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Abstract 
The project SUBproducts4LIFE is a research project financed by the European Union within the framework of the LIFE 
programme which proposes to demonstrate innovative circular economy concepts by the reuse of industrial subprod-
ucts/waste (coal ash and gypsum from coal power plants, blast furnace slag and steelmaking slag from steel factories) 
for the remediation at a real scale of contaminated soils and brownfield areas related to Hg mining. The area it is devel-
oping includes the waste dumps and demolition waste of the metallurgical plant of the abandoned mercury mine La 
Soterraña in Asturias, Northern Spain. Before this restoration research project takes place, this paper aims to evaluate 
airborne mercury and arsenic levels in land strongly contaminated with arsenic and mercury. The goal is to evaluate the 
air quality and compare it with international literature under reference levels. The study sampled gaseous mercury with a 
high-resolution direct reading device (LUMEX RA-915) and arsenic and mercury particulates with an IOM sampler, Casella 
personal pump, analyzed in the laboratory, to ensure the Health and Safety of workers, visitors and pedestrians walking 
near the mine and near the villages. The study concludes that As and Hg levels in the air are below 1 μg/m3 for the general 
public and villages near the mine. For works in the rubble area in the mine, it is recommended that workers use personal 
protective equipment and control measures are used to keep arsenic and mercury levels as low as technically possible.

Article Highlights 

• Gaseous Hg and airborne Hg and As particulates are 
measured in a strongly contaminated mercury mining 
and metallurgy site.

• High concentration of gaseous Hg is present in the 
strongly contaminated soils; therefore protective meas-
ures must be adopted for workers.

• Apart from an area with demolition rubble of a met-
allurgical plant, airborne Hg-As contamination is not 
harmful to workers or the general public.
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1 Introduction

1.1  La Soterraña mine

Abandoned mines can create significant environmental 
and social problems, there are thousands of examples 
worldwide. Before environmental regulations, mining 
lands were left without any remediation plans. More 
than a million abandoned mines are estimated to exist 
around the world [1]. There are several problems, for 
example, heavy metals, acid mine drainage, soil and 
water contamination, etc.

Mercury is a metal with an essential presence in the 
industry between the 16th and 20th Centuries, having 
been used in many sectors, starting with the metallurgi-
cal separation of silver and gold, passing through clini-
cal applications (treatment for syphilis; disinfectant of 
wounds, etc.), measurement devices (thermometers, 
barometers) to many others, still well known in modern 
times, such as chlor-alkali electrolysis, lighting, and den-
tal amalgams, amongst others [2].

In Spain, mercury mining was very productive during 
the sixties and seventies [3]. In Asturias, there were more 
than 20 mercury exploitations; the main two were Soter-
raña in Pola de Lena and La Peña-El Terronal in Mieres [4]. 
These mines were abandoned without any restoration 
plans, and now there is a health problem for the region. 
Nowadays, the Soterraña mine is one of the most con-
taminated sites in Europe [5].

The Soterraña mine is located in Pola de Lena, 30 km 
south of Oviedo. The mine geology is a low-tempera-
ture hydrothermal epigenetic deposit. The predominant 
minerals are cinnabar (mercury sulfide), realgar (arsenic 
sulfide), and in smaller proportion oropiment (another 
arsenic sulfide). There are also arsenopyrite, marcasite, 
and pyrite hosted in fractured limestones and shales 
[6]. The gangue is composed of carbonates, quartz, and 
argillaceous minerals (kaolinite and dickite) [7].

1.2  Effects of arsenic and mercury on the human 
health

The effects of arsenic on health are very well studied; in 
1980, the International Agency for Research on Cancer 
(IARC) concluded that arsenic was a human lung carcin-
ogen [8]. It produces respiratory diseases in the lungs. 
It causes neurotoxic effects and skin lesions. There is a 
clear dose–response relationship between airborne arse-
nic and lung cancer [9]; Arsenic also increases the risk of 
tumours of the bladder, lungs, kidneys, and liver. Expo-
sure can develop the vascular diseases, including stroke, 

ischemic heart disease, and peripheral vascular disease 
[10]. However, sometimes it is problematic to attribute 
these diseases to arsenic exposure due to the existence 
of nonspecific symptoms [11].

