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Protecting the Water Supply: 

Backflow and Back-Siphonage 

Prevention 



Chapter One

Public health officials have
long been concerned

about cross-connections and
backflow connections in
plumbing systems and in public
drinking water supply distribu-
tion systems. Such cross-
connections, which make
possible the contamination of
potable water, are ever-present
dangers. One example of what
can happen is an epidemic that
occurred in Chicago in 1933.
Old, defective, and improperly
designed plumbing and fixtures
permitted the contamination of
drinking water. As a result.
1,409 persons contracted
amebic dysentery; there were
98 deaths. This epidemic, and
others resulting from contami-
nation introduced into a water
supply through improper
plumbing, made clear the
responsibility of public health
officials and water purveyors for
exercising control over public
water distribution systems and
all plumbing systems connected
to them. This responsibility
includes advising and instruct-
ing plumbing installers in the
recognition and elimination of
cross-connections.

Cross-connections are the
links through which it is
possible for contaminating
materials to enter a potable
water supply. The contaminant
enters the potable water system
when the pressure of the
polluted source exceeds the
pressure of the potable source.
The action may be called
backsiphonage or backflow.
Essentially it is reversal of the
hydraulic gradient that can be
produced by a variety of
circumstances.

Why do such
cross-connections
exist?

First, plumbing is frequently
installed by persons who are
unaware of the inherent
dangers of cross-connections.
Second, such connections are
made as a simple matter of
convenience without regard to
the dangerous situation that
might be created. And, third,
they are made with reliance on
inadequate protection such as a
single valve or other mechanical
device.

To combat the dangers of
cross-connections and backflow
connections, education in their
recognition and prevention is
needed. First, plumbing
installers must know that
hydraulic and pollutional
factors may combine to produce
a sanitary hazard if a cross-
connection is present. Second,
they must realize that there are
available reliable and simple

It might be assumed that
steps for detecting and elimi-
nating cross-connections would
be elementary and obvious.
Actually, cross-connections may
appear in many subtle forms
and in unsuspected places.
Reversal of pressure in the
water may be freakish and
unpredictable. The probability
of contamination of drinking
water through a cross-
connection occurring within a
single plumbing system may
seem remote; but, considering
the multitude of similar
systems, the probability is
great.

standard backflow prevention 
devices and methods that maybe 
substituted for the convenientbut 
dangerous direct connection. And 
third, it should be made clear to all
 that the hazards resulting from
direct connections greatly 
outweigh the convenience gained. 
This course does not describe all 
the cross-connections possible in 
piping systems. It does attempt to 
reduce the subject to a statement of
 the principles involved and to 
make it clear to the student that 
such installations are potentially 
dangerous.The primary purpose is 
to define, describe, and illustrate 
typical cross-connections and to 
suggest simple methods and 
devices by which they may be 
eliminated without interfering 
with the functions of plumbing or 
water supply distribution systems.
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Chapter Two

Public health officials have
long been aware of the

impact that cross-connections
play as a threat to the public
health. Because plumbing
defects are so frequent and
the opportunity for contami-
nants to invade the public
drinking water through cross-
connections are so general,
enteric illnesses caused by
drinking water may occur at
most any location and at any
time.

The following documented
cases of cross-connection
problems illustrate and
emphasize how actual cross-
connections have compromised
the water quality and the public
health.

Human Blood in
the Water System

Health Department officials
cut off the water supply to

a funeral home located in a
large southern city, after it was
determined that human blood
had contaminated the fresh
water supply. City water and
plumbing officials said that they
did not think that the blood
contamination had spread
beyond the building, however,
inspectors were sent into the
neighborhood to check for
possible contamination. The
chief plumbing inspector had
received a telephone call
advising that blood was coming
from drinking fountains within
the building. Plumbing and
county health department
inspectors went to the scene
and found evidence that the
blood had been circulating in
the water system within the
building. They immediately
ordered the building cut off
from the water system at the
meter.

Investigation revealed that
the funeral home had been
using a hydraulic aspirator to
drain fluids from the bodies of
human “remains” as part of the
embalming process. The
aspirator directly connected to
the water supply system at a
faucet outlet located on a sink
in the “preparation” (embalm-
ing) room. Water flow through
the aspirator created suction
that was utilized to draw body
fluids through a hose and
needle attached to the suction
side of the aspirator.

