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Beyond

introduction to phosphorus removal study guide marks the starting point for
anyone interested in mastering the science and technology behind phosphorus
management in water treatment processes. Whether you're a student diving into
environmental engineering or a professional aiming to enhance wastewater
treatment efficiency, grasping phosphorus removal is vital. This study guide
aims to simplify complex concepts, provide practical insights, and help you
navigate the various methods and challenges associated with phosphorus
elimination from water systems.

Why Phosphorus Removal Matters

Phosphorus, a naturally occurring element, plays a significant role in
ecosystems as a nutrient for aquatic plants. However, excessive phosphorus in
water bodies leads to eutrophication—a process causing harmful algal blooms,
oxygen depletion, and a decline in water quality. This environmental
imbalance threatens aquatic life and disrupts human water use. Hence,
understanding phosphorus removal is crucial for maintaining ecological
balance and adhering to regulatory standards in wastewater treatment.

The Environmental Impact of Phosphorus Pollution

When phosphorus concentrations exceed natural levels, the consequences can be
drastic. Algal blooms triggered by phosphorus over-enrichment consume oxygen
when they decay, leading to dead zones where aquatic organisms cannot
survive. This chain reaction affects biodiversity, fisheries, and
recreational water use. Therefore, reducing phosphorus discharge from
municipal and industrial sources is a priority for environmental protection
agencies worldwide.

Fundamentals of Phosphorus in Water Systems

Before exploring removal techniques, it’s important to understand how
phosphorus exists and behaves in water. Phosphorus in water typically appears
in two forms: particulate phosphorus and dissolved phosphorus. Dissolved
phosphorus is often present as orthophosphate, which is readily bioavailable
and contributes significantly to eutrophication.



Sources of Phosphorus

Phosphorus enters water bodies from various sources, including:

Domestic wastewater containing detergents and human waste

Industrial effluents, especially from food processing plants

Runoff from agricultural fields laden with fertilizers and manure

Stormwater carrying soil particles and organic matter

Understanding these sources helps in designing effective phosphorus removal
strategies tailored to specific water treatment needs.

Methods of Phosphorus Removal

The introduction to phosphorus removal study guide would be incomplete
without a comprehensive overview of the primary removal methods. There are
two main categories: chemical and biological phosphorus removal.

Chemical Phosphorus Removal

Chemical removal involves adding metal salts such as aluminum sulfate (alum),
ferric chloride, or lime to precipitate phosphorus as insoluble compounds.
These compounds settle out in the treatment process, effectively lowering
phosphorus concentrations.

Advantages: Rapid and reliable phosphorus reduction, suitable for
varying water qualities.

Challenges: Increased sludge production and chemical costs.

This method is often favored in plants where biological phosphorus removal
isn't feasible or sufficient.

Biological Phosphorus Removal (Enhanced Biological



Phosphorus Removal - EBPR)

EBPR leverages specific bacteria known as phosphorus-accumulating organisms
(PAOs) that uptake and store phosphorus within their cells. This process
requires carefully controlled anaerobic and aerobic conditions to encourage
PAO growth and activity.

Benefits: Lower chemical usage and sludge production compared to
chemical methods.

Considerations: Requires precise process control and can be sensitive to
operational changes.

Learning about EBPR adds depth to your phosphorus removal knowledge,
especially in sustainable treatment practices.

Key Factors Influencing Phosphorus Removal
Efficiency

When studying phosphorus removal, it’s essential to understand what affects
the efficiency of these processes. Several factors come into play:

pH Level

The effectiveness of chemical precipitation is highly dependent on the pH of
the water. For example, alum works best in a pH range of 5.5 to 7.5.
Deviations can reduce phosphorus removal efficiency.

Temperature

Biological processes, including EBPR, are temperature-sensitive. Lower
temperatures can slow down microbial activity, affecting phosphorus uptake
rates.

Hydraulic Retention Time (HRT)

Adequate contact time between the treatment chemicals or microorganisms and
the wastewater is crucial. Short HRT can lead to incomplete phosphorus
removal.



Sludge Management

Since phosphorus is often removed by settling into sludge, how this sludge is
handled impacts overall phosphorus discharge. Proper sludge treatment and
disposal are integral to phosphorus control.

Analytical Techniques for Phosphorus
Measurement

A solid introduction to phosphorus removal study guide wouldn’t be complete
without mentioning how phosphorus levels are monitored. Accurate measurement
is essential for assessing treatment performance and regulatory compliance.

