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Abstract. On the frame of a broad project devoted to the control of exposures in several typical NORM 
industries located at the South of Spain, the evaluation of the occupational radiation exposures in two 
industries, one devoted to the production of phosphoric acid by the so-called “wet-acid method” and the 
other devoted to the production of titanium dioxide pigments, has been performed.  
 
Internal (via inhalation) and external (via gamma) pathways of exposure have been considered in the 
performed evaluations, arriving in both industrial activities to the same conclusion: under normal running 
conditions, the increment of the occupational exposures is lower than 1 mSv/y. However, some precautions 
should be taken in both industries, a) in order not to change drastically the worker time occupational 
factors, now under application, especially in the areas with high instantaneous external dose rates and, b) 
during maintenance operations. 
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1. Introduction 

 
In the vicinity of the town of Huelva, South-West of Spain, and along a variety of chemical 
industries, it can be found one devoted to the production of phosphoric acid and other devoted to 
the production of titanium dioxide pigments. In both cases, huge amounts of feedstock are 
treated (phosphate rock for the production of P2O5, illmenite for the production of TiO2) which 
have the particularity to contain elevated activity concentrations of naturally occurring 
radionuclides. For that reason, in the production processes of both industries are involved very 
high amounts of natural radioactivity. Both types of industries can be considered then as typical 
NORM industries [1], where is necessary to evaluate the possible exposure increments in the 
workers and the public due to their activities. From the results obtained in the evaluation, the 
regulator organism will define if the analyzed industrial activity must have adequate systems for 
radiological surveillance, and even, if it is necessary, will establish the application of correcting 
actions to reduce the exposures, as well as radiological protection measures. 
 
In this paper, the main conclusions obtained in the evaluation of the occupational radiological 
impact of both industrial activities are presented. Attending to the characteristics of both 
industrial processes the following impact pathways were considered: gamma external radiation 
and inhalation of particulate matter. Other potential pathways as ingestion or material deposition 
on the skin were considered as routes with null radiological impact. 
 
In both industries, representative samples (feedstock, intermediate samples, residues, co-products, 
etc) were collected and their radionuclide content determined either by alpha-spectrometry (238U, 
234U, 232Th, 230Th and 210Po) or by gamma-spectrometry (226Ra, 228Ra, 228Th). With the information 
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obtained through these determinations, it was gained knowledge about the behavior of the 
different radionuclides along the processes, which is important as background information for the 
construction of the external gamma-dose rate maps inside the factories 
 
The instantaneous external dose rates were measured in both industries using a survey meter 
Berthold LB1236, with sensitivity to photons in the energy interval 20 keV – 1.2 MeV. The 
measurements performed inside the plants were corrected by subtracting the value obtained with 
the same equipment outside the facility areas, in zones considered as background. In this way, 
the results will be shown as the increments of instantaneous gamma dose rates due to the 
industrial activities. 
 
For the estimation of the inhalation doses, atmospheric filters were collected inside both 
industries, just in the dustiest zones, by using high volume samplers (40 m3 h-1) with Total 
Suspended Particles (TSP) inlets, and using quartz fibre filters. Additionally, and to be used as a 
reference point, atmospheric filters with the same experimental system were collected in an area 
not affected by anthropogenic activities, located at 30 km from the studied industries. In the 
filters, 210Pb and 7Be activity concentrations were determined by gamma spectrometry and 
several alpha-emitters (U-isotopes, Th-isotopes, 226Ra and 210Po) by alpha-spectrometry. 
 
 
2. Assessment of the Occupational Exposures in a Phosphoric Acid Plant 

 
2.1 Description of the phosphoric acid production process 

 

For 40 years, a big chemical industrial complex has been running in the vicinity of Huelva city 
(SW of Spain). This complex includes a factory with several twin plants dedicated to the 
production of phosphoric acid (PA) by treating imported phosphate rock (PR). Nowadays, these 
plants are the major producers of PA in the European Union by the wet method. In general, the 
Huelva plants process Moroccan sedimentary PR, but they also sporadically treat PR from the 
Kola Peninsula (Russia). 
 
