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ention Scotland, and
images of castles, moors,

or craggy coastlines spring to
mind. The country’s reputation
tends more toward the romantic
than scientific. But the period
from 1740 to around 1800
marked the Scottish Enlighten-
ment, a time of intense philo-
sophical and economic debate.
Substantial scientific, intellectual,
and aesthetic achievements con-
tinued into the next century.
Amongst these contributions was
the development of public water
treatment practices.

In Paisley, Scotland, the first
municipal water treatment plant
was constructed in 1804.
Treatment there consisted of con-
centric sand and gravel filters,
and distribution was by horse
cart. Nearly a century later, in
Middlekerke, Belgium, the first
permanent chlorination treatment
was used to disinfect drinking
water.

The changes made during the
19th century—from Paisley to
Middlekerke—were revolutionary.
Medical and scientific advances
led to alterations in engineering
design and construction and
changed public opinion relating
to public water supply.

Aesthetics Prompted Treatment
Paisley’s water treatment was

initiated to clarify the River Cart,
which contained a great deal of
municipal waste and was unsuit-
able for bleaching operations of
the local textile industry. The
river water was treated by pass-
ing it through concentric rings:
the outermost being a settling
basin, then through a gravel filter,
and finally a sand filter, before
being stored in the central pool.
An interesting note is that the
Paisley filter may be described as
vertical, because the water passed
horizontally through the upright
filter media. Subsequent slow

sand filters were constructed of
horizontal media beds with the
water draining vertically through
them.

Most of the treatment plants in
the early 19th century were con-
structed to remove sediment or to
improve taste and odor. No one
was yet aware of the disease-car-
rying capabilities of water.
Prevailing medical views had
descended from Hippocrates and
the primary view was that atmos-
pheric conditions, foul odors, or
noxious gasses escaping from
marshy land caused epidemic dis-
eases.

Discussing Water Quality Theories
There were some tests of water

quality, even at this early stage.
Dr. Joseph Brown of New York
stated that clear water with a
good flavor, able to boil legumes
tender, and dissolve soap was
good water. Softness was an
important aspect, as a New York
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scientific report from 1831 stated
that the contamination of water
supplies with high concentrations
of minerals by runoff from grave-
yards and privies was counteract-
ed by the presence of urine,
which acted as a water softener.
According to Nelson Blake in the
book Water for Cities, the report
went so far as to claim that:

This liquid, [urine] when stale
or putrid, has the remarkable
property of precipitating the
earthy salts from their solution,
or in other words, it makes
hard waters soft. Although the
fastidious may revolt from
the use of water thus sweet-
ened to our palate, it is
perhaps fortunate that this
mixture is daily taking
place, for otherwise the
water of this city would
become, in a much shorter
space of time than it actual-
ly does, utterly unfit for
domestic consumption.

In keeping with the perceived
need to remove only sediment
from the water, treatment plants
in the early 1800s consisted of
various reservoirs used as settling
basins with sand and gravel filters
in between. In times of normal
river flows, this type of treatment
worked satisfactorily, but flood
waters with increased sediment

loads were little affected by filtra-
tion. One other method was the
filtration gallery, which made use
of natural filtration in drawing
water from a river through exist-
ing soils into a storage gallery.

In Boston, circa 1834, the
debate on water quality centered
around the observance of minute
organisms in the water, some visi-
ble with the naked eye but some
seen only with the aid of a
microscope. These “animalcules”
as they were called, were noted
to abound in Long Pond, a
source water supply for the city.
According to Water for Cities,
John Wilkins advised drawing
water from the Charles River
because, “animalcules are much
less likely to be found in running,
or river water, than in pond
water.”  There was some debate
over this point. Certain experts
postulated that the presence of
animalcules was evidence of the
purity of the water since these
delicate creatures could not be
expected to live in polluted
water.

Lead piping, used for service
connections between houses and
main water lines, was another
concern, as the lead would dis-
solve in certain waters. Lead had
long been known to be poison-
ous but was still used for house
connections because it was high-
ly malleable and easily jointed.

