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Abstract

The use of renewable biochar for the recovery of phosphate has great potential for environmental and socio-economic benefits. The low cost,

renewable agriculture and animal waste biochar can be used for beneficial application such as pollution remediation as an adsorbent, catalyst, soil

fertility improvement etc.
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Introduction

Phosphates are essential nutrients for plants and other
biological organisms. So far, this element is one of the fundamental
building blocks which mainly constitute nucleic acids (DNA and
RNA), complex carbohydrates and phospholipids [1]. In order to
feed rapidly increasing human populations, more lands need to be
cultivated and crop yields should be increased. For this purpose, we
require P-based fertilizers which are going to replenish. Also, the
global phosphate rock reserves are complicated and depleting. It is
due to exploitation of environmentally and culturally areas where
phosphates are found [2]. Therefore, recoveries of phosphates from
environment is very important to concurrently reduce the negative
impacts of eutrophication as well as helping to transform P from a
limited source into a more renewable resource. Similarly, intensive
concentrated animal feeding operations (CAFOs) system is currently
an important part of agricultural economy. On the other hand,
this kind of practice usually generates a great deal of wastewater,
which mostly contain high concentration of phosphorous. If this
wastewater is not treated reasonably, it can also facilitate mosquito

breeding and the spread of bacteria in rural areas when it is exposed
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to air. Also, these kinds of increasing discharges from human
industrial activities, mostly phosphorus pollution become global
environmental problem. Even small amounts of phosphate on
surface water can enhance algal blooms and cause eutrophication.
In fact, eutrophication leads excess algae overgrowth, which can
threat aquatic systems as well as human health. Eutrophication
has serious economic impacts as the aesthetic and recreational
qualities of the water bodies as well as industrial use. More serious
impacts may also occur due to eutrophic conditions causing
cyanobacteria species, some of them produce toxins that can cause
harm to humans and domesticated animals. Once a lake has become
eutrophic, it could take several years or more to remediate [3].
Regarding all these scenarios, eutrophication has been identified as

a major threat that needs to be addressed as soon possible.

In the past, most studies were focused on powdered activated
carbon (PACs) which can effectively remove organic micro
pollutants from wastewater. However, PAC production is energy
intensive, time consuming and expensive [4]. In literature, some

studies have shown that biochars, which are solid products,
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generally produced from the thermochemical treatment are capable
of adsorbing various species including phosphates. Bio-chars can
be obtained from any waste biomass which mostly includes (saw
dust, bagasse, corn stalks, tomato tissues, orange peels etc.) [5].
Recently, it was studied municipal waste biochar in wastewater
treatment for nutrients recovery [6,7]. In these studies, the
municipal waste biochar successfully used for nutrient recovery in
the wastewater. This allows not only removal of potential pollutants
in wastewater but also promoting sustainable agriculture through
the use of nutrient enriched biochar in soil amendment. To improve
the adsorption capacity of biochars in aqueous phase, nowadays
several attempts have been conducted to synthesize engineered
biochars with unique structures and surface chemistry properties
[8].In fact, engineered Mg-biochar nanocomposites with nano-sized
magnesium oxides (Mg-O) reported higher adsorption capacity
of phosphate in aqueous phase [9] studied chemically modified
biochars for the phosphate recovery. The studies concluded that
biochar phosphate intake capacities can be improved by chemical
activation of biochars (post-treatment) and biomass (in-situ
treatment) with metal salts, KOH and acids. However, the phosphate

adsorption observed was minimal.

Recently, there has been a significant interest in converting
agricultural and forest biomass into value-added products, mostly
adsorbents for the mitigation of environmental pollutants. Several
researchers proposed agricultural/ fruits waste as precursors for
synthesis of activated carbons for the removal of contaminants
in water. Additionally, removal efficiencies were dependent on
pyrolysis process temperature and pH of the system. Since biochar is
a generic term, its characteristic solely depends on its composition
of the source biomass and pyrolysis conditions. Different feedstock
has different proportions of element composition, and thus exhibits
different properties as well as various performance. For example,
straw derived biochar had a higher potassium content and pH than
the wood biochar. Moreover, the straw derived biochar had higher
volatile content, which can be more easily removed than non-
volatile content during the pyrolysis process. Also, manure from
pig and cow showed different proportions of element composition.
Therefore, the types of feedstocks have significant effects on the
physiochemical properties of biochar. The biochar converted from
anaerobically digested sugar beet tailings demonstrated great
ability to remove phosphate from water [10]. In future, renewable
resources should be considered as adsorbents. In fact, protein
containing waste biomass are good choice. The high content of
terminal amino groups are effective adsorbents for all kinds of
organic and inorganic pollutants. Furthermore, biochar obtained
from renewable wastes could synergistically improve water and air
quality, carbon sequestration, greenhouse gas emissions mitigation
etc. Furthermore, biochar can also be used as catalyst in wet air

oxidation process.
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Biochar as a Universal Sorbent