From the radiological and radioecological point view, past attention on these plants was 
focussed on the assessment of their radioactive environmental impact caused by the releases and 
disposal of their residues [2-5]. However, there was a certain lack of knowledge of the 
radiological impact of this industrial practice on workers, as estimated from radiation exposure. 
 
The PA production process in each plant of the factory is based on the dissolution of the PR by 
leaching with sulphuric acid (SA). The production process has four main stages: a) milling, b) 
reaction, c) filtration/washings, and d) concentration.  
 
Milling: The PR after arrival to the factory, it is initially stored in big silos, from where it is 
transported to a ball mill where its grain size is adjusted for an optimum attack during the acid 
reaction attack. Then, the milled PR is carried to a separator where only grains with an optimum 
size are selected for the subsequent leaching. The remaining particles are sent to be milled 
again. 
 
Reaction: The fine particles feed a reactor of seven compartments where they react with 60% 
SA, following the exothermic reaction: 
 
     Ca10(PO4)6F2CO3Ca + 11H2SO4 + 21H2O ----- 6H3PO4 + 11CaSO4.2H2O + 2 HF + CO2 
            Phosphate rock + sulphuric acid  -----  phosphoric acid + phosphogypsum   
  
This reaction produces a pulp containing a liquid phase (the so-called production PA with a 
P2O5 content of 27%) and a solid phase (phosphogypsum, CaSO4.2H2O) as a waste.  
 



Filtration: The PG is first separated from the PA by filtration. Afterwards, the PG undergoes 
four successive washings to recover the maximum amount of P2O5 occluded in it, and finally it 
is pumped to be deposited into  disposal piles, while the acid fraction is sent to the concentration 
stage. 
 
Concentration: The separated acid (called production acid, 27%P2O5) is firstly pumped to a 
decantation tank in order to stabilize it and to remove the impurities by precipitation. Then, it is 
concentrated in a vacuum-controlled heat exchanger, with the acid in recirculation towards two 
evaporators. After this stage the P2O5 content rises to 54%. 
 
2.2 Distribution of radionuclides in the industrial process 

 

The radionuclide results determined in the representative samples collected along the P2O5 
production process when both Moroccan and Kola PR were being processed, allowed us to draw 
the following conclusions: 
 
a)The PR from Morocco is clearly enriched in Uranium, 1300-1500 Bq/kg, with all the 
members  of the U-series in secular equilibrium, while the radionuclides belonging to the 
thorium series turn out to be quite reduced (30 Bq/kg). By contrast, radionuclide contents from 
the U-series in the Kola PR are clearly lower than in Moroccan one (a factor of 20 lower), while 
radionuclide contents from the Th-series are 3 times higher. 
 
b) In the reaction stage and when both rock types are processed, it is possible to observe clear 
evidences indicating the different behaviour of the involved radionuclides after the acid attack 
of the PR. The U isotopes tend to be associated to the liquid fractions of the pulp formed in the 
digester (which corresponds mainly to PA), while the radium isotopes and the 210Pb originally 
present in the PR, and a considerable fraction of the thorium isotopes, tend to be associated to 
the solid fraction of the pulp. This solid fraction is mostly composed by phosphogypsum (PG), 
but it may also contain a small proportion of non-attacked PR. 
 
c) The PG generated in the reaction stage, contains not negligible amounts of U, which are 
partially removed in the successive washings that suffer this waste in the filtration stage. The 
removed/washed uranium was associated to P2O5 traces occluded between the PG grains, which 
are liberated in the washings. On the contrary, the concentrations of 226Ra, 230Th and 210Pb do 
not suffer variations in the PG after the successive washings, indicating their strong association 
to this residue. 
 
