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Executive Summary: Phosphate rock (PR) is a finite and limited resource from which
phosphorus (P) is mined for use in fertilizer. Approximately 40% of P applied as fertilizer is
lost to erosion, and nutrient pollution and eutrophication caused by run-off from excess P in
agriculture is a pervasive environmental issue. As agricultural demand for P fertilizers
increases, existing reserves of PR are depleted and alternate sources need to be considered. To
ensure a sustained supply of P without destabilizing global food security, there is an urgent
need to implement feasible policy and technology options. Establishing a circular economy
where P is recovered from existing nutrient-rich waste streams and reused as fertilizers is a
viable solution to the dual problem of nutrient pollution and availability. This policy memo
offers the Environmental Protection Agency (EPA) and US Congress guidance to prioritize
phosphorus policies by: (1) establishing a Federal Advisory Committee on a circular economy
for P; (2) increasing Congressional funding of P-recovery research, (3) issuing a national ban
on certain phosphate-bearing products, and (4) deregulating struvite from the 40 CFR Part
503 Biosolids Rule. We recommend implementation of a synergistic combination of the
proposed policy options to accelerate transition to a circular P-economy.

I. Introduction
Phosphorus (P) is an essential nutrient for plant
growth and food production and is fundamental to all
living things (Sutton et al. 2013). Most of the P used in
fertilizers and industrial products comes from
phosphate rock (PR), a finite and mineable resource
found in the earth’s crust. Currently, the global PR
reserve is estimated to be ~70 million tons (USGS
2021), and annual consumption of P is projected to
increase to 49 million tons by 2024 from 47 million
tons in 2020 (USGS 2021). As a result, mineable P
from PR is estimated to deplete within the next ~80
years (Cordell and White 2011; MIT 2016). Increasing
fertilizer production and the resulting stress on
existing PR reserves has increased the cost of PR by
tenfold in the last decade (Alewell et al. 2020;
Amundson et al. 2015), and the prospect of a PR
shortage threatens global food security because PR is
the primary source of P for fertilizer production.

In addition to depleting finite stores of PR, excessive
manufacture and use of P compounds negatively
affects the environment. In US waters, P arises from

various point and non-point sources (NPS) like
wastewater treatment plants (WWTPs), industries,
agricultural runoff, concentrated animal feeding
operations (CAFOs), urban stormwater, and combined
sewer overflows.

Mining of PR endangers landscapes and disrupts
ecological balance, causing widespread damage to
land that serves as valuable habitat to endemic plant
and animal species (Center for Biological Diversity
2021). For instance, over 100,000 acres of land in
Florida have been mined for PR causing widespread
contamination through radioactive waste leakage and
water pollution which threaten Florida's groundwater
resources (Center for Biological Diversity 2021).
Furthermore, current P management in farming
systems is modeled on an open P-cycle. In this system,
natural recycling of P is prevented by excessive
anthropogenic input and waste and most P applied in
agriculture is not utilized, with only 15-20% of the P
in PR reaching the food consumed globally (Sutton et
al. 2013). Underutilized P accumulates in soil and ~
39.5% of P is lost through erosion and run-off (Lun et
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al. 2018), exacerbating eutrophication, triggering
harmful algal blooms (HABs) and creating hypoxic
dead zones in water bodies (CRS 2020; US EPA 2021)
(Carpenter et al. 1998; Szymańska et al. 2020). The
economic cost of eutrophication in the US was
estimated to be over $2.2 billion annually in 2008
(Dodds et al. 2008) and is expected to be much higher
today.

Because there are no substitutes for P in agriculture,
the need to establish alternate sources to meet
agricultural demands for phosphate will become
ever more pressing. In 1979, a report to the US
Congress submitted by the Comptroller General of
the US called for action on long-term P security in
the US. Specifically, the report recommended an
assessment and review of the US’s existing
phosphate reserves, future availability, and
legislative interventions to ensure continued supply
(USGAO 1979; Jacobs et al. 2017). Despite this
report, no governmental action was taken nor
policies implemented to ensure sustained supply of
P in the future. The finite nature of PR reserves and
negative environmental impacts associated with
improper P management can have disastrous
consequences globally. Sustainable management of P
must focus on managing existing reserves efficiently,
decreasing application of P fertilizers, and closing
phosphate loops to reduce environmental impacts
on aquatic systems and biodiversity (Carpenter and
Bennett 2011, Olde Venterink 2011).

