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Abstract 
 
This study presents data of mercury emission rates 
from contaminated soils of the main mercury district 
worldwide, namely Almadén. Meteorological 
parameters and soil condition were the factors taken 
in consideration in relation with emission rates 
obtained with a dynamic flux chamber (DFC). 
Mercury emission from Almadén contaminated soils 
are in a similar range (27 – 671 ng·m-2·h-1) with 
respect to other mercury contaminated soils by 
mining or industrial activities. Solar radiation and soil 
temperature are the meteorological parameters with 
higher correlation factors with mercury emission 
rates. Soil cover is also important in prevention soil 
degassing and mercury emission. 
 
Keywords: Mercury emission, Soils, Almadén, 
CV-AFS. 
 
INTRODUCTION 
 
Mercury has the consideration of “Global Pollutant”, 
on the basis of the toxicity of many of its compounds, 
causing neurotoxicity and other health disorders [1, 
2]. One of the toxic forms of the heavy metal is 
gaseous elemental mercury, which correspond to 
mercury in gas form, released from metallic, liquid 
mercury and from some other compounds, as a 
consequence of the high vapour pressure of the 
metal. These vapours, when breathed with high 
concentrations and during long exposure times, 
cause the so-called “Hydrargyrism” or 
“mercurialism”. Among the possible sources of 
gaseous elemental mercury to the atmosphere, we 
can account natural causes such as volcanic activity, 
and anthropic activities as coal burning, due to the 
fact that coal contains notable concentrations of this 
heavy metal, which can be released to the 
atmosphere if not properly avoided. Soils can be also  
 

 
 
a source of mercury emission to the atmosphere, in 
relation to their possible contents on this metal, due 
to natural causes (anomalous contents in the 
proximity of certain mineral deposits, such as Pb-Zn 
sulphides, among others) or to human 
contamination, with many different possible origins: 
mining of cinnabar (HgS, the main mercury ore) or 
other sulphides, or in relation to industries using the 
metal, such as the chlor-alkali industry, or batteries, 
lamps or thermometers factories. These activities 
may cause the dissemination of mercury compounds 
in the surrounding of the corresponding facilities, 
through different mechanisms: improper release of 
residue, including solid waste, or liquids; release of 
mercury vapours to the atmosphere, etc.  

On the basis of this international 
consideration of mercury as “Global Pollutant”, 
Europe has implemented a “Global Strategy 
Concerning Mercury”, which includes some 
important measures, including the need of mercury 
decontamination. Besides, the Spanish “Real 
Decreto de Suelos Contaminados” is a legal 
response to the problem of contaminated soils, 
requesting solutions for this problem. The Project 
“MERSADE” (Mercury Safe Deposit) is funded by the 
European LIFE-Environment [3] Programme, and is 
being carried out by a consortium formed by the 
mining company (Minas de Almadén y Arrayanes 
S.A., MAYASA), the Spanish Institute for 
metallurgical Research (CENIM) and the University 
of Castilla-La Mancha. The Project is aimed to study 
the alternatives for mercury storage, on the basis of 
the analysis of a currently active mercury storing 
facility, located in the old facilities of a mercury mine 
active between 1985 and 2003, Las Cuevas mine 
[4,5], in the Almadén mercury mining district [6]. 
 Among the activities carried out in the 
context of this Project by our team, we have carried 
out a study of mercury emissions from contaminated 
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soils in the proximity of the mining area, which results 
follow. 
 