Biochar is not only used for phosphorus reclamation, but it
also has capacity to serve green environment sorbent. The use of
carbonaceous materials has been reported elsewhere as sorbents
for organic and inorganic contaminants in soil and water [11,12].
Mostly, the use of biochar to remove most persistent organic
contaminants such as pesticides, herbicides, poly-cyclic aromatic
hydrocarbons, dyes and antibiotics are of great interest. Only limited
studies are available in literature to remediate soil contaminants.
Therefore, future studies should focus on the use of renewable
biochar from waste biomass to treat soil contaminants. Although
biochar can have a different effect on the mobility of contaminants
such as metal, the use of diverse agriculture products biochar can
be used for specific purpose. For example., biochar derived from
soybean stalks work better for phenanthrene and (Hg II) adsorption
[11]. Furthermore, the use of magnetic biochar from waste biomass

has remarkable application in various industries [13].

Concluding Remarks

Mountains amounts of dairy manure, wastewater, other
industrial and agriculture by products are responsible for
environment pollutions. However, combined modifications of these
waste resources in the form of biochar exhibited high adsorption
ability for phosphate and other contaminants at low cost.
Undoubtedly, the use of biochar from waste biomass have great
implications. Converting waste lignocellulosic biomass into biochar
will offer effective solution for the safe and beneficial disposal. On
the other hand, it can be used as adsorbents, renewable energy,

remediate contaminated soil etc.

Acknowledgement

None.

Conflict of Interest

No conflict of interest.

References

1. Su CC, Abarca RRM, de Luna MDG, Lu MC (2014) Phosphate recovery
from fluidized-bed wastewater by struvite crystallization technology.
Journal of the Taiwan Institute of Chemical Engineers 45(5): 2395-2402.

2. Zhang H, HuJ, Qi Y, Li C, Chen ], et al. (2017) Emission characterization,
environmental impact, and control measure of PM2. 5 emitted from
agricultural crop residue burning in China. Journal of Cleaner Production
149: 629-635.

3. Zheng Y, Wang B, Wester AE, Chen ], He F et al. (2019) Reclaiming
phosphorus from secondary treated municipal wastewater with
engineered biochar. Chemical Engineering Journal 362: 460-468.

4. Thompson KA, Shimabuku KK, Kearns JP, Knappe DR, Summers RS, et
al. (2016) Environmental comparison of biochar and activated carbon
for tertiary wastewater treatment. Environmental science & technology
50(20): 11253-11262.

5. YaoY, Gao B, Chen ], Zhang M, Inyang M, et al. (2013) Engineered carbon
(biochar) prepared by direct pyrolysis of Mg-accumulated tomato

Page 2 of 3


http://dx.doi.org/10.33552/WJASS.2020.06.000633
https://www.sciencedirect.com/science/article/abs/pii/S1876107014001072
https://www.sciencedirect.com/science/article/abs/pii/S1876107014001072
https://www.sciencedirect.com/science/article/abs/pii/S1876107014001072
https://www.sciencedirect.com/science/article/abs/pii/S0959652617303074
https://www.sciencedirect.com/science/article/abs/pii/S0959652617303074
https://www.sciencedirect.com/science/article/abs/pii/S0959652617303074
https://www.sciencedirect.com/science/article/abs/pii/S0959652617303074
https://www.sciencedirect.com/science/article/abs/pii/S1385894719300427
https://www.sciencedirect.com/science/article/abs/pii/S1385894719300427
https://www.sciencedirect.com/science/article/abs/pii/S1385894719300427
https://pubs.acs.org/doi/10.1021/acs.est.6b03239
https://pubs.acs.org/doi/10.1021/acs.est.6b03239
https://pubs.acs.org/doi/10.1021/acs.est.6b03239
https://pubs.acs.org/doi/10.1021/acs.est.6b03239
https://www.sciencedirect.com/science/article/abs/pii/S0960852413004252
https://www.sciencedirect.com/science/article/abs/pii/S0960852413004252

World Journal of Agriculture and Soil Science Volume 6-Issue 2

tissues: characterization and phosphate removal potential. Bioresource digested sugar beet tailings. Journal of hazardous materials 190(1-3):
technology 138: 8-13. 501-507.

