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Abstract. Mercury measurements at a coastal site in Nieuw1 Introduction

Nickerie (356 N, 56°59 W), Suriname, provide the only

continuous records of atmospheric mercury in the tropics.

Here we evaluate observations of total gaseous mercurjlercury (Hg) is a volatile element that is known to be toxic
(TGM) during 2007. Nieuw Nickerie typically samples ma- for humans. Its residence time in the atmosphere can be
rine air from the Atlantic Ocean, with occasional influence UP to one year (Lindberg et al., 2007), thus it is subject to
from continental South America. Over the year, average conglobal transport. The three most important forms of mer-
centrations are 1.40 ngTA. As the intertropical convergence CUry in the atmosphere are gaseous elemental mercury (GEM
zone passes over Suriname twice each year, the site sarff H), oxidized or reactive gaseous mercury (RGM or
ples both northern and southern hemispheric air masses. Wdg>"), which is more soluble than the unoxidized species
use back trajectories to classify each measurement by hem@nd hence more quickly deposited, and total particulate mer-
sphere, as well as continental or ocean. For air passing ovegury (TPM), which embraces various mercury species bound
ocean before sampling, TGM concentrations are 10 % highef particles (Lindberg et al., 2007). GEM is the most abun-
in air coming from the Northern Hemisphere (1.45 ngin dant form in the atmosphere, contributing more than 95 % to
than from the Southern Hemisphere (1.32 ngBnAir from the total atmospheric mercury (Ebinghaus et al., 1999).

the South American continent also carries higher TGM Mercury, in its different forms, enters the atmosphere from
(1.43ng nT3) than air from the South Atlantic Ocean, with a variety of natural and anthropogenic sources (Pirrone et al.,
most of these trajectories occurring in August and Septem2010). Among the latter, industrial activities, such as energy
ber. Biomass burning in Brazil peaks in the same monthgProduction by combustion or the chemical industry, consti-
and likely contributes significantly to elevated concentrationstuteé @ major source of mercury emissions. The majority of
seen in Nickerie. We also compare the observed seasondpdustrial activity takes place in the Northern Hemisphere
cycle to two atmospheric mercury chemistry and transport(NH). This is the main reason why the mercury concentra-
models (GRAHM and GEOS-Chem). Both models simulatetions in the NH are higher than in the Southern Hemisphere
transition between northern and southern hemispheric airffSH). Consequently, one finds a distinctive gradient of mer-
thus capturing the seasonal cycle; however the models ove€Ury concentrations between NH and SH (Sprovieri et al.,
estimate the TGM concentrations during months when Nick-2010). Despite a globally observed decrease of the atmo-
erie samples Northern Hemisphere air. It is difficult to deter-SPheric mercury burden, the NH/SH concentration ratio of

mine whether the models’ sources or sinks in the Northernl-48 has remained nearly constant over the last years (Slemr
Hemisphere tropics are responsible. et al., 2011). Those and similar results have been obtained

both from the evaluation of continuous measurements con-
ducted at monitoring sites (e.g. Mace Head and Cape Point)
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as well as from ship cruises (e.g. Slemr et al., 1985; Temmeccur each year when the ITCZ passes overhead. The trade
etal., 2003). winds carry air from the NH in the first half of the year and
In order to understand the global cycling of mercury in from the SH in the second half. Prevailing winds and back-
the atmosphere several long term measurement sites haweard trajectories suggest that the air arriving at Nieuw Nick-
been established. Most of them are located in the latitudeerie is mainly clean marine air from the Atlantic; hence the
band between 40N and 60 N (Slemr et al., 2011). In the station can be taken as representative for the tropical Atlantic.
SH the only continuous measurements are at Cape Point, Mercury concentrations have been measured with a Tekran
South Africa (e.g. Slemr et al., 2008; Brunke et al., 2010)2537A Mercury Vapour Analyzer. This instrument pre-
and Antarctica (Pfaffhuber et al., 2011). The most severe laclconcentrates ambient mercury vapour on two gold cartridges,
of measurement sites exists in the tropics, a region wheravhich are then alternately degassed and quantified by Cold
several potentially important exchange processes are takingapour Atomic Fluorescence Spectrometry. The instrument
place. For example, Ebinghaus et al. (2007) suggested thatas calibrated every 13 h with an internal permeation source.
biomass burning, mainly occurring in the tropics, representsAfterwards the data quality can be tested by comparing the
a large source of atmospheric mercury for the SH during theresults from the two cartridges.
burning season in August—October. In South America gold It has recently been discussed whether the Tekran in-
mining is known to contribute significantly to the mercury strument measures total gaseous mercury (TGM = GEM +
burden (Sprovieri et al., 2010), and especially in the trop-RGM) or GEM only (Slemr et al., 2011). Models (see be-
ics, wetlands are thought to be an important source, too. Untow) suggest that RGM is 2 % at our site in Suriname. We
til recently mercury data for the tropics were only available consider the Tekran data to represent TGM in line with pre-
from short term measurement campaigns. The first long-ternvious studies (e.g. Kock et al., 2005; Slemr et al., 2008).
measurement site in the tropics was installed in Nieuw Nick-
erie (Suriname, South America) in 2007 (Wip et al., 2012).2.2 Data processing