II. Current phosphorus policy and key challenges
Current nutrient management in the US is under the
jurisdiction of the Environmental Protection Agency
(EPA) as mandated by the Clean Water Act (CWA
1972). However, the CWA largely focuses on
regulating point-source discharges into navigable
waterways and exempts non-point source (NPS)
discharge such as farm run-off. The EPA is heavily
reliant on individual States in addressing and
establishing P limits through state water quality
standards and numeric nutrient criteria under the
CWA. Currently, most US states are not compliant
with EPA’s nutrient criteria (US EPA 2016).

Alleviating environmental stress caused by P
pollution requires changing global patterns of
fertilizer production and consumption. One solution
to impending P scarcity lies in establishing a circular
economy that focuses on recapturing, recycling, and

efficiently reusing P. A circular economy enables the
conservation of a material's value within the
economic system for a longer duration (European
Commission 2020) and serves to mitigate P demand
by extending the life cycle of environmentally
extracted raw materials (Gaustad et al. 2018).
Successful transition to a circular economy for P
(P-economy) could be initiated by reducing
environmental losses and utilizing wastes from
various sources such as agricultural, mining, and
industrial sectors (El Wali et al. 2021; Geissler et al.
2020). Wastewater recovered P product is called
struvite and is generated by engineered
precipitation (NEBRA 2017) with the goal of being
used as a fertilizer. Additional steps to create a
circular P-economy include creating niche markets
for recovered P fertilizers (Nättorp et al. 2019),
improving recovery technologies (Egle et al. 2016),
increasing recovered P production capacities
(Jedelhauser and Binder 2018), and updating the
legal limitations in P-recovery processes (Barquet et
al. 2020).

The challenges of designing and implementing a
circular P-economy are multifold and barriers to
adoption of a national and global strategy ensuring P
sustainability are technological, socioeconomic,
political, and institutional (Sarvajayakesavalu et al.
2018). These challenges are exacerbated by the fact
that different stakeholders are in charge of
implementing different parts of the system. In the
US, recovering P from nutrient-rich sources (e.g.
municipal wastewater) falls under the jurisdiction of
states, and is usually managed by agricultural
mandates, contaminant criteria, and directives.
Deployment of P recovery technologies occurs at the
municipal level in wastewater treatment plants and
are the water boards’ responsibility. State and
federal governments are responsible for developing
legislation on P-recovery and the fertilizer
companies are responsible for introducing and
obtaining certifications of the recovered P on the
fertilizer market (De Boer et al. 2018). All three
stakeholders have other vested economic interests
which will hinder transition to a circular P-economy
model. For example, the fertilizer and agricultural
market in the US is industry-controlled and driven
by the consumerist model, where more is better, and
has proven extremely hard to change. State
governments often consider updating existing
infrastructure to be burdensome, citing lack of
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funding, labor shortages, and technology limitations
(Bunce et al. 2018). Without a federal directive, a
federally mandated universal nutrient management
plan, and additional funding, states will have no
incentive or interest in upgrading water treatment
facilities and agricultural operations to recover P
from waste streams.

In contrast to the US, European countries have made
progress concerning P-recovery and reuse of
wastewater recovered fertilizer in the last decade.
For example, Germany and Switzerland mandated
P-recovery for wastewater treatment plants (De
Boer et al. 2018). Through the efforts of engaged
stakeholder groups like the European Sustainable
Phosphorus Platform (ESPP), the European Union
has transitioned to integrating resource recovery
within the fabric of sustainable environmental
policy. The ESPP has helped bring together various
experts in accelerating policy developments at the
industrial, academic, political, and legislative level.
Legislation concerning recovery of phosphorus and
resultant products has not yet been developed in the
US and achieving policy progress competitive with
the European Union will require collaboration
among numerous government and industry
stakeholders (Sarvajayakesavalu et al. 2018).

III. Policy Options
The objective of this policy memo is to recommend
policies to the EPA and appropriation guidance to
the US Congress for establishing P recovery and
recycling principles from agricultural and domestic
wastewater. We outline multiple policy options to
encourage a transition to a circular P-economy and
to strengthen acceptance of recovered P fertilizers in
the agricultural industry.

i. Option 1: Establish a Federal Advisory Committee on
a circular economy for phosphorus
The EPA could establish a Federal Advisory
Committee on Phosphate (FACP) using guidelines
established by the Federal Advisory Committee Act.
The FACP would consist of multiple stakeholders
representing the federal and state governments,
academia, industry, members from additional
stakeholder groups, and other specialized groups
with expertise in establishing a circular economy for
P (e.g., Arizona State University n.d). The FACP
would be tasked with assessing current nutrient
recovery potential as well as establishing a

framework and an executable timeline to transition
to a circular economy for P-recovery.