Colorimetric Methods: The most common approach involves reacting
phosphorus with reagents to produce a colored compound, which can be
quantified using spectrophotometry.

Ion Chromatography: Offers precise quantification of different
phosphorus species but requires specialized equipment.

Inductively Coupled Plasma (ICP) Spectrometry: Used for total phosphorus
analysis in complex matrices.

Regular monitoring allows operators to adjust treatment parameters and ensure
consistent phosphorus removal.

Practical Tips for Mastering Phosphorus Removal
Concepts

If you’re preparing for exams or working in the field, here are some
strategies to deepen your understanding:

Visualize the Processes: Diagrams showing chemical precipitation and1.
EBPR cycles help clarify dynamic interactions.

Case Studies: Reviewing real-world examples of phosphorus removal plants2.
can connect theory with practice.

Hands-On Experience: If possible, participate in lab experiments or site3.
visits to observe phosphorus removal firsthand.



Stay Updated: Water treatment technologies evolve, so keep an eye on4.
recent research and regulatory changes.

These approaches enhance retention and make the study of phosphorus removal
more engaging.

Emerging Trends in Phosphorus Removal

Looking beyond traditional methods, the field is witnessing exciting
advancements aimed at sustainability and resource recovery. For instance,
researchers are developing processes to recover phosphorus from sludge as
struvite, a valuable fertilizer. This circular approach not only mitigates
pollution but also turns waste into a resource.

Additionally, membrane technologies and advanced oxidation processes are
being explored to achieve ultra-low phosphorus concentrations, aligning with
stricter environmental regulations.

---

Whether you are just beginning your journey with an introduction to
phosphorus removal study guide or deepening your expertise, understanding the
environmental significance, removal mechanisms, and practical considerations
equips you to contribute meaningfully to water quality management. The
interplay between science, technology, and environmental stewardship makes
phosphorus removal a fascinating and impactful subject worth exploring
thoroughly.

Frequently Asked Questions

What is the primary goal of phosphorus removal in
wastewater treatment?
The primary goal of phosphorus removal in wastewater treatment is to reduce
the phosphorus concentration in effluent to prevent eutrophication in
receiving water bodies, which can cause excessive algae growth and degrade
water quality.

What are the main methods used for phosphorus
removal in wastewater treatment?
The main methods for phosphorus removal include chemical precipitation using
salts like alum or ferric chloride, and biological phosphorus removal through
enhanced biological phosphorus removal (EBPR) processes involving specific



bacteria.

How does chemical phosphorus removal work?
Chemical phosphorus removal works by adding metal salts such as aluminum
sulfate or ferric chloride to wastewater, which react with phosphate to form
insoluble precipitates that can be removed through sedimentation.

What role do phosphorus accumulating organisms
(PAOs) play in biological phosphorus removal?
Phosphorus accumulating organisms (PAOs) uptake and store excess phosphorus
intracellularly during certain phases of the EBPR process, allowing for
effective biological removal of phosphorus from wastewater.

Why is it important to monitor phosphorus levels
during the treatment process?
Monitoring phosphorus levels ensures that treatment processes are effectively
reducing phosphorus to meet regulatory discharge limits and helps optimize
the removal methods to prevent environmental harm.

What factors influence the efficiency of phosphorus
removal in biological treatment?
Factors include the availability of volatile fatty acids for PAOs, dissolved
oxygen levels, sludge retention time, and the presence of competing
organisms, all of which affect the biological phosphorus removal efficiency.

What are common challenges faced in phosphorus
removal studies?
Common challenges include variability in wastewater composition, controlling
operational parameters for biological processes, managing chemical dosing
costs, and ensuring compliance with increasingly stringent environmental
regulations.

Additional Resources
Introduction to Phosphorus Removal Study Guide: Understanding Key Concepts
and Technologies

Introduction to phosphorus removal study guide serves as a foundational
resource for environmental engineers, wastewater treatment professionals, and
students aiming to grasp the complexities of phosphorus management in water
systems. Phosphorus, a vital nutrient for biological life, paradoxically



poses significant environmental challenges when present in excess
concentrations. This article delves into the essentials of phosphorus
removal, exploring mechanisms, treatment technologies, regulatory frameworks,
and practical considerations that inform effective phosphorus control
strategies.