Due to a lack of funding the measurements had to be discon-

tinued, but operation has been resumed in 2011 within thd-oncentrations above 3ngt very likely representing lo-
GMOS project. In this work data from the first year of op- cal pollution events, were excluded from investigation. There

eration is presented. The focus will be the investigation of2'® 9aps in the measurement record because of cleaning of

the influence of the intertropical convergence zone (ITCz)the cartridges, pump replacement and other technical rea-
movement over the site. sons. Therefore the measurements in 2007 are only available

for the months March to October. Comparing the results from
the two cartridges revealed a failure of cartridge B in 2007,
possibly due to passivation of the gold trap or an intermittent
failure of the heating coil. Therefore only data from cartridge
A were used in this time span.

2 Methods

2.1 Site description and experimental setup

The data were obtained at Nieuw Nickerie°%6 N, 2.3 Backtrajectories

56°59 W), Suriname, a tropical site on the northeastern coaskg, thjs investigation 10-day back trajectories were calcu-
of the South American continent. Nieuw Nickerie is a coastal|gteq from the Hybrid Single-Particle Lagrangian Integrated
city of about 13 000 residents and lies on the Nickerie R'VerTrajectory (HYSPLIT-4) model (Draxler and Hess, 1997,
in the west of Suriname. Surrounding land is used primar-1gqgg: praxler, 1999). The NCEP reanalysis data set was used
!Iy for ggrl_culture. such as rce cuItlvatlon.. ,A'thf?ugh mining,  as meteorological input. The trajectories were initialized ev-
including industrial and artisanal gold mining, is a major in- ery 12 h at starting heights 100 m, 500 m, 1000 m and 1500 m

dustry and emitter of mercury in Suriname, major mine SiteSap 6,6 Nieuw Nickerie, and trajectory histories were output
are located further away towards the southeast in the 'mer'oﬁourly.

of the country.

The measurement site is of special interest for several reag 4 Reference sites
sons. First, it provides the first continuous mercury measure-
ments in the tropics and thereby closes a gap in the global atn the following, the Nieuw Nickerie data will also be set in
mospheric mercury monitoring network. It is therefore very relation to data from Mace Head (88Y N, 9°54' W), Ire-
meaningful for the investigation of the latitudinal gradient in land (Kock et al., 2005; Ebinghaus et al., 2002, 2011), and
mercury concentrations. Secondly, the ITCZ migrates overCape Point (3221’ S, 1829 E), South Africa (Slemr et al.,
the site, which makes it possible to study NH as well as SH2008, 2011; Brunke et al., 2010). These sites provide a refer-
air at this site during different times of the year. During the ence point in each hemisphere for TGM concentrations over
long dry season (July—November) the ITCZ is located norththe Atlantic Ocean. At all sites, mercury has been measured
of the Surinamese coastal plain and south of it during thewith the Tekran instrument and can thus be directly inter-
short dry season (February—April). Two short rainy seasonsompared. Mace Head data cover the whole year 2007 while
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Fig. 1. A batch of 10 days backward trajectories from HYSPLIT- trajectories passed through the white section in the 10 days before
4 in June 2007 (blue) indicating that the air comes from the openreaching Nieuw Nickerie. The red cross marks the measurement lo-
ocean most of the time. The red cross marks the measurement locaation.

