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 Summary 
 
The solid waste coming from the fertilizer factory belonging to the Ercros 
Company in the town of Flix (Tarragona-Spain) is stocked in an industrial 
dump located close to the town. Measurements of natural radionuclide 
activity, principally from the U-238 chain, were done from mud samples 
taken from various depth points and areas within the dump. Specific 
activity of the various components of the chain reaches values in the 
range of 2000 to 4500 Bq/kg. There were some values outside this range, 
chiefly in the case of Th-230, which reached values of 13000 Bq/kg. The 
total radioactive inventory in the dump if long-period radioisotopes are 
considered, can be estimated to be approximately 9000 GBq. 
Determination of equivalent environmental dose using thermoluminescent 
dosemeters reached values less than 1.8 mSv/year, if permanence was 
supposed. Radiological testing of atmospheric dust collected at the site 
did not show significant values. Average radon concentrations of 30 
Bq/m3, were measured, slightly higher than 10 Bq/m3, a value that was 
considered as a reference value for the area. Values for the increase of 
the effective dose due to external or internal exposure caused by the 
waste at the dump are lower than 1 mSv/year. 
 
 
Introduction 
 
The industrial dump “Racó de la Pubilla” is located on the banks of the 
river Ebro approximately 5 km from the town of Flix (Tarragona) in the 
Catalonia Region of Spain and it contains solid waste produced in a 
factory that makes bicalcium phosphate using phosphorite. Prior to 
construction of the dump, the solid waste produced was dumped into the 
river and is now held in place by a dam located close to the tipping point. 
This sediment (approx. 400,000 t) has led to social concerns due to the 
fact that it contains metals, organochlorate substances and natural 
radioisotopes with a much higher activity than uncontaminated land and 
also due to the potential hazard that it could be released downstream. 
Future management of this sediment is presently being studied. Concerns 
about this waste also involve operating conditions, and the safety of the 
area located near the dam. The Institute of Energy Technology (INTE) of 
the Technical University of Catalonia (UPC) was commissioned by the 
Catalan Waste Agency (Agencia Catalana de Residus) to carry out a 
radiological characterization study of the Flix dump. 
 



 
 
 
 
Aims of the Study 
 
According to a previous report of the Spanish Nuclear Safety Authority, 
Consejo de Seguridad Nuclear (CSN) and the sponsors of this work 
(Agencia Catalana de Residus), the main objectives of the study were 
established as follows: 
 

1. Characterization of the main radioactive components of the solid 
waste stored in the dump. 

2. Evaluation of the inventory of the radioactive materials and the 
distribution within the site. 

3. Determination of the environmental radiological conditions in the 
dump in order to estimate the effective dose received by workers 
and the potential impact in the surrounding area. 

4. Establishment of recommendations with the aim of optimising 
radioprotection and safety features of the dump. 

 
 
Characteristics of the dump 
 
As stated above, the fertiliser plant produces bicalcium phosphate using 
phosphorite, and at the end of the manufacturing process a residue is 
obtained in the form of a solid particulate suspension which is treated at 
a treatment plant. The final sediments are stored in the waste dump of 
the “Racó de la Pubilla”. The dump is located near the village of Flix 
(Tarragona, Spain), see figure 1, and contains about 400,000 t of solid 
waste. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1: Location of the dump site 



 
The industrial dump is located in a valley of impermeable material, and 
the waste has been deposited forming terraces 10 to 30 m deep. At 
present, the installation is formed by an unaltered zone at the entrance, 
ten terraces in which the sediments have been covered with a layer (0.5 
to 1.5 m thick) of inert soil, and a zone which is still being used. The 
total slope between the entrance and the tenth terrace is approximately 
30 m. 
 
The tip has 5 piezometers, three wells, and two swamps for collecting 
lixiviates from the dump. 
 
Figure 2 shows an aerial photograph of the zone, identification of the 
studied terraces and the points where mud samples were taken. 
 

 
Figure 2: Identification of terraces (T) and points where mud samples 

were taken (S) 
 
 

MATERIALS AND METHODS 
 
Ambient equivalent dose measurements 
 
Ambient equivalent dose, H*(10) was measured by means of 
thermoluminescent (TL) dosimetry using the TL dosemeter normally used 
by the INTE approved dosimetry service. The dosemeters consisted of six 
TL detectors arranged in a holder especially designed for environmental 
dosimetry. The holder is made of PVC and is 3 cm in diameter with a 
front thickness of 3 mm (430 mg.cm-2) and a back wall of 5 mm (710 



mg.cm-2). To control the thermal fading of the TL detectors, three of the 
TL detectors were irradiated to a known initial dose for each holder. 
 
The calibration of the dosemeters was done with a 137Cs source in terms 
of ambient equivalent dose at the INTE-UPC secondary calibration 
laboratory, which is accredited by the Spanish National Accreditation 
Body (ENAC). Quality control and transit dosemeters were randomly 
added to the field dosemeter group. 
 