In the same way, mercury effects are also well studied; 
according to the WHO (World Health Organization), the 
inhalation of mercury can produce harmful effects on 
the nervous, immune, and digestive systems, lungs, and 
kidneys, and may be fatal. Some exposure symptoms 
include memory loss, neuromuscular effects, headaches, 
cognitive and motor dysfunction, tremors, and insomnia. 
In extremely high concentrations, some forms of mercury 
have caused several types of tumours in rats and mice. [12, 
13]. The most toxic form is the methylmercury and metallic 
mercury vapour; exposure to high levels can permanently 
damage the brain, kidneys, and developing fetus. Other 
effects from mercury are abdominal pain, inflammatory 
bowel disease, ulcers, bloody diarrhoea, destruction of 
intestinal flora, endocrine system affections and reduced 
fertility. Mercury is bioaccumulative in the body, mainly in 
the liver, brain, and kidneys [14]. Nowadays, the Minamata 
Convention on mercury (http:// www. mercu rycon venti on. 
org/) is an international program aimed to ban the trade 
and usage of mercury all over the world.

The data published in international treatizes and jour-
nals essentially notes that the main problem related to 
mercury in decommissioned mines is the presence of 
mercury vapour in the atmosphere because of the polluted 
waste material stored in these areas [15]. The presence of 
mercury in the spoil heaps and soils in the surroundings 
of these areas also represents a risk: the gaseous mercury 
released during mine works and from the waste material 
suffers dry- or wet deposition not far from the source, pro-
ducing the contamination of the soils; in the same way, the 
release in uncontrolled conditions of waste coming from 
the demolition of structures can also create soil pollution.

1.3  The SUBproducts4LIFE project

The project SUBproducts4LIFE is a project co-funded by 
the European Union within the program LIFE [11]. The pro-
ject SUBproducts4LIFE proposes to demonstrate innova-
tive circular economy concepts by the reuse of industrial 
subproducts/waste (coal ash and gypsum from coal power 
plants, and blast furnace slag and steelmaking slag from 
steel factories) for the remediation at a real scale of con-
taminated soils and brownfield areas related to Hg mining. 
The area it is developing includes the waste dumps and 
demolition waste of the metallurgical plant of the aban-
doned mercury mine La Soterraña in Asturias, Northern 
Spain [12].

Intending to fulfil all the targets, some specialist organi-
zations started to work together on the project. The 

http://www.mercuryconvention.org/
http://www.mercuryconvention.org/
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University of Oviedo (UNIOVI) coordinates the project and 
leads the investigation; the Instituto Asturiano de Preven-
ción de Riesgos Laborales (IAPRL) is in charge of the health 
and safety issues. Small and medium-sized companies also 
participate, Bisofera Consultoría Medioambiental SL (BIOS-
FERA) studies the environmental impact of the project, 
Recuperación y Renovación SL (R&R) is responsible for the 
technical part, Global Service SL (GSERVICE) is responsible 
for all the civil works. Likewise, large companies such as 
Hidroeléctrica del Cantábrico SA (EDP), which contributes 
with the ashes from the thermal power plant, and the com-
pany Escorias y Derivados SA (EDERSA), which supplies the 
slag from the blast furnaces of the regional steel industry 
(Arcelor Mittal), and lastly, the Instituto Nacional de Sili-
cosis (INS) started its collaboration once the project had 
commenced.

The main objective is to increase the value chain of four 
subproducts from different industrial processes promot-
ing industrial symbiosis between active industries with 
high waste/subproducts production levels (power plant 
and steel factories) and contaminated sites (abandoned 
mines including metallurgical plants).

Nevertheless, another relevant objective is to improve 
the environmental conditions at the site and diminish its 
polluting potential by:

(a) reducing the mobility of arsenic and mercury in the 
soil

(b) reducing these elements in the leachate water and
(c) preventing the contamination of the rainwater.

Mercury-enriched waste dumps contribute to the 
global mercury pool over time [15], and this project can 
help to reduce these emissions in the near future, giving 
an important circular mining value to the recovery of this 
area.

On the other hand, all the works necessary to imple-
ment the project must be carried out under complex 
conditions due to the high levels of arsenic and mercury 
contamination, which means it is important to follow the 
Safety and Health Prevention and Assessment of Occupa-
tional Hazards protocols.

