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Phosphogypsum: Its Role and Importance in the Phosphoric Acid Industry
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PG Production
Globally: 300 mt/year

(Senguptaand Dhal, 2021)

PG are partly (15%) managed 
via
i. CementProduction
ii. Agriculture
iii. Soilconditioning
iv. Others

The unmanaged (85%)
Globally: approx. 240 mt/year

Huge Management cost

Recurring use of PG directly as 
fertilizer can reduce soil fertility

Environmental and Soil health 
deterioration

For each ton of H3PO4

4-6 tons of PG are 
produced

Phosphogypsum (PG: CaSO4ϊнI2hύ ƛǎ ŀ ōǳƭƪ ƛƴŘǳǎǘǊƛŀƭ ǎƻƭƛŘ ǿŀǎǘŜ ƻŦ άǿŜǘ ǇǊƻŎŜǎǎέ ǇƘƻǎǇƘƻǊƛŎ ŀŎƛŘ ǇǊƻŘǳŎǘƛƻƴ



Phosphogypsumannual production in several countries 
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Country production (million tons/year) Reference (Awadet al 2024)

China 22.0ς75.0 Yang et al.2016; Sun et al.2022

USA 30.0ς50.0 ²ťŘǊȅŎƘƻǿƛŎȊet al.2019; Liang et al.2017

Morocco 14.0ς15.0 Ennaciriet al.2020a

Russia 14.0 Lutskiyet al.2018

Tunisia 10.0ς12.0 Garbayaet al.2021; Sametet al.2019; Lassaadand Kammoun2021; Zmemlaet al.2022

India 5.0ς12.0 Naresha et al.2016; Filho et al.2023; Havanagi et al.2018; Karim et al.2021; Palla et al.2022

South Korea 11.0 Rychkovet al.2018

Ukraine 10.0 Thakur et al.2023

Brazil 5.6ς10.0 Thakur et al.2023; Andrade Netoet al.2021; Nistiet al.2014

The Netherlands 4.0 Bituhet al.2021

Spain 3.0 tŞǊŜȊ-[ƽǇŜȊet al.2010

Turkey 3.0 5ŜỆƛǊƳŜƴŎƛ2008; ¢ǸǊƪŜƭand Aksin2012

Jordan 3.0 Al-Hwaitiet al.2005

Poland 1.5ς2.5 ²ťŘǊȅŎƘƻǿƛŎȊet al.2019; Foleket al.2011

Vietnam 1.2 Ngo et al.2022

Algeria 1.0 Chaalalet al.2020

https://link.springer.com/article/10.1007/s42824-024-00100-5#ref-CR42
https://link.springer.com/article/10.1007/s42824-024-00100-5#ref-CR89
https://link.springer.com/article/10.1007/s42824-024-00100-5#ref-CR50
https://link.springer.com/article/10.1007/s42824-024-00100-5#ref-CR121
https://link.springer.com/article/10.1007/s42824-024-00100-5#ref-CR79
https://link.springer.com/article/10.1007/s42824-024-00100-5#ref-CR168
https://link.springer.com/article/10.1007/s42824-024-00100-5#ref-CR103
https://link.springer.com/article/10.1007/s42824-024-00100-5#ref-CR46
https://link.springer.com/article/10.1007/s42824-024-00100-5#ref-CR61
https://link.springer.com/article/10.1007/s42824-024-00100-5#ref-CR71
https://link.springer.com/article/10.1007/s42824-024-00100-5#ref-CR107
https://link.springer.com/article/10.1007/s42824-024-00100-5#ref-CR119
https://link.springer.com/article/10.1007/s42824-024-00100-5#ref-CR136
https://link.springer.com/article/10.1007/s42824-024-00100-5#ref-CR136
https://link.springer.com/article/10.1007/s42824-024-00100-5#ref-CR9
https://link.springer.com/article/10.1007/s42824-024-00100-5#ref-CR105
https://link.springer.com/article/10.1007/s42824-024-00100-5#ref-CR13
https://link.springer.com/article/10.1007/s42824-024-00100-5#ref-CR108
https://link.springer.com/article/10.1007/s42824-024-00100-5#ref-CR32
https://link.springer.com/article/10.1007/s42824-024-00100-5#ref-CR139
https://link.springer.com/article/10.1007/s42824-024-00100-5#ref-CR5
https://link.springer.com/article/10.1007/s42824-024-00100-5#ref-CR149
https://link.springer.com/article/10.1007/s42824-024-00100-5#ref-CR47
https://link.springer.com/article/10.1007/s42824-024-00100-5#ref-CR104
https://link.springer.com/article/10.1007/s42824-024-00100-5#ref-CR21


Phosphogypsum: Its Potential Detrimental Role in Environment and Agriculture
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Direct and recurring use of PG as 

fertilizer can reduce soil fertility

I. Heavy Metal Accumulation: 

II. Soil pH Imbalance: 

III. Nutrient Imbalance:

IV. Soil Microbial dysbiosis

Environmental and Soil  

health deterioration

I. Radioactivity: 

II. Heavy Metals: 

III. Eutrophication: 

IV. Air Emissions:

V. Soil Microbial dysbiosis

Huge financial cost:

I. Storage and Handling

($5 to $10 per ton)

II. Environmental Monitoring

($1 to $2 per ton)

III. Remediation and Disposal

($20 to $30 per ton)



Phosphogypsummanagement approaches
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ÅChemical Approaches

VNeutralization

VSulfurRecovery

VPhosphorus Recovery

VRare Earth Elements (REEs) Extraction

VCarbonation

VRoasting

VMicrowave Heating

VRecrystallization

ÅMechanical Approaches

VStacking

VGrinding

VCompaction

VPelletization



Disadvantages of Chemical and Mechanical Management Process
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ÅEnvironmentalImpact:

I. Thepotentialfor soilandwatercontamination,if not managedproperly.

II. Toxicsecondaryby-product.
(2016stackfailurein Floridaledto a sinkholethat releasedover200milliongallonsof contaminatedwater into the FloridanAquifer)

ÅCostly: Many of these methods are expensiveand may not be economically

feasiblefor all regionsor industries(approx. $20 to $50per ton of PG).

ÅSafety: Handlingand processingPGcanposehealthand safetyrisksto workers,

especiallywhendealingwith hazardouschemicalsor fine particles.

ÅTime: Someof theseprocessareslowandtime takingprocess(Weeksto years)



Green and Sustainable management approaches (Available)
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Aspergillusniger

SulfurOxidizing Bacteria: 
Acidithiobacillusthiooxidans



Problem with the current biotechnological Phosphogypsummanagement 
approaches
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Solution: Indigenous 
Microorganisms (IMO) based 
Technology
to evaluate the feasibility of 
the biostimulationbased 
aerobic biotransformation
of PG using the indigenous 
microorganism


