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Standard Methods For The
Examination Of Water And

Wastewater

Standard Methods for the Examination of Water and Wastewater Water is an
essential resource for life, agriculture, industry, and recreation. Ensuring its quality and
safety is paramount for public health and environmental protection. The analysis of water
and wastewater involves a series of standardized procedures that help determine their
chemical, physical, biological, and microbiological characteristics. These methods are
developed and maintained by authoritative organizations such as the American Public
Health Association (APHA), the American Water Works Association (AWWA), and the Water
Environment Federation (WEF). Using standardized methods ensures consistency, accuracy,
and reliability in water quality assessment, facilitating regulatory compliance, research, and
operational decision-making. This article provides a comprehensive overview of the standard
methods employed in the examination of water and wastewater, highlighting their
significance, procedures, and scope.

Introduction to Standard Methods in Water and
Wastewater Analysis

The analysis of water and wastewater is a complex process involving multiple parameters to
assess safety, treatability, and environmental impact. Standard methods serve as the
backbone of water quality testing, providing scientifically validated protocols that ensure
reproducibility across laboratories and regions. These methods cover a broad spectrum of
tests, including physical parameters like turbidity and color, chemical constituents such as
pH, dissolved oxygen, nutrients, heavy metals, and organic compounds, as well as
microbiological indicators like coliform bacteria. The importance of these methods extends
beyond regulatory compliance; they are vital for: - Monitoring water treatment processes -
Detecting contamination events - Assessing environmental health - Supporting research and
development - Ensuring the safety of drinking water and compliance with standards like the
EPA's Safe Drinking Water Act

Categories of Water and Wastewater Examination



Methods

Standard methods for water and wastewater analysis can be broadly categorized into:

1. Physical Examination Methods

These methods evaluate the physical characteristics of water, including: - Turbidity - Color -
Odor - Temperature - Specific conductance

2. Chemical Examination Methods

Chemical analysis determines the concentration of various substances and pollutants such
as: - pH - Dissolved oxygen - Nutrients (nitrates, phosphates) - Metals (lead, arsenic,
mercury) - Organic compounds (pesticides, hydrocarbons) - Chlorine residuals

3. Biological and Microbiological Methods

These assess the presence of microorganisms, including: - Total coliform bacteria - Fecal
coliforms - Escherichia coli - Pathogenic bacteria and viruses

Key Standard Methods for Water and Wastewater
Examination

Below is a detailed overview of common standardized procedures used in water and
wastewater analysis.

Physical Methods

1. Turbidity Measurement

Principle: Measures the cloudiness of water caused by suspended particles using
nephelometric or turbidimetric methods. Standard Procedure: - Use a turbidimeter calibrated
with standards. - Sample is placed in a cuvette, and the turbidity is measured in
Nephelometric Turbidity Units (NTU). - Acceptable method: APHA Standard Method 2130B.
Applications: Monitoring filtration efficiency and detecting potential contamination.

2. Color Determination

Principle: Uses visual comparison or spectrophotometry to measure the color intensity of
water. Standard Procedure: - Use a color comparator or a spectrophotometer. - Compare
sample against standard color solutions. - Method: APHA Standard Method 2120.



© sandbox.xylemappliedwater.com Standard Methods For The Examination Of Water And Wastewater 3

Applications: Detecting dissolved organic matter and pollution.

Chemical Methods

1. pH Measurement

Principle: Measures the hydrogen ion activity using a pH electrode. Standard Procedure: -
Calibrate the pH meter with standard buffer solutions. - Rinse the electrode with distilled
water. - Immerse in the sample and record the pH. - Method: APHA Standard Method 4500-
H+. Applications: Assessing acidity or alkalinity, controlling treatment processes.

2. Dissolved Oxygen (DO) Test

Principle: Quantifies oxygen dissolved in water, essential for aquatic life and biological
treatment. Standard Methods: - Winkler titration: Classic titrimetric method involving
manganese(II) and iodine reactions. - Electrochemical sensors: Modern dissolved oxygen
meters. - Method: APHA Standard Method 4500-O. Applications: Monitoring biological activity
and organic pollution.

