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ENGINEERING REVIEW OF HOME OWNER ISSUES 

 
BACKGROUND 

Lower Makefield Township has retained the Professional Services of Gillan & Hartmann, Inc. (G&H) 
to prepare a System Engineering Based Review of the Issues raised by multiple Home Owners of the 
Residential Community Development Regency at Yardley (RAY).  

 
NARRATIVES OF APPROACH 

The approach to completion of the Review of Home Owner Issues has included: 

A1 Collection, organization and consolidation of written correspondence/reports, and test records 
exchanged between the Parties in Interest so as to establish an organized foundation of 
knowledge and add focus to follow-on, in person Interview Meetings with interested RAY 
Home Owners; 

A2 Review the Building Construction Permit Plans for RAY as submitted by Toll Brothers; 

A3 Review current State of the Art, Engineering Building Trade and Manufacturers’ Construction 
Publications addressing the basis of the Background Knowledge resulting from preceding 
Articles A1 and A2;  

A4 Complete Experience Based Interview Meetings with RAY Home Owners who accepted a 
Lower Makefield Township (LMT) Invitation to attend separate, individual, one on one 
meetings with Gillan & Hartmann, Inc. Staff Engineers, a Consulting Industrial Hygienist 
Professional Engineer reporting to Gillan & Hartmann, Inc., and the LMT Public Works 
Director Gregory Hucklebridge, P.E. 

 Photographic records and narratives of Specific Home Owner Experiences of each attendee 
were invited. Seven interview meetings were completed so as to focus on the materials 
generated by the Gillan & Hartmann, Inc. Team based on preceding Articles A1, A2, and A3.  

A5 Technical Reference Publications Appearing to Relate to RAY Home Owner Reported  

A6 Narrative Summary Observations and Conclusions 

 
APPENDICES  

A1 Initial Interview Phase, Home Owner Interviews, Home Owner Photo Exhibit A 

A2 Initial Phase Home Owner Interviews, Parties in Interest 

A3 Introduction: Appendices A4, A5, A6 

A4 Expanded Listing, New and Returning Home Owner Parties in Interest 

A5 18 Photographic Exhibits Provided Subsequent to Exhibit A, Appendix A1 

A6 Copies of 10 Technical, Construction Trade, University Research, Governmental Agency 
Publications listed in Approach Narrative A5.  
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APPROACH NARRATIVE A1, WRITTEN CORRESPONDENCE/REPORTS 

1. Eleven (11) Exhibits listed in attached Table 1 have been reviewed generally, and form the Basis of 
Follow-on Home Owner Interviews described in the following Narrative Approach A4, and the State 
of Art Review completed in Narrative Approach A3.  

2. General Review of the eleven (11) Exhibits of Attached Table 1 have been reduced to the following 17 
item outline of comments, conclusions, recommendations applicable to the Home Owner Issues: 
2.1 Domestic water can become discolored as the result of internal supply piping effects. The 

longer the water sits in the piping, the worse the discoloration can  become.  
2.2 Black Film can result from the plumbing system. Black Slime usually Mold/Mildew that can 

develop on sinks and stoppers creates a residue buildup.  
2.3 Water Sampling Tests at RAY Facilities conclude that Pa. Department of  Environmental 

Protection Standards for primary and secondary contaminants have been met.  
2.4 Microbial Mold Swab Tests conclude that several Toilet Fixtures, Sink Stoppers, Window Sills, 

Kitchen Faucet Levers exceed accepted limits for “Medium to Heavy”, and “Heavy” Fungal 
Cultured Guidance (CFGs). 

2.5 Qualified cleaning of Black Slime/Black Film has been prescribed. 
2.6 Bacterial Testing was not ordered, Mold Testing was prescribed.  
2.7 Suggestion made that RAY Home Owners complete a laboratory analysis of the black 

particulate at their expense.  
2.8 Continuing to rely on Drinkability of Water in lieu of Laboratory Testing of the Black Slime 

created by Drinkable Water.  
2.9 Laboratory Testing of Black Slime not initiated.  
2.10 The undiscovered Gelatinous Black Slime disclosed just prior to Approach Narrative A4 has 

not been evaluated/examined further. Photographic Evidence from A4 has not been presented 
to Toll Brothers. Refer to “APPROACH NARRATIVE A6, SUMMARY OBSERVATIONS 
AND CONCLUSIONS”. 