The information obtained from the mentioned radiometric studies could induce to think that in 
the radiological evaluations to be performed inside the elected plant, the external gamma dose 
rates will be clearly higher when is processed Moroccan PR than when is processed Kola PR. 
Additionally, it could be expected to obtain higher external exposures in the stages of the 
processes where are present in considerable amounts the radionuclide gamma-emitters which 
contribute mostly to this exposure (Ra isotopes and daughters). Nevertheless several factors 
which will be commented later on can destroy these expectations. For that reason, although the 
radiometric determinations can give very useful information for a proper evaluation of the 
occupational radiological impact associated to the industrial activity analysed, it is necessary to 
perform a more precise evaluation, with experimental measurements. 
 
 
2.3 Instantaneous external gamma dose rates 

 
In Table 1, are compiled the results corresponding to the increments over background of the 
instantaneous external gamma dose rates, measured in the different areas of the P2O5 production 
process, when PR from Morocco and Kola respectively were being processed. In each area of 
the analysed plant is indicated the range of experimental values obtained.  



Table 1: Increments over background of the instantaneous external doses (µSv/h) determined in 
several areas of the analyzed P2O5 plant. Are presented the intervals which were obtained in 
each area when was being processed either Moroccan PR or Kola PR. 
 

Zone in the plant Instant. dose rate (µµµµSv/h) 

Moroccan PR 

Instant. dose rate (µµµµSv/h) 

Kola PR 

Milling zone 0.04 – 0.37 --- 
Acids storage area 0.04 – 0.50 0.14 – 0.41 
Concentration area 0.06 – 0.32 --- 
Common zones N.D. – 0.04 N.D. -0.05 
Digestion area N.D. – 0.10 N.D. – 0.10 
Filtration area 

(over the filters) 

 
0.45 – 1.37 

 
0.30 – 1.00 

Filtration area 

(around the filters) 

 
0.10 – 0.17 

 
0.11 – 0.17 

 
 
The measured instantaneous external doses allowed us to obtain the following conclusions: 
 
a)The increments in the instantaneous external gamma dose rates measured in the common 
zones of the plant are negligible, fact that was expected because these common zones 
correspond to the control rooms of the different stages of the process, to the chemical laboratory 
and to several rooms for relax of the workers, being all of them isolated from the zones where 
the PR is processed. 
 
b)In the area devoted to the storage and milling of the PR the instantaneous external gamma 
dose rates are moderate or low when Moroccan PR was being treated. The highest values were 
found in the vicinity of the silo where the PR was accumulated. Quite moderate increments 
were also measured in the reaction zone with independence of the origin of the treated PR, 
indicating that the compartments of the reactor act as effective shields against the gamma 
radiation. 
 
c)Higher values were measured in the area devoted to the storage of the acids, as well as in the 
concentration area (up to 0.50 µSv/h). These values, in principle, could be considered surprising 
because the phosphoric acid that is stored or concentrated in these areas, in theory, do not 
contain practically gamma emitters. However, the instantaneous dose  values measured in these 
areas can be explained taking into account that associated to the storage of the PA, some sludges 
are formed and accumulated either on the bottom of the tanks or floating on the free surface. 
These sludges are formed by small PG particles and organic material that pass the filtration 
system, and are even present in the concentration tanks. These sludges contain elevated amounts 
of the U-series radionuclides, especially 226Ra (up to 4000 Bq/kg) contributing notably to the 
increment in the external exposure. 
 
 The high activity concentrations found in the sludges can explain at the same time why the 
instantaneous external gamma dose rates are also higher in the acid storage tanks while were 
being processed PR from Kola (it could be expected clearly lower instantaneous external doses 
than during the processing of Moroccan PR, due to lower content in natural radionuclides of the 
Kola PR)  The sludges accumulated in the tanks and in the inner surfaces of some pipes are only 
removed during maintenance operations in very limited cases per year. Sludges formed while 
Moroccan PR was processed, remain in the acid storage tanks and associated pipes while PR 
from Kola was being processed. The measurements performed in the acid storage and 
concentration areas when Kola PR were being processed, are then affected by some “memory 
effects” as a result of the previous treatment of Moroccan PR (it is necessary to remember that 



in the analysed plant usually is processed Moroccan PR, while the Kola PR is only processed 
sporadically). 
 
d)The highest values along the plant of the instantaneous external gamma dose rates were found 
in the filtration area, and particularly over the filtration system (horizontal filters with an 
extension of 69 m2), due to the lack of any shield between the material being filtered and the 
measurement points. Clearly lower values were found in the measurements carried out on the 
perimeter of the filters due to the attenuation of the radiation by the lateral walls of the filters.  
 
