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Standard Methods For The
Examination Of Water And

Wastewater

Water  is  the  lifeblood  of  our  planet,
sustaining  ecosystems,  agriculture,
industry, and human health. But how do
we truly know if a water source is safe to
drink,  a  wastewater  effluent  is  clean
enough  to  discharge,  or  an  industrial
p r o c e s s  i s  o p e r a t i n g  w i t h i n
environmental limits? The answer lies in
a  single,  authoritative  reference  work

that has been the cornerstone of water
quality analysis for more than a century:
S t a n d a r d  M e t h o d s  F o r  T h e
E x a m i n a t i o n  O f  W a t e r  A n d
Wastewater.  This  comprehensive
collection of techniques and procedures
is  not  merely  a  textbook;  it  is  the
universally  recognized  protocol  for
ensuring that water testing is accurate,



reproducible,  and  legally  defensible.
Whether you are a laboratory technician,
a environmental engineer, a public health
official,  or  a  student  entering  the  field,
understanding the scope and application
of Standard Methods is essential. In this
article,  we  will  explore  the  history,
structure,  key  methodologies,  and
practical importance of this indispensable
resource, and explain why it remains the
gold standard for water and wastewater
analysis worldwide.

The Genesis and
Evolution of Standard
Methods

The  origins  of  Standard  Methods  date

back  to  the  late  19th  century,  a  time
when  waterborne  diseases  like  cholera
and  typhoid  were  rampant ,  and
industrialization was polluting rivers and
lakes at an alarming rate. In 1895, the
American  Public  Health  Association
(APHA)  published  the  first  edition,  titled
Standard Methods for the Examination of
Water. This slim volume was an attempt
to  bring  consistency  to  the  chaotic
patchwork of laboratory techniques used
by  different  municipalities  and
laboratories.  Over  the  decades,  the
collaboration  expanded.  The  American
Water Works Association (AWWA) joined
in the 1920s, and the Water Environment
Federation  (WEF)  came  aboard  later.
Today,  the  latest  edition—the  24th
Edition, published in 2023—is the product
of  a  tri-organizational  partnership  that
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harmonizes the best practices from the
public  health,  drinking  water,  and
wastewater  treatment  sectors.

The  continuous  evolution  of  Standard
Methods reflects the changing landscape
of water quality challenges. Early editions
focused  heavily  on  bacteriological
indicators (like coliforms) to monitor for
fecal  contamination.  As  chemical
pollutants  emerged—pesticides,  heavy
meta l s ,  pharmaceut i ca l s ,  and
microplastics—the  manual  expanded  to
include  sophisticated  instrumental
techniques such as gas chromatography-
mass  spectrometry  (GC-MS)  and
inductively  coupled  plasma  mass
spectrometry (ICP-MS). Each new edition
undergoes  rigorous  review  by  expert
committees,  ensuring  that  outdated

methods  are  retired  and  that  new,
validated  procedures  are  incorporated.
This  l iv ing  document  is  rev ised
approximately  every  four  to  six  years,
making it a dynamic tool that keeps pace
with  both  scientific  innovation  and
regulatory  demands.

Structure of Standard
Methods: A Logical
Framework

At first glance, the sheer size of Standard
Methods  can  be  daunting—the  24th
Edition runs over 1,800 pages. However,
its structure is logical and user-friendly.
The content is organized into major parts
that cover the full spectrum of water and



wastewater analysis:

Part 1000: Introduction and
General Information – This
section includes guidance on
laboratory safety, quality
assurance and quality control
(QA/QC), sampling techniques,
sample preservation, and statistical
analysis. It is the foundation for all
subsequent testing.
Part 2000: Physical Properties –
Methods here cover parameters
such as turbidity, color, odor,
temperature, conductivity, and
total dissolved solids (TDS). These
are often the first indicators of
water quality changes.
Part 3000: Inorganic
Nonmetallic Constituents – This

includes analysis of nutrients
(nitrogen, phosphorus), anions
(chloride, sulfate, fluoride), and
other nonmetal parameters like pH,
alkalinity, and hardness.
Part 4000: Aggregate Organic
Constituents – Key methods such
as Biochemical Oxygen Demand
(BOD), Chemical Oxygen Demand
(COD), Total Organic Carbon (TOC),
and oil & grease are found here.
These aggregate tests measure the
overall organic load in water.
Part 5000: Individual Organic
Compounds – This section details
methods for identifying and
quantifying specific organic
pollutants, such as pesticides,
PCBs, disinfection by-products, and
volatile organic compounds (VOCs).
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Part 6000: Metals – Methods for
analyzing trace metals (lead,
copper, arsenic, cadmium,
mercury, etc.) using techniques like
atomic absorption
spectrophotometry (AAS) and ICP-
MS.
Part 7000: Radiological
Examination – Procedures for
measuring gross alpha, gross beta,
and specific radionuclides (e.g.,
radium, uranium) in water.
Part 8000: Microbiological
Examination – This part contains
classic methods for total coliforms,
E. coli, fecal coliforms, enterococci,
heterotrophic plate count (HPC),
and newer molecular methods like
qPCR.
Part 9000: Biological

Examination – Covers algae,
zooplankton, benthic
macroinvertebrates, and aquatic
plant identification, often used in
ecological monitoring.