Understanding the Importance of Phosphorus
Removal

Phosphorus is an indispensable element in agriculture and biology, primarily
as a component of fertilizers and cellular structures. However, when
phosphorus enters aquatic ecosystems in excessive amounts—often through
agricultural runoff, municipal wastewater, or industrial discharges—it can
trigger eutrophication. This process leads to harmful algal blooms, oxygen
depletion, and the deterioration of water quality, adversely affecting
aquatic life and human health.

The need for phosphorus removal has become a critical issue in environmental
management. Regulatory agencies worldwide, including the U.S. Environmental
Protection Agency (EPA) and the European Union’s Water Framework Directive,
have established stringent limits on phosphorus levels in effluents and
surface waters to mitigate these impacts. Therefore, an introduction to
phosphorus removal study guide must emphasize both the environmental
significance and the regulatory context that drive the adoption of various
treatment methodologies.

Phosphorus Forms and Removal Challenges

Phosphorus exists in multiple chemical forms in water, typically categorized
as dissolved reactive phosphorus (orthophosphate), particulate phosphorus,
and organic phosphorus compounds. This chemical diversity complicates removal
efforts because treatment technologies vary in their efficacy depending on
the phosphorus species present.

Dissolved reactive phosphorus is readily bioavailable and more
straightforward to remove through chemical precipitation or biological
uptake. Particulate phosphorus, often associated with suspended solids, may
require physical separation techniques such as sedimentation or filtration.
Organic phosphorus compounds necessitate biological degradation before they
can be effectively captured or precipitated.

Recognizing these distinctions is fundamental in any phosphorus removal study
guide, as it informs the selection and optimization of treatment processes
tailored to specific wastewater characteristics.



Biological Phosphorus Removal Processes

Biological phosphorus removal primarily involves the Enhanced Biological
Phosphorus Removal (EBPR) process, leveraging specialized microorganisms
known as polyphosphate-accumulating organisms (PAOs). These microbes uptake
phosphorus in excess of their metabolic needs, storing it intracellularly as
polyphosphate granules. EBPR systems typically operate through alternating
anaerobic and aerobic conditions to stimulate PAO activity.

Key advantages of biological removal include reduced chemical usage and
sludge production compared to chemical precipitation. However, EBPR systems
require careful operational control, including maintaining stable anaerobic
conditions and managing competing microbial populations such as glycogen-
accumulating organisms (GAOs) that can impair phosphorus uptake efficiency.

Chemical Phosphorus Removal Techniques

Chemical precipitation is one of the most widely implemented phosphorus
removal methods. It involves dosing chemicals such as aluminum sulfate
(alum), ferric chloride, or lime to precipitate phosphorus as insoluble
salts, which can then be separated from the water by sedimentation or
filtration.

The selection of precipitating agents depends on factors like wastewater pH,
temperature, and existing water chemistry. Chemical removal is advantageous
for its rapid phosphorus reduction capabilities and relative simplicity in
retrofitting existing treatment facilities. However, it often results in
increased sludge volumes and higher operational costs due to chemical
consumption.

Technological Advances and Emerging Methods

Recent innovations in phosphorus removal have focused on enhancing
sustainability and resource recovery. Technologies such as struvite
crystallization enable the recovery of phosphorus as a valuable fertilizer
product from wastewater streams. This approach not only removes phosphorus
but also promotes circular economy principles by transforming waste into
reusable materials.

Membrane filtration and advanced oxidation processes have also shown promise
in improving phosphorus removal efficiency, especially for challenging
wastewater matrices. Integrating these technologies with conventional
treatment systems can optimize overall performance and compliance with
tightening discharge standards.



Comparative Overview of Phosphorus Removal Methods

Biological Removal: Cost-effective, environmentally friendly, but
operationally complex.

Chemical Precipitation: Reliable and fast, higher chemical and sludge
handling costs.

Physical Methods (Filtration, Sedimentation): Often supplementary,
dependent on particulate phosphorus presence.

Resource Recovery (Struvite Precipitation): Sustainable, adds value,
requires specialized infrastructure.

Each approach presents unique pros and cons, making it essential for
practitioners to evaluate site-specific conditions, economic factors, and
regulatory requirements in their decision-making process.