1.4  The study of the atmospheric contamination 
with As and Hg

In this context, it is of utmost importance to carry out mer-
cury and arsenic measurements at the mine yard and in 
the surrounding areas.

There are several types of research about surface 
water and soil contamination in the site [3, 16, 17], 
but the air pollution in the area was not well studied, 
Loredo et al. (2006), studied the atmospheric mercury 

levels in la Soterraña with a portable Hg analyser (Mer-
cury Tracker-300) with a detection limit of 0.1 µg/m3 and 
obtained values from the detection limit to 2.3 µg/m3 
on the old chimney at 20 cm above the ground level [7], 
but since then no other studies about airborne pollution 
have been found.

This research will evaluate the airborne arsenic and 
mercury levels previous to any land movement or work in 
the Soterraña mine with the main target being to ensure 
the Health & Safety to the workers, the partners involved 
in the project, and the general public.

From a Health and Safety point of view, it must be taken 
into account that the Spanish law establishes that the risk 
must be evaluated; based on this evaluation, preventive 
measures, personal protective equipment (PPE), training 
of the workers… etc., must be taken into account. Arse-
nic and mercury levels in the air must be evaluated for 
the preparatory works before starting the movement of 
contaminated waste and rubble; This study will be com-
pleted later with more measurements when the work will 
be completed.

From the point of view of the project, it is crucial 
because one of the objectives of SUBproducts4LIFE is to 
facilitate visits to the facilities to see their progress, the 
works carried out, and the results obtained; The stakehold-
ers are very varied, ranging from students in training to 
companies interested in environmental recovery or resi-
dents of the area (the commencement of the project was 
announced in a meeting with residents at the mine facili-
ties); It is evident that these visits must be carried out in 
the safest conditions.

From a general population point of view, the aban-
doned mine and facilities are close to the Soterraña vil-
lage and near Muñon Cimero village. As they are the near-
est villages, they have suffered high contamination from 
mercury and arsenic. But the adverse effects affect other 
kinds of citizens. For example, the road close to La Soter-
raña mine is an important cycling route for professional 
and amateur cyclists; every day dozens of cyclists and hik-
ers pass near the mine in the road to the peak Alto del 
Cordal. Also the area has a potential for other uses like 
rural tourism. For these reasons, studying the potential 
adverse effects on the environment is of the most impor-
tance. Soils and water have already been studied before, 
but no studies relating to the atmosphere have been con-
ducted recently.

This study analyzed gaseous mercury with a high-res-
olution direct reading device and arsenic and mercury 
particulates with the Inductively Coupled Plasma Mass 
Spectrometry (ICP-MS) technique. There are no previous 
studies about particulate airborne arsenic levels in Soter-
raña, even though it is the contaminant most frequently 
found in the soil.
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2  Arsenic and mercury airborne regulations

2.1  Mercury

Due to the expressed concerns, the concentrations of 
mercury in the atmosphere are regulated by several 
national and international entities. Table 1 shows the 
most important inhalation reference values for elemen-
tal mercury vapour, compiled by Hagan et al. [18] and 
adapted from US EPA (2009) [19].

AEGL values are developed for a rare, “once-in-a-life-
time” exposure scenario and are designed for the general 
public. The AEGL-2 values, if exceeded, can cause irre-
versible effects or impair the ability to escape, whereas 
AEGL-3 values approach the threshold for lethality. 
The NIOSH Ceiling values are “levels of exposure that 
should not be exceeded at any time” (NIOSH, 2006) [20]. 
The NIOSH REL is a value that should not be exceeded 
during a 10 h workday based on a 40 h workweek. The 
CalEPA Acute (1-h) REL is “the concentration level at or 
below which no adverse health effects are anticipated 
for a specified exposure duration” and “are designed to 
protect the most sensitive individuals in the population 
by the inclusion of margins of safety” (OEHHA, 2008) 
[21]. The US EPA RfC was developed for chronic exposure 
scenarios and is “an estimate (with uncertainty span-
ning perhaps an order of magnitude) of a continuous 
inhalation exposure to the human population (includ-
ing sensitive subgroups) that is likely to be without an 
appreciable risk of deleterious effects during a lifetime” 
(US EPA, 1995b)[22].

