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Highlights: 

· the application of GA removed 54% to 64% of TP. 

· kinetic studies and isotherms reached 56.84% and 92.94%, respectively. 

· the composition of the plasterboard can be used in wetlands for wastewater treatment 
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INTRODUCTION 

Increased phosphorus in water bodies can lead to eutrophication and cause serious environmental 

problems for water resources (Lürling et al., 2014). Several techniques have been successful in 

removing phosphorus (P) in wastewater, including physical (adsorption and filtration), chemical 

(chemical precipitation and ion exchange), and biological processes (plant uptake and microbial 

degradation) (Wang et al., 2016). Among them, adsorption stands out as a highly effective method for 

removing pollutants, characterized by operational simplicity, low costs, and the ability to perform 

effective removal without generating harmful by-products, with the possibility of reusing the 

adsorbent (Hoppen et al., 2019). Therefore, kinetic and equilibrium studies were conducted to 

evaluate phosphate adsorption onto gypsum plasterboard fragments and support the application of 

these wastes as filtering material in constructed wetlands treating wastewater. 

METHODOLOGY 

The gypsum plaster (GP) was obtained from losses and leftovers during production and was collected 

directly from the industry to avoid contamination. De Oliveira Souza et al. (2023) achieved 64% 

phosphate removal by applying this material in vertical subsurface flow constructed wetlands 

(VFCW) systems treating synthetic effluent. This study is the first approach to using gypsum waste in 

CW, indicating its potential as an adsorbent for reducing phosphate. 



 

 

 

 

For the adsorption studies, masses of 2.16 g of GP (particle size of 6.35 mm) were added to 125 mL 

Erlenmeyer flasks containing 50 mL of synthetic effluent (TP initial concentration of 10 mg L-1) and 

agitated at 150 rpm and 25 ºC in a shaker SOLAB, SL222. The samples were collected at 1, 3, 5, 8, 

10, 12, 14, 16, 18, 20, 22, 24, 27, and 30 h. For the isotherm studies, 0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 3.5, 

4.0, 4.5, 5.0, and 5.5 g of the GP were added to Erlenmeyer flasks with 50 mL of 0.01 M NaOH at the 

same operational conditions of the kinetics studies for 24 h. Phosphorus concentrations were 

determined in a UV-Vis spectrophotometer, HACH DR 5000, using the ascorbic acid method (4500-

P) (APHA, 2017). Pseudo-first order, pseudo-second order, and Elovich models (Lagergren, 1898; Ho 

and Mckay, 1999) for kinetics studies, and Langmuir, Freundlich, Liu, and Sips models (Freundlich, 

1906; Langmuir, 1916; Sips, 1948; Liu, 2003) for equilibium studies were applied for the 

experimental data adjustments using Origin® 9.5.1 software. 

RESULTS AND CONCLUSIONS 

De Oliveira Souza et al. (2023) verified CaO, SO3, P2O5, Fe2O3, SiO2, Al2O3, and SrO in the GP 

composition, with CW achieving TP removal efficiencies from 54 to 64% (fig.1). According to Han et 

al. (2022), materials rich in Fe, Al, Ca, and Mg are essential for the precipitation and adsorption of 

phosphorus and occur mainly through the formation of aluminum and iron phosphates, as well as 

adsorption on hydroxides and oxides of these elements. GP reached adsorption of 50.20% in the first 

14 h of the kinetic studies and increased until reaching the equilibrium at 24 h with TP removal of 

56.84%. Fittings of pseudo-first-order (R² 0.992; Δqe 0.90%), pseudo-second-order (R² 0.994; Δqe 

0.07%) and Elovich models (R² 0.995; Δqe 0,51%) suggested the chemisorption process. Wu et al. 

(2007) state that a model fitting is considered valid for R2 greater than 0.90 and Δqe lower than 15% 

(fig.2a). 

 
Fig. 1 - Scheme of the VFCW and details of the sorption studies 

Langmuir, Freundlich, Liu, and Sips non-linear models fitted the experimental data with various 

initial concentrations of adsorbent mass, reaching 92.94% in the isotherms (fig.2b). The highest R² 

0.985 obtained for Freundlich model describes equilibrium on heterogeneous surfaces, indicating 

physisorption and the formation of multilayers (Ho; Mckay, 1999). Similar results for phosphate 

adsorption onto other construction wastes were verified by Kuhn et al. (2023), who obtained 

Freundlich model (R² 0.99) in autoclaved aerated concrete; Cabral et al. (2021), who found Langmuir 



 

 

 

 

(R² 0.995), Freundlich (R² 0.999) and Sips (R² 0.998) models in unmodified red ceramics; and Wang 

et al. (2016), who observed Langmuir model (R2 0.98) in autoclaved cellular concrete. 

 

a) 

 

b) 

Fig. 2. - Fitings of a) kinetic models; b) equilibrium models 

Thus, GP construction wastes can be an efficient alternative adsorbent to remove PO4
3- from aqueous 

solutions. 
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