The instantaneous external doses measured at 1 m over the filters are, by other hand, clearly 
higher than expected. Assuming that the material that could be expected to contribute to these 
doses is the PG under filtration, and that the instantaneous doses determined at 1 m over an 
semi-infinite pile of PG hardly overpass 0.3 µSv/h [1], it can be deduced the existence in the 
filtration area of an additional source of gamma radiation which should be the main contributor 
to the measured external exposures. This additional source is present in the filtration area with 
independence of the origin of the PR under treatment, because it was not observed a clear 
decrease in the instantaneous dose rates when Kola PR was being processed.   
 
The additional source in the filtration area can be associated to the presence in some parts of the 
filtration systems of a permanent radioactive contamination, enriched especially in radium 
isotopes. It has been observed, for example, the presence of some scales very much enriched in 
radium tightly attached to the inner surfaces of the walls and pipes of the filtration system, as 
well as the existence of high radium levels in the filtering cloths used in the PG separation, 
which notably contribute to the instantaneous external gamma dose rates measured. 
 
We can conclude then remarking that in the areas of the P2O5 plant with the highest values of 
the instantaneous external gamma dose rates, a considerable fraction of these doses are due to 
the existence of a permanent source of radioactive contamination in tanks, pipes and filtration 
systems. 
 
However, the relatively high external instantaneous doses measured in some zones of the plant 
do not imply elevated occupational effective doses due to external radiation. This fact is due to 
the low occupancy factors in the mentioned zones. Under normal running conditions, the 
effective dose by external radiation received by the workers in the analysed plant is clearly 
lower than 1 mSv/y. We have arrived at this conclusion, a) supposing two worker types in the 
plant: the first one carried out his work mainly in the mineral storage (500 hours/year), milling 
(500 hours/years) and reaction areas (400 hours/years) as well as in the common zones (600 
h/year), while the second worker carried out his work in the reaction (400 hours/year), filtration 
over the filters (100 hours/year), filtration around the filters (400 hours/year) and in the 
concentration areas (400h/year) as well in the common zones (600hours/year), and b) 
considering for each one of the zones of the plant the maximum values of the instantaneous 
external exposure measured in its interior ( very conservative approach), The values obtained 
for the effective doses due to external radiation, even in the situations so extremes considered, 
are in the range 0.3 – 0,4 mSv/y for both worker types. 
 
2.4 Inhalation pathway 

 
The committed effective dose received by a full-time (2000h/y) worker due to the inhalation of 
aerosols generated in the analysed P2O5 plant is clearly lower to the effective dose due to 
external radiation. A detailed study about the radiological implications associated to the 
inhalation in the P2O5 plant can be found in [6]. We will simply comment here that inside the 
plant there is resuspension of inhalable material, with a volumetric concentration of 
accumulated material in the filters clearly higher that in the reference background station. The 
resuspended material has massic concentrations of the radionuclides from the U-series 
compatible with the determined ones in the Moroccan phosphate rock, fact that is logic because 



the storage and milling of PR are the only processes which can generate resuspended aerosols in 
the plant.  
 
It has been estimated an average increment over background of about 0.25 mBq/m3 in the 
volumetric activity concentrations of uranium and daughters inhaled by the workers of the plant 
[6]. This implies an increment in the committed effective dose by inhalation lower than 50 
µSv/year. 
 