In Spain, legal requirements at work are provided by 
the Instituto Nacional de Seguridad e Higiene en el Tra-
bajo (INSST). For mercury the Threshold limit value–time-
weighted average (TLV-TWA): average exposure based on 
8 h/day, 40 h/week work schedule for each substance is 
0.02 mg/m3 [23]. For environmental values, 10% of the 
TLV-TWA values, 2 µg/m3 are usually considered, taking 
into account the WHO guidelines of 1 µg/m3annual aver-
age [24].

2.2  Arsenic

The arsenic air levels Threshold limit value, time-weighted 
average (TLV-TWA): average exposure based on an 8 h/day, 
40 h/week work schedule is 10 µg/m3 [23], for environmen-
tal values the Spanish Royal Decree 102/2011 established 
annual average of 6 ng/m3 [25] and the WHO considers 
that a safe level cannot be established [24].

Note that (TLV-TWA) values are considered for meas-
urements in the worker "breathing zone" (space around 
the face of the worker from which the worker regularly 
draws in breathing air to breathe, defined as a hemisphere 
with a radius of 30 cm extending in front of the face of the 
worker).

3  Material and methods

3.1  Gaseous mercury surveys

Gaseous mercury surveys are based on measuring gaseous 
mercury concentrations in the atmosphere using portable 
analytical devices. The analytical device measures the Hg 
concentrations at fixed time intervals and stores the results 
in an internal data logger. The geographical position is 
recorded and stored in a GPS device so that it is possible 
to assign a coordinates position for each of the analytical 
data recorded.

The equipment used was a LUMEX RA-915 (Fig. 1) with 
an analytical gaseous Hg range of 1–100.000 ng/m3. The 
equipment sampled 10  l/min of air and reported one 

Table 1  Inhalation reference values for elemental mercury vapour ( 
adapted from US EPA, 2009)

Reference value type/Name Reference 
value (ng/
m3)

AEGL-3 (1-h) 8,900,000
AEGL-2 (1-h) 1,700,000
NIOSH ceiling (10-min) 100,000
NIOSH REL (10-h TWA) 50,000
CalEPA REL (1-h) 600
Chronic—EPA RfC 300

Fig. 1  LUMEX RA-915 mercury analyser



Vol.:(0123456789)

SN Applied Sciences            (2022) 4:76  | https://doi.org/10.1007/s42452-022-04964-7 Research Article

analysis each 1 s and stored these measurements in the 
internal data logger. This equipment has been widely 
used in the scientific literature and by reference organi-
zations to monitor gaseous mercury in different condi-
tions and environments. Together with the Hg analyser, 
a GPS Garmin Etrex Touch 35 was used. The GPS was 
programmed to record positions every second to match 
this data with the Hg measurements. LUMEX RA-915 only 
analyses gaseous mercury, neglecting the Hg particulates 
which are removed by means of a filter at the entrance of 
the equipment.

3.2  Arsenic and mercury particulate air surveys

The sampler selected in this study is the IOM sampler. 
The IOM sampling head is the most commonly used in 
Europe for the inhalable fraction. The inhalable fraction 
corresponds to the mass of particles whose aerodynamic 
diameter is between 0 and 100 μm [26], fraction used for 
airborne metal sampling. According to the Health and 
Safety Executive (HSE), the IOM sampler is the most accu-
rate method of sampling the inhalable aerosol because it 
is the most accurate under the broadest range of work-
place conditions [27].

The diagram below shows the parts (Fig. 2). The sam-
pling head can be loaded with 25 mm cellulose filters; the 
sampler operates at 2.0 l/min.

The sampler flow rate was checked before each sam-
pling using a calibrated MesaLabs Bios DryCal Defender 
530 and adjusted if necessary so that it was within 0.010 l/
min of the target value. It was also checked after the sam-
ple was taken.

The pump selected was the APEX2; it is a personal air 
sampling pump typically used to take airborne materials or 
toxic contaminants samples. The pump is designed to pro-
vide a stable, controlled flow rate of approximately 0.5 to 
5 l/min such that a known volume of air is passed through 
a passive sampling head and filter medium [28]. It is certi-
fied with Atex I M1, it is ideal for mines measurements. All 

the pumps used were well-maintained to avoid pulsations 
and fluctuations in the flow rate.