Filtration Begins
The slow sand filter continued

to be the mainstay of water treat-
ment for most of the 19th centu-
ry, although it had its drawbacks.
The sand beds, two to four feet
thick, covered acres of ground,
and cleaning was only accom-

plished by shoveling off
the dirty sand and replac-
ing it with clean sand.
The large area was need-
ed because the dosing
rate of water through
sand was approximately
three gallons per square
foot per hour. 

As an example, the
combined water compa-
nies of London treated
44.4 million gallons per
day (mgd) in 1849. This
volume would have
required treatment beds
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covering 12 acres.
While 12 acres may
not sound like
much, the rapid
increase in city size
during this century
placed land at a
premium, and the
expanding popula-
tion would need
even more water. As
the population
grew, so did the
daily demand for
water per person.
The increased need
for supply water
soared. By 1901,
London’s water
requirements had grown to 215
mgd, an increase of 380 percent.
Clearly the land requirements of
slow sand filters could not keep
pace with the growing need for
clean water.

To fill this need, the rapid
sand filter was developed, oddly
enough, in America where land
was more plentiful. Rapid or
mechanical filters used backwash
to automatically clean the filter
media and mechanical agitators
to loosen it. The rapid filter
greatly increased treatment
capacity, thus reducing size
requirements. However, the new
procedure depended on pretreat-
ments, such as coagulation and
settling, to reduce the sediment
load to the filter.

Treatment to improve taste and
odor was achieved by using char-
coal filtration. This practice, like
many early treatment procedures,
evolved from long-used water
treatment methods for personal
supplies. The practice of charcoal
filtration was not widespread,
though, as it was judged unfeasi-
ble for large supplies and was
generally restricted to treating
water for shipboard use. Where it
was used, the common practice
was to install the charcoal filter
between two gravel filters.

Linking Water Quality and Public
Health

The first ties of water quality to
public health were noted in
London around the mid-19th cen-
tury. London had slow sand fil-
ters for at least part of the popu-
lation, and officials saw a reduc-

tion in cholera victims in areas
thus served in the epidemics of
1849 and 1853. Even more con-
vincing was John Snow’s tracing
of multiple cholera deaths to a
single pump in Soho where the
sump was contaminated by leak-
age from a nearby sewer.
Ironically, many of the users of
the Broad Street well water came
from other sections of town and
used this water because they pre-
ferred the taste. This is a most
telling indictment against the use
of subjective standards of water
quality like taste or clarity.

Following the epidemics and
taking note of Snow’s study,
Parliament passed the
Metropolitan Water Act of 1852
requiring filtration of all water
supplied to London. In addition,
the act required that water sup-
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plies be drawn from cleaner, non-
tidal reaches of the River Thames.
This act was one of the first
instances of governmental regula-
tion of public water supply.

This legislation leads to the
question of locating the water
supply, as raw water quality
greatly affects the treatment need-
ed. Cities located along rivers for
transportation purposes had a
ready supply, but these sources
could be easily contaminated by
industry, upstream cities, or the
tides. Further, as noted earlier in
the Boston water debate, was the
question of preferring running
water to standing water. Since
antiquity, water authorities had
observed that standing water was
more prone to putrification than
running water.

On the other hand, reservoirs
provide a more certain supply of
water, especially for river-less
cities. However, reservoirs require
a good deal of land and must
often be located some distance
from the cities they serve. 

For example, Manchester,
England, drew water from
a reservoir 96 miles
away, and Liverpool
required a 77-mile-
long aqueduct for
their supply.
New York

City, in a quest to find pure
source water rather than provid-
ing treatment, located their reser-
voir 40 miles from the city. 

Reservoirs and aqueducts were
constructed both to ensure a
steady supply of water and to
obtain a better quality from the
source. Locating reservoirs further
from the city usually led to high-
er quality sources because they
were separated from population
centers. Quality issues also affect-
ed the design of aqueducts, since
covered channels or pipes pro-
vided more protection than open
channels. The extra expense was
offset by the fact that the water
would be kept pure.