 

3. Assessment of the Occupational Exposures in a Titanium dioxide production plant 

 
We have performed in a factory devoted to the production of titanium dioxide pigments, and 
located also in the vicinity of Huelva town (South-West of Spain), a twin study to the developed 
one in the phosphoric acid plant. The main conclusion of this study was also similar to the 
obtained in the phosphoric acid plant: the occupational exposures due to the activities in this 
plant are lower than 1 mSv/year. 
 
The titanium dioxide production process in the analysed factory is characterised for the 
production, in addition to the TiO2 pigment, of several co-products. Most of these co-products 
are generated as a consequence of the application in the factory of improvements in the 
management of residues in order to reduce the radiological impact of the factory in the 
environment and in the population. For that reason, in this paper and after the description of the 
production process in the factory, we will centred our efforts in the evaluation of the exposures 
received by the workers in charge of the management of the co-products and residues generated 
along the process. 
 
3.1 Description of the titanium dioxide pigment production process 

 
A schematic description of the analysed industrial process is shown in Figure 1. 
 
The titanium dioxide factory imports illmenite rock (composed mainly by TiO2, FeO and Fe2O3) 
as feedstock, which in a first step is dried and milled. The milled raw material is then digested 
with H2SO4 98% supplied by other local industries, although it is necessary also the addition of 
H2SO4 80% recycled from later stages of the process, for activation of the reaction. As a result 
of the digestion, a liquor (labelled in Figure 1 as B-LCFL) containing the majority of the Ti and 
Fe in dissolution is formed, while a SLUDGE solid fraction (formed by unattacked material in 
the digestion step) is separated from the process as a waste. 
 
Figure 1: Schematic description of the production process in the analysed TiO2 plant  
 

 
 



The liquid resulting from the digestion is afterwards hydrolysed (see Figure 1) producing the 
precipitation of a TiO2 pulp (labelled as B-PRLX in Figure 1) which contains some impurities, 
and a strong acid liquid fraction enriched in Fe which is treated in order to produce a couple of 
co-products. The treatment of this strong liquid fraction has two steps. An initial crystallization 
process where crystals of ferrous sulphate heptahydrate (COOPERAS) are formed, followed by 
a concentration and maturation step of the resulting supernatant, where iron sulphate 
monohydrate (MONH) is precipitated. The remaining liquid after crystallization, concentration 
and maturation is H2SO4, which is evaporated until to reach the strength needed for its recycling 
in the process. 
 
The TiO2 pulp (B-PRLX) formed in the hydrolysis step is later on washed and filtrated several 
times. The final solid cake (B-PSLX) is then subjected to calcination and other physical 
processes in order to produce the TiO2 pigment in different sizes and qualities. These physical 
processes are not described here because they have not radiological implications (the washed 
solid cake, B-PSLX, is practically free of radionuclides). 
 
 Finally, the slightly acid solution formed as result of the washings of the TiO2 pulp, is 
neutralized to remove its acidity, co-precipitating in this process the majority of metals and 
radionuclides associated to this fraction with calcium sulphate (RED GYPSUM). The 
neutralized liquid fraction obtained after separation by filtration of the red gypsum (labelled as 
N-FFUN in Figure 1) is released to the sea, in the vicinity of the factory. 
 
Summarising, we can indicate that in addition to the commercial final product (TiO2 pigments) 
three different co-products (cooperas, iron sulphate monohydrate and red-gypsum), and one 
residue (sludges formed by unnatacked material) are generated, while some amount of 
neutralised liquid is released to the sea. 
 
3.2 Radionuclide distribution  

 
 In Table 2 are compiled the activity concentrations determined for several radionuclides in the 
feedstock, co-products, wastes and releases used and/or generated in the TiO2 dioxide pigment 
plant.  From these data, and knowing the annual consumption/production of raw materials, co-
products and wastes in the process, the following main conclusions can be highlighted 
 
a) In the illmenite there is secular equilibrium between 238U and daughters, and between 232Th 
and daughters, although the 232Th series introduces three-four times more activity than 238U 
series to the production process. 
 
b) The sludges are specially enriched in Ra isotopes, concentrating around 90% of the radium 
entering in the process. These sludges contain also a non negligible proportion of the U entering 
in the Process (20-30%), and a minor proportion of Th isotopes. 
 