Regulatory Framework and Monitoring

An introduction to phosphorus removal study guide must address the regulatory
landscape shaping treatment objectives. Limits on total phosphorus
concentrations in effluents vary globally but generally fall within the range
of 0.1 to 1.0 mg/L for municipal wastewater discharge. Compliance
necessitates robust monitoring programs that include routine sampling,
laboratory analysis, and process control instrumentation.

Emerging regulations increasingly emphasize not only effluent quality but
also the prevention of phosphorus pollution at the source, promoting
integrated watershed management. This holistic perspective underscores the
importance of combining treatment technologies with best management practices
in agriculture, stormwater control, and industrial processes.

Analytical Techniques for Phosphorus Assessment

Accurate phosphorus measurement is crucial for monitoring treatment
performance and environmental impact. Common analytical methods include:

Colorimetric Tests: Using molybdenum blue chemistry for orthophosphate
detection.

Total Phosphorus Analysis: Involving digestion procedures to convert all



phosphorus forms into orthophosphate before measurement.

On-line Sensors: Providing real-time data to facilitate process control
in advanced treatment facilities.

Understanding these techniques allows engineers and researchers to interpret
data correctly and optimize removal strategies accordingly.

Educational and Practical Applications

For students and professionals utilizing an introduction to phosphorus
removal study guide, integrating theoretical knowledge with real-world
applications is critical. Case studies of wastewater treatment plants
employing various phosphorus removal methods offer valuable insights into
challenges and solutions.

Hands-on laboratory experiments involving jar tests for chemical
precipitation or sequencing batch reactors for biological removal deepen
comprehension and foster critical thinking. Furthermore, software modeling
tools can simulate phosphorus dynamics and treatment outcomes, supporting
design and operational decisions.

Environmental sustainability and emerging trends, such as phosphorus recovery
and reuse, also shape the future of phosphorus removal education. Encouraging
awareness of resource stewardship alongside pollutant control aligns with
contemporary environmental management principles.

The study of phosphorus removal is a dynamic field, reflecting ongoing
technological advancements, evolving regulations, and growing environmental
concerns. Mastery of its core concepts equips professionals and scholars to
contribute effectively to water quality protection and sustainable resource
management.

