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ANNUAL 
CONSUMPTION - PRODUCTION

~ 2·106 TmPhosphoric Acid

~ 3·106 TmPhosphogypsum

~ 2·106 TmSulphuric Acid

~ 2·106 TmPhosphate Rock

Phosphate rock + Sulphuric Acid ---------- Phosphoric Acid + Phosphogypsum

2222·4114362214211326)4(10 COFHOHCaSOPOHOHSOHCaCOFPOCa +++→++



Sedimentary Phosphate Rock (PR)
238U ~ 1.5·103 Bq/kg; 232Th ~ 30 Bq/kg

22 ± 21780 ± 901630 ± 90Optimum size PR
20 ± 21722 ± 901640 ± 90Buk milled PR
22 ± 21560 ± 801840 ± 110Raw PR

228Ra226Ra238USample type
Milling step. Activity concentrations (Bq/kg)

14 ± 2 900 ± 50280 ± 20 PG to be stored
17 ± 21000 ± 50450 ± 30 PG after second washing
15 ± 21040 ± 50460 ± 30PG after first washing
14 ± 2880 ± 40                                  810 ± 50  PG before washing

228Ra226Ra238USample
Filtration step. Activity concentrations (Bq/kg)

< 1 8 ± 1 1830 ± 90 P2O5 (54%)
< 14 ± 1                                       1300 ± 70P2O5 (32%)

228Ra226Ra238USample
Concentration step. Activity concentrations (Bq/kg)
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External exposure:
gamma - beta

Internal exposure
dust inhalation

Internal exposure
222Rn + daugthers

Indirect route
ingestion

Occupational exposures inside the Factory
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EXTERNAL GAMMA DOSE RATES

∆external doses (µSv/h)
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Milling, n=10
0.03 – 0.37

Reaction, n=6
0 – 0.10

Filtration, n=11
0.10 – 1.36

Decantation, n=7
0 – 0.50

Concentration, n=5
0.01 – 0.32

Worker rooms, n=5
~ 0

Factory entrance
Background



EXTERNAL GAMMA DOSE RATESRADIOACTIVE “HOT POINTS”

Gypsum-water
mix

99% H2SO4 + H2O
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WaterFilter washing water
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1st washing step 2nd washing step 3rd washing step

Phosphogypsum
stacks

Gypsum Gypsum

Phosphoric acid
5% P2O5

Phosphoric acid
12% P2O5

Production phosphoric
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Dose rate – color key (µSv/h)

Solid
Liquid

Fraction
457.512502100

4300

226Ra

2000

230Th

1250

238U
Concentrations (Bq/kg)

2000

210PbSludges precipitated in the tanks
where phosphoric acid is stored

Solid
Liquid

Fraction
854.52501250

1300

226Ra

900

230Th

900
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Concentrations (Bq/kg)

1400

210Pb Sludges floating in the tanks
where phosphoric acid is stored

10002100570Filter residues
Scales

Filter clothes
Fraction

23303340290

1400

226Ra

980
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2000

210Pb

Scales and filters from the filtration
step collected during maintenance
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(1) Region of the Filtration Zone  practically not accessible to the workers. Occupational time 
consider for the worker Type II taken as very conservative.
(2) Region of the Filtaration Zone accesible to the workers.
(3) Laboratories, Control rooms, Workshops, etc

0.342 mSv/año0.207 mSv/añoTOTAL

0.0070.007Common Zones (3)

0.090Concentration Zone

0.090Filtration Zone 
(around the filters) (2)

0.105Filtration Zone 
(over the filters) (1)

0.0500.050Digestión-Attack Zone

---0.135Milling Zone

---0.015Phosphate rock storage zone

Worker
Type II

Worker
Type I

Effective external gamma
dose rate (mSv/y)

EFFECTIVE DOSE RATES (I)



EFFECTIVE DOSE RATES (II)
INHALATION
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RADON DETERMINATIONS IN 
THE FACTORY
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Fosfatos Huelva
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External exposure:
gamma - beta

Internal exposure
dust inhalation

Internal exposure
222Rn + daugthers

Indirect route
ingestion

Occupational exposures: PG Piles
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Activity concentrations in PG active piles (Bq/kg)
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750

226Ra
550

230Th
200 

238U  
Average concentrations (Bq/kg)

500

210Pb
< 0.7

137Cs
< 20

40K
20

228Ra  
Average concentrations (Bq/kg)

Activity concentrations in WATERS from PG piles (Bq/L)

5810.430.82.3180P
892.5150.82.5200E

40K235U228Th232Th210Po226Ra230Th238USample

{E} = Water from regulating pool (Bq/L)

{P} = Water from the leachates recovered in perimetral channel (Bq/L)



0.1215

0.1314

0.1313

0.1012

0.1111

0.1110

0.149

0.108

0.157

0.126

0.125

0.194

0.103

0.112

0.241

Increment in 
effective dose rate
external (mSv/y)

Sampling
PointEXTERNAL GAMMA DOSE RATES

Workshop European ALARA Network for NORM                 Dresden, Germany, November 2007



0

0,1

0,2

0,3

0,4

0 0,5 1 1,5 2

FOSFOYESO (Bq(kg)

(m
Sv

/a
)

Lineal (y=0.168x)

Lineal (y=0.022x)

0

0,1

0,2

0,3

0,4

0 0,5 1 1,5 2

ROCA FOSFÁTICA (Bq(kg)

(m
Sv

/a
)

Lineal (y=0.204x)

Lineal (y=0.074x)

MODELLED 

EFFECTIVE DOSES

external

inhalation

Phosphogypsum Pile

Phosphate Rock Pile

From IAEA Safety Reports Series No. 49  “Assesing the Need for Radiation
Protection Measures in Work involving Minerals and Raw Materials” (2006)

Workshop European ALARA Network for NORM                 Dresden, Germany, November 2007



AEROSOL ANALYSIS OVER THE PG PILES
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RADON DETERMINATIONS OVER PG PILES
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RADIOACTIVE ENVIRONMENTAL IMPACT
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226Ra en muestras de agua (Río Odiel)
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SINCE THE BEGINNING OF THE SEVENTIES, 

AND WITH SOME INTERRUPTIONS:

A  FRACTION OF THE PHOSPGYPSUM HAS BEEN USED AS Ca-
AMENDEMENT FOR SODIC SOILS FROM RECLAIMED MARSHLANDS IN 
THE GUADALQUIVIR RIVER AREA.

THE PG DISMINISH  Na SATURATION IN THE SALINE-SODIC MARSH 
SOILS FROM SOUTHWESTERN OF SPAIN . PG HAS PROVED ALSO TO 
INCREASE P AVAILABILITY TO CROPS, TO SUPPLY P, AND TO 
REDUCE P SORPTION IN SOILS.

AGRICULTURAL USE OF PHOSPHOGYPSUM
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AGRICULTURAL USE OF PHOSPHOGYPSUM

1)  A three-year field experiment has been conducted in 
a 6 ha farm in the area of Marismas de Lebrija (Spain)

The following potential radioactive effects of PG have 
been studied:  

- 222Rn exhalation in soils, 
- 226Ra and U-isotopes losses in drainage waters, 
- 226Ra in aerosols following PG application, 
- 226Ra, U-isotopes and 210Po activity profiles in soil, and 
- Soil to plant transfer of radionuclides.

2) Micro-plots experiments have been conducted to study, 
under controlled conditions, radionuclide and heavy metal 
soil to plant transfer
The following potential effects of PG have been studied:

-Agronomical effects (biomass production, soil structure, 
irrigation efficiency, etc)

- Transfer to the vegetal tissues and to the fruit (tomatoe
plants) of heavy metals and natural radionuclides 
supplied by the PG.

-Indirect effects of PG on other elements originally
present in the soil.
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CONTROL

AREAS

PG TREATED

AREAS
RADIONUCLIDE 

CONTENT IN SOILS

SOIL TO PLANT  TRANSFER 

TOMATOE FRUITS

AGRICULTURAL USE OF PHOSPHOGYPSUM

33 ± 136.2 ± 0.2PCC-3

28 ± 133.0 ± 0..3PCC-1

29 ± 132.3 ± 0.6PCC-1

26 ± 228.2 ± 0.8PCB-3

25 ± 133.4 ± 0.7PCB-2

23 ± 132.2 ± 1.0PCB-1

28 ± 132.9 ± 0.6PCA-3

27 ± 130.2 ± 1.9PCA-2

27 ± 133.2 ± 1.2PCA-1

210Po226RaBq/kg

PYC-3

PYC-2

PYC-1

PYB-3

PYB-2

PYB-1

PYA-3

PYA-2

PYA-1

Bq/kg

< MDA< MDA0.43 ± 0.04C10
< MDA< MDA0.45 ± 0.06C2

IN CONTROL SOILS
< MDA0.24 ± 0.040.45 ± 0.10T37
< MDA0.15 ± 0.040.68 ± 0.07T32
< MDA< MDA1.9 ± 0.2T27
< MDA< MDA0.75 ± 0.11T23
< MDA< MDA0.90 ± 0.09T19
< MDA< MDA0.43 ± 0.06T11

IN  PG  TREATED  SOILS

226Ra (Bq/kg)234U (Bq/kg)210Po (Bq/kg)

31 ± 1N.M

33 ± 146.2 ± 1.0

30 ± 142.5 ± 0.8

26 ± 155.7 ± 0.5

37 ± 146.3 ± 0.3

36 ± 149.5 ± 0.5

33 ± 143.7 ± 1.1

30 ± 140.1 ± 1.0

28 ± 141.1 ± 0.9

210Po226Ra

MDA U-234:
0.02 Bq/kg

MDA Ra-226
0.10 Bq/kg
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AGRICULTURAL USE OF PHOSPHOGYPSUM

EXPERIMENTS WITH TOMATOE PLANTS

(USUAL PRODUCTION IN THE RECLAIMED SOILS FROM SW SPAIN).

MICRO-PLOTS  EXPERIMENTS

IT WAS STABLISHED FOUR DIFFERENT GROUPS 
(12 REPLICATES PER GROUP).

a) Control Group, C. No application of PG

b) Group of treatment T1. PG added equivalent to a usual treatment in 
the reclaimed soils (20 Mg. ha-1)

c) Group of treatment T2. PG added equivalent to 3 times usual 
treatment in the reclaimed soils (60 Mg. ha-1)

d) Group of treatment T3. PG added equivalent to 10 times usual 
treatment in the reclaimed soils (200 Mg. ha-1)
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MAIN  CONCLUSIONS

The effective doses susceptible to be received by the workers of the
analysed Phosphoric Acid plant, under normal working conditions, 

and by the workers in charge of the maintenance and construction of
the PG piles are clearly below 1 mSv/y.

The radioactive environmental impact associated to the activities of
the Phosphoric acid plants and the management of the

Phosphogypsum is nowadays practically negligible.

From the radiological point of view, it is safe the use of
Phosphogypsum in Agriculture as Ca- amendement for sodic soils.
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