Table 2: Activity concentrations in some samples collected in the TiO2 pigment plant. 

 
c) The great majority of Th and a high proportion of U flows along the process associated 
initially to the liquor formed in the digestion. Finally, this Th and U fall mostly in the iron 
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U (Bqkg
-1

) 
226

Ra (Bqkg
-1

) 
232

Th (Bqkg
-1

) 
228

Ra (Bqkg
-1

) 
228

Th (Bqkg
-1

) 

ILLMENITE 88,0 ± 4,0 98,0 ± 5,0 379,0 ± 20,0 303,0 ± 18,0 322,0 ± 11,0 

SLUDGE 312,0 ± 19,0 877,0 ± 21,0 373,0 ± 12,0 2616,0 ± 69,0 704,0 ± 17,0 

COOPERAS 0,9 ± 0,1 M.D.A. 8,0 ± 0,2 M.D.A. 9,1 ± 0,4 

MONH 53,0 ± 1,0 11,0 ± 1,0 365,0 ± 6,0 44,0 ± 2,0 411,0 ± 12,0 

RED GYPSUM 19,4 ± 0,4 14,0 ± 1,0 115,0 ± 2,0 88,0 ± 3,0 122,0 ± 3,0 

N-FFUN M.D.A. M.D.A. M.D.A. M.D.A. M.D.A. 



sulphate monohydrate co-product (MONH). On the contrary, the cooperas co-product is 
practically free of radionuclides. 
 
d) After their liberation from the pulp in the washings steps, some remaining, but not negligible 
amounts of Th and U isotopes finish associated to the RED GPSUM co-product. The 
neutralization process is very effective in the removal of radionuclides from the liquid fraction, 
in such a way that the waters released to the sea (labelled as N-FFUN in Figure 1) are 
practically free of radioactivity. 
 
The obtained conclusions are in agreement with those found in the scarce biography existing 
about the subject [7].  
 
Finally, it is interesting to remark the similarity (from the radionuclide distribution point of 
view) of the two production processes analysed in this paper. Both processes start with the 
digestion of the feedstock (PR for the production of P2O5, illmenite for the production of TiO2) 
with sulphuric acid, that produce a similar radioactive fractionation: while the U and Th flow 
along the process in both cases, the radium isotopes (quite insoluble in sulphuric acid medium) 
finish associated either to the sludge in the TiO2 plant or to the insoluble phosphogypsum in the 
P2O5 plant.. 
 
 
2.3. Occupational exposures associated to the management of feedstock, co-products and 

residues. 

 
 The instantaneous external gamma doses determined along the different areas of the TiO2 

factory are in general quite moderate. Considering the radiometric results shown in the previous 
section , the explanation is simple because along the process only flow the U and other isotopes 
which contribute minimally to the external radiation, while the radium isotopes left the process 
just after the digestion of the feedstock, associated to the unnatacked minerals. Only higher 
instantaneous external dose rates were measured in some limited areas (with low occupancy 
factors) associated to the accumulation of scales enriched in Ra in some equipments and/or 
pipes. 
  
It was also found an excellent correlation between the radiometric determinations performed in 
the feedstock, co-products and wastes and the instantaneous external doses measured 
experimentally in the areas of the factory where these materials are stored. In Table 3, the 
instantaneous external doses determined in these storage areas are compiled. 
 
Table 3: Instantaneous external doses (µSv/h) determined at several storage areas in the 
analysed TiO2 plant 
 

STORAGE AREA µµµµSv/h 

Open area for storage of illmenite (7 measurements) 0.22 – 0.39 
Open area for storage of sludges (6 measurements) 0.56 – 0.63 
Storage area of Cooperas (3 measurements) 0.08 
Storage area of iron sulphate monohydrate  0.14 
Storage area of Red Gypsum 0.12 
Background value (outside the factory) 0.08 – 0.09 
 
 
It is possible to observe that practically background values were measured in the areas devoted 
to the storage of the cooperas and the red gypsum, in concordance with the low content in 
gamma emitters of these co-products, while clearly higher values were found in the area 
devoted to the storage of the sludges (up to 8 times higher than the background values) due to 



the presence of high concentrations of Ra-isotopes and daughters in these wastes. In the case of 
the iron sulphate monohydrate storage area, the measured external exposures were low in 
relation with the global radioactive content of this co-product, but this fact cannot be considered 
surprising if we take into account the low radium concentrations in this co-product (principal 
contributors to the external exposure). 
 