Each  method  within  these  parts  is
presented  in  a  standardized  format:  a
brief  introduction,  the  principle  of  the
method,  interferences,  apparatus  and
reagents, the step-by-step procedure for
analysis  and  calculation,  and  finally,
reporting requirements. This consistency
makes it  easy for  a  trained analyst  to
pick up any method and execute it with
confidence.

Sampling and Preservation:



The First and Most Critical Step

No  analytical  method,  no  matter  how
precise, can correct for a poorly collected
sample. Standard Methods dedicates an
extens ive  chapter  to  sampl ing
techniques,  emphasizing  that  the
integrity of the sample is paramount. For
example,  samples  for  volatile  organic
compounds (VOCs) must be collected in
glass  vials  with  zero  headspace  to
prevent loss of gases. Samples for metals
should be acidified to pH below 2 to keep
metals in solution and prevent adsorption
onto  container  walls.  Microbiological
samples  must  be  collected  in  sterile
bottles,  chil led  immediately,  and
analyzed  within  a  specific  time
window—usually  within  6  to  24  hours.

The manual  provides detailed tables of
preservation requirements and maximum
holding  times  for  every  parameter.  By
adhering to these protocols, laboratories
ensure  that  the  results  truly  reflect  the
water  qua l i ty  at  the  moment  o f
c o l l e c t i o n ,  n o t  a  d e g r a d e d  o r
contaminated  version.

Key Methods That
Define Water Quality
Analysis

While  Standard  Methods  encompasses
hundreds of procedures, a few of them
are fundamental to almost every water
testing  program.  Understanding  these
key  methods  provides  insight  into  the
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practical application of the manual.

Biochemical Oxygen Demand
(BOD5) – Method 5210

BOD  is  a  measure  of  the  amount  of
d isso lved  oxygen  consumed  by
m i c r o o r g a n i s m s  d u r i n g  t h e
decomposition  of  organic  matter  in  a
water  sample  over  a  5-day  incubation
period at 20°C. It is a critical parameter
for assessing the organic pollution load in
wastewater  and  for  evaluating  the
efficiency  of  treatment  plants.  Standard
Methods  specifies  the  dilution  technique
(BOD5) as well as the more recent and
rapid  Respirometric  method.  The  test
requires  careful  attention  to  seeding,
dilution  water  preparation,  and  DO
measurement  using  a  membrane

electrode  or  Winkler  titration.  BOD
resu l ts  are  used  for  regu latory
compliance  under  permits  like  the  US
Clean  Water  Act,  and  for  designing
aeration  systems  in  treatment  plants.

Chemical Oxygen Demand
(COD) – Method 5220

COD  measures  the  amount  of  oxygen
needed to chemically oxidize organic and
inorganic matter in a water sample using
a strong oxidant (potassium dichromate)
under  acidic  condit ions  and  high
temperature.  Unlike  BOD,  COD  results
are available in 2–3 hours, making it  a
valuable  tool  for  process  control.
Standard  Methods  outlines  both  the
closed  reflux  titrimetric  method  and  the
colorimetric  method.  COD  is  especially



useful for industrial wastewater that may
contain  toxic  compounds  that  inhibit
m ic rob ia l  ac t i v i t y ;  BOD  wou ld
underestimate the organic load in such
cases. The relationship between COD and
B O D  c a n  a l s o  i n d i c a t e  t h e
biodegradability of a waste stream.

pH and Conductivity – Methods
4500-H+ and 2510

pH measurement is perhaps the simplest
yet  most  vital  water  quality  test.
Standard  Methods  provides  specific
guidance  on  electrode  calibration,  buffer
solutions, and temperature compensation
to ensure accurate readings. Conductivity
(salinity)  is  also  straightforward,  but
again,  the  manual  stresses  calibration
against  standard  potassium  chloride

solutions and correction for temperature.
These two parameters are often the first
tests  performed  because  they  influence
many other analyses and are indicators
of industrial contamination (e.g., low pH
from  acid  mine  drainage)  or  seawater
intrusion in freshwater sources.