Airborne materials are collected into a Mixed Cellulose 
Ester (MCE) membrane filter substrate. Blank filters were 
used for the analytical process in the lab.

Samples were analyzed with Inductively Coupled 
Plasma Mass Spectrometry (ICP-MS) ICP-MS Agilent 7500 
cx. The method is typically used in environmental monitor-
ing and other activities for sampling arsenic particulates or 
other metals in the air, and is similar to the OSHA ID 1006 
or NIOSH 7300.

3.3  Methods

The gaseous mercury surveys with the direct reading 
device were carried out in different climatic conditions to 
evaluate the influence of parameters such as temperature 
on the potential release of Hg in the mining area. In total, 
four surveys were made in the Soterraña Mine. In each sur-
vey, 22 control points were monitored in detail to evaluate 
the areas of greatest risk due to the presence of gaseous 
mercury over time. All the measurements were carried out 
at 1.5 m above ground level. It is the recommended height 
for airborne environmental values [29]. Figure 3 shows 
each control point overlaying on aerial photography of 
the study area.

Particulate arsenic and mercury airborne analyzed with 
analytical methods, three areas in the mine were selected 
(Fig. 4) (the most contaminated parts of the mine´s sur-
roundings), the soil´s arsenic and mercury contamination 
levels were obtained from previous studies from the Uni-
versidad de Oviedo and the regional Government Environ-
ment Authority.

The first area is where the demolition debris from the 
old metallurgy furnace is located (number 10) Figs. 3 and 
4; The second area is where the metallurgy furnace was 
located originally during the mine production in the six-
ties (number 11); the third area is the furnace slag heap 
(number 21) (The place where non-interest materials were 

Fig. 2  IOM sampler parts and pump calibration to 2.0 l/min
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located after treatment in the furnace). These three areas 
were selected in the project SUBproducts4life to start the 
treatment and the research, the chimneys are not in the 
scope of Subproducts4life project.

The IOM sampler was located close to the floor (at 
20 cm above the ground level). The main idea was to posi-
tion the sampler as close as possible to the floor; as in a 
worst-case scenario.

The first sampling was carried out on a sunny day in 
August, which would probably be the worst-case scenario 
if we take into account that rain is widespread in this area 
[7]. The selected sampling time was 10 h to ensure the 
wide representativeness of the samples. Another sample 
was taken in September on a windy day to confirm the 
results. The laboratory’s analytical method consists of pass-
ing the sample through microwave-assisted acid digestion 
(with HNO3) in a closed Polytetrafluoroethylene (PTFE) 
container. After diluting it, it is introduced in argon plasma, 
where the energy transfer process causes desolvation, 

atomization, and ionization. The ions are extracted at an 
interface by pressure differences. At that point, some poly-
atomic interferences are removed in a pressurized collision 
cell with helium, and the ions are separated based on their 
mass/charge ratio by a quadrupole. The transmitted signal 
is detected in an electron photomultiplier tube.

4  Results and discussion

4.1  Gaseous mercury

Gaseous mercury measurements are recorded in Table 2, 
the temperature, soil temperature and location are also 
recorded.

Considering the results from survey 1, only the con-
trol points 9 and 10 can be problematic. The presence of 
rubble from ancient metallurgy is the cause of these high 
gaseous mercury values. In this zone, during hot days, 

Fig. 3  Areas of study in the Soterraña mine, Pola de Lena (Asturias)

Fig. 4  Main areas of study in the Soterraña mine, Pola de Lena (Asturias)
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significant Hg concentrations can be released from the 
rubble.

In surveis 2, the control points (9, 10, 11 and 17) close 
to the rubble from ancient metallurgy were the problem-
atic points for the gaseous mercury concentrations. Thus, 
during hot days it is recommended that workers are not 
exposed to this area for extended periods.

In survey 3, the control points close to the rubble from 
ancient metallurgy were the problematic points in the gas-
eous mercury concentrations.

In survey 4, looking at the results and weather condi-
tions, the release of Hg decreases significantly during cold 
days. At the control points close to the rubble from ancient 
metallurgy, the values detected were the highest but not 
very problematic regarding worker protection.