EXPERIMENTAL 
 
Measurements of soil mercury emissions were 
achieved in a 3x3 square meters surface of a 
contaminated soil with 23.2 mg·kg-1 of mercury. 
Three different dynamic flux chambers (DFC) were 
used during the experiment, two of them with 5.2 
liters of capacity (opaque and transparent) and one 
with 0.4 liters of capacity (transparent). In parallel 
with this, different mercury emission measurements 
were made over unaltered soils and excavated soils 
For the determination of mercury contents in DFC the 
analytical technique was Spectrometry of Atomic 
Fluorescence (CV-AFS), by a Tekran equipment 
model 2537A. This analyzer allows to get data of 
total gaseous mercury (TGM) in air at sub-ng·m-3 
(parts per trillion and parts per quadrillion) levels, 
with a high precision mass flow meter that provides 
accurate measure of total sample volume. Sample 
flow were 0.5 l·min-1 for all DFCs. Air samples are 
analyzed at the Tekran instrument by means of 
amalgamation on gold traps and thermal desorption, 
and quantified by Cold Vapor Atomic Fluorescence 
(CV-AFS), with the detection limit below 0.10 ng·m-3. 
Meteorological parameters were recorded in parallel 
with mercury data with a Davis Vantage-Pro2 
weather station. This device registers outside 
temperature (ºC), humidity (%), solar radiation 
(W·m-2), UV radiation (W·m-2), Wind velocity (m·s-1), 
Wind direction (º), soil temperature (ºC) and moisture 
(centibars) with the same interval of our mercury 
analysis (5 minutes).  
 
RESULTS AND DISCUSSION 
 
In the contaminated soil considerate in this study, 
mercury emissions were in the range of 27 – 671 
ng·m-2·h-1, with an average mercury emission during 
24 hours of 160 ng·m-2·h-1 (see table 1 and figure 1 
for more details). 

Mercury emission rate from Las Cuevas soil 
is comparable to other soils from mine sites 
worldwide (see table 1), like geogen enriched soils 
from Nevada (up to 3300 ng·m-2·h-1), contaminated 
wetlands in Northern Germany (up to 500 ng·m-2·h-1) 
and Hg-Tl mining areas in Lanmuchang (up to 2280 
ng·m-2·h-1). 

 
 

 
Figure 1. Relationship between meteorological factors and 
mercury emission rates. 
 
Solar radiation and soil temperature were found as 
main factors affecting mercury emission rates (see 
figures 2 and 3). Correlation coefficient for Hg 
emission with solar radiation was similar (0.8944) 
than with soil temperature (0.8914). 

 
Figure 2. Mercury emission (ng·m-2·h-1) versus Solar Radiation 
(W·m-2). Pink lines represent confident level (95% of many 
data) and red lines represent prediction level (95% of new data) 

Table 1. Soil emission rates (in ng·m-2·h-1) and Hg contents (in 
mg·kg-1) from background levels and contaminated sites 
world-wide. Adapted from [7]. 
 Hg content Emission rate 

Background sites 
Global Not specified 0.7 to 1.1 
Nevada USA <0.005 to 0.1 -3.7 to 9.3 
Sweden Not specified -2.0 to 2.5 
Tennessee USA 0.47 ± 0.08 2 to 7 

Contaminated sites 
Nevada USA 0.01 to 44.7 -15.4 to 3344 
Northern Germany ~10 20 to 500 
Lanmuchang CHINA 170 to 614 242 to 2283 
Almadén SPAIN 23 27 to 671 
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Figure 3. Mercury emission (ng·m-2·h-1) versus Soil 
temperature (ºC). Pink lines represent confident level (95% of 
many data) and red lines represent prediction level (95% of new 
data). 
 
Soil condition was the third factor evaluate on this 
study. As figure 4 show, a few excavation of 5 cm. in 
Las Cuevas soil produce a high increase on mercury 
emission, mainly due to the degassing of top layers 
of unaltered soils. 
 

 
 
Figure 4. Effects of soil condition on mercury emission from 
soils. From A0 to A3: different chamber emplacements. 
 
CONCLUSIONS 
 
Results of this study show that mercury emission 
from contaminated soils by mining activities in 
Almadén is controlled by thermal and solar radiation 
mechanisms. 

Although mercury emission from soils 
depends on other factors like mercury compounds 
presents on soil, Corg content, pH, or soil texture, data 
of soil emission from Almadén mining district are in 
the same range than soils from similar mining 
districts like Nevada (USA) or Lanmuchang (China). 

Soil covertures seem to be important on 
prevention of soil mercury emission. It’s necessary to 
take in consideration this fact for a better 
management of contaminated soils by industrial or 

mining activities, and to get more benefit of 
remediation works after closing of activities. 
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