for the reactions and so far 
do not show a seasonal preference. 
In addition to DEs, PEs have also been 
observed occasionally at CPT. Isentropic back 
trajectories show that they can be attributed to 
anthropogenic emissions from the greater Cape 
Town area (e.g. medical waste incineration and 
landfills) as well as from the industrialized 
Gauteng – Mpumalanga region (coal-fired 
power stations) and other sub-continental sites, 
such as Zimbabwe and Malawi, where gold 
extraction procedures utilizing mercury are still 
being used in places. The GEM concentrations 
as well as GEM/CO and GEM/CO2 ratios do, 
however, only vary marginally between local, 
regional and sub-continental sites. It appears 
plausible that the major GEM source in sub-
Saharan Africa is biomass burning. 

Africa, may be biomass burning. 

constitute primarily medical waste incineration, 
while the up-country sources (e.g. Gauteng) 
comprise essentially coal-fired power stations. 
Gold extracting techniques practiced in certain 
sub-Saharan countries (e.g. Malawi and 
Zimbabwe) are also contributors. However, the 
overriding primary GEM source for Southern 
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