Advantages
The FACP would facilitate collaboration among
multiple stakeholders and the public as well as
generate new policy alternatives.

Disadvantages
Establishing an FACP is a time-consuming,
bureaucratic, and laborious process. Conflict among
stakeholders, especially those governed by different
interests can delay implementation of the FACP’s
recommendations. The fertilizer industry wields
strong influence through their lobbying efforts
which can further delay implementation at the local
level.

ii. Option 2: Increase Congressional funding towards
research and development of deployable nutrient
recovery technologies
Congress should allocate funds through the annual
appropriations process to federal agencies like EPA,
NSF, USDA and USGS to increase research and
innovation in P recovery technologies to prevent P
discharge to the environment. Currently EPA, NSF,
USDA, and USGS fund research on P-removal
technologies on a small scale. The development and
deployment of scalable technologies has been slow
and is practically non-existent and increased funding
from federal agencies would ensure more research
grants are available for innovation through
fundamental science, engineering, and technological
advancements.

Advantages
Financial support will accelerate research in scalable
technologies to recover P from nutrient-rich sources.

Disadvantages
Federal budget increases and allocations occur
through the annual appropriations process, and at
the discretion of Congress. Unless properly justified
and lobbied, Congress might not allocate appropriate
funds to support increased research funding.

iii. Option 3: Development of supplementary
guidelines
The EPA should amend the 40 CFR Part 503
Biosolids Rule to deregulate struvite and issue a
country-wide ban on phosphate-bearing household
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laundry detergents, soaps, and cleaners. Although
the EPA currently considers exemptions for struvite
on a case-by-case basis (EPA 1994), the EPA could
deregulate this class of solid products entirely once
it meets an established quality criterion. Currently, a
ban on household cleaners with phosphate exists in
17 states. The EPA should rescind the registration of
products that contain P to reduce nutrient pollution
and register environmentally friendly alternatives to
these products.

Advantages
Deregulating struvite will help alleviate concerns
about the potential adverse impact of land
application and increase its acceptance in the US
marketplace. Bans on household products with
phosphate will reduce capital and operating costs of
wastewater treatment plants and improve water
quality in small and medium-scale water bodies
currently impaired by phosphate pollution. This ban
can be implemented immediately without waiting
for formulation and innovation of new products as
phosphate-free household products are currently
sold in US markets. Moreover, the introduction of a
phosphate ban would be a market-driver for new
phosphate-free products (Barquet et al. 2020).

Disadvantages
Pushback from large industry groups and lobbying
firms may influence state and federal politicians,
water boards, and wastewater treatment operators
hindering implementation of directives. Struvite is a
relatively new fertilizer and despite having gained
some recognition in the last two decades it is still
unknown to large fertilizer companies and potential
end users. This lack of recognition can delay
acceptance for use on a larger scale (de Vries et al.
2017).

iv. Option 4: Inaction
The cost of inaction is scarcity of P and increased
environmental pollution. From this, the global price
of P fertilizer will likely increase, and the US may
become excessively reliant on imports of P fertilizers
from other countries.

IV. Policy Recommendations
We recommend implementation of a synergistic
combination of the proposed policy options as the
most sustainable long-term solution to establishing a
circular P-economy. Although an improvement over
the current P policy scenario, individually
implementing each recommended policy will be only
a small step towards a circular P-economy while
cumulatively they stand to make a much larger
impact. Moreover, the timeline for implementation of
individual policies vary widely. For instance, the ban
on household products with phosphate and
guidelines to deregulate struvite from the Biosolids
Rule can be implemented immediately and will start
reducing P loads in water bodies. Establishing the
FACP and increasing Congressional funding of
research consist of multiple intermediary steps and
will take longer to implement. Collectively, these
recommendations work towards creating a
supportive platform for stakeholders to adopt
practices that transition the current linear P cycle in
the US towards circularity.