Considering all the results, the rubble area (points 9, 
10 and 17) is the most problematic because the TLV-TWA 
of 20 µg/m3 was reported during the summer. It is highly 
recommended that the site be fenced in and that there 
should be no unauthorized entry without PPE (personal 

protective equipment). The second area corresponds to 
the potential to reach the environmental values, points 7, 
8, 11, 14, 15, and 16; this area must be closed to the gen-
eral public, and PPE should be used by authorized person-
nel. The third area, with low concentration levels (< 10% 
TLV-TWA), could be open to the general public without 
PPE.

Regarding soils mercury levels in industrial sites, the 
International Legislation established the intervention level 
at 30 ppm [30], and 15 ppm for non-industrial activities, 
in Asturias the regional legislation from March 20 2014 
[31] established a limit of 100 ppm for industrial activities 
and 10 ppm for non-industrial activities. As it is shown in 
Table 3, the Soterraña soils are very contaminated, mainly 
by the debris from the metallurgy furnace (points 10 and 
11) and the furnace slag heap (point 21).

It is recommended that the site be fenced off, with at 
least three zones. In zone 1, the rubble area, points 9, 10 
and 17, it is the most problematic area (it is highly recom-
mended the area be fenced off and that any unauthorized 

Table 2  Contamination levels 
in the air

N.D. not determined

Survey 1 Survey 2 Survey 3 Survey 4

Date 10/08/2020 19/08/2020 10/09/2020 29/10/2020

Temperature 29 °C 30 °C 15 °C 5 °C

Soil temperature 21 °C 23 °C 10 °C 4 °C

Concentration ng/m3 ng/m3 ng/m3 ng/m3

Location

1 High road 32 10 200 67
2 External wall 385 250 425 2379
3 Store 339 1750 950 927
4 Trench 741,5 450 350 761
5 Yard extension 360 75 1900 600
6 Yard 52.5 275 25 11
7 Shed 295.5 800 3000 223
8 Shed corner 2317 1500 2000 2829
9 Botton rubble furnace 20,866.5 15,000 30,000 5524
10 Rubble (Metallurgy furnace debris) 58,487.5 50,000 50,000 6855
11 Internal wall 3305 17,500 17,500 15,826
12 Office 437 250 800 1437
13 First level 231 700 175 872
14 First level wall N.D. 800 4000 3238
15 First level rubble 3855 4500 2500 4936
16 First level rubble2 N.D. 4500 4000 4097
17 First level chimmeney 767.5 6000 30,000 10,261
18 Second level staris 194 650 900 702
19 Second level ditch 156 500 1100 563
20 Second level transformer 253 1000 1200 1005
21 Furnace slap heap 455 350 1400 263
22 Second level entrance 56 30 300 31
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entry be forbidden without PPE). The zone 2, area corre-
sponds to the place with the potential to reach the envi-
ronmental values, points 7, 8, 11, 14, 15, and 16; this area 
must be closed to the general public, and the use of PPE 
should be advised within it. Zone 3 has low mercury con-
centration in the air (less than 10% TLV-TWA) and could be 
open to the general public without PPE.

An increase in mercury levels was observed relating to 
the temperature (or soil temperature). It is recommended 
works be avoided in Zone 1 during the hottest days of the 
year or long periods of work are avoided in the area. Dur-
ing cold days, there is not a real problem with the release 
of gaseous mercury in the area. However, as occurred dur-
ing hot days, it is recommended that workers spend the 
shortest amount of time possible in the area where rubble 
is stored. The influence of temperature upon gaseous mer-
cury emissions has been confirmed the studies by Gustin 
et al. [15].

4.2  Arsenic and mercury particulates

The airborne arsenic and mercury particulate concen-
trations for each sample were calculated from the mass 

measured by the volume of air sampled. Table 4 shows the 
arsenic and mercury concentrations in air and soils.

Regarding the soil arsenic in industrial sites, the Inter-
national Legislation established the intervention level at 
300 ppm [30] and 100 ppm for non-industrial activities. 
According to the government of the Principality of Astu-
rias, Risk-Based Soil Screening Levels (RBSSLs from March 
20, 2014) [31] established a limit of 200 ppm for indus-
trial activities and 40 ppm for non-industrial activities. As 
shown in Tables 2 and 4, the Soterraña soils are very con-
taminated. All the airborne arsenic values are under the 
TLV-TWA values, the fourth arsenic measurement taken in 
windy conditions is around 10 times bigger than the other 
measurements. It is most likely particles from the soil were 
elevated by the wind.