tion.
3 Results
Cape Point data were only available from March to Decem-
ber 2007. The backward trajectories indicate that the air arriving at
Nieuw Nickerie comes from the open ocean most of the time
2.5 Model data (see Fig. 1). However, sometimes the air masses also pass

over the South American continental land mass. To separate
In the course of this study the Nieuw Nickerie data were clean marine air in the following analysis, backward trajec-
compared to two 3-D chemistry and transport model simu-ories were used to figure out the times when marine or con-
lations. One is obtained from a recent version of Environ-tinental air reached the measurement location. The condition
ment Canada’s Global/Regional Atmospheric Heavy Met-for defining an air parcel as marine air was that it had not re-
als Model (GRAHM), described in detail by Durnford et majined over land for more than 3 h. This criterion was cho-
al. (2012). Meteorological and mercury processes are fullysen in order to eliminate air masses impacted by land sources,
integrated in the GRAHM online meteorological-chemical pyt still include air masses from the marine sector that passed
predictive model. In this work, the latest version of the mOde|brief|y over land en route to the measurement site. Figure 2
with a 2 x 2° horizontal resolution was used. The model was ghows the 3 different trajectory categories: NH marine air,
sampled in a grid cell centered &tl8, 57 W, which includes  sH marine air and SH continental air, hereafter referred to
Nieuw Nickerie. as “NH”, “SH”, and “Land”. Trajectory starting heights of
The other model used in this study is the most recent ver410g or 500 m provide similar air classifications, but higher
sion of the GEOS-Chem mercury model, described in de-starting altitudes produce different results, likely because of
tail by Holmes et al. (2010), with a coupled ocean model 5 trade wind inversion that can form above 1000 m so these
described by Soerensen et al. (2010). The model horizontalouid not be representative of surface air. The following
resolution is 4 x 5°. The model was sampled in the grid cell znalysis uses 500 m starting heights.
containing the site and centered &tN\g 55° W. The GEOS-
Chem mercury model is available in two chemistry versions,3.1 NH/SH/Land difference
one including oxidation of Hg by bromine, the other one in-
cluding oxidation by @ and OH (Holmes et al., 2006, 2010). With the help of the above mentioned condition, the data
At Nieuw Nickerie the two chemistry versions produce sim- were assigned to one of the three zones, and mercury dis-
ilar results, so only the Hg + Br-version is shown in the com- tribution characteristics were calculated for all of them.
parison below. They are shown in Table 1 and Fig. 3. Two things can be
stated: First, the Hg concentrations in the NH air are about
0.13ngnT?3 higher than in the SH air. Second, the con-
centrations in the continental SH air are about 0.10 g m
higher than in the marine SH air. The NH/SH concentration
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Table 1. Characteristics of the data assigned to one of the zone: 20
“NH”, “SH”, or “Land”. Xgith: mean,xmeq Median,om: standard
deviation of the meary: standard deviation.

® NH

— Gauss. Fit NH
® SH

—— Gauss. Fit SH]

[N
ul
T

Xarith Xmed om g § 10F
(ngm=3)  (ngm3) (ngm3) (ngm3) g
NH 1.450 1.439 0.004 0.268 & st
SH 1.324 1.309 0.004 0.225
Land 1.428 1.407 0.009 022 A £ 0 SNe%es. . ___

ratio is 1.10, both for the means and for the medians. ForFIg' 3. Histogram showing the distribution of mercury concentra-

. . o tions measured during NH influence (dark blue) and SH influence
the histogram plot .(Flg. 3), a ,bm size of 0.10 ng?mvas (light blue). The dotsgiepresent the rélative fre(iuency for the par-
chosen, for each bin the relative frequency was calculatedsicyar pin, the lines represent Gaussian curves fitted to the data,
Figure 3 suggests that the concentrations are normally diS‘rndicating that the data are normally distributed.
tributed around the mean (skewness near zero) and that sys-
tematic influences, e.g. meteorology and seasonality, can be
regarded as second order effects. A Gaussian curve was fittegtie (SH) and Cape Point mercury concentrations could indi-
to each dataset (NH/SH), indicating the normal distribution. cate the existence of important mercury sources in the trop-

ics.