For each terrace, a minimum of three measurement points were selected, 
and the TL dosemeters were placed at a height of 1 m by means of a 
special jig (see figure 3). The measurements were made in two 
campaigns, the first in March 2005, and the second in May 2005. 

 
Figure 3: Dosemeter for ambient dose equivalent measurements 

 
The TL detectors used in this study were LiF chips of the type GR-200A (∅  
4.8 mm and 0.8 mm thick) from Beijing Radiation Detection Works 
(China). Before each irradiation, standard annealing was carried out in a 
PTW-TLDO oven at a temperature of 240 ºC for 10 minutes. The detectors 
were read using a Harshaw-Bicron M5500 hot gas reader. The heating 
cycle consisted of two stages, i.e. a preheating phase at a temperature of 
160 ºC for 10 s and a reading phase of 26 s from a temperature of 160 ºC 
up to 250 ºC at a linear heating rate of 4 ºC/s followed by a constant 
temperature plateau of 250 ºC. To improve dosimeter accuracy, 
individual calibration factors were established for each detector, and 
stability checks were performed periodically with a 137Cs beam. 
 
 
Radon concentration measurements 
 



Radon measurements were done by means of E-Perm SST electrets from 
Rad-elec. E-PERM is a passive integrating radon detection system 
consisting of a charged teflon disc (electret), an open-faced ionization 
chamber, a voltage reader, and a data logger. After placing the electret 
in the chamber, an electrostatic field is established. Radon gas diffuses 
passively into the chamber. The alpha particles emitted from the decay 
of radon ionize the air molecules. These ions are attracted to the charged 
surface of the electret, thus reducing the initial charge of the electret. 
The initial and the final voltages are measured using the voltage reader. 
The rate of change of the charge is proportional to the concentration of 
radon in the test area.  
 
A pair of electrets was placed at each measurement point at a height of 1 
m using a specially designed box to protect them from rain. The 
measurements were done in three campaigns, the first in February 2005, 
the second in April 2005, and the last in May 2005. 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4: Electrets used for radon measurements 
 
 

Atmospheric dust collection 
 
Collection of atmospheric dust was done by means of two high capacity 
dust collectors. The sampled air volume was approximately 270 m3 in 
each filter and the particulate concentration was 30-44 µg/m3. 
 
Collection of atmospheric dust was done in two campaigns, the first in 
March 2005, and the second in May 2005. 
 
 
Radioactivity analysis  
 
55 mud samples were taken at depths ranging from 0.6 to 13 m from 
various areas within the dump (see figure 2). The radioactivity analysis 
of the collected mud samples was done at the Radioactivity Analysis 
Laboratory of the INTE, and at two additional laboratories of the 
University of Barcelona and the Autonomous University of Barcelona. 
  



Gamma radionuclides were measured at the INTE Laboratory with a 
germanium semiconductor detector, reverse type, model GX3020 from 
CANBERRA, a germanium semiconductor detector, model GX4020 from 
CANBERRA and the GENIE 2000 software following our own procedures. 
 
Uranium, thorium and 210Po isotopes were measured using an alpha 
spectrometry (PIPS detector, Canberra model PD-450-17-100-AM). Prior to 
measurement, uranium and thorium isotopes were separated with a 
known amount of 232U/228Th tracer by ferric hydroxide precipitation. The 
precipitate was dissolved in 8M nitric acid and afterwards, the thorium 
and the uranium were eluted with 9M and 1M HCl, respectively.  
 
The accuracy of the specific activity data obtained from gamma and 
alpha spectrometry was evaluated by means of a quality control 
programme (inter-comparison tests) between the three universities. The 
results obtained from this program were satisfactory. 
 
 
 
 
RESULTS 
 
Results of analysis of mud samples showed that specific activity of the 
various components of the U-238 chain reach values in the range of 2000 
to 4500 Bq/kg. There were some values outside this range, chiefly in the 
case of Th-230, which reached values of 13000 Bq/kg (see table 1). The 
total radioactive inventory in the dump considering long-period 
radioisotopes can be estimated to be approximately 9000 GBq. 
 
The analysis of the atmospheric dust collected showed that there were no 
radioactive elements with activities greater than the lowest detectable 
limits applied, of the order of mBq/m3.  
 
Table 2 shows the ambient equivalent dose measured in the different 
terraces of the dump. The values were less than 1.8 mSv/year, if 
permanence was supposed. 
 