Introduction To Phosphorus Removal Study Guide

  introduction to phosphorus removal study guide: PPI PE Civil Study Guide, 17th Edition
Michael R. Lindeburg, 2022-09-30 Maximize your efficiency while studying for the PE Civil CBT
exam by pairing the PE Civil Study Guide with Michael R. Lindeburg’s PE Civil Reference Manual PE
Civil Study Guide, Seventeenth Edition provides a strategic and targeted approach to exam
preparation so that you gain a competitive edge. With hundreds of entries containing helpful
explanations, derivations of equations, and exam tips, the Study Guide connects the NCEES exam
specifications for all five PE Civil exams to the NCEES Handbook, approved design standards, and
PPI’s civil reference manuals. The Study Guide is organized to make the most of your time and is an
essential tool for a successful exam experience. Relevant sections from the NCEES Handbook,
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design standards, and PPI’s reference manuals are clearly indicated in both summary lists for each
exam specification and in each of the detailed entries covering a specific concept or equation.
Referenced PPI Products: PE Civil Reference Manual Structural Depth Reference Manual for the PE
Civil Exam Construction Depth Reference Manual for the PE Civil Exam Transportation Depth
Reference Manual for the PE Civil Exam Water Resources and Environmental Depth Reference
Manual for the PE Civil Exam Referenced Codes and Standards: 2015 International Building Code
(ICC) A Policy on Geometric Design of Highways & Streets (AASHTO) AASHTO Guide for Design of
Pavement Structures (AASHTO) AASHTO LRFD Bridge Design Specifications Building Code
Requirements & Specification for Masonry Structures (ACI 530) Building Code Requirements for
Structural Concrete & Commentary (ACI 318) Design & Construction of Driven Pile Foundations
(FHWA) Design & Construction of Driven Pile Foundations—Volume I (FHWA) Design & Control of
Concrete Mixtures (PCA) Design Loads on Structures During Construction (ASCE 37) Formwork for
Concrete (ACI SP-4) Foundations & Earth Structures, Design Manual 7.02 Geotechnical Aspects of
Pavements (FHWA) Guide for the Planning, Design, & Operation of Pedestrian Facilities (AASHTO)
Guide to Design of Slabs-on-Ground (ACI 360R) Guide to Formwork for Concrete (ACI 347R)
Highway Capacity Manual (TRB) Highway Safety Manual (AASHTO) Hydraulic Design of Highway
Culverts (FHWA) LRFD Seismic Analysis & Design of Transportation Geotechnical Features &
Structural Foundations Reference Manual (FHWA) Manual on Uniform Traffic Control Devices
(FHWA) Minimum Design Loads for Buildings & Other Structures (ASCE/SEI 7) National Design
Specification for Wood Construction (AWC) Occupational Safety & Health Regulations for the
Construction Industry (OSHA 1926) Occupational Safety & Health Standards (OSHA 1910) PCI
Design Handbook: Precast & Prestressed Concrete (PCI) Recommended Standards for Wastewater
Facilities (TSS) Roadside Design Guide (AASHTO) Soils & Foundations Reference Manual—Volume I
& II (FHWA) Steel Construction Manual (AISC) Structural Welding Code—Steel (AWS)
  introduction to phosphorus removal study guide: Wastewater Operator Certification
Study Guide John Giorgi, 2011-01-12
  introduction to phosphorus removal study guide: Biorefinery for Water and Wastewater
Treatment Maulin P. Shah, 2023-01-31 Bio-refinery approach of microbial fermentation, production
of biogas, bioenergy, enzymes, bioactive molecules, agricultural nutrient and many more, which is
presently restricted to specific journals, review articles and research papers in conference
proceedings. Hence, my effort is to provide a complete and globally available advance knowledge in
wastewater treatment with an aim of recovery of value added products. This will help in designing
new approaches of waste water treatment with this value added thoughts. Thus, it will be a boon for
a concern broad range of readers and industry professionals to their means of technology
development for pollution prevention and economic growth of the country.
  introduction to phosphorus removal study guide: Biological Phosphate Removal from
Wastewaters R. Ramadori, 2017-01-31 Biological Phosphate Removal from Wastewaters contains the
proceedings of an International Association on Water Pollution Research and Control Specialized
Conference held in Rome, Italy on September 28-30, 1987. Contributors review advances that have
been made in the removal of biological phosphates from wastewaters, both at the fundamental
scientific level and in the practical application of the process. Topics range from the fundamental
microbiology and biochemistry of the enhanced biological removal of phosphate to the practical
full-scale plant experiences with phosphorus removal and sludge handling from such processes. This
text is comprised of 43 chapters; the first of which describes the utilization of polyphosphate as an
energy reserve in Acinetobacter sp. and activated sludge. Attention then turns to metabolic control
in polyphosphate-accumulating bacteria and its role in enhancing biological phosphate removal. The
biochemistry and energetics of biological phosphorus removal are also considered. The next section
is devoted to process modeling and includes chapters that explore the kinetics of biological excess
phosphorus removal; factors affecting anaerobic stabilization during biological phosphorus removal;
and the behavior of magnesium in biological phosphate removal. In the next section,
bench/pilot-scale studies are presented; one of which investigated the reduction of returned