3. Nutrients Analysis (Nitrates and Phosphates)

Principle: Spectrophotometric detection after chemical reactions forming colored complexes.
Standard Procedures: - Nitrates: Using cadmium reduction and diazotization. - Phosphates:
Ascorbic acid method. - Methods: APHA Standard Methods 4500-NO3 and 4500-P.
Applications: Eutrophication studies and wastewater discharge regulation.

4. Heavy Metals Detection

Principle: Uses atomic absorption spectrophotometry (AAS), inductively coupled plasma
(ICP), or colorimetric methods. Standard Procedures: - Sample preparation involves acid
digestion. - Measurement via AAS or ICP. - Method: EPA Method 200.9 for metals.
Applications: Monitoring for toxic metal contamination.

5. Organic Compounds and Pesticides

Principle: Gas chromatography (GC) or high-performance liquid chromatography (HPLC) with
mass spectrometry detection. Standard Procedures: - Sample extraction and concentration. -
Analysis with chromatographic systems. - Methods: EPA Methods 524, 531. Applications:
Detecting trace levels of organic pollutants.



Biological and Microbiological Methods

1. Total Coliform and Fecal Coliform Testing

Principle: Membrane filtration or multiple-tube fermentation to detect indicator bacteria.
Standard Procedures: - Membrane filtration: Filter known volume, incubate on selective
media. - Multiple-tube fermentation: Presumptive test, confirmed test, completed test. -
Method: APHA Standard Method 9212. Applications: Indicating fecal contamination and
water safety.

2. E. coli Detection

Principle: Specific identification of Escherichia coli using selective media or molecular
methods. Standard Procedures: - Membrane filtration with differential media. - PCR-based
methods for rapid detection. Applications: Confirming fecal pollution and pathogen presence.

Advances and Modern Techniques in Water and
Wastewater Analysis

While traditional methods form the foundation of water quality testing, recent advancements
have enhanced sensitivity, speed, and automation: - Sensor Technologies: Real-time
monitoring sensors for parameters like pH, DO, and chlorine. - Molecular Methods: PCR and
qPCR for pathogen detection. - Spectroscopic Techniques: UV-Vis, fluorescence spectroscopy
for organic compounds. - Automation and Robotics: High-throughput analysis systems.
These innovations facilitate rapid decision-making, compliance, and effective water
management.

Conclusion

The examination of water and wastewater is a critical component of environmental health
and public safety. Standard methods, established through rigorous validation and
international consensus, provide a reliable framework for assessing water quality
parameters. From simple colorimetric tests to advanced chromatographic and molecular
techniques, these methods enable accurate detection of pollutants, pathogens, and
chemical constituents. Adhering to standardized procedures ensures data comparability,
regulatory compliance, and informed decision-making for water treatment, environmental
protection, and public health initiatives. Regular updates and technological integration
continue to evolve the field, making water analysis more precise and efficient.
Stakeholders—including environmental agencies, water utilities, researchers, and
regulators—must stay informed of current standards and emerging methods to uphold the
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integrity of water quality assessment. Keywords: water analysis, wastewater examination,
standard methods, water quality testing, microbiological analysis, chemical analysis,
physical parameters, environmental monitoring, APHA methods, EPA standards

Water Quality Testing: Standard Methods for the Examination of Water and Wastewater
Water is undeniably one of the most vital resources on Earth, supporting all forms of life and
underpinning various industrial, agricultural, and domestic activities. Ensuring its safety and
purity is a complex but crucial task, necessitating rigorous testing and analysis. Over the
years, numerous standardized methods have been developed to assess the physical,
chemical, biological, and microbiological quality of water and wastewater. These methods
serve as the backbone of environmental monitoring, public health protection, and regulatory
compliance. In this comprehensive review, we delve into the core techniques and protocols
that constitute the standard methods for water and wastewater examination. Whether you
are an environmental scientist, laboratory technician, or industry professional,
understanding these methods ensures accurate, reliable, and reproducible results.