The contamination of the
funeral home potable water
supply was caused by a combi-
nation of low water pressure in
conjunction with the simulta-
neous use of the aspirator.
Instead of the body fluids
flowing into the sanitary drain,
they were drawn in the opposite
direction—into the potable
water supply of the funeral
home!

Reverse flow through
aspirator due to
back siphonage

Body fluids

“Hydro”
aspirator

Negative supply pressure
Open

Closed

Closed

Normal operation
Positive supply pressure Potable water Open

Public Health
Significance of
Cross-Connections
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Burned in the
Shower

One neighbor’s head was
covered with blisters after she
washed her hair and others
complained of burned throats
or mouths after drinking the
water.

The incident began after an
8-inch water main, that fed the
town, broke and was repaired.
While repairing the water
main, one workman suffered
leg burns from a chemical in
the water and required medical
treatment. Measurements of the
ph of the water were as high as
13 in some sections of the pipe.

Investigation into the cause
of the problem led to a possible
source of the contamination
from a nearby chemical
company that distributes
chemicals such as sodium
hydroxide. The sodium hydrox-
ide is brought to the plant in
liquid form in bulk tanker
trucks and is transferred to a
holding tank and then pumped
into 55 gallon drums. When
the water main broke, a truck
driver was adding the water
from the bottom of the tank
truck instead of the top, and
sodium hydroxide back-
siphoned into the water main.

Heating System
Anti-Freeze into
Potable Water

A resident of a small town in
Alabama, jumped in the

shower at 5 a.m. one morning
in October, 1986, and when he
got out his body was covered
with tiny blisters. “The more I
rubbed it, the worse it got,” the
60 year old resident said. “It
looked like someone took a
blow torch and singed me.”

He and several other
residents received medical
treatment at the emergency
room of the local hospital after
the water system was contami-
nated with sodium hydroxide, a
strong caustic solution.

Other residents claimed
that, “It (the water) bubbled up
and looked like Alka Seltzer. I
stuck my hand under the faucet
and some blisters came up.”

B
discovered poisonous antifreeze
in a homeowner’s heating
system and water supply in
November, 1981. The incident
occurred when they shut off
‘the service line to the home to
make repairs. With the flow of
water to the house cut off,
pressure in the lines in the
house dropped and the anti-
freeze, placed in the heating
system to prevent freeze-up of
an unused hot water heating
system, drained out of the
heating system into house
water lines, and flowed out to
the street. If it had not been
noticed, it would have entered
the homeowner’s drinking
water when the water pressure
was restored.
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Salt water suction line
for fire protection

Main fresh
water line

Pump prime line

High pressure fire line
Seawater

Backflow preventer
replaced by spool piece

Mixing Sink

Herbicide holding tank

Potable town water

Recommended installation of
backflow preventer

Salty Drinks Paraquat in the
Water System

water supply piping had been
left open. A lethal cross-
connection had been created
that permitted the herbicide to
flow into the potable water
supply system. Upon restora-
tion of water pressure, the
herbicides flowed into the many
faucets and outlets on the town
water distribution system.

This cross-connection
created a needless and costly
event that fortunately did not
result in serious illness or loss of
life. Door-to-door public
notification, extensive flushing,
water sample analysis, emer-
gency arrangements to provide
temporary potable water from
tanker trucks, all contributed to
an expensive and unnecessary
town burden.

In January, 1981, a nationally
known fast food restaurant

located in southeastern United
States, complained to the water
department that all their soft
drinks were being rejected by
their customers as tasting
“salty.” This included soda
fountain beverages, coffee,
orange juice, etc. An investiga-
tion revealed that an adjacent
water customer complained of
salty water occurring simulta-
neously with the restaurant
incident. This second complaint
came from a water front ship
repair facility that was also
being served by the same water
main lateral. The (investigation
centered on the ship repair
facility and revealed the
following:

• A backflow preventer
that had been installed on the
service line to the shipyard had
frozen and had been replaced
with a spool piece sleeve.