3.2 Continental mercury sources
3.4 Model comparison

The fact that SH continental air Hg concentrations are higher

than SH marine air Hg concentrations indicates that in theEventually, the seasonal variation of mercury concentra-
tropics the continents appear to have larger sources than tHéons in Nieuw Nickerie, which is of course also related to
ocean. This appiies here particuiariy for the months Au-the ITCZ movement, was Compared to simulations obtained
gust and September, which are the months with the most aifom GRAHM and GEOS-Chem, respectively. Monthly
masses going over land (on 10 days in August, 4 days ifmeans were calculated. The result is shown in Fig. 6. It can
September)_ A continental source that has a Significant |mbe seen that both models overestimate the magnitude of the
pact during those months is biomass burning. Figure 4 show#1ercury concentrations. In addition, a greater seasonal am-
emission maps obtained from the Global Fire Emissionplitude is predicted by both GRAHM and GEOS-Chem. In
Database (GFED3) inventory (van der Werf et al., 2010), as-GEOS-Chem, the transition from higher to lower Hg values
suming a Hg/CO emission ratio of 100 nmol mb(Holmes  starts earlier than in GRAHM: Hg concentrations start de-
et al., 2010). It can be seen that in August and Septemcreasing in April, whereas in GRAHM, the transition begins
ber emissions from biomass burning are h|gh in the Brazii_in June in agreement with the observations. Nevertheless, a
ian Amazon. During this period, biomass burning emissionslack of agreement can be observed in March and April. The
of mercury exceed anthropogenic emissions (Ebinghaus efason for this remains speculative. Since there is a lot of
al., 2007) and also exceed total terrestrial and anthropogenigncertainty about natural emissions of mercury (Mason et
emissions from South America calculated within the GEOS-al., 2009), this appears to be a potential reason. It should be

Chem model. noted here that the models are using anthropogenic mercury
emissions at 2005 level since more recent emission inventory
3.3 Comparison to reference sites is currently unavailable. Inaccurate anthropogenic emissions

could have significant impact on predicted NH background
Figure 5 shows how the tropical site at Nieuw Nickerie fits concentrations.
into the North-South-gradient over the Atlantic from Mace Both models exhibit an overall high bias relative
Head in the North to Cape Point in the South. The means aréo the observations. For the months with observations
calculated from the availabe data in 2007, that is, for Mace(March—October), GEOS-Chem averages 1.55 ng while
Head, January to December, and for Cape Point, it is MarctGRAHM averages 1.56 ngni, compared to the observed
to December. The Nieuw Nickerie means are the same as imean of 1.40ngm. The mean of both models is much
Table 1. On the one hand, the decrease of mercury concereloser to the observations during July—October, when Nieuw
trations from North to South seems to be rather continuousNickerie samples mainly SH air. As discussed above, the
as formerly indicated by data obtained during ship cruisesGEOS-Chem model has variants with different atmospheric
(Temme et al., 2003). On the other hand, Slemr et al. (1985pxidants for elemental mercury. Figure 5 uses the model vari-
hypothesized that TGM is rather uniformly distributed over ant with bromine oxidant, but the overall bias and exces-
the SH. If this was true, the difference between Nieuw Nick- sively large seasonal cycle at Nieuw Nickerie are very similar
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Fig. 4. Maps showing the mercury emissions from fire on the South American and African continent obtained from the GFED3 inventory for
each month in 2007. It can clearly be seen that especially in August and September fire emissions are high on the South American continent

with OH and G as oxidants. Initial simulations for this work

2t ® Mace Head

used an earlier version of the surface ocean component of th , A
. . . ® Nieuw Nickerie NH
GEO$—Chem model (Strpd.e etal., 2007)._ This earllgr versior ¢l Nieuw Nickerie SH |
contains a less mechanistic representation of marine chen ® Cape Point
istry controlling mercury emissions, but nevertheless pro-.~ 1.6f
0

duced a smaller amplitude seasonal cycle at Nieuw Nickerie £ Lal
and smaller bias relative to the observations. This suggest § '

that ocean emissions, rather than mercury sinks, can accou o 12f
for the model deficiencies. Since ocean mercury modelling
to date has been constrained mainly by observations and pr¢
cess studies in mid latitudes (Soerensen et al., 2010), ther  o.8}
are large uncertainties in the tropical marine fluxes, as well ) ) )
as globally (Qureshi et al., 2011). Mace Head Nieuw Nickerie Cape Point

l.

Fig. 5. Annual mean concentrations of total gaseous mercury in
4 Summary and conclusion 2007 and their latitudinal dependence. The mean for Mace Head
was calculated from January—December, the means for Nieuw
In this study a dataset of atmospheric mercury concentrationslickerie are the same as in Table 1 and hence derived as described
obtained at a tropical site in Nieuw Nickerie, Suriname, hasin the text. The Cape Point mean was calculated from March—
been evaluated for the year 2007. Due to the ITCZ movemenPecember. The distance between the sites on the horizontal axis
in this region the concentrations are influenced by both thecorresponds _to .their distance in latitudes. Error bars represent one
NH and the SH. Using HYSPLIT-4 backward trajectories, Standard deviation.
the data were assorted into continental, NH marine and SH
marine air data. It was shown Fhat the NH concentrations are Consequently, there is a North-South-gradient, which is
higher than the SH concentrations, and so are the continentgtye poth for this single site, but also if the Nieuw Nickerie

ones. SH data are compared to Cape Point as a reference site.
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