These changes address implementable solutions,
political obstacles, and promote economic
sustainability. It is likely that changes will be met
with resistance and receive pushback by politicians
and industry-focused groups. A successful transition
will need to focus on strong collaboration between
farmers, industry, and all relevant stakeholders in
the P-economy space. Forward-thinking nutrient
recovery policies will improve overall P
sustainability and accelerate regulatory
development pertaining to management of P in
municipal wastes, farming, agricultural, and
industrial waste.

References
Alewell, Christine, Bruno Ringeval, Cristiano Ballabio,

David A. Robinson, Panos Panagos, and Pasquale
Borrelli. 2020. “Global Phosphorus Shortage Will
Be Aggravated by Soil Erosion,” Nature
Communications 11(1): 1–12.
https://doi.org/10.1038/s41467-020-18326-7.

Amundson, Ronald, Asmeret Asefaw Berhe, Jan W.
Hopmans, Carolyn Olson, A. Ester Sztein, and
Donald L. Sparks. 2015. “Soil and Human Security
in the 21st Century.” Science 348 (6235).
https://doi.org/10.1126/science.1261071.

Arizona State University. n.d. “Sustainable Phosphorus
Alliance”. Accessed July 14, 2021.
https://phosphorusalliance.org/.

www.sciencepolicyjournal.org JSPG, Vol. 20, Issue 1, March 2022

https://doi.org/10.1038/s41467-020-18326-7
https://doi.org/10.1126/science.1261071
https://phosphorusalliance.org/
https://phosphorusalliance.org/
http://www.sciencepolicyjournal.org


Journal of Science Policy & Governance POLICY MEMO: PHOSPHORUS CIRCULAR ECONOMY

Barquet, Karina, Linn Järnberg, Arno Rosemarin, and
Biljana Macura. 2020. “Identifying Barriers and
Opportunities for a Circular Phosphorus Economy
in the Baltic Sea Region.” Water Research 171:
115433.
https://doi.org/10.1016/j.watres.2019.115433.

Bunce, Joshua T., Edmond Ndam, Irina D. Ofiteru, Andrew
Moore, and David W. Graham. 2018. “A Review of
Phosphorus Removal Technologies and Their
Applicability to Small-Scale Domestic Wastewater
Treatment Systems,” Frontiers in Environmental
Science 0, 0. Frontiers.
https://doi.org/10.3389/fenvs.2018.00008.

Carpenter, S. R, N. F Caraco, D. L Correll, R. W Howarth, A.
N Sharpley, and V. H Smith. 1998. “Nonpoint
Pollution of Surface Waters with Phosphorus and
Nitrogen.” Ecological Applications 8 (3): 559.
https://doi.org/10.2307/2641247.

Carpenter, Stephen R., and Elena M. Bennett. 2011.
“Reconsideration of the Planetary Boundary for
Phosphorus.” Environmental Research Letters 6
(1):014009.
https://iopscience.iop.org/article/10.1088/1748
-9326/6/1/014009.

Center for Biological Diversity. 2021. “Phosphate Mining”.
Accessed July 14, 2021.
https://www.biologicaldiversity.org/campaigns/
phosphate_mining/.

Childers, Daniel L., Jessica Corman, Mark Edwards, and
James J. Elser. 2011. “Sustainability Challenges of
Phosphorus and Food: Solutions from Closing the
Human Phosphorus Cycle,” BioScience 61 (2):
117–24.
https://doi.org/10.1525/bio.2011.61.2.6.

Congressional Research Service (CRS). 2020. “Freshwater
Harmful Algal Blooms: An Overview, CRS In Focus.
CRS Report.” Accessed February 21, 2022. .
https://crsreports.congress.gov/product/pdf/IF/
IF10690.

Cordell, D., A. Rosemarin, J. J. Schröder, and A. L. Smit.
2011a. “Towards Global Phosphorus Security: A
Systems Framework for Phosphorus Recovery
and Reuse Options.” Chemosphere 84 (6): 747–58.
https://doi.org/10.1016/j.chemosphere.2011.02.
032.

Cordell, Dana, and Stuart White. 2011b. “Peak
Phosphorus: Clarifying the Key Issues of a
Vigorous Debate about Long-Term Phosphorus
Security.” Sustainability 3 (10): 2027–49.
https://doi.org/10.3390/su3102027.

Cordell, Dana, and Stuart White. 2014. “Life’s Bottleneck:
Sustaining the World’s Phosphorus for a Food
Secure Future.” Annual Review of Environment and
Resources 39 (1): 161–88.
https://doi.org/10.1146/annurev-environ-01021
3-113300.

