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Questions to be Answered

• Do the non-uranium mining industries have the 

potential to cause environmental radiological 

impacts?

• If yes, what are the extent of these impacts?
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• If yes, what are the extent of these impacts?

– Doses (individual, collective)

– Pathways

• How to deal with the assessment of the problem? 

• The role of changing scenarios



Points to be considered

• 300 industries in the Brazil;

• Continental dimensions of the country;

• Very different climatic, social and 
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• Very different climatic, social and 

geographical characteristics from region 

to region;

• Different scenarios lead to different 

exposures to radiation.



MethodologyMethodology

�� anaanalysislysis ofof thethe operationaloperational processprocess ofof thethe

industryindustry andand interfacesinterfaces withwith thethe environmentenvironment;;

�� radiologicalradiological characterizationcharacterization ofof thethe wasteswastes
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�� radiologicalradiological characterizationcharacterization ofof thethe wasteswastes

generatedgenerated inin thethe operationaloperational processprocess andand

environmentalenvironmental samplessamples collectedcollected;;

�� calculationscalculations ofof thethe totaltotal activityactivity generatedgenerated byby

thethe operationaloperational processprocess andand

accumulated/releasedaccumulated/released intointo thethe environmentenvironment..



Methodology
�� identification of the potential mechanisms identification of the potential mechanisms 

involved on the radionuclides mobilization involved on the radionuclides mobilization 

from the solid waste storage areas;from the solid waste storage areas;

�� risk estimation of the environmental risk estimation of the environmental 
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�� risk estimation of the environmental risk estimation of the environmental 

impacts,and those related to  the  use of byimpacts,and those related to  the  use of by--

products; products; 

�� examination of the need for examination of the need for 

intervention/remediation or additional studies intervention/remediation or additional studies 

concerning the area for unrestricted use.concerning the area for unrestricted use.



Mineral Deposit

Mining waste

Beneficiation tailings

Dissolved Solids + 

Suspended 

Particulates

byproduct -> 

mineral recovery

Dissolved Solids + 

Suspended 

Particulates
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Chemical Processing

Product Utilization

process residues 

+ slags

byproduct 

Recovery

mineral recovery

Dissolved Solids + 

Particulates + 

Gases

Dissolved Solids + 

Particulates + 

Gases

residual waste 

(recycling)



Radionuclide Concentrations in the Run of 

Mine (Bq/kg)

Ore 238U 226Ra 210Pb 232Th 228Ra

Niobium 930 805 1330 6390 5176

Niobium 4550 3390 7890 904 2040
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Niobium 4550 3390 7890 904 2040

Coal 359 457 754 33 68

Phosphate 880 700 990 753 1550

Phosphate 114 330 800 204 350

Gold 114 136 169 49 <42



Fluxes of Radioactivity

(Bq/year)
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Radionuclide Fluxes in the Niobium 

Industry of Araxá (x 1012 Bq/y)
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Radionuclide Fluxes in the Niobium 

Industry of Catalão (x1012 Bq/y)
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Conclusions About Process

• Similar processes of the same ore can give 

rise to different radionuclide distribuitons in 

the generated wastes,
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the generated wastes,

• Diagnostics shall be made in a case-by-case 

basis.
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Conclusion about Radon 

Exposure

• The determiantions of the gas concentration 

in working places of non-uranium 

underground mine galleries have proved 
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underground mine galleries have proved 

that there a several potential cases that need 

some attention,

• Guidance need to be given to the operators 

of these facilities to reduce radon gas 

concentrations and reduce radiological 

doses.



Use of products

• Assumptions.

– Use of the wastes as building material,

– Constructions of houses over contaminated 
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– Constructions of houses over contaminated 

areas,

– Simulations performed by means of RESRAD



Dose estimation in function of time due to the use Dose estimation in function of time due to the use 

of solid waste of the niobium industry Iof solid waste of the niobium industry I
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Contribution to the total dose by pathways and by Contribution to the total dose by pathways and by 

radionuclides of the solid waste from the niobium radionuclides of the solid waste from the niobium 

industry Iindustry I
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Dose estimation in function of time due to the use Dose estimation in function of time due to the use 

of solid waste of the niobium industry IIof solid waste of the niobium industry II

700

800

900

deposito de escória

Barragem de rejeitos

www.ird.gov.br

tempo (anos)

1 10 100 1000 10000

D
o

s
e

 (
m

S
v
/a

)

0

100

200

300

400

500

600

700 Barragem de rejeitos

minério/estéril



Contribution to the total dose by pathways and by Contribution to the total dose by pathways and by 

radionuclides of the solid waste from the niobium radionuclides of the solid waste from the niobium 

industry IIindustry II

MMiinniinngg

wwaassttee
MMiinniinngg

wwaassttee
TTaaiilliinngg TTaaiilliinngg SSllaagg SSllaagg

PPaatthhwwaayy tt  ==  00 tt  ==  665522**** tt  ==  00 tt  ==  665522**** tt  ==  00 tt==55008822****

EExxtteerrnnaall

ddoossee
1144 1111 1144 1111 3344 1133

RRaaddoonn 8855 6699 8855 6699 6666 7744

IInngg..  ooff -- 1199 -- 1177 -- 1111

www.ird.gov.br

IInngg..  ooff

wwaatteerr
-- 1199 -- 1177 -- 1111

NNuucclliiddee

RRaa--222266 9977 7733 9944 6677 7733

TThh--222288 22 33 -- 2222

TThh--223300 2222 2277 9933

**  tt  ((yyeeaarrss))  aafftteerr  tthhee  ddeessccoommiissssiioonniinngg

****  ttiimmee  ooff  mmaaxxiimmuumm  ddoossee



Dose estimation in function of time due to the use Dose estimation in function of time due to the use 

of solid waste of the phosphate industryof solid waste of the phosphate industry II
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Dose estimation in function of time due to the use Dose estimation in function of time due to the use 

of solid waste of the phosphate industryof solid waste of the phosphate industry IIII
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Dose estimation in function of time due to the use Dose estimation in function of time due to the use 

of solid waste of the coal industryof solid waste of the coal industry
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Dose estimation in function of time due to the use Dose estimation in function of time due to the use 

of solid waste of the gold industryof solid waste of the gold industry
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Contribution to the total dose by pathways of the Contribution to the total dose by pathways of the 

solid waste from the industriessolid waste from the industries

IndustryIndustry RadonRadon γγγγγγγγextext

phosphatephosphate 7070%% 3030%%
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coalcoal 7070%% 3030%%

goldgold 9090%% 1010%%



Results and DiscussionResults and Discussion

Actual scenario Actual scenario -- operational phaseoperational phase

industryindustry HHEE
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niobiumniobium 1010 µSvµSv ≤≤≤≤≤≤≤≤ HHEE <<<<<<<< 00..33 mSv/yearmSv/year

phosphatephosphate --

coalcoal ≅≅≅≅≅≅≅≅ 1010 µSv/yearµSv/year

goldgold 1010 µSvµSv <<<<<<<< HHEE ≤≤≤≤≤≤≤≤ 00..33 mSv/yearmSv/year



Main Conclusions

• General trend observed in the investigated  

industries to recycle process water;

• Chemical treatment of the effluent tends to 
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• Chemical treatment of the effluent tends to 

reduce pollutant emissions to the 

environment

• Chemical processing may remobilize 

significant amounts of radionuclides;



Main Conclusions (cont)

• Radiological problems are mostly 

associated to the solid wastes (tailings and 

slags) that need to be properly managed;
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slags) that need to be properly managed;

• Natural processes --> Acid Mine Drainage 

can cause significant radiological impacts;

• Changes in the process may reduce 

environmental problems and economical 

recovery (of uranium for example)



Future Studies

• Assess the present extension and situation 

of dump sites in the mining industries;

• Experimental and modeling studies on 

www.ird.gov.br

• Experimental and modeling studies on 

radionuclide migration from deposited 

wastes and assessment of the contamination 

of groundwater;

• Development of methods to immobilize 

pollutants in the wastes;



Main Conclusions

• Exposures will depend on a large extent on 

the type of exposure scenario considered,

• Conservative scenarios will lead to the fact 
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• Conservative scenarios will lead to the fact 

that most of industries will not be exempted 

from the regulatory control,

• Generic scenarios are not convenient to the 

address the problem properly.



Future Studies

• Radon exhalation studies above dumpsites 

and experimental tests to reduce exhalation 

• Prioritize studies involving radon exposure 

of workers in work-places, specially in 
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of workers in work-places, specially in 

underground mines (situation completely 

unknown)

• Development of geochemical modelling of 

pollutant release and transport from the 

wastes



Regulatory Framework

• Specific legislation is underway in Brazil.

• The idea is to provide a certification of the 

industries according to the radiation 
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industries according to the radiation 

protection and safety requirements,

• Cooperation and harmonization with other 

nations is intended



Contacts

• Further contacts -

– Dr. Horst Monken Fernandes

– Institute of Radiation Protection and Dosimetry
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– Institute of Radiation Protection and Dosimetry

– Av. Salvador Allende s/n - Recreio - Rio de 

Janeiro - RJ - Brazil - CEP 22 780 - 160

– Tel - 00 55 21 3411 80 87

– Fax - 00 55 21 2442 - 2699

– e-mail - hmf@ird.gov.br