One of the great miracles of
modern water engineering is that
suspended solids removed from
the water and trapped in the
sand filters support cleaning bac-
teria, reducing the amount of 

E. coli in the water by up to 98
percent. Further, while engineers
noticed these bacterial growths,
the law requiring filtration predat-
ed germ theory development and
the isolation of bacteria as dis-
ease culprits by about a decade.
E. coli was tested for after the
development of germ theory
instead of more virulent strains of
bacteria, because testing for E.
coli is easier, and there is a link-
age between the presence of this
pathogen and the contamination
of a water source with sewage.
Thus, E. coli is known as marker
bacteria for testing purposes. 

Standards for water quality
became more objective in the
later part of the 19th century.
Instead of relying on subjective
matters, such as clarity or taste, a
chemical standard was developed.
This standard stated that water
was pure if the nitrogen was in
an oxidized form, but it ignored
the presence of organic material
in water as a test of purity.

The drawback to chemical
standards was that treating for
mineral salts did nothing to help
prevent epidemics. It was not
until the work of Louis Pasteur
and Robert Koch in the 1860s
that the role of bacteria in disease
was determined. Furthermore it
was not until 1880 that the
typhus bacillus was isolated. As
late as 1890, disinfection as a
component of water treatment
was empirically based and mostly
occurred through the use of sand
filters, “an effective method for
producing safe drinking water,”
reports John Duffy in The
Sanitarian: A History of

American Public Health.

Studies conducted in
1893-4 and 1895-7

showed an improve-
ment in the

reduction of
bacterial con-
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centrations with coagulation.
Coagulants had been used for
personal water treatment since
2000 B.C.E. and were first used in
municipal treatment in 1881 in
Bolton, England, as a pretreat-
ment for rapid sand filtration.

Earlier in the century, many
prominent authorities, including
Francois Arago, director of the
Paris Observatory, and the
Massachusetts Board of Health,
protested the use of coagulants
in water treatment. These author-
ities objected to the unknown
effects caused by adding a chem-
ical to drinking water. Their fears
were somewhat alleviated by two
studies performed in France (in
1838 and 1865) on aluminum sul-
phate, commonly known as
alum, which is still the most
widely used coagulant.

The Science of Treatment
It was not until chlorination

became an accepted practice,
though, that water treatment
reached its scientific peak.
Empirical engineering practice
predates scientific discovery even
here. As early as 1850, bleach
solutions were used to treat well
water under the assumption that
diseases were transmitted by
odor. Chlorination had been an
accepted practice in sewage treat-
ment since 1830. In 1896, chlo-
rine was first used to disinfect
water at the Louisville, Kentucky,
experiment station and also used

to combat a typhoid epidemic
around the Adriatic Sea. These
were temporary measures, and
the first permanent use of chlo-
rine occurred in 1903 in Belgium
when Dr. Maurice Duyk added it
before the filtration process.

Thus, during one century of
development, water treatment
progressed from a crude craft to
a scientifically based discipline of
engineering. Throughout these
years, treatment methods
improved from simple sand filters
to an integrated, multi-step
process. The philosophy behind
water treatment evolved from
providing the textile industry with
clear water to a societal duty of
protecting public health. Water
quality standards improved from
subjective methods to objectively
determining concentrations of
suspended solids and organics
and keeping these concentrations
below accepted allowable levels. 

Interestingly, many of these
advances in water treatment
occurred as attempts at progress
with scientific justification coming
later. Indeed, some engineering
advances were based
on prevailing med-
ical opinions that
were flat-out wrong
and yet yielded
viable treatment
procedures. Even
more miraculous is
the fact that most of
the empirical

attempts were evaluated on the
basis of their ability to clarify
water and not on potentially
harmful side effects. In spite of
this, the treatment methods cho-
sen were benign and even
healthful. 
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