2.11 PAW Survey Representative’s visit to a Home Owner’s Residence to again confirm Domestic 
Water Potability commented that the extent of the Black Slime was unusual for a residence, and 
more wide spread in the RAY Development based on past PAW experience.  

2.12 Toll Representative, and a PAW Representative encouraged RAY Home Owners to have black 
particulate analyzed under a microscope at their own expense.  

2.13 Air Samples concluded that MICROBIAL TESTING resulted in extremely low laboratory 
readings.  

2.14 Toll Brothers concludes that the Black Slime occurs naturally, requiring Household Hygiene 
Control Attention, and has no relation to Toll Brothers Design/Construction, and/or 
Development Activities.  

2.15 Toll Brothers reports the Black Slime includes the Mineral Manganese, the pink substance is 
Iron, and the domestic water content thereof is below EPA Guidelines. Each of the Basic 
Minerals react chemically with materials exposed to domestic water moisture. Toll Brothers’ 
Geologist reports that Black Substance is caused by Iron and Manganese in the Domestic Water 
Supply, and while below Potable Water maximum limits, creates a Chemical Reaction to cause 
the “Black Substance” observed by Home Owners.    

2.16 RAY Home Owner’s requests to subject the Pink and Black substances to a Laboratory 
Chemical Analyses, has not resulted in a response from Toll Brothers, or PAW. 

2.17 PAW states that PAW cannot control: what happens to the water in the residence after it is 
delivered; the effect on locations/surfaces it sits upon, and/or Household Hygiene Procedures.  
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TABLE 1 
LISTING OF REFERENCES/REPORTS 

 
OVERVIEW, CONSOLIDATION, ASSESSMENT 

HOME OWNER ISSUES 
FACILITY HYGIENE AND ENVIRONMENT 

REGENCY AT YARDLEY 
 

 
Exhibit 1 -  Letter of 10/31/15, From Kevin McHugh  
  To S. Story/Doug Yearley 
 
Exhibit 2 -  Discolored Water Tutorial 
  PA American Water 
 
Exhibit 3 -  PA Water Letter of 12/2/15, From C. Piekanski 
  To K. Rattigan 
 
Exhibit 4 -  DEL VAL Letter of 4/21/16, From J. Clark 
   To K. Rattigan 
 
Exhibit 5 -  NAL Letter of 2/20/17, From M. Stern  
  To Mr. Crean   
  (Re: Home Owner (HO) Slutzky) 
 
Exhibit 6 -  NAL Letter of 2/20/17, From M. Stern  
  To Mr. Crean 
  (Re: HO Slepion) 
 
Exhibit 7 -  NAL Letter of 2/23/17, From M. Stern 
  To Mr. Crean 
  (Re: HO Mezick) 
 
Exhibit 8 -  Letter of 4/14/17, From HO Slepion  
  To Mr. Fedorchak (LMT) 
 
Exhibit 9 -  Letter of 4/10/17, From J. Kniele 
  To Mr. Fedorchak 
 
Exhibit 10 -  Letter of 3/16/16  
  From Attorney Jeff Garton  
  To Mr. Fedorchak 
 
Exhibit 11 -  Interoffice Memo of 3/14/16, From K. Rattigan 
  To G. Lagreca 
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APPROACH NARRATIVE A2, BUILDING CONSTRUCTION PLANS & SPECIFICATIONS 

 

1. Toll Brothers has prepared Project Construction Plans and Specifications, and submitted same 
as part of the Formal Request of Lower Makefield Township to grant a Township Project 
Building Permit.  
 

2. The Toll Brothers Project Construction Design Plans and Specifications have been 
Professionally Sealed by Certified Design Professionals, engaged by Toll Brothers to define 
General Construction, Mechanical, Electrical, Plumbing and Drainage System confirmation of 
Materials, Methods and Means committed for Project Construction by Toll Brothers.  
 

3. The Sealed and Certified Construction Plans and Specifications prescribe the Manufacturers of 
Plumbing and Drainage Piping Systems, the Methods and Means of Construction which affect 
Domestic Water Supply and Sanitary Drainage throughout each Home Owner’s Residence, 
extending to the site utility plan connections provided by PAW, and the Site Sanitary and 
Storm Water Service Contractor.  
 

4. On the basis of the Toll Brothers professionally prepared Project Construction Plans and 
Specifications, Lower Makefield Township granted a Building Permit for the overall Project.  
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APPROACH NARRATIVE A3, CURRENT APPLICABLE DESIGN & CONSTRUCTION 
TRADE PUBLICATIONS 

1. The US Environmental Protection Agency (EPA)’s numerous publications form a Body of 
Knowledge addressing Mold and Moisture in general, and address Residential Occupancies. 
The Correspondence exchanged under Approach Narrative A1 includes several of the EPA 
Recommendations including: 

 
• Mold is part of the natural environment with tiny mold spores in both outdoor and 
 indoor air;  
• Maintain and check/monitor Low Humidity Levels (less than 50% all day long);  
• Provide for Ventilation of Occupied Spaces; 
• The key to Mold Control is Control Moisture;  
• Clean bathrooms and apply mold preventative cleaning products;  
• Prevent and fix all leaks.  
 

2. Substantially all the Seven (7) Interview Meetings with 8 Home Owners described in Approach 
Narrative A4 disclosed Home Owner Issues including: stains; rings; discoloration; and Black 
Slime in each Home Owner’s Residence. Numerous, current Engineering Trade and 
Manufacturers’ Construction Trade Publications relate to such Home Owner Issues and address 
the Origin, Potential Health Issues, Origination in Domestic Water Service, Mineral 
Contributions Created By Piping Systems, and Potential Curative Measures. The following 
references provide excellent resources to aid the review of all the Reports and Correspondence 
described in Approach Narrative A1: 

 
2.1  A Guide to Stains, Rings, Discoloration, Mineral Deposits, What They Are, and How 

  To Take Care Of Them (Environmental Water Systems, www.ewswater.com); 
2.2 Iron and Manganese in Private Water Systems (Penn State Extension);  
2.3 Investigation of Organic Matter Migrating From Polymeric Pipes Into Drinking Water 

  Under Different Flow Manners (www.ncbi.nlm.nih.gov/pubmed/24352374); 
2.4 13 Water Problems Your Toilet Tank Might Tell You About Your Water   

  (www.cleanwaterstore.com);   
2.5 PEX and PP Water Pipe Assimilable Carbon, Chemicals, and Odors (Journal, AWWA, 

  2016 American Water Works). 
 
3. With the exception of the previously undiscovered (disclosed prior to Interview Meetings of 

A4) Gelatinous Black Slime described under Approach Narrative A1, Item 10, the State of the 
Art Engineering Publications included in preceding Articles 2.1 through 2.5 apply to the 
Reports and Correspondence included in Approach Narrative A1, and recommend specific 
steps for remediation of the Home Owner Issues described in Approach Narrative A1.  

 
 The Additional and/or Supplementary Home Owner Issues presented during the Interview 
 Meetings are outlined in Approach Narrative A4, Interview Meetings, RAY Home Owners. 

 

 

http://www.ewswater.com/
http://www.ncbi.nlm.nih.gov/pubmed/24352374
http://www.cleanwaterstore.com/
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APPROACH NARRATIVE A4, INTERVIEW MEETINGS, RAY HOME OWNERS 

1. Founded on the Background Information gained from the completion of the Narrative of 
Approach A1 through A3, a total of seven (7) interviews were completed with eight (8) RAY 
Home Owners. One such interview was conducted with two (2) RAY Home Owners.  

2. Each Interview was completed as an independent, one on one meeting with the objective of 
gaining independent firsthand experience of the 7 RAY Home Owners. 

3. Each of the RAY Home Owners responded to a General Invitation offered by Lower Makefield 
Township, which invited each Respondent to provide Photographic Records of Issues which 
had been raised generally by RAY Home Owners.  

4. Each meeting’s Discussion was completed in two parts: 
 
• Part 1, The Home Owner’s extemporaneous presentation of any and all Home Owner 

Knowledge of the General and Specific Home Owner Issues;  
• Part 2, A guided discussion focused on the Interviewers’ outline of knowledge gained 

from Approach Narratives A1 through A3, and the Interviewers’ information gained 
from preceding Home Owner Interviews.  
 

5. Substantially all of the 8 Home Owners had experienced the reported Home Owner Issues 
including: Stains; Rings; Discoloration; and Black Slime in each Home Owner Residence, and 
were familiar with several of the 17 Items included in the Correspondence and Reports 
described hereinbefore under Approach Narrative A1, including: 
 
2.3 Water Sampling Tests at RAY Facilities conclude that Pa. Department of 
 Environmental Protection Standards for primary and secondary contaminants have been 
 met; 
2.4 Microbial Mold Swab Tests conclude that several Toilet Fixtures, Sink Stoppers, 
 Window Sills, Kitchen Faucet Levers exceed accepted limits for “Medium to Heavy”, 
 and “Heavy” Fungal Cultured Guidance (CFGs); 
2.5 Qualified cleaning of Black Slime/Black Film has been prescribed; 
2.14 Toll Brothers concludes that the Black Slime occurs naturally, requiring Household 
 Hygiene Control Attention, and has no relation to Toll Brothers Design/Construction, 
 and/or Development Activities; 
2.17 PAW states that PAW cannot control: what happens to the water in the residence after it 
 is delivered; the effect on locations/surfaces it sits upon, and/or Household Hygiene 
 Procedures. 
 

6. It appears that the majority of the Home Owners in the Interview Group were not familiar with 
the important, relevant listing of Current, Applicable Design and Construction Trade 
Publications included under Approach Narrative A3, including Articles 2.1, and 2.4,  
Page 6 of 12.  
 
 
 



Page 8 of 12 
 

7. Two of the Home Owners reported potentially vital information in addition to preceding Article 
5 of this Section. Photographic Examples of heretofore unreported Gelatinous Black Slime 
affecting the interior of Toilet Tanks, and Sink Sanitary Waste Traps appear to have resulted 
from Domestic Water within 2 separate Home Owner Residences.  
Under this Review of Home Owner Issues, Approach Narrative A5, Summary Observations 
and Conclusions, “General Comments” are offered for the benefit of RAY Home Owners.  
The Gelatinous Black Slime appears to be a potential result of the conditions of the Domestic 
Water within the effected Residence, and may be attributed to the following Items listed 
hereinbefore under Approach Narrative A1: 
 
2.1 Domestic water can become discolored as the result of internal supply piping effects. 
 The longer the water sits in the piping, the worse the discoloration can become.  
2.2 Black Film can result from the plumbing system. Black Slime usually Mold/Mildew 
 that can develop on sinks and stoppers creates a residue buildup. 
2.10 The Gelatinous Black Slime discovered just prior to the Interview Meetings of 
 “Approach Narrative A4” has not been subjected to Laboratory Testing. Photographic 
 Evidence from A4 has not been presented to Toll Brothers. Refer to “APPROACH 
 NARRATIVE A6, SUMMARY OBSERVATIONS AND CONCLUSIONS”. 
2.14 Toll Brothers concludes that the Black Slime occurs naturally, requiring Household 
 Hygiene Control Attention, and has no relation to Toll Brothers Design/Construction, 
 and/or Development Activities.  
2.15 Toll Brothers reports the Black Slime includes the Mineral Manganese, the pink 
 substance is Iron, and the domestic water content thereof is below EPA Guidelines. 
 Each of the Basic Minerals react chemically with materials exposed to domestic water 
 moisture.  Toll Brothers’ Geologist reports that Black Substance is caused by Iron and 
 Manganese in the Domestic Water Supply, and while below Potable Water maximum 
 limits,  creates a Chemical Reaction to cause the “Black Substance” observed by Home 
 Owners.    
2.16 RAY Home Owner’s requests to subject the Pink and Black substances to a Laboratory 
 Chemical Analyses, has not resulted in a response from Toll Brothers, or PAW. 
2.17 PAW states that PAW cannot control: what happens to the water in the residence after it 
 is delivered; the effect on locations/surfaces it sits upon, and/or Household Hygiene 
 Procedures.  
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APPROACH NARRATIVE A5, TECHNICAL REFERENCE PUBLICATIONS APPEARING 
TO RELATE TO RAY HOME OWNER REPORTED OBSERVATIONS 

1. Biofilm Control in Distribution Systems 
 Technical Brief, National Environmental Services Center (NESC) 
  Craig Mains, NESC Engineering Scientist  
   Summer 2008, Volume 8 Issue 2 

2. Iron and Manganese in Private Water Systems 
 PennState Extension 
  Bryan Swistock, Senior Extension Associate, Water Resources Specialist  
   Code F148, Pennsylvania State University, 2017 

3. Potential water quality deterioration of drinking water caused by leakage of organic compounds 
from materials in contact with the water 
 Proceedings, 20th NoDig Conference, Copenhagen, May 28-31, 2002 

4. Investigation of organic matter migrating from polymeric pipes into drinking water under 
different flow manners.  
 Zhang, L., Liu S, Liu W.  
  Environmental Science Process Impacts 
   PMID 24352374 
    February 16, 2014 

5. PEX and PP Water Pipes: Assimilable Carbon, Chemicals, and Odors 
 Cornell University et al (8 Authors) 
  American Water Works Association, April 2016 

6. Piping for New Construction – Plastic vs. Copper 
 Katie Bachner, Green Building Consulting  
  October 30, 2015 

7. PEX Plumbing Failures, History and Use of PEX Plumbing 
 Pennsylvania State University 
  Cadell Calkins, BAE/MAE, 2011 

8. Defective Product Claims in Construction: Dezincification and Corroded Plumbing Systems 
and the Next Big Thing  
 Rosary A. Hernandez, Scott A Booth 
  Construction Law, March 2017 

9. A Guide to Stains, Rings, Discoloration, Mineral Deposits: What They Are & How To Take 
Care Of Them 
 Environmental Water Solutions Inc./McKenna Engineering and Equipment Company 
  February 28, 2014 

10. Top 10 Water Problems Your Toilet Flush Tank Can Tell You 
 Clean Water Store 
  March 6, 2017 

 

Copy of each Publication is enclosed in Appendix A6.   
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APPROACH NARRATIVE A6, SUMMARY OBSERVATIONS AND CONCLUSIONS 

 
(A)  Summary Observations 
 
 (A1) The Certified Construction Plans and Specifications submitted to Lower Makefield 

 Township for Building Permit Application specify: the plumbing and drainage systems, 
 equipment manufacturers, methods and means for Building Construction; and Site Civil 
 Utility Services of Domestic Water and Sanitary.  

 
 (A2) Home Owner Reported Issues have substantially been represented in the Consolidated 

 17 item Listing included in Approach Narrative A1.  
  The Home Owner Issues appear to primarily relate to the domestic and sanitary piping 

 systems within the Household, and domestic water in various stages of use including: 
  
  A2.1 Point of Use (showerheads, spouts, faucets, toilet bowls, etc.); 
  A2.2 Continuously moist surfaces surrounding the Point of Use;  
  A2.3 Sink and Bathroom Drainage Systems;  
  A2.4 Toilet Tanks (the mini settling tank in the home);  
  A2.5 Surfaces subjected to a cycle of periodic moisture followed by drying.  
 
 (A3) Reference 2.1 of Approach Narrative A3 and related Trade References attribute the 

 Origin of pink, black, orange and/or green colored stains in Similar Home Owner 
 Issues to include: 

 
  A3.1 The result of naturally occurring mold spores, airborne dust, and bacteria  

  coming into contact with the stages of use described above in A2.1 through 
  A2.5;  

  A3.2 Deposits that have been enhanced in density and frequency of occurrence by 
  domestic water having an abundance of Iron and Manganese affecting the areas 
  listed in the preceding Articles A2.1 through A2.5;  

  A3.3 Created and/or enhanced by various piping distribution systems similar to  
  the RAY Home Owner’s Domestic Water Distribution and Sanitary Systems.  

 
 (A4) The Test Results and Reports included in Narrative of Approach A1 confirm high levels 

 of Iron and Manganese (yet within Pa. Dept. of Environmental Standards) in water 
 delivered to Home Owner Residence;  

 
 (A5) Reference 2.1 of Approach Narrative A3, and related Trade References establish a 

 correlation between organic migration created over specific time periods by Domestic 
 Water Piping Systems similar to the RAY Home Owners Building Piping Systems;  
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 (A6) Laboratory Testing of: the Materials, involved in preceding Articles (A2), (A3) and 
Settling Tank Domestic Water have not been initiated. Such Laboratory Testing 
could  define the source cause chemicals of the reported, confirmed Home Owner 
Issues;  

 
 (A7) Trade References including those listed in Approach Narrative A3 suggest Laboratory 

 Testing to include: 
 
  A7.1 Completion under Successive and Continuous Migration Conditions to address 

  the transient nature of organic material migration. Unoccupied, substantially 
  completed homes within RAY can facilitate the drawing of test samples to 
  define initial conditions. Test Samples from Occupied Homes could serve to test 
  transient conditions (successive and continuous migration conditions);  

  A7.2 Testing of Standing Water in toilet tanks (each, a mini settling tank) can be of 
  most value for analysis of source causes, if drawn from Toilets subjected to low, 
  intermediate, and high frequency of use.  

 
 (A8) The Home Owner reported instances of apparent Gelatinous Obstructions were not 

 subjected to Laboratory Testing:  
 

A8.1 Three Home Owner Reports were offered, one with Photograph attached as 
Appendix A1, Exhibit A;  

  A8.2 A separate report of a Home Owner’s engaging (at his expense) an Outside 
  Plumbing Contractor to clear a toilet room waste drain elbow trap, and  
  discovery of a vegetable can sized Gelatinous Obstruction;  

  A8.3 A separate report of a Home Owner’s attempt to solve continuous Toilet Float 
  Valve Operation resulted in discovery of reported black obstructions: in the 
  Toilet Tank Float Valve; in the PEX Pipe Line extending from the PEX  
  Manifold to the Toilet; in the PEX Manifold Valve; and Black Particles partially 
  obstructing the PEX Pipe Tap Line, itself.  
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(B) Summary Conclusions 
 
 (B1) Further steps should be taken to complete Formal Laboratory Testing, and Professional 

 Forensic Analysis. Recommended Samples and Procedures include the following: 
   
  B1.1 Refer to Preceding Summary Articles (A2), (A3), (A6), and (A7);  
  B1.2 Conduct a Survey of Home Owner Facilities to confirm locations having a 

  current accumulation of Reported Gelatinous Masses discovered to date in one 
  Home Owner’s Toilet Tank, a Sink Waste Trap, and a PEX Manifold Pipe 
  Valve;  

  B1.3 Catalogue the locations and description of the occurrences as discovered;  
  B1.4 Complete Laboratory Testing of 4 to 6 Separate Samples of Discovered  

  Gelatinous Masses.  
 
 (B2) A Professional Analysis of the Laboratory Results created by Article (A) Summary can 

 be used as the Basis for Potential Remedial Work on the Home Owner 
 Plumbing/Drainage Systems including Site Utility Distribution Systems.  

 
 (B3) Depending on the conclusions drawn under (B2), and as described within the Trade 

 References of Approach Narrative A5, individual Point of Entry Water Treatment could 
 be required and justified for Remediation of the Reported Conditions.  
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APPENDIX A2 
TABULAR LISTING, PARTIES IN INTEREST 

HOME OWNER (HO) ISSUES, REGENCY AT YARDLEY (RAY) 
G&H REF: 2017-174 

 
Name Company Telephone 

E. Blum RAY HO  
J. Clark DEL VAL Env.  

M. Downes Toll Brothers  
Terry Fedorchak LMT Township Manager  

A. Fields RAY HO  
J. Garton Attorney  
J. Gillan G&H  

E. Hartenstein RAY HO  
G. Hucklebridge LMT Public Works Director  

L. Johnson Sovereign  
J. Kniele Toll Brothers  

G. LaGreca Toll Brothers  
J. Majewski LMT Director of Planning & Zoning  
K. McHugh RAY HO  
C. Pekanski  Pa American Water Co. (PAW)  

Seth Pellegrini Toll Brothers  
R. Pinchuk RAY HO  
K. Rattigan Toll Brothers  
E. Slepion RAY HO  
R. Slutzky RAY HO  
M. Stern NAL EAST CIE  
N. Story PAW  
T. Tate G&H  

D. Yearley Toll Brothers  
 
 
 
 
 
 
 
 
 



 
 

APPENDIX A3 
INTRODUCTION, APPENDICES A4, A5 AND A6 

HOME OWNER (HO) ISSUES, REGENCY AT YARDLEY (RAY) 
G&H REF: 2017-174 

 
1. Over a period of 2 months following the 7 RAY Home Owner Interviews (First Phase 8, RAY 

Home Owners), described under preceding APPROACH NARRATIVE A4, a total of 17 new and 
supplementary interviews were completed.  
As a result, a series of independent RAY Home Owner Photographic Exhibits have been added 
to the G&H Review Task, and are included within Appendix A5.  
 
The Additional Photographic Exhibits represent separate occurrences, with subsequent dates 
of occurrences subsequent to Phase 1, which describe similar issues at different RAY Home 
Owner Residences in addition to issues described in preceding Phase 1 Photo Exhibit A.  
 
A tabular listing of 17 RAY Home Owners who have provided such Written/Oral Reports, and 
Material Exhibits are included in attached Appendix A4, Tabular Listing B.  
 

2. The new and supplementary interviews resulted in RAY Home Owners providing a series of 18 
Email Reports enclosing Photographic Exhibits of the interior of Resident Toilet Tanks.  
 
The Email Reports provided by a RAY Home Owner who had installed a new, Residential 
Domestic Water Service Filter presented interior tank photographs showing clear, clean 
interior tank surfaces and tank plumbing fittings as contrasted to the extensive photographic 
reports/evidence of extensive accumulation of Gelatinous Accumulations in Toilet Tanks, 
Plumbing Traps, and PEX Piping Domestic Water Control Valves.  
 
Email Reports include those provided by a RAY Home Owner who had installed a new high 
flush rated restroom toilet which illustrate clear, clean conditions within the replaced 
restroom toilet fixtures.  
 

3. The bulk of the additional 53 photographic exhibits vividly illustrate conditions of Gelatinous 
Material Accumulations either existing or in process of initial growth, identical to Photo 
Exhibit, “Appendix A1”, enclosed hereinbefore.  
 
Copy of the 17 Email Reports and 53 Photographic Exhibits are attached in Appendix A5 
“Additional Email Reports, Photographic Exhibits”.  
 

4. The process of Review of RAY Home Owner Issues including: Interviews of 24 Different Home 
Owners; review of Photographic Materials; and Telephonic/Email Follow-up with several of 
the 24 Home Owners has led to a review of Publications which appear to address Issues of 
Residential Water Condition/Effects similar to those reported by the RAY Home Owners.  
 
An indexed listing including copies of such Published Articles is attached within Appendix A6, 
and includes: Professional Technical Articles; Construction Trade Articles; University Research 
Papers; and Governmental Agency Publications.  



 
 

 
APPENDIX A4 

TABULAR LISTING B, PARTIES IN INTEREST 
HOME OWNER (HO) ISSUES, REGENCY AT YARDLEY (RAY) 

G&H REF: 2