phosphorus from a sludge treatment process. The book concludes with a discussion on phosphate
removal mechanisms and pilot- and full-scale experiences. This book will be of interest to students,
practitioners, and policymakers in water pollution control.
  introduction to phosphorus removal study guide: Proceedings of the 44th Industrial
Waste Conference May 1989, Purdue University John W. Bell, 2018-02-06 New research-case
histories and operating data-on every conceivable facet of today's big problem are detailed in the
latest Purdue Book-with unparalleled appropriate, usable information and data for your current
industrial waste problems from the May 1989 Conference.
  introduction to phosphorus removal study guide: International Conference on Material
Science and Material Engineering [MSME2014] Mrinal Pal, , 2014-06-02 The MSME2014 is hosted
by Advanced Information Science Research Center (AISRC) and is sponsored by DEStech
Publications, Inc., University of East Asia, University of Mysore and Reitaku University. MSME2014
aims to provide an excellent international academic forum for sharing knowledge and results in
theory, methodology and applications in the aspects of material science and material engineering.
This MSME2014 proceedings tends to collect the up-to-date, comprehensive and worldwide
state-of-art knowledge on material science and material engineering, including material composites,
ceramic, metal alloy material, polymer material, building materials, environmental friendly material,
material performance, etc. All of accepted papers were subjected to strict peer- reviewing by 2–4
expert referees. The papers have been selected for this volume because of quality and the relevance
to the conference. We hope this book will not only provide the readers a broad overview of the latest
research results, but also provide the readers a valuable summary and reference in these fields.
  introduction to phosphorus removal study guide: Advances in Energy Science and
Equipment Engineering Shiquan Zhou, Aragona Patty, Shiming Chen, 2015-11-05 Advances in
Energy Equipment Science and Engineering contains selected papers from the 2015 International
Conference on Energy Equipment Science and Engineering (ICEESE 2015, Guangzhou, China, 30-31
May 2015). The topics covered include:- Advanced design technology- Energy and chemical
engineering- Energy and environmental engineering- Energy scien
  introduction to phosphorus removal study guide: Monthly Catalog of United States
Government Publications United States. Superintendent of Documents, 1977 February issue
includes Appendix entitled Directory of United States Government periodicals and subscription
publications; September issue includes List of depository libraries; June and December issues
include semiannual index
  introduction to phosphorus removal study guide: Wastewater Treatment Jianyu Chen, Jun
Luo, Qijin Luo, Zhihua Pang, 2018-10-22 This book describes the research results and applications of
functional zeolite, functional ceramsite, modified montmorillonite and other functional materials in
water purification areas. With abundant project experiences, the book is an essential reference for
researchers and PhD students in environmental science, material science, environmental chemistry,
as well as industrial engineers.
  introduction to phosphorus removal study guide: Book Catalog of the Library and
Information Services Division: Author-title-series indexes Environmental Science Information
Center. Library and Information Services Division, 1977
  introduction to phosphorus removal study guide: Constructed Wetlands in Water Pollution
Control P. F. Cooper, B. C. Findlater, 2013-10-22 Constructed Wetlands in Water Pollution Control
documents the proceedings of the International Conference on the Use of Constructed Wetlands in
Water Pollution Control, held in Cambridge, UK, 24-28 September 1990. This volume contains 70
papers that are organized into 12 parts. Part 1 includes papers such as the need for
hydrophyte-based systems in the treatment of waste water from small communities and soil
oxygenation in constructed reed beds. Part 2 contains studies on nitrogen and phosphorus removal.
The papers in Part 3 are devoted to sewage treatment while Part 4 deals with sludge treatment. Part
5 presents case studies on wetlands, wastewater, and reed bed treatment systems. Part 6 focuses on
agricultural waste treatment. Part 7 contains papers on wetland and waste treatment for small



populations. Part 8 covers industrial waste treatment while Parts 9 and 10 deal with mining waste
treatment. Part 11 takes up the design of treatment systems. Part 12 contains 20 poster papers.
  introduction to phosphorus removal study guide: Selected Water Resources Abstracts ,
1991
  introduction to phosphorus removal study guide: Resources in Education , 1981-04
  introduction to phosphorus removal study guide: Structural, Environmental, Coastal and
Offshore Engineering Abd Nasir B. Matori, Zubair Imam Syed, Mohamed Hasnain Isa, Bashar S.
Mohammed, 2014-06-06 Selected, peer reviewed papers from the 2nd International Conference on
Civil, Offshore and Environmental Engineering (ICCOEE 2014), June 3-5, 2014, Kuala Lumpur,
Malaysia
  introduction to phosphorus removal study guide: EPA Publications Bibliography United
States. Environmental Protection Agency, 1985
  introduction to phosphorus removal study guide: EPA Publications Bibliography Quarterly
Abstract Bulletin United States. Environmental Protection Agency, 1995-07
  introduction to phosphorus removal study guide: Monthly Catalog of United States
Government Publications, Cumulative Index United States. Superintendent of Documents, 1976
  introduction to phosphorus removal study guide: Proceedings of the 2013 International
Conference on Material Science and Environmental Engineering-2013 Dr. Qingzhou Xu, 2013-09-05
MSEE2013 will provide an excellent international academic forum for sharing knowledge and results
in theory, methodology and applications on material science and environmental engineering. In the
proceedings, you can learn much more knowledge about the newest research results on material
science and advanced materials, material engineering and application, environment protection and
sustainable development, and environmental science and engineering all around the world.
  introduction to phosphorus removal study guide: Manual Nitrogen Control , 1993 Item
no. 0431-K.
  introduction to phosphorus removal study guide: Monthly Catalog of United States
Government Publications ,
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