De Boer, Marissa A., Anjelika G. Romeo-Hall, Tomas M.
Rooimans, and J. Chris Slootweg. 2018. “An
Assessment of the Drivers and Barriers for the
Deployment of Urban Phosphorus Recovery
Technologies: A Case Study of The Netherlands.”
Sustainability 10 (6).
https://doi.org/10.3390/su10061790.

Dodds, Walter K., Wes W. Bouska, Jeffrey L. Eitzmann,
Tyler J. Pilger, Kristen L. Pitts, Alyssa J. Riley,
Joshua T. Schloesser, and Darren J. Thornbrugh.
2009. “Eutrophication of U.S. Freshwaters:
Analysis of Potential Economic Damages.”
Environmental Science & Technology 43 (1).
12–19.
https://doi.org/10.1021/es801217q.

Egle, L., H. Rechberger, J. Krampe, and M. Zessner. 2016.
"Phosphorus Recovery from Municipal
Wastewater: An Integrated Comparative
Technological, Environmental and Economic
Assessment of P Recovery Technologies." Science
of the Total Environment 571: 522-542.
https://doi.org/10.1016/j.scitotenv.2016.07.019.

El Wali, Mohammad, Saeed Rahimpour Golroudbary, and
Andrzej Kraslawski. 2021. "Circular Economy for
Phosphorus Supply Chain and its Impact on Social
Sustainable Development Goals." Science of the
Total Environment 777: 146060.
https://doi.org/10.1016/j.scitotenv.2021.146060

.
European Commission. 2020. “Circular Economy Action

Plan for a cleaner and more competitive Europe”.
Accessed on February 2, 2022.
https://ec.europa.eu/environment/strategy/circ
ular-economy-action-plan_en

Gaustad, Gabrielle, Mark Krystofik, Michele Bustamante,
and Kedar Badami. 2018. "Circular Economy
Strategies for Mitigating Critical Material Supply
Issues." Resources, Conservation and Recycling
135: 24-33.
https://doi.org/10.1016/j.resconrec.2017.08.002

.
Geissler, Bernhard, Michael C. Mew, Jörg Matschullat, and

Gerald Steiner. 2020. “Innovation Potential along
the Phosphorus Supply Chain: A Micro and Macro
Perspective on the Mining Phase.” The Science of
the Total Environment 714: 136701.
https://doi.org/10.1016/j.scitotenv.2020.136701

.
Jacobs, Brent, Dana Cordell, Jason Chin, and Helen Rowe.

2017. “Towards Phosphorus Sustainability in
North America: A Model for Transformational
Change.” Environmental Science & Policy 77,
151–59.
https://doi.org/10.1016/j.envsci.2017.08.009.

Jedelhauser, Michael and Claudia R. Binder. 2018. "The
Spatial Impact of Socio-Technical Transitions – the

www.sciencepolicyjournal.org JSPG, Vol. 20, Issue 1, March 2022

https://doi.org/10.1016/j.watres.2019.115433
https://doi.org/10.1016/j.watres.2019.115433
https://doi.org/10.3389/fenvs.2018.00008
https://doi.org/10.2307/2641247
https://doi.org/10.2307/2641247
https://iopscience.iop.org/article/10.1088/1748-9326/6/1/014009
https://iopscience.iop.org/article/10.1088/1748-9326/6/1/014009
https://www.biologicaldiversity.org/campaigns/phosphate_mining/
https://www.biologicaldiversity.org/campaigns/phosphate_mining/
https://doi.org/10.1525/bio.2011.61.2.6
https://doi.org/10.1525/bio.2011.61.2.6
https://crsreports.congress.gov/product/pdf/IF/IF10690
https://crsreports.congress.gov/product/pdf/IF/IF10690
https://doi.org/10.1016/j.chemosphere.2011.02.032
https://doi.org/10.1016/j.chemosphere.2011.02.032
https://doi.org/10.3390/su3102027
https://doi.org/10.1146/annurev-environ-010213-113300
https://doi.org/10.1146/annurev-environ-010213-113300
https://doi.org/10.3390/su10061790
https://doi.org/10.1021/es801217q
https://doi.org/10.1016/j.scitotenv.2016.07.019
https://doi.org/10.1016/j.scitotenv.2021.146060
https://ec.europa.eu/environment/strategy/circular-economy-action-plan_en
https://ec.europa.eu/environment/strategy/circular-economy-action-plan_en
https://doi.org/10.1016/j.resconrec.2017.08.002
https://doi.org/10.1016/j.scitotenv.2020.136701
https://doi.org/10.1016/j.envsci.2017.08.009
http://www.sciencepolicyjournal.org


Journal of Science Policy & Governance POLICY MEMO: PHOSPHORUS CIRCULAR ECONOMY

Case of Phosphorus Recycling as a Pilot of the
Circular Economy." Journal of Cleaner Production
197: 856-869.
https://doi.org/10.1016/j.jclepro.2018.06.241.