Overview of Standard Methods in Water and Wastewater
Analysis

Standard methods are established procedures recognized internationally or nationally for
their precision, accuracy, and reproducibility. They are typically published by authoritative
organizations such as the American Public Health Association (APHA), the Environmental
Protection Agency (EPA), and the International Organization for Standardization (ISO). These
methods encompass a broad spectrum of analytical techniques tailored to measure physical
parameters, chemical constituents, and biological contaminants. The core categories
include: - Physical Analysis: Assessing turbidity, color, temperature, and solids. - Chemical
Analysis: Measuring pH, nutrients, metals, organic compounds, and other chemical
pollutants. - Biological and Microbiological Analysis: Detecting pathogenic organisms,
indicator bacteria, and biological activity. Each category includes multiple standardized
methods, often with variations tailored to specific sample types or concentrations.

Physical Examination of Water and Wastewater

Physical parameters provide foundational information about water quality, influencing its
aesthetic appeal, treatment requirements, and biological stability.

1. Temperature

Methodology: Temperature is measured directly using a calibrated thermometer or a digital
temperature probe. Precise measurement is essential as temperature influences chemical



reactions, biological activity, and solubility of substances. Significance: Elevated
temperatures can promote microbial growth, while low temperatures may slow biological
processes. Temperature also affects other analyses, necessitating consistent measurement
conditions.

2. Turbidity

Principle: Turbidity assesses the cloudiness or haziness of water caused by suspended
particles. It is measured using nephelometric methods, which quantify the scattering of light
passing through a sample. Standard Methods: - Use of a nephelometer (e.g., Tyndallometer
or turbidimeter). - Calibration with Formazin standards. - Results expressed in Nephelometric
Turbidity Units (NTU). Application: High turbidity can shield microorganisms from disinfection
and indicate the presence of suspended solids or organic matter.

3. Color

Assessment: Color is evaluated visually against standard color discs or measured
spectrophotometrically using a colorimeter. Relevance: Natural waters may have inherent
color due to dissolved organic materials; industrial discharges can impart unnatural
coloration, signaling contamination.

4. Total Solids and Suspended Solids

Method: - Filter a known volume of water through a pre-weighed filter. - Dry the filter at
103-105°C until constant weight. - Calculate total solids (by evaporating all water) and
suspended solids (difference between total solids and dissolved solids). Significance: High
solids content affects water treatment processes and may carry attached pollutants.

Chemical Examination of Water and Wastewater

Chemical analysis forms the core of water quality assessment, detecting pollutants,
nutrients, and inorganic constituents.

1. pH Measurement

Technique: Using a calibrated pH meter with a glass electrode, samples are tested directly in
the field or laboratory. Importance: pH influences chemical reactions, biological activity, and
solubility of metals and nutrients. Regulatory limits typically specify acceptable pH ranges
(e.g., 6.5–8.5).
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2. Determination of Dissolved Oxygen (DO)

Method: The Winkler titration remains the classical approach, involving: - Addition of
reagents that react with oxygen to form an iodine compound. - Titration with sodium
thiosulfate to determine iodine concentration. Modern Techniques: Membrane-electrode DO
sensors or optical DO analyzers provide rapid, in-situ measurements. Significance: DO levels
indicate biological oxygen demand (BOD) and overall water’s capacity to support aquatic
life.

3. Nutrients: Nitrogen and Phosphorus

Methods: - Nitrate (NO₃⁻): Colorimetric methods using cadmium reduction or Ion
Chromatography. - Nitrite (NO₂⁻): Griess reaction, forming a colored azo dye. - Ammonia
(NH₃): Nessler’s reagent or salicylate method. - Phosphates: Ascorbic acid method
measuring orthophosphate colorimetrically. Environmental Impact: Excess nutrients cause
eutrophication, leading to algal blooms and hypoxia.

4. Metals and Inorganic Chemicals

Techniques: - Atomic Absorption Spectroscopy (AAS): For metals like lead, cadmium, zinc. -
Inductively Coupled Plasma Optical Emission Spectroscopy (ICP-OES): For multi-element
detection. - Colorimetric assays for specific ions. Significance: Heavy metals are toxic even
at low concentrations, necessitating sensitive detection methods.

5. Organic Compounds and Pollutants

Methods: - Gas Chromatography (GC): For volatile organics. - Gas Chromatography-Mass
Spectrometry (GC-MS): For complex mixtures. - High-Performance Liquid Chromatography
(HPLC): For non-volatile organics like pesticides. Relevance: Organic pollutants pose health
risks and environmental hazards.

Biological and Microbiological Examination

Understanding the microbial quality of water is crucial for public health.

1. Indicator Bacteria: Coliforms

Methods: - Membrane filtration technique followed by incubation on selective media (e.g., m-
Endo agar) to enumerate total coliforms and fecal coliforms. - Most Probable Number (MPN)
method using multiple tube fermentation. Standards: The presence of coliform bacteria
indicates potential contamination by pathogenic organisms.



2. Pathogen Detection

Techniques: - Specific culture methods for pathogens like Salmonella or Shigella. - Molecular
methods like PCR for rapid detection of enteric viruses and bacteria. Importance: Confirming
pathogen presence is vital for drinking water safety and wastewater reuse.

3. Biological Oxygen Demand (BOD) and Chemical Oxygen
Demand (COD)

BOD: - Incubate water sample at 20°C for 5 days. - Measure DO before and after incubation.
- BOD = difference in DO levels; indicates biodegradable organic matter. COD: - Use strong
oxidizing agents (e.g., potassium dichromate). - Provides a quicker estimate of organic
pollutants. Significance: High BOD/COD values suggest high organic pollution, which can
deplete oxygen in aquatic systems.

Advanced and Emerging Analytical Techniques

While traditional methods remain foundational, modern laboratories increasingly adopt
advanced techniques for higher sensitivity and specificity. - Spectroscopic Techniques: UV-
Vis spectroscopy for nitrates, organics. - Chromatographic Techniques: HPLC, GC-MS, LC-
MS/MS for complex organic mixtures. - Molecular Biology Methods: qPCR, metagenomics for
microbial community analysis. - Sensor Technologies: Real-time in-situ sensors for
continuous monitoring.

Questions & Answers About standard methods for the
examination of water and wastewater

N
o

Question Answer

1 What is the purpose of the
Standard Methods for the
Examination of Water and
Wastewater?

The purpose is to provide validated and standardized
procedures for analyzing water and wastewater
quality to ensure safety, compliance with regulations,
and protection of public health.

2 Which organization publishes
the 'Standard Methods for the
Examination of Water and
Wastewater'?

The American Public Health Association (APHA), along
with the American Water Works Association (AWWA)
and the Water Environment Federation (WEF), jointly
publish the Standard Methods.
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3 What are common parameters
tested in water and
wastewater analysis using
these methods?

Common parameters include pH, dissolved oxygen,
biochemical oxygen demand (BOD), chemical oxygen
demand (COD), total suspended solids, nutrients
(nitrogen and phosphorus), metals, pathogens, and
various organic compounds.

4 How do standard methods
ensure accuracy and
reproducibility in water
testing?

Standard methods provide detailed, validated
protocols, quality control procedures, and calibration
techniques to minimize variability and ensure
consistent, accurate results across laboratories.

5 Are the methods outlined in
the Standard Methods
applicable to all types of water
and wastewater samples?

While many methods are versatile, some are specific
to particular sample types or conditions; the Standard
Methods include guidelines to select appropriate
procedures based on sample characteristics.

6 What are some recent
advancements incorporated
into standard water testing
methods?

Recent advancements include the adoption of
automated analyzers, molecular techniques like PCR
for pathogen detection, and rapid testing methods to
reduce analysis time and improve sensitivity.

7 How do regulatory agencies
utilize Standard Methods in
water quality monitoring?

Regulatory agencies rely on these standardized
procedures to enforce water quality standards,
conduct compliance testing, and develop policies for
safe water management.

8 What training or certifications
are recommended for
laboratory personnel
performing water analysis
using these methods?

Personnel should undergo specialized training in
standard methods, quality assurance practices, and,
where applicable, obtain certifications such as
laboratory analyst or technician certifications from
recognized agencies.

9 How often are the Standard
Methods for Water and
Wastewater Examination
updated?

The methods are periodically reviewed and updated,
typically every few years, to incorporate technological
advancements, improve accuracy, and address
emerging contaminants and testing challenges.

water testing, water quality analysis, wastewater treatment, microbiological testing,
chemical analysis, water sampling, pollutant detection, laboratory protocols, water safety
standards, environmental monitoring
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