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FIGURES AND TABLES 

 

Figure 1. Sampling sites localisation (Avenque tailing, Playa del Gorguel, Urban area and Las Matildes mine agricultural zone) and prevailing winds in the mining 
region between 2000 and 2016 (Geoportail, 2017 ; SIAM, 2018) 

 



 

Figure 2. Particle size distribution of the atmospheric deposition at the different sites samples 

 

 

 



Figure 3. Enrichment factors (EF) of atmospheric dusts relative to the upper Earth's crust. The same scale is used to better assess variation between sites. 
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Mining area - Avenque Tailing
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Agricultural area -Las Matildes mine

Coastal zone - Playa del Gorguel



Table 1. Mineral composition of atmospheric fallouts, determined by X-Ray diffraction  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Coastal zone 
« Playa del Gorguel » 

Mining area 
« Avenque Tailing » 

Urban area 
« La Unión » 

 
Agricultural area 

« Las Matildes mine » 
 

Quartz SiO2 + + + + 
Gypsum CaSO4 2O) + + + + 
Kaolinite Al2Si2O5(OH)4 + + Suspicted + 
Calcite CaCO3 + + + + 
Illite (K,H3O)(Al,Mg,Fe)2(Si,Al)4O10[(OH)2,(H2O)] + + + + 

Baryte BaSO4 Suspicted + - Suspicted 
Barium sulfide BaS Suspicted Suspicted - - 

Anglesite PbSO4 - Suspicted - Suspicted 
Anhydrite CaSO4 Suspicted - - - 

Halite NaCl + - + + 
Sylvite KCl - - Suspicted - 
Jarosite KFe3+(SO4)2(OH)6 - - - Suspicted 
Smectite  (Na, Ca)0,3(Al, Mg)2Si4O10(OH)2·nH2O - - - Suspicted 

Silver galena PbS, Ag - - - Suspicted 

Pyrite FeS2 - - Suspicted Suspicted 
Pyrrhotite Fe(1-x)S (x=0-0.17) - - + Suspicted 
Sphalerite (Zn,Fe)S - - - Suspicted 

Smithsonite ZnCO3 - - - Suspicted 

Hydrophilite CaCl2 - - Suspicted - 



Table 2. Comparative data on trace elements (TE) contents (mg kg-1) and flux (µg m-2 d-1) in atmospheric fallouts from the first sample campaign (May 2017 to 
November 2017) with limit values from Opair (2018) and TA LUFT (2002). 

Location Fe Zn Pb As Cu Cr Sb Cd Ni Sn Co 
                        
TE CONTENTS (mg kg-1)                       
Coastal zone  
"Playa del Gorguel" 

48308  1052 1151 ± 20 989 ± 14 168 ± 1.2 43 ± 0.4 56 ± 0.6 20 ± 0.2 3 ± 0.04 30 ± 0.2 6 ± 0.1 11 ± 0.1 

Mining area  
"Avenque Tailing" 

115243 ± 760 15484 ± 198 7742 ± 265 416 ± 0.9 102 ± 0.7 43 ± 1 59 ± 0.9 43 ± 0.5 31 ± 0.2 20 ± 0.5 17 ± 0.1 

Urban area  
"La Unión" 36031 ± 722 6269 ±67 1329 ± 61 85 ± 1.3 67 ± 1.1 46 ± 1 19 ± 0.2 3 ± 0.1 21 ± 0.4 12 ± 0.5 7 ± 0.1 

Agricultural area  
"Las Matildes mine" 

39888 ± 80 892 ± 5 1289 ± 37 39 ± 0.1 51 ± 0.4 62 ± 0.5 11 ± 0.1 4 ± 0.04 31 ± 0.2 6 ± 0.04 11 ± 0.1 

                        
TE FLUX (µg m-2 d-1)                       
Coastal zone  
"Playa del Gorguel" 

4050 97 83 14 4 5 2 0 3 0 1 

Mining area  
"Avenque Tailing" 18973 2549 1275 68 17 7 10 7 5 3 3 

Urban area  
"La Unión" 

5020 873 185 12 9 6 3 0 3 2 1 

Agricultural area 
 "Las Matildes mine" 

1743 39 56 2 2 3 0 0 1 0 0 

Limit values 
  400 100 4       2 15     (Opair. 2018; TA LUFT. 

