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for treatment plant operators to know
the treatment processes in their facility,
understand the reasons why those pro-
cesses exist, and appreciate the public
health protection they provide (figure 1).
When it comes to drinking water treat-
ment, there’s no one-size-fits-all solution.
Treatment plant operators need to know
why their specific treatment process
was designed to treat their unique water
source. It’'s amazing how often operators
are told to just operate the plant because
“this is the way we’ve always done it!”
Providing a detailed description of all
water treatment processes is beyond the
scope of this article, but there are many
good reference books, such as AWWA'’s
Water Quality & Treatment, which pro-
vide more details. Figure 1 gives a useful
overview of the steps in drinking water
treatment. For more information, see
“Operators Need to Know Conventional
Treatment Processes,” and “Operators
Need to Know Advanced Treatment
Processes,” which appeared in Opflow’s
March and April 2022 issues, respectively.
Pretreatment. Typically, at or near
the water intake, oxidants such as chlo-
rine, chlorine dioxide, or permanganate,
or adsorbents such as powdered acti-
vated carbon (PAC), are added to initiate
treatment to remove source water con-
taminants. Oxidants can be used to treat
dissolved iron or manganese and condi-
tion organic material for better removal
in subsequent treatment. PAC can adsorb
pesticides and herbicides as well as other
organic contaminants, some of which
can cause objectionable tastes or odors.
Some treatment trains may use a rough-
ing filter or a presedimentation basin
to remove silt and sediment. Aeration
can be used in groundwater supplies to
remove dissolved gases such as hydro-
gen sulfide, methane, carbon dioxide, or
radon; increase the oxygen content of
anoxic groundwater; and oxidize miner-
als like iron and manganese. Failure of
any of the pretreatment processes will
put additional stress on the remaining

Every day water operators should
remind each other, “Hey! Let’s

treatment steps and could be detrimen-
tal to their effectiveness.

Coagulation. In this step, chemicals
like aluminum sulfate (alum) or ferric
chloride are added to the water to neu-
tralize the electrical charge on suspended
particles, allowing them to clump together
to be removed by sedimentation and filtra-
tion. Once the particles lose their negative
charges, they’re able to stick to each other
and begin to form larger, heavier clumps
called floc. The coagulation process is
influenced by the water’s pH, coagulant
dosage, and rapid mixing to ensure even
distribution of the coagulant and pro-
mote rapid floc formation. Failure of the
coagulation step would likely result in
higher turbidity, particles, and microbes
like Giardia cysts and Cryptosporidium
oocysts in the finished drinking water.
Also, the choice of coagulant and pH
can affect the amount of organic carbon
removal, which can affect subsequent dis-
infectant byproduct levels and biological
growth in the distribution system.

Flocculation and Sedimentation.
During flocculation, the water is slowly
mixed, causing the coagulated particles
to clump together, forming larger, heavier
floc. The objective of slow mixing is to
promote particle collision without break-
ing up the fragile floc. Adding polymeric
coagulant aids can be used to help sta-
bilize the floc. During sedimentation,
heavier floc is allowed to settle to the
bottom of the tank as sludge, which is
then removed. Some treatment processes
use high-rate processes that can accel-
erate sedimentation using plates, tubes,
sludge blankets, or clay or fine sand
(called ballasted flocculation). The fail-
ure to achieve effective flocculation and
sedimentation will result in excessive
particles being carried on to the filters,
resulting in short filter runs and the
potential for particle and microbial break-
through, with the potential of causing a
waterborne outbreak.

Filtration. The clarified settled water is
then passed through beds of sand, gravel,

protect public health today!”

garnet, coal (anthracite), or activated
carbon to filter out small particles, micro-
bial cysts/oocysts, and other remaining
contaminants. After the filters accumulate
this debris, they need to be backwashed
with clean water, typically based on dif-
ferential pressure (called bead loss) or
filter run time. Failure to properly clean
the filter media will result in “mud balls”
(clumps of sediment) and channeling in
the media that can short-circuit filtration.
Some groundwater systems can use spe-
cialized filters called greensand, in which
the media includes manganese diox-
ide that acts as a catalyst to remove iron
and manganese. Advanced membrane
filtration can include microfiltration,
ultrafiltration, nanofiltration, or reverse
osmosis filters that, depending on pore
size, can remove submicron-sized parti-
cles, minerals, and organic compounds
(figure 2). It’s important for operators
to thoroughly understand the filtration
systems they control; their performance
mechanics; and associated indicators such
as turbidity, particle counts, pressure loss,
etc. Monitoring these parameters can
provide an early indication that the fil-
ters may not be operating at their highest
level of performance.

Disinfection. Disinfection is a crit-
ical step in protecting drinking water
public health, as it inactivates pathogenic
bacteria, viruses, and other microor-
ganisms that might pass through the
filters. Disinfection doesn’t result in ster-
ile water but is targeted to inactivate
microbes that pose a public health threat,
so even a short interruption in disinfec-
tion can result in a waterborne outbreak.
Disinfection of public water systems
is most often achieved using chlorine,
chloramines, chloride dioxide, ozone, or
ultraviolet light (table 3). Concentrated
forms of these chemicals may be harmful,
and their handling requires specialized
training and equipment. Combinations
of different disinfectants may be used to
optimize their effectiveness while mini-
mizing any weaknesses.
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