According to the UNE EN 689:2019+AC:2019 [35], there 
were at least three measurements with values less than 
10% of TLV-TWA, therefore it can be concluded that the 
work exposure is under the legislation limits. All four 
measurements for As are less than 10% of the TLV-TWA. 
Nevertheless, when any of the chemicals analyzed is a car-
cinogen, the levels must be as low as technically possible 
[36]. Arsenic is a carcinogen, and the work in the area must 
be considered with protective equipment, Personal Pro-
tective Equipment (PPE), and other measures to minimize 
dust. Regarding the mercury particulates in the air, the 
four measurements were lower than the laboratory limit 
of detection (LOD) (0.1 µg). The mercury in the particulate 
samples can be considered negligible.

5  Conclusions

The Soterreña mine site soil is very contaminated, and a 
restoration plan is necessary to ensure a healthy environ-
ment for the local populations. A significant part of the 
La Soterraña decommissioned Hg mine showed gaseous 
Hg and particulate As levels that are not problematic for 
workers who carry out their work for periods of up to 8 h.

Table 3  Contamination levels in soil in Soterraña (nearest point)

(Source:UNIOVI)

Concentration Soils

Location Mercury (ppm) Arsenic (ppm)

1 High road 9 195
2 External wall 74 764
3 Store 100 1182
4 Trench 15 210
5 Yard extension 100 2907
10 Rubble (Metallurgy 

furnace debris)
34,691 [32] 54,801 [32]

21 Furnace slap heap 10,800 [33] 1330 [33]
22 Second level entrance 60 1074

Table 4  Contamination levels in air and soil

a Sample taken on windy conditions

Date Location Mercury Arsenic References

Particulate air 
leves

Soil Particulate air 
levels

Soil

µg/m3 (ppm) µg/m3 (ppm)

04/08/2020 10) Metallurgy furnace debris (rubble) < 0.08 34,691 0.033 54,801 [32]
04/08/2020 11) Metallurgy furnace previous location  < 0.08 400 0.033 6000 [34]
04/08/2020 21) Furnace slap heap < 0.08 1330 0.059 10,800 [33]
24/09/2020 10) Metallurgy furnace debris (rubble)a  < 0.45 34,691 0.54 54,801 [32]
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(a) Regarding mercury and particulate arsenic air con-
tamination

  The air pollution levels in the Soterraña site are 
under legal legislation levels, apart from in the rub-
ble area for gaseous mercury zone 1 (points 9, 10 and 
17, Fig. 3); the arsenic and mercury particle samples 
collected with the IOM sampler are less than 10% of 
the TLV-TWA limits.

(b) Regarding workers’ protections
  Only, zone 1 has the potential to reach mercury TLV-

TWA limits when working an 8 h/day in the area. It 
is recommended that workers avoid working the full 
shift in the area, and avoid working during the hottest 
hours of the day and on the hottest days of the year.

  In the same way, arsenic is a carcinogen substance, 
and it is mandatory to keep the levels as low as 
technically possible; the use of PPE is highly recom-
mended.

  The recommended PPE for workers in the mine is a 
half facepiece reusable mask with FFP3 and mercury 
vapour and chlorine gas filter, disposable overalls, 
hard hat, safety boots, and hi-vis vest. It is imperative 
that workers do not eat, drink or smoke in zones 1 or 
2.

  An increase in the arsenic levels was observed relat-
ing to the wind; it is recommended that workers stay 
away from the area in the presence of strong winds or 
that health and safety measures should be improved.

(c) Regarding risks to the general public.
  There is no risk of exposure to airborne Hg or As 

particulates for cyclists taking part in competitions 
or the population of the nearby villages from works 
in the mine area. The main efforts in the project Sub-
products4life must be focused on minimizing or 
avoiding surface water contamination.

  If the rubble is dry, it is recommended that water be 
applied before starting any work, to minimize dust. 
All the cleaning operations for the site or equipment 
must be carried out in wet conditions to avoid the 
suspension dust in the air.

  The argillaceous minerals present in the dumps 
may be responsible for the low presence of particu-
late arsenic and mercury particulates in the air. Even 
in windy conditions, this must be taken into account 
for studies in other mines.
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