Special emphasis has been given in previous paragraphs in showing the limited radiological 
impact associated to the management of co-products and residues in the TiO2 factory. The 
reason is its strong relation with the historical improvements performed by the company in 
order to reduce its environmental radiological impact. Since the beginning of its activities in the 
70´s, until now, several important changes have been done in the production process in order to 
reduce the releases to the environment. These changes have induced the generation of some of 
the co-products, which were not produced originally. 
 
In this sense, it is necessary to indicate that until middle of the 90´s the strong acid effluents 
leaving the crystallization area (enriched in metals and radionuclides), after the production of 
the copoperas, were transported in ships to the middle of the ocean where they were released. 
These releases stopped totally when the production process was modified, and the production of 
iron sulphate monohydrate from these effluents and the recycling of sulphuric acid started. 
 
By other hand, the production of red gypsum in the analysed factory was the result of modify 
the production process in order to remove the acidity of the waters used in the washing of the 
TiO2 pulp, before its release to the sea. With this change, it was produced a drastic reduction in 
the concentrations of heavy metals and radionuclides released to the sea accompanying to these 
waters. 
 
Simultaneously to the environmental improvements obtained with the mentioned changes in the 
production processes, the company has found applications and markets for most of the 
generated co-products. In this way, the company has covered two objectives: to reduce 
drastically its environmental impact, and at the same time that these environmental 
improvements had null or positive economical impact in its accounts. 
 
The cooperas produced in the factory is used, for example, for the recovery of basic soils in 
agriculture, as a component in animal feeding, as a raw material for the production of liquid 
ferric sulphate, as a flocculent in water treatments, etc, while, the iron sulphate monohydrate is 
used nowadays as raw material in the production of ferric fertilizers for treatment of agricultural 
soils with deficiency in iron. 
 
The only material without defined market until this moment is the sludge produced in the 
digestion of the feedstock. This residue is transported to a management residue plant where is 
treated for its conversion in an inert residue, and finally stored. 
 
With the management strategy of the company, the direct environmental and public radiological 
impact has been reduced drastically (now is practically null), while the radiological impact 
associated to the distribution and use of the generated co-products is minimum attending to its 
radioactive content (see Tables 2 and 3). Even in the case of the workers involved in the 
management of the sludges inside the factory, the increments in their effective dose due to this 
activity are clearly below 1 mSv/y, the limit for the public. The external exposure can increase 
around 0.1 mSv/y for these workers due to the management of the sludges (200 hours of 
occupational factor with 0.5-06 µSv/h as instantaneous external dose, see Table 3), while the 
possible increment in the received dose by inhalation can be considered negligible, because 
these sludges are generated, stored and finally transported to the treatment plant in wet form. 
 
 
 



4. Conclusions 

 

The evaluation of the occupational exposures performed at two different NORM industries 
located at the South of Spain has been shown and discussed. In both cases the effective doses 
received by the workers have been estimated to be lower than 1 mSv/y.  
 
In the case of the phosphoric plant it has been demonstrated that a considerable contribution to 
the worker doses come from a presence of some permanent radioactive contamination in some 
equipments and pipes of the production process. 
 
In the case of the titanium dioxide plant, it has been highlighted the management policy of the 
company with co-products and wastes, that has reduced drastically the environmental and public 
radiological impact of its activity without to increase the occupational radiological impact of the 
workers. The company has found applications and markets for most the co-products generated 
in order to decrease the impact of their releases to the environment. 
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