6. DaiY,ZhangN, Xing C, Cui Q, Sun Q (2019) The adsorption, regeneration,  11.Kong H, He ], Gao Y, Wu H, Zhu X (2011) Cosorption of phenanthrene
and engineering applications of biochar for removal organic pollutants: and mercury (II) from aqueous solution by soybean stalk-based biochar.
areview. Chemosphere 223: 12-27. Journal of agricultural and food chemistry 59(22): 12116-12123.

7. Manyuchi MM, Mbohwa C, Muzenda E (2018) Potential to use municipal =~ 12.Liu SB, Tan XF, Liu YG, Gu YL, Zeng GM, et al. (2016) Production of
waste bio char in wastewater treatment for nutrients recovery. Physics biochars from Ca impregnated ramie biomass (Boehmeria nivea (L.)
and Chemistry of the Earth, Parts A/B/C 107: 92-95. Gaud.) and their phosphate removal potential. Rsc Advances 6(7): 5871-

5880.

8. Liu X, Shen F Qi X (2019) Adsorption recovery of phosphate from
aqueous solution by CaO-biochar composites prepared from eggshell  13.Bradford SA, Segal E, Zheng W, Wang Q, Hutchins SR (2008) Reuse of
and rice straw. Science of The Total Environment 666: 694-702. concentrated animal feeding operation wastewater on agricultural

. lands. Journal of Environmental Quality 37(S5): S-97.
9. Takaya CA, Fletcher LA, Singh S, Okwuosa UC, Ross AB (2016) Recovery of

phosphate with chemically modified biochars. Journal of environmental
chemical engineering 4(1): 1156-1165.

10.Yao Y, Gao B, Inyang M, Zimmerman AR, Cao X, et al. (2011) Removal of
phosphate from aqueous solution by biochar derived from anaerobically

Citation: Kalidas Mainali. Reclaiming Phosphorus from Wastewater Effluents including Renewable Biochar. World ] Agri & Soil Sci. Page 3 of 3
6(2): 2020. WJASS.MS.ID.000633. DOI: 10.33552/W]JASS.2020.06.000633.


http://dx.doi.org/10.33552/WJASS.2020.06.000633
https://www.sciencedirect.com/science/article/abs/pii/S0960852413004252
https://www.sciencedirect.com/science/article/abs/pii/S0960852413004252
https://www.sciencedirect.com/science/article/abs/pii/S0045653519301778
https://www.sciencedirect.com/science/article/abs/pii/S0045653519301778
https://www.sciencedirect.com/science/article/abs/pii/S0045653519301778
https://www.sciencedirect.com/science/article/abs/pii/S0048969719307211
https://www.sciencedirect.com/science/article/abs/pii/S0048969719307211
https://www.sciencedirect.com/science/article/abs/pii/S0048969719307211
https://www.sciencedirect.com/science/article/abs/pii/S2213343716300112
https://www.sciencedirect.com/science/article/abs/pii/S2213343716300112
https://www.sciencedirect.com/science/article/abs/pii/S2213343716300112
https://pubmed.ncbi.nlm.nih.gov/21497441/
https://pubmed.ncbi.nlm.nih.gov/21497441/
https://pubmed.ncbi.nlm.nih.gov/21497441/
https://pubmed.ncbi.nlm.nih.gov/21497441/
https://pubmed.ncbi.nlm.nih.gov/21999804/
https://pubmed.ncbi.nlm.nih.gov/21999804/
https://pubmed.ncbi.nlm.nih.gov/21999804/
https://acsess.onlinelibrary.wiley.com/doi/abs/10.2134/jeq2007.0393
https://acsess.onlinelibrary.wiley.com/doi/abs/10.2134/jeq2007.0393
https://acsess.onlinelibrary.wiley.com/doi/abs/10.2134/jeq2007.0393

	_GoBack