• The shipyard fire
protection system utilized sea
water that was pumped by both
electric and diesel driven
pumps.

• The pumps were primed
by potable city water.

With the potable priming
line left open and the pumps
maintaining pressure in the fire
lines, raw salt water was
pumped through the priming
lines, through the spool sleeve
piece, to the ship repair facility
and the restaurant.

“Yellow gushy stuff ”
poured from some of

the faucets in a small town in
Maryland, and the State of
Maryland placed a ban on
drinking the water supply.
Residents were warned not to
use the water for cooking,
bathing, drinking or any other
purpose except for flushing
toilets.

The incident drew wide-
spread attention and made the
local newspapers. In addition to
being the lead story on the
ABC news affiliate in Washing-
ton, D.C. and virtually all the
Washington/Baltimore news-
papers that evening. The news
media contended that lethal
pesticides may have contami-
nated the water supply and
among the contaminants was
paraquat, a powerful agricul-
tural herbicide.

The investigation disclosed
that the water pressure in the
town water mains was tempo-
rarily reduced due to a water
pump failure in the town water
supply pumping system.
Coincidentally, a gate valve
between a herbicide chemical
holding tank and the town
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Recommended installation
of hose bibb vacuum breaker
backflow preventer

Gate valve closed

Recommended
backflow
preventer

installation

Water main
pressure
65 psi

Explosion

FireHose used for 
propane tank
purging cross

connected
to private

fire hydrant

Propane Gas in the
Water Mains

ate repair procedures. To
start the repair, the tank was
“purged” of residual propane
by using water from one of two
private fire hydrants located on
the property. Water purging
is the preferred method of
purging over the use of carbon
dioxide since it is more positive
and will float out any sludge as
well as any gas vapors. The
“purging” consisted of hooking
up a hose to one of the private
fire hydrants located on the
property and initiating flushing
procedures.

Since the vapor pressure of
the propane residual in the tank
was 85 to 90 psi., and the water
pressure was only 65 to 70 psi.,
propane gas backpressure
backflowed into the water
main. It was estimated that the
gas flowed into the water mains
for about 20 minutes and that
about 2,000 cubic feet of gas
was involved. This was approxi-
mately enough gas to fill one
mile of an 8-inch water main.

Chlordane and
Heptachlor at the
Housing Authority

of the gate valve. When the
workman cut the 6-inch line,
water started to drain out of the
cut, thereby setting up a
backsiphonage condition. As a
result, the chemicals were
siphoned out of the truck,
through the garden hose, and
into the system, contaminating
the seventy five apartments.

Repeated efforts to clean
and flush the lines were not
satisfactory and it was finally
decided to replace the water
line and all the plumbing that
was affected. There were no
reports of illness, but residents
of the housing authority were
told not to use any tap water
for any purpose and they were
given water that was trucked
into the area by volunteer fire
department personnel. They
were without their normal
water supply for 27 days.

Hundreds of people were
evacuated from their

homes and businesses on an
August afternoon in a town in
Connecticut in 1982 as a result
of propane entering the city
water supply system. Fires were
reported in two homes and the
town water supply was con-
taminated. One five-room
residence was gutted by a blaze
resulting from propane gas
“bubbling and hissing” from a
bathroom toilet and in another
home a washing machine
explosion blew a woman
against a wall. Residents
throughout the area reported
hissing, bubbling noises,
coming from washing
machines, sinks and toilets.
Faucets sputtered out small
streams of water mixed with
gas and residents in the area
were asked to evacuate their
homes.

This near-disaster occurred
in one, 30,000 gallon capacity
liquid propane tank when the
gas company initiated immedi-

The services to seventy five
apartments housing

approximately three hundred
people were contaminated with
chlordane and heptachlor in a
city in Pennsylvania, in Decem-
ber, 1980. The insecticides
entered the water supply
system while an exterminating
company was applying them as
a preventative measure against
termites. While the pesticide
contractor was mixing the
chemicals in a tank truck with
water from a garden hose
coming from one of the
apartments, a workman was
cutting into a 6-inch main line
to install a gate valve. The end
of the garden hose was sub-
merged in the tank containing
the pesticides, and at the same
time, the water to the area was
shut off and the lines being
drained prior to the installation
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