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CROSS CONNECTIONS, BACKFLOW PREVENTION AND COPPER POISONING FROM CARBONATED BEVERAGE DISPENSERS

Why be concerned: both old and modern problem around since plumbing invented.

1.
Convenience for the wealthy and recognition that surface water unsafe to drink without treatment brought need for pressurized systems.

2.
Building systems far more complex than formerly; maze of pipes, some potable, some non-potable, some pumped.  Many processes side-by-side.

1947- 69
12% of 1,000 waterborne outbreaks caused by cross connections.

60,000 cases of amoebic dysentery

400 deaths

BRIEF SUMMARY OF MAJOR INCIDENTS IN PAST

1923
1)  Everett mill used river water, which siphoned past check valve into city 

water system causing typhoid epidemic in which two people died.

2)  Fort Wayne, IN, mill using river water: 135 typhoid cases, 24 deaths.  The utility was not testing backflow prevention valves.

1925
Lake Winona, IN.  1000 typhoid fever cases dispersed in 20 states.

1929
Fort Wayne, IN.  5000 diarrhea cases, 53 typhoid cases with 3 deaths.

1933
Chicago World’s Fair the most famous waterborne epidemic.  1000's of diarrhea cases, 1409 amoebic dysentery cases, 98 deaths including movie star Jean Harlow.  Two hotels sharing one water system; 2 ccs + 1 leaky sewer pipe over filtered water tank, kitchens, floors, etc.  Lawsuits continued for years.
1943
Seattle, WA.  Navy vessel tested fire pump; pumped sea water several blocks into city system after city had tried to get Navy to air gap pier.

Los Angeles, CA.  Same scenario: seawater backpressured through 5 single check valves.  Filled mains serving 90 square blocks. 

1961
Anonymous Midwest city: 50 gallons toxic antifreeze siphoned into mains.

1963
Anonymous Midwest city: 50 gallons of insecticide being used for termite control backsiphoned through submerged inlet hose.

1963
Renton, WA.   A service station testing a new underground tank pumped gasoline several blocks into water system.  Man in house turned on tap and had gasoline come out; a flash fire resulted.  No serious injuries.

1973
University of Washington: cloudy, rubbery-tasting water coming from fountain due to backpressuring through a faulty single check valve.

1979   Seattle, WA 1979: a temporary connection at a car wash allowed soapy water to be pumped into city distribution system.

1983
University of Washington: blue water throughout building.  Foodservice CO2 tank was backpressuring carbonated water through fouled checks.

1985
Approximately 16,000 persons became ill with Salmonellosis with two deaths after an industrial cross connection allowed raw milk to contaminate pasteurized milk in a large Chicago-area dairy.

1985
Oklahoma water line break in caused malathion, chlordane, sevin and diazinon mixture to siphon into a town’s water distribution system.

1985   Malathion used to spray grain as it was loaded onto ships by a California grain elevator operator was pumped into the public water system 



through a faulty check valve.

1986
Water in air handling system containing corrosion inhibitor contaminated Provincial Museum, Victoria, B. C., domestic water system.

1987
Backflow of antifreeze-containing water in a North Dakota plant caused ethylene glycol intoxication in 29 persons.

1988
A man died after drinking insecticide-laden water at a Florida airstrip.

1991  WSU: water fizzy and exploding out of fountains.  Foodservice CO2 tank had faulty check valves, allowed backpressure of CO2-laden water.

1995  Mental health facility had pink boiler water coming from fountains.  A failed single check valve allowed chemically-treated boiler water to enter pipes when its system water shut down to replace the building’s RP assembly.

1999  UW: antifreeze in air conditioner backflowed into science building lab water after contractor accidentally broke irrigation system supply pipe.

1977 - 1994
58 reported incidents of carbonated water backpressure in pop dispensers; many more doubtlessly unreported.

1.  BASIS FOR CONTROLLING CROSS CONNECTIONS
A.  THE STATE PLUMBING CODE: usually specifies one of these codes:

Uniform Building Code (Washington); local amendments allowable

Uniform Plumbing Code (no longer Washington’s state code)

International Plumbing Code = Southern + BOCA codes (Eastern)

All prohibit contamination of water supply within buildings

All specify minimum types of devices for various applications and hazard situations


    

B.  LOCAL (city or county) PLUMBING CODE

May amend state code and in some states weaken some requirements; depends on state (Seattle has many amendments to the state code, all of which are stronger than the state code)

C.  STATE FOOD CODE

Requires:

Water adequate in quantity/quality

Approved source

Monitored for bacterial contamination

No cross connections present
Defers backflow protection requirements to local plumbing code
TIP: find out which code is dominant in your area of regulation, as they may conflict.  One code always takes precedence over the others.

2.  RESOURCES
A.  CURRENT EDITION of the:

International Mechanical Code (Washington) + Seattle Amendments

Uniform Plumbing Code (IAPMO) (many western states)
International Plumbing Code (BOCA + Southern codes) (East and South)
B.  AMERICAN WATER WORKS ASSOCIATION (AWWA):

Cross Connection Control Manual: Accepted Procedure and Practice.

1995, 6th edition.  $25

Summary of Backflow Incidents. 1996 edition. $20


Pacific  Northwest  Section - AWWA


PO  Box 2050


Clackamas OR   97015-2050
C:  University of Southern California Foundation for Cross Connection Control and 


Hydraulic Research (USCFCCCHR): Manual of Cross Connection Control

D.  Washington State list of approved backflow assemblies.

How  a BACKFLOW  INCIDENT Happens
1.  Backflow: a potentially contaminating substance flowing into a potable water piping 
system made possible by a cross connection.  

2.  A cross connection must exist: 

Any connection between a potable (domestic) water system and any system or appliance which could allow introduction of a contaminating substance into it.

3.  Four factors are needed for backflow to be possible:


1.  Potable water system 


2.  Contamination source


3.  A connection between them; usually a hose or an open or faulty pipe valve allowing a contaminant entry into potable water system


4.  A pressure differential caused when:

a) the water system’s pressure drops, or



b) higher pressure pumps contamination into the potable water system

4.  The hydraulic gradient determines whether a pressure differential exists and 
its degree: water pressure (or lack of it) is the key to backflow:
  Highest pressures are at low elevations, near rivers, lakes, water table: ~120 
psi at UW
  Lowest pressures are at high elevations: tall buildings, hilltops: 0 - 60 psi are


likely
  Places with lowest / irregular/ intermittent pressure are most likely to 

have backflow problems.

5.  Backflow happens when: 
1. contamination caused by a cross connection 
2. plus a pressure difference sufficient to allow liquid to 1) backsiphon or 2) be backpressured by a pump strong enough to overcome city water pressure 
3. enters a potable water piping system.
6.  Therefore, BACKFLOW incidents happen in this sequence:

1. A cross connection exists

2. Domestic water system pressure drops or contaminant pressure rises
3. Check valve(s) if present, fails 
4. Siphonage or backpressure of a contaminating liquid begins
5. Contamination enters the potable water system


6.
Pressure is restored and the contamination mixed in with the water exits 


faucets under pressure OR due to gravity 
CROSS CONNECTIONS
Commonly include:

connected piping systems inadequately separated

( emergency/auxiliary water or chemical sources

equipment connected to domestic piping systems


( boilers using domestic water for their makeup water

 anything with a water inlet below its flood rim (submerged inlets in fixtures and appliances,) e.g., some pipette washers; 
May be created by:


accident: auxiliary water attachable to a domestic supply system for a fire fighting water supply


accident: domestic water pipe erroneously connected to boiler system: a 



new building had chromate-laced water from its boiler system 



coming from its drinking fountains


premises use changes: e.g., an office building converted to a car wash

· room function changes: e.g., a laboratory converted to computer room or 
kitchenette but remaining supplied by non-potable (lab) water 

· faulty equipment, e.g., pipette washer without an air gap at inlet

· temporary, rare connection of unusual equipment to water system 

PROBABILITY / RISK 

PROBABILITY: how LIKELY an event is to happen

RISK: how SERIOUS the outcome will be if an event happens
Observation: backflows are uncommon but often have significant consequences when they do occur.  Why:
1. Cross connections are often subtle, hard to see.

2. Cross connections often exist continuously and unnoticed for years as 

potential events waiting to happen.
3.  
CC incidents are irregular and happen under very specific circumstances.

Incident 1: Pressure washer where detergent siphoned into a 

building water system when the irrigation system was drained for winter.

Incident 2: A failed single check valve in the circulating heating water 
system in large science building produced cloudy, rubbery-tasting 
water emerging from fountains.

Incident 3: Failed single check valve on a boiler at mental health center 


allowed red-pink anti-corrosion agent to emerge from 
fountains.
THE TWO TYPES OF BACKFLOW

1.
BACK SIPHONAGE

2.
BACK PRESSURE
1.
TYPE #1: BACK SIPHONAGE
Failed or reduced pressure in pipes:
Building water turned off for repair or servicing of equipment

Line break/repair lower than service point; gravity causes water to seek lowest point producing suction as it falls
High water withdrawal:

Fire fighting

Flushing

Break

Suction on upstream side of booster pump

Heavy use at times

Undersize or occluded piping: vacuum on upper floors due to lack of water


Typical BACKSIPHONAGE sources:

pesticide tank trucks

home hose bibbs

lawn watering/fertilizer/pesticide application systems

darkrooms

old bathtubs, washbasins

old toilets

tanks, vats

cooling towers

lab sinks with hoses

pipette washers lacking air gaps

hydrotherapy tubs

hot tubs/spas

2.
TYPE #2: BACKPRESSURE
 
Water pipes connected to a system or device operating at higher pressure (usually a pump involved)
Potable water systems connected to boilers, recirculating heating 

systems, piers, and other pressure systems with no or inadequate backflow protection devices

Booster pumps installed with inadequate or no backflow preventers


FREQUENT BACKPRESSURE SOURCES:



Carbonated beverage dispensers
boilers; building heating systems

cooling towers

vehicles, ships with pumps

auxiliary water supply: golf courses, industrial plants

3.  BACKFLOW PROTECTION IS NEEDED:
If any auxiliary water supply is present

With any fire protection system

With any hazardous processes

If a Seattle building is >30’ high

Whenever the Water Department says so
4.  The 4 TYPES OF PROTECTION against backflow events
Efficacy in descending order:

a. AIR GAP: most dependable due to laws of physics; highest hazard 


situations
b. REDUCED PRESSURE BACKFLOW PREVENTER: 2nd most 


dependable; high hazard situations also
c. DOUBLE CHECK VALVE: third most dependable; low hazard
d. VACUUM BREAKER

▬PRESSURE

▬ATMOSPHERIC: minimal protection level

A.  AIR GAP
A space between the water supply pipe (e.g., faucet) and a vessel’s flood rim 


(e.g., sink) too large for the vessel’s contents to be siphoned back into the 

water pipe.  Based on the supply pipe’s size and the laws of physics.

Used in HIGHEST HAZARD LOCATIONS

Must be at least 2X the pipe’s internal diameter but never less than 1"

 Not always practical, e.g., if line pressure is needed like in a beverage



dispenser
 Must be checked annually because they are often bypassed 
B. REDUCED PRESSURE BACKFLOW PREVENTER (RPBP, RPBA, RP)
Two independently-acting check valves separated by a zone of reduced pressure with a relief valve and port allowing wasted water to flow to sewer
For operations with high health hazard risk 
Used where an air gap impossible or unfeasible

Protects against both backsiphonage and backpressure

Must be tested annually

Must be a state-approved brand and model correctly installed 

C. DOUBLE CHECK VALVE ASSEMBLY (DCVA)
Two independently-acting internally loaded (spring or weighted) check valves with no relief port which does not allow water to escape to sewer 

   An RP device with no reduced pressure zone or relief valve

For operations with low health risk

When cost of RP device not justified

Effective against both backsiphonage and backpressure

Must be tested annually to be legal

Must be a correctly installed state-approved brand and model 

Usually used on fire line connections



D.  VACUUM BREAKERS
1.
PRESSURE VB (PVB)

2.
ATMOSPHERIC VB (AVB)


A.  PVB:  Can be under continuous pressure

→Must be a state-approved model

→Can be under continuous pressure

→Only one check valve; no safety in redundancy
→Must be tested annually
B. AVB:  Cannot be under continuous pressure

→ Effective ONLY against backsiphonage 
→ Provides LOCAL (single fixture) protection only 
→ NOT TESTABLE in-line

→NEVER on building water service line 
→ Must be DOWNSTREAM of last on-off valve
→ Must be located at least 6" above faucet / point of use
5.  FIRE SYSTEM BACKFLOW PROTECTION


Building fire systems (sprinklers and standpipes) are separated from potable water distribution systems by double check valves (often painted red). 

Double check valve assemblies must be:


State approved brands and models


Installed inside mechanical rooms (not outdoors)
Fire system water supply pipes to buildings must be: 

( directly connected to the water main; cannot be supplied from a 


building’s domestic water supply pipe

( equipped with one approved double check valve assembly or 



two DCVAs in parallel in the mechanical room
Fire protection systems have special equipment & terminology:
· BOOSTER PUMPS (to get water up to higher floors in buildings) can overpower city water pressure.  Often painted red.
· DETECTOR CHECK VALVE: alarms if water flows through it due to:
· fire 

· leakage

· water theft

· OS & Y (outside screw & yoke) GATE VALVES so inspectors and 

· firefighters can instantly see whether they are open or closed.

SPRINKLER SYSTEMS (wet)
 Are always full of stagnant water 

 Water has high levels of dissolved metals, e.g.,Fe, Cu, Pb

 Can backflow when line pressure fails or pumps are tested.  


Tip: Listen for comments like: “every time the firemen come to 

test, our water goes bad for a day.”
\

PLAN  REVIEW

1.  GET PLANS IN THE DOOR SO YOU CAN REVIEW THEM.  THEN:

a.
Familiarize yourself with the symbols used on the plans

b.
Find the water service pipe

c.
Follow it to the mechanical room

d.
Find the water meter

e.
Look for backflow preventers downstream of it

f.
Check sheet notes to ascertain what equipment is going to be used in building
g.
Determine processes to occur on each floor 

h.
Wherever there is proposed water use, BE SUSPICIOUS

i.
Identify equipment in rooms

j. 
Look for illogical labels on plans; if something fails to make sense, it probably 

needs correction
2.  LOOK FOR:

 Auxiliary water sources

 Chemicals in some way connected to the water, even if rarely 

 Obsolete equipment: spool, swing connections

  Backflow preventers on:

building water service

fire service

irrigation 

industrial water

laboratory / process water streams

 Bypasses around backflow preventers 

 Hazard-posing processes: plating, chemicals

 Unprotected equipment: possibly dilution portioners

 Equipment supplied by submerged inlets

3.  GET THE ARCHITECT TO CHANGE THEM



( Be sure comments get to the right person



( Discuss your improvement knowledgeably with architect/engineer

4.  VERIFY THE CHANGES



( Make sure architect or owner understand that permits will not be 




signed unless plans and construction conform to code 




requirements



( Do not hesitate to contact higher-ups to make your requirements 




clearly known

Copper Poisoning from Carbonated Beverage Dispensers is the commonest type of backflow incident today due to the huge number of carbonated beverage dispensers in use, but has probably been declining since the code requirement for an RPBP on each machine’s water supply line took effect.  Pop machines have caused over 58 reported incidents since 1976  In reality there have certainly been several times this number of events due to underreporting (the author knows of three unreported), but no one really knows.  Establishment owners and soft drink vendors often do not report incidents because of the liability and bad publicity they cause.  Also, long-term disagreement between industry and regulators on whether a problem even exists, much less how to regulate to prevent it, has been the norm for decades.  Both disagree on what degree of protection is enough.  Consumer and health officials say: “Zero incidents” while industry says that current performance is good and more protection unnecessary.
PROBLEM: the backpressuring of carbonated water from pop dispensers into copper building water pipes due to failed regulator and check valve(s).  CO2 dissolved in water forms carbonic acid strong enough to dissolve copper from pipe interiors.  The longer carbonated water remains in contact with copper pipes, the higher the concentration of copper in the water when it is used.  Humans taste copper at ~1 ppm and feel nauseated and vomit at ~35 - 50 ppm.  Rapid onset occurs within 2 - 10 minutes of ingestion depending on stomach contents.

DISCUSSION
Varying degrees of backflow protection are achieved via these five devices listed in descending order of effectiveness:

1. A reduced pressure backflow preventer on water line to carbonator is now 

required by all major plumbing codes.  This eliminates the need for #2 - #5 below but could be dangerous if located in a poorly-vented or below-grade space where escaping CO2 could fill the space and exclude oxygen, causing a suffocation hazard.

2.   Vented double check valve (allows CO2 to escape from pop system)

3.  Unvented double check valve forces backflow of copper-laden water into building pipes.  Coca-Cola has equipped all its dispensers with this. 
4.   Two unvented single check valves (former industry standard)

5.   Single unvented check valve 
Premises operators and beverage company route personnel can make sure a fine-mesh screen is present in the water line immediately upstream of the carbonator to prevent grit from jamming the check valve(s) open, which allows backflow.  Service technicians must be reminded to ascertain a screen’s presence and cleanliness on every visit.  If the screen is maintained, the probability of an incident virtually disappears.  However, a routeman told the author very pointedly that, as 100-mesh screens clog rapidly in buildings with old iron pipes and thus generate frequent (and expensive) service calls, service people almost always remove screens.

HAZARD WARNING: CO2 escaping from a tank system may settle in low areas, e.g., basement rooms, causing an asphyxiation hazard.  One fatality has been reported so far.  Options #1 and #2 both allow CO2 to escape into the room in which the RPBP or vented dual check valve is located.  Options #3 - #5 above are safer for food service and route personnel but provide inadequate consumer protection because they hold CO2 in the piping system, allowing it to backpressure into copper building pipes if line grit jams one or both valves open.
National Sanitation Foundation (NSF, a voluntary group composed of health and industry representatives) has published standards governing beverage dispenser design for decades, but no consecutive revisions are ever the same because of beverage industry-health regulator disagreement, reflecting the total uncertainty regarding this problem.  

If a potential toxicant can enter water lines, a reduced pressure backflow preventer or an air gap is now required by plumbing codes on water supply lines to dispensers because copper is a toxicant and can make people sick.  Until very recently, FDA Food Codes specified various combinations of screens and check valves.  However, the Washington State Plumbing Code requires an approved RP device on the water supply line, thereby ending disagreement.

Three costs are involved with RP devices on beverage dispensers: the backflow preventer itself + its installation cost + cost of its annual test.  Formerly paid by the dispenser company, they are now paid by premises owners.  The costs of backflow prevention were thereby shifted from beverage companies to establishment/premises owners because RP devices are permanently installed on premises piping, not supplied with pop dispensers as formerly.  Nifty shift, huh?
Want a CROSS  CONNECTION  CONTROL PROGRAM?
  Generate interest; otherwise, who cares?

  Educate; define hazards
  Appeal to owners’ “enlightened best interest”

  Learn codes; know your stuff; be credible

  Get plans; review them

  Give abundant help when requested
SEATTLE CROSS CONNECTION CONTROL HISTORY
July 1, 1927: Health Dept gives Seattle Water Department a deadline to control cross connections

1943: “watershed to tap” protection concept devised and set as goal

1944: City Council commission establishes a section to run the CCC program

1945: 1st Seattle survey of industrial facilities 
1946: First State Board of Health regulations promulgated to control cross connections

1952: Health Department + Seattle Water Department joint effort begun

1966: State Reports RE: water supplies

1968: UW survey of 66 buildings with laboratories; set goals:

Eliminate auxiliary supplies

Install RPs at building services

Separate water streams within buildings

Provide intrabuilding (local) protection (atmospheric vacuum breakers)

1990: SWD takes over full responsibility for cc control

1999:
Law passed limiting water purveyor’s responsibility to distribution system up to the property line.  Local health departments given responsibility for in-premises cross connection prevention; water utility responsible for distribution system

 1999:
Seattle Public Utilities and Public Health Seattle-King County begin negotiations to resume join inspection and compliance program

 2000: Joint inspection program resumed.  Water department certifies existence and installation of RP and double check valves; health department inspects inside buildings for internal cross connections and non-compliant backflow preventers.
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