 

Anual dose, H*annual(10) 
(mSv) Terrace 

1st campaign 2nd campaign MEAN 

T-10 1.65 1.60 1.63 
T-9 1.90 1.65 1.78 
T-8 0.73 0.71 0.72 
T-7 0.90 0.89 0.90 
T-6 0.90 0.89 0.90 
T-5 0.70 0.70 0.70 
T-4 1.10 1.09 1.10 
T-3 1.00 0.97 0.99 



T-2 0.79 0.80 0.80 
T-1 0.75 0.73 0.74 
T-0 0.70 0.66 0.68 

Table 2: Ambient equivalent dose, 24 h of permanence has been supposed 
 
 

Radon concentration  (Bq/m3) 

Terrace 1st 
campaign 

(67 h) 

2nd campaign 
(190 h) 

3rd campaign 
(640 h) 

T-10 93.5 25 25 
T-9 78.5 - 6.5 
T-8 44 - - 
T-7 65 - - 
T-6 - 19.5 - 
T-5 - 19.7 - 
T-4 - - 23 
T-3 - 18.5 - 
T-2 - 27 - 
T-1 - - - 
T-0 - 9.5 13.3 

Table 3: Radon concentration 
 



 
Probe S1 

Terrace 1 

Probe S2 

Terrace 3 

Probe S3 

Terrace 5 

Probe S4 

Terrace 7 

Probe S5 

Terrace 8 

Probe S6 

Terrace 9 

Probe S7 

Terrace 10 

40K 165 (154-175) 133 (77-208) 122 (81-172) 111 (62-167) 98 (68-131) 94 (59-142) 92 (45-108) 

238U 746 
3358 (2934-

3886) 
3679 

4091 (3625-

4556) 
2705 (2631-2779) 2638 (2511-2764) 

2752 (2715-

2788) 

234U 829 
3900 (3569-

4323) 
4548 

4832 (4107-

5557) 
3320 (3188-3452) 3176 (3037-3315) 

3234 (3214-

3253) 

234Th 
1658 (719-

2596) 
2653 (886-3793) 

3193 (2294-

4603)  

3219 (1393-

4611) 
2382 (1415-2952) 2405 (1607-3090) 

2443 (1956-

2794) 

230Th 
4647 (1538-

7755) 

6772 (2073-

10922) 

8267 (6158-

10030) 

8570 (3528-

11969) 
7120 (3879-8651) 

6631 (3946-

13126) 

6579 (5243-

9035) 

226Ra 
1431 (398-

2463) 
2378 (997-3759) 

3503 (2339-

4905) 

3164 (1317-

4337) 
3077 (1792-4653) 2914 (1940-3872) 

3164 (2231-

5298) 

 210Pb 492 (188-796) 949 (329-1364) 1174 (777-1574) 1002 (554-1731) 964 (399-1404) 859 (605-1124) 944 (644-1210) 

210Po 668 (261-1075) 1078 (489-1415) 
1582 (1167-

2048) 
1222 (721-1645) 1250 (751-1721) 1112 (788-1390) 

1242 (896-

1650) 

232Th 42 105 (83-126) 116 161 107 (90-123) 88 (78-98) 80 

228Ra 53 (32-74) 101 (38-163) 107 (85-128) 122 (50-176) 90 (53-140) 72 (46-87) 64 (51-76) 

224Ra 39 (24-53) 73 (42-100) 101 (80-127) 117 (41-192) 72 (47-88) 62 (42-101) 80 (58-105 



235U 80 (31-130) 198 (43-301) 216 (149-273) 231 (88-419) 171 (90-214) 145 (80-191) 203 (132-257) 

231Pa 727 (202-1251) 945 (264-1564) 1196 (830-1415) 1230 (469-1561) 1078 (583-1777) 852 (522-986) 877 (707-1160) 

223Ra 225 (97-353) 359 (113-552) 476 (381-534) 485 (220-619) 414(201-554) 374 (235-517) 371 (278-546) 

Table 1: Mean specific activity (Bq/kg) of mud samples, and minimum and maximum values encountered in parentheses



As can be seen in table 3, radon concentration showed a marked 
dependence on atmospheric conditions and average concentrations of 30 
Bq/m3 were measured, slightly higher than 10 Bq/m3, a value that was 
considered as a reference value for the site. 
 
 
Conclusions 
 
1.- According to the Ercros Company (06/20/2005) the quantity of waste 
deposited into the dump is 389400 t together with an enlargement of the 
site that is currently being used in which a further 70000 t were added. 
2. - Measurements of representative samples of the overall waste 
activities range between 2000 and 4500 Bq/kg for the U-238 chain. 
Activities of 13000 Bq/kg for Th-230 have been measured. Until now this 
imbalance cannot be explained. The total dump activity has been 
estimated at approximately 9000 Bq. 
3. - The evaluation of equivalent environmental dose measured by the 
TLD technique gives a maximum value of 1.78 mSv/year but most of the 
measurement points are close to the natural non perturbed site (0.7 
mSv/year). 
4. - Radon concentration was measured with equipment based on 
electrets. Average concentrations of 30 Bq/m3, were measured, slightly 
higher than 10 Bq/m3, a value that was considered as a reference value 
for the dump. As was predicted these values depended to a great extent 
on atmospheric conditions. 
5. - The radiological determinations of dust sampling at some dump sites 
did not give any value above the minimum detection levels. 
6. - From the previous points it can be established that the effective dose 
due to the natural radioactive components of the waste within the dump 
is lower than 1 mSv/year. 
 
 
 
 
 


