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Introduction

Defining proper processes for the management and treatment of wastewater is a
crucial environmental topic. Uncontrolled wastewater discharge induces serious
deterioration of soil and water quality (Siciliano et al., 2020). In particular,
increasing runoff from agriculture expansion leads to increasing rates of nutrient
(N and P) over-enrichment and accelerated production of plant-based organic
matter in bodies of water (i.e. eutrophication) to the extent of causing ecological
and economic losses (Paerl, 2009). With such consequences being part of a
larger body of issues, closing the nutrient circular loop is of high concern and
interest (Muhmood et al., 2019), specifically via struvite (MAP) production. Since
struvite is a compound of magnesium, ammonium, and phosphorus, it could be
used to precipitate the contaminant phosphorus from agricultural runoff. In
addition to removing phosphorus, the remaining precipitate could then be
collected and used as an organic fertilizer. With developing the procedure of
production for this compound of magnesium, ammonium, and phosphate, we can
improve the efficiency in terms of crystal size. However, there is very limited
investigation into applications and integration of nutrient recovery via struvite in
agricultural field environments, including efficiency potential regarding amount
produced and continued crystal growth after initial nucleation. (Nageshwari &
Balasubramanian, 2022).

Struvite is a compound of ammonium (NH4), magnesium (Mg), and phosphate
(PO4) that forms in various conditions at a 1:1:1 molar ratio. The formation of
struvite has been represented by the following equation (Tansel et al., 2018).

As a solid of organic material, struvite commonly forms in wastewater treatment
plants, which work on removing and reducing it before clogging pipes. For almost
two decades, though, it has been recognized for its possible applications in
closing a gap in nutrient cycling in various industries (Nageshwari &
Balasubramanian, 2022). One unexplored application involves in-field agricultural
runoff filtration systems targeting phosphorus pollution (i.e. eutrophication
prevention). By adding the proper amounts of ammonium and magnesium to
runoff water containing phosphorus, the solid struvite could be formed, removed,
and applied to the original field as a slow-release organic fertilizer. While this
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application of struvite has both environmental and economical appeals, the
benefits and risks must be fully assessed before seeking to prototype an in-field
filtration method. Therefore by assessing the most efficient temperature
conditions for producing a struvite and removing the most phosphorus, research
can continue in determining feasibility of application in agriculture fields.

In addition to observing the amount of phosphorus removed through struvite
formation, the effectiveness and potential of struvite as an organic fertilizer can
also be evaluated by determining the rate of crystal growth after initial nucleation.
By evaluating the crystal growth at various temperatures, the effectiveness of
in-field application in agriculture climates will be determined as the rate of nuclei
formation is a strong function of temperature and supersaturation (Myerson &
Ginde, 2002).

Methodology

The experimental design will be divided into two different sections in which one investigates the
impacts of pH and temperature changes on pure solution of struvite and then one that observes
with samples collected from local crop fields. Changes in pH and temperature will be isolated,
meaning that when testing pH the solution will be a constant room temperature (25 degrees
celsius) and when testing temperature the solution will be at a constant pH of 9. The constant
pH of 9 was determined through preliminary trials in which the solution of magnesium chloride,
ammonium nitrate, and sodium phosphate was tested with the mole ratio of 1:1:1 with 1/10 of
g/mol concentration.

Pure Solution (not including field sample):

Set-up
i. In a 1000 mL beaker of distilled water, 9.5211 g of magnesium chloride, 16.394 g

ammonium nitrate, and 8.0043 g sodium phosphate. These measurements are
1/10 of the molar mass of each respective compound at a 1:1:1 mole ratio.
Beaker will then be placed on a hot plate and stirred at 200 RPM for 30 minutes
in a fume hood.

1. pH experiment:
a. Using a stock solution of sodium hydroxide, I will adjust the pH of

to three different levels. This will be done before placing the
beaker solution on the stirring plate.

2. Temperature experiment
a. Using the hot plate, the beaker solution will be adjusted to three

different temperatures before stirring for 30 min.
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ii. After the 30 min, the solution will be filtered through filter paper in order to
separate the struvite from the liquid. The filter paper with the struvite will be left to
dry in the fume hood for two days before observing the characteristics of the
struvite produced.

Pure Solution (not including field sample):

1. Set-up
a. In a 1000 mL beaker of field water, 9.5211 g of magnesium chloride, 16.394 g

ammonium nitrate, and 8.0043 g sodium phosphate. These measurements are
1/10 of the molar mass of each respective compound at a 1:1:1 mole ratio.
Beaker will then be placed on a hot plate and stirred at 200 RPM for 30 minutes
in a fume hood.

i. pH experiment:
1. Using a stock solution of sodium hydroxide, I will adjust the pH of

to three different levels. This will be done before placing the
beaker solution on the stirring plate.

ii. Temperature experiment
1. Using the hot plate, the beaker solution will be adjusted to three

different temperatures before stirring for 30 min.
b. After the 30 min, the solution will be filtered through filter paper in order to

separate the struvite from the liquid. The filter paper with the struvite will be left to
dry in the fume hood for two days before observing the characteristics of the
struvite produced.
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NO DATA, THEREFORE NO CONCLUSION