Microbiological Methods: Total
Coliforms and E. coli – Part
9221 and 9222

For  public  health  protection,  the
detection of coliform bacteria is central.
Standard  Methods  offers  multiple
approaches. The Most Probable Number
(MPN) method (9221) uses multiple tubes
with  lactose  broth  to  statistically
est imate  bacter ia l  densi ty.  The
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Membrane Filtration technique (9222) is
preferred for  drinking water  because it
yields  a  direct  count  of  colonies  after
incubation  on  selective  media.  The
manual  also  includes  chromogenic
substrate  methods  (9223)  that  detect
both  tota l  co l i forms  and  E.  co l i
simultaneously.  These  tests  are  the
backbone  of  regulatory  monitoring  for
drinking water safety under the US Safe
Dr ink ing  Water  Act  and  s imi la r
regulations  globally.

The Role of Quality
Assurance and Quality
Control

A  core  theme  woven  throughout

Standard  Methods  is  the  cr i t ical
importance  of  QA/QC.  Without  rigorous
qua l i ty  cont ro l ,  even  the  most
sophisticated  analytical  instrument  can
produce  erroneous  data.  The  manual
devotes  an  entire  section  to  QA/QC,
advising  laboratories  to  implement  a
formal  quality  system  that  includes:

Use of certified reference materials
(CRMs) to verify accuracy.
Analysis of method blanks, field
blanks, and equipment blanks to
detect contamination.
Replicate analyses to assess
precision.
Matrix spike/matrix spike duplicate
(MS/MSD) samples to evaluate
recovery in real environmental
matrixes.



Control charts to track long-term
performance and detect drift.

By following these protocols, a laboratory
can generate data that is defensible in
court or in a regulatory audit. Standard
Methods does not simply tell you what to
do; it tells you how to prove you did it
correctly.

Applications Across
Industries and
Regulations

The reach of Standard Methods extends
far  beyond  the  laboratory  bench.  It  is
referenced explicitly in:

Drinking Water Regulations:

The US EPA’s National Primary
Drinking Water Regulations cite
Standard Methods as approved
testing procedures for compliance
monitoring.
Wastewater Discharge Permits:
NPDES permits (National Pollutant
Discharge Elimination System)
require that effluent monitoring be
performed using methods in
Standard Methods (or equivalent
EPA-approved methods).
Industrial Process Control:
Power plants, food and beverage
manufacturers, pharmaceutical
companies, and semiconductor
fabricators all use Standard
Methods to monitor water quality
for cooling, boiler feed, product
ingredient water, or wastewater
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treatment.
Environmental Monitoring:
Consulanting firms analyzing river
health, lake eutrophication, or
groundwater contamination rely on
the manual for consistent field and
lab protocols.
International Use: Many
countries lacking national water-
testing standards adopt Standard
Methods as their official reference,
facilitating global trade and
environmental collaboration.

Digital Access and The
Future of Standard

Methods

Recognizing  the  need  for  modern
accessibility, the APHA, AWWA, and WEF
now  offer  Standard  Methods  in  a  fully
s e a r c h a b l e  o n l i n e  f o r m a t
(StandardMethods.org).  Subscribers  can
access the complete text, including color
photographs and tables, on any device.
The  digital  version  also  enables
i m m e d i a t e  u p d a t e s  b e t w e e n
editions—errata  and  new  approved
methods  are  posted  as  needed.
Furthermore,  an  API  is  available  for
integration  with  laboratory  information
m a n a g e m e n t  s y s t e m s  ( L I M S ) ,
streamlining data reporting. Despite this
digital  evolution,  the  printed  version
remains in high demand for bench-side



use. The next edition (25th) is expected
to  include  even  more  emphasis  on
emerging  contaminants  like  PFAS,
microplastics,  and  antibiotic  resistance
genes,  as  well  as  faster  screening
methods  such  as  high-throughput
sequencing  and  real-time  PCR.

Conclusion: The
Enduring Authority of
Standard Methods

In  a  world  of  ever-increasing  water
qual i ty  chal lenges—from  aging
infrastructure  to  climate  change,  from

industrial  contaminants  to  global
pandemics—the  need  for  reliable,
standardized  analytical  methods  has
never been greater. Standard Methods
For The Examination Of Water And
Wastewater  stands as a testament to
the  power  of  scientific  collaboration  and
meticulous  protocol.  It  provides  a
c o m m o n  l a n g u a g e  f o r  w a t e r
professionals across the globe, ensuring
that a BOD result from a lab in Mumbai
means the same as one from a lab in
Milwaukee. By adhering to its guidelines,
we  protect  public  health,  safeguard
aquatic  ecosystems,  and  enable
industrial  efficiency.  Whether  you  are  a
veteran