2002) 
 

 

 

 

 

 

 

 



Table 3. Average metal released from samples during inhalation bioaccessibility tests over the total metal content (Bioaccessible Fraction=BAF) 

Metal Average Released 
(BAF %) 

Average Released 
(mg kg-1 of sample dry basis) 

Cd 79.7 1.9E+01 
Zn 47.6 5.0E+03 
Sb 29.5 2.8E+00 
Pb 10.0 7.4E+02 
As 5.3 3.0E+01 
Cr 0.9 9.0E+02 

 

 

 

Table 4. Risk assessment conducted on the samples taken in 2017 and the aggregated sample produced from the samplings in 2018. In red, unacceptable risk (> 1 
for hazard quotient and >1E-5 for cancer risk) is highlighted.  indicates that cancer risk cannot be calculated due to lack of reference concentration values. 
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SUPPLEMENTARY INFORMATION 
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Figure SI-1. Morphology of atmospheric deposition and associated chemical spectra, analysed by SEM-EDX: A) Mining area and clay mineral spectra (ex: Kaolinite); B) 
Mining area and lead sulphate spectra (ex: Anglesite) ; C) Urban area and calcium sulphate (ex: Gypsum) ; D) Coastal zone and halite spectra. 
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Table SI-1. Dust weight collected in each sampling point and contribution to the total aggregated sample used for bioaccessible tests 

Sampling site  Weight (g) Contribution 
Total 0.2849 100% 

Coastal zone "Playa del Gorguel" 0.0762 27% 
Mining area "Avenque Tailing" 0.1301 46% 

Urban area "La Unión" 0.0201 7% 
Agricultural area "Las Matildes mine" 0.0585 21% 

 

 

 

Table SI-2. Equations used for health risk assessment after inhalation  



 

 

 

 

Table SI-3. Exposure parameters considered for a residential scenario 

 



Table SI-4. Reference values for chronic and subchronic inhalation reference concentration and inhalation unit risk 

 

Chemical 
Abstracts 
Registry 

Service CAS 

Chronic 
Inhalation 
Reference 

Concentration, 
CIR 

(mg m-3)

Chronic 
Inhalation 
Reference 

Concentration 
Reference 

Subchronic 
Inhalation 
Reference 

Concentration, 
sCIR 

(mg m-3)

Subchronic 
Inhalation 
Reference 

Concentration 
Reference 

Inhalation 
Unit Risk, 

IUR 
(µg m-3)-1

Inhalation 
Unit Risk 
Reference 

   
Zinc and 

Compounds 7440-66-6 5.00E+00 ATSDR
Lead and 

Compounds 7439-92-1 1.50E-04 CALEPA   1.20E-05 CALEPA 
Arsenic, 

Inorganic 7440-38-2 1.50E-05 CALEPA   4.30E-03 IRIS 
Chromium (III)   16065-83-1   1.00E-04 ATSDR Final     

Antimony 
metallic 7440-36-0 3.00E-04  ATSDR 1.00E-03 

PPRTV 
Archive     

Cadmium 7440-43-9 
 

1.00E-05  ATSDR 
 

9.00E-04 
PPRTV 
Archive 1.80E-03  IRIS 

Nickel soluble 
salts 7440-02-0 9.00E-05 ATSDR Final 2.00E-04 ATSDR Final 2.60E-04 CALEPA 

Cobalt 7440-48-4 6.00E-06 PPRTV 2.00E-05 PPRTV  9.00E-03 PPRTV  

 ATSDR The Agency for Toxic Substances and Disease Registry (ATSDR) minimal risk levels (MRLs). 

 CALEPA The California Environmental Protection Agency (CalEPA) Office of Environmental Health Hazard Assessment (OEHHA) Chronic Reference Exposure Levels (RELs) and 

the Cancer Potency Factors (CPFs). 

 IRIS U.S. EPA Integrated Risk Information System (IRIS). 

 PPRTV U.S. EPA Provisional Peer Reviewed Toxicity Values (PPRTVs). 
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