Lun, Fei, Junguo Liu, Philippe Ciais, Thomas Nesme,
Jinfeng Chang, Rong Wang, Daniel Goll, Jordi
Sardans, Josep Peñuelas, and Michael Obersteiner.
2018. “Global and Regional Phosphorus Budgets
in Agricultural Systems and Their Implications for
Phosphorus-Use Efficiency.” Earth System Science
Data 10 (1): 1–18.
https://doi.org/10.5194/essd-10-1-2018.

Massachusetts Institute of Technology. 2016. “The Future
of Strategic Natural Resources”.
http://web.mit.edu/12.000/www/m2016/finalw
ebsite/solutions/phosphorus.html.

Mueller, D. K, D. R Helsel, and M. A Kidd. 1997. “Nutrients
in the Nation’s Waters: Too Much of a Good
Thing?” U.S. Geological Survey Circular (USA).
Accessed on February 2, 2022.
https://agris.fao.org/agris-search/search.do?reco
rdID=US9630963.

Nättorp, Anders, Christian Kabbe, Kazuyo Matsubae, and
Hisao Ohtake. 2019. "Development of Phosphorus
Recycling in Europe and Japan." In Phosphorus
Recovery and Recycling, edited by Hisao Ohtake
and Satoshi Tsuneda, 3-27.
https://doi.org/10.1007/978-981-10-8031-9_1.

North East Biosolids and Residuals Association (NEBRA).
2017. “EPA Struvite Products May Be Regulated
by 503”.
https://www.nebiosolids.org/epastruviteproduct
smayberegulatedby503.

Olde Venterink, Harry. 2011. “Does Phosphorus Limitation
Promote Species-Rich Plant Communities?.” Plant
and Soil 345: 1–9.
https://doi.org/10.1007/s11104-011-0796-9.

Sarvajayakesavalu, Suriyanarayanan, Yonglong Lu, Paul J.
A. Withers, Paulo Sergio Pavinato, Gang Pan, and
Pisit Chareonsudjai. 2018. “Phosphorus Recovery:
A Need for an Integrated Approach.” Ecosystem
Health and Sustainability 4 (2): 48–57.
https://doi.org/10.1080/20964129.2018.14601

22

Sutton, M. A., A. Bleeker, C. M. Howard, J. W. Erisman, Y. P.
Abrol, M. Bekunda, A. Datta, et al. 2013. “Our
Nutrient World. The Challenge to Produce More
Food & Energy with Less Pollution.” Edinburgh:
Centre for Ecology & Hydrology, 2013. 114 p. (Key
messages for Rio+20). Accessed on February 2,
2022.
https://library.wur.nl/WebQuery/wurpubs/4349
51.

Szymańska, Magdalena, Tomasz Sosulski, Adriana Bożętka,
Urszula Dawidowicz, Adam Wąs, Ewa Szara, Agata
Malak-Rawlikowska, Piotr Sulewski, Gijs W. P. van
Pruissen, and René L. Cornelissen. 2020.
“Evaluating the Struvite Recovered from
Anaerobic Digestate in a Farm Bio-Refinery as a
Slow-Release Fertiliser.” Energies 13 (20): 5342.
https://doi.org/10.3390/en13205342.

U.S. Environmental Protection Agency (EPA). 2016. “State
Progress Toward Developing Numeric Nutrient
Water Quality Criteria for Nitrogen and
Phosphorus.” Accessed February 2, 2022.
https://www.epa.gov/nutrient-policy-data/state-
progress-toward-developing-numeric-nutrient-w
ater-quality-criteria.

U.S. Environmental Protection Agency (EPA). 2021.
“Northern Gulf of Mexico Hypoxic Zone.” Accessed
February 2 ,2022.
https://www.epa.gov/ms-htf/northern-gulf-mexi
co-hypoxic-zone.

