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On the fate of radionuclides in the 
environment – a NORM case study and 

an experimental scenario with 137Cs  

Understanding the fate of radionuclides in NORM (naturally ocurring radioactive materials) structures is crucial to 

guarantee the radiological safety of the public. Recently (2017) a new insight in the potential radiological hazards of the 

phosphogypsum (PG) stockpile of Barreiro (from disabled Quimigal phosphate factory), has been accomplished, by 

clearing some aspects such as the 226Ra bioavailability from the gypsum matrix, and the radioactive concentrations of 

uranium decay products in herbaceous plants (Plantago sp.) and moss (Bryum sp.) covering the stockpile. High 

concentrations of 226Ra and 210Pb in moss confirmed its significant transport on the surface of the tailing pile. 

Significant concentrations of 226Ra and 210Pb were also estimated in Plantago roots, but nevertheless lower in aerial 

green parts (Table 1).

A recent experimental approach (2017) has been dealing with the release of 137Cs during the biodegradation of contaminated plant tissues in soil, a phenomenon that 

enhances the remobilization of this fallout radionuclide in the environment. This research was focused on the role of humic acid-like compounds (HA-LC) during the 

biodegradation of plant mass (alfalfa, Medicago sativa) contaminated with 137Cs by root uptake (internal contamination) and simulated radioactive precipitation upon 

exposed plant surfaces (external contamination). To identify the carrier of Cs in the eluates form the compost, a sequential chromatographic analysis was made by using 

reversible phase chromatography (RPC) size exclusion chromatography (SEC) (Table 3), and high-performance liquid chromatography (HPLC) (Figure 1). 137Cs was 

associated with HA-LC in eluates from biomass and especially with their lighter fraction. In the remaining detritus 137Cs was markedly mobile and only minor amounts were 

retained. 137Cs release rates were markedly different according to the mode of contamination: while in the internally contaminated biomass the rate decreased during 

composting, in the externally contaminated biomass the rate increased (Figure 2). 

Ongoing work is being devoted to the understanding of the interaction between humic acids (HA) and 137Cs associated to clay mineral 

particles.  Obtained results with clay mineral montmorillonite (Mnt) show that 137Cs bioavailability strongly depends on the clay 

associated HA characteristics (Fig. 3). Experimental trials with i) fresh HA obtained from plant tissues compost (HALC17), ii) similar 

HA which were 1 year old (HALC16), and iii) commercially available “stable” HA, showed that 137Cs associated with 1 year old HA 

had enhanced availability (60%) after adsorption on Mnt. On the other hand, the most retaining effect was produced with stable HA: 

only 24% of the initial activity of 137Cs was released to the liquid phase in a bioavailability test.

Interestingly, radium extraction with citric acid, a common nutrient solvent 

exudated by  plant roots,  showed that only a low quantity of 1.6% of total 226Ra 

resident in the PG matrix is bioavailable (Table 2). 
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The most important consequences coming from these results pertain to the remediation

measures after a nuclear accident. The good practice would be not to leave contaminated

biomass on fields if soil is to be protected. From another point of view, the activity of 137Cs in

collected biomass decreases in a few months on an acceptable level if this biomass is composted

under controlled conditions.

Figure 3. Quantity of 137Cs in liquid phase after contact with 

Mnt. The bioavailable fraction of 137Cs was released with 1M 

ammonium acetate.

Figure1. SEC-HPLC chromatogram of HA–LC present in 

eluates before purification with SEC (dash line) and 

chromatogram of HA–LC carrying 137Cs present in the 

fraction no. 4 from SEC (see Table 3) (solid line)

Table 2. 226Ra released from PG by leaching agents HCl and citric acid. Original 

activity concentration of 226Ra in PG was 600 ± 40 Bq kg-1, dry weight.

Table 1. Activity concentrations in Bq kg-1, dry weight. Variation intervals correspond to the expanded uncertainty of 

measurement (k=2)

Table 3. 137Cs in eluates from SEC

Figure 2. 137Cs release rates from externally contaminated (A) and internally contaminated (B) 

biomass (intercalate water addition was needed to reactivate biodegradation).
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Former applications of PG for soil amendment did not have a measurable impact 

on the increase of 226Ra in crops. Nevertheless, preliminary experiments with 

crops and soil-PG mix would confirm the safe use of PG from the Barreiro 

stockpile.
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