U.S. Environmental Protection Agency (EPA). 1994. "A
Plain English Guide to the EPA Part 503 Biosolids
Rule." Accessed Jul 28, 2021.
https://www.epa.gov/biosolids/plain-english-gui
de-epa-part-503-biosolids-rule.

United States Geological Survey. 2021. “Mineral
Commodity Summaries: Phosphate Rock.”
https://pubs.usgs.gov/periodicals/mcs2021/mcs
2021-phosphate.pdf.

USGAO. 1979. “Phosphates: A Case Study of a Valuable,
Depleting Mineral in America. Report to the
Congress of the United States US General
Accounting Office”. Accessed February 2, 2022.
https://www.gao.gov/assets/emd-80-21.pd

Omanjana Goswami is a Staff Scientist at the Center for Food Safety (CFS). Her work at CFS focuses on
using public facing scientific evidence and information to advocate for stronger pesticide and agricultural
policies with regulatory agencies and communities. She holds a PhD degree in environmental science from
Rutgers University, NJ. Omanjana served as a NOAA Knauss Legislative Fellow (2019-2020) in the office of
former Congresswoman Tulsi Gabbard focusing on issues of pollution, environmental protection and
conservation, science and technology.

Ashaki A. Rouff is an Environmental Geochemist studying inorganic and organic contaminants in natural,
human-impacted, and engineered systems for environmental preservation and sustainability. Research

www.sciencepolicyjournal.org JSPG, Vol. 20, Issue 1, March 2022

https://doi.org/10.1016/j.jclepro.2018.06.241
https://doi.org/10.5194/essd-10-1-2018
http://web.mit.edu/12.000/www/m2016/finalwebsite/solutions/phosphorus.html
http://web.mit.edu/12.000/www/m2016/finalwebsite/solutions/phosphorus.html
https://agris.fao.org/agris-search/search.do?recordID=US9630963
https://agris.fao.org/agris-search/search.do?recordID=US9630963
https://doi.org/10.1007/978-981-10-8031-9_1
https://www.nebiosolids.org/epastruviteproductsmayberegulatedby503
https://www.nebiosolids.org/epastruviteproductsmayberegulatedby503
https://doi.org/10.1007/s11104-011-0796-9
https://doi.org/10.1080/20964129.2018.1460122
https://doi.org/10.1080/20964129.2018.1460122
https://library.wur.nl/WebQuery/wurpubs/434951
https://library.wur.nl/WebQuery/wurpubs/434951
https://library.wur.nl/WebQuery/wurpubs/434951
https://doi.org/10.3390/en13205342
https://www.epa.gov/nutrient-policy-data/state-progress-toward-developing-numeric-nutrient-water-quality-criteria
https://www.epa.gov/nutrient-policy-data/state-progress-toward-developing-numeric-nutrient-water-quality-criteria
https://www.epa.gov/nutrient-policy-data/state-progress-toward-developing-numeric-nutrient-water-quality-criteria
https://www.epa.gov/ms-htf/northern-gulf-mexico-hypoxic-zone
https://www.epa.gov/ms-htf/northern-gulf-mexico-hypoxic-zone
https://www.epa.gov/biosolids/plain-english-guide-epa-part-503-biosolids-rule
https://www.epa.gov/biosolids/plain-english-guide-epa-part-503-biosolids-rule
https://pubs.usgs.gov/periodicals/mcs2021/mcs2021-phosphate.pdf
https://pubs.usgs.gov/periodicals/mcs2021/mcs2021-phosphate.pdf
https://www.gao.gov/assets/emd-80-21.pdf
http://www.sciencepolicyjournal.org


Journal of Science Policy & Governance POLICY MEMO: PHOSPHORUS CIRCULAR ECONOMY

foci include phosphorus recovery from wastewater for sustainable use of nutrient resources, metals in
urban soils, and sustainably-sourced sorbents for gas capture. She holds a PhD from Stony Brook
University, NY and received postdoctoral training at the University of Illinois at Chicago, and the Paul
Scherrer Institute, Switzerland. She was the recipient of a 2019 Fulbright Global Scholar Award. She is an
Associate Professor in the Department of Earth and Environmental Sciences at Rutgers University,
Newark.

Acknowledgements
The authors would like to acknowledge the editors for their feedback and comments throughout the
review stages that improved this manuscript.

www.sciencepolicyjournal.org JSPG, Vol. 20, Issue 1, March 2022

http://www.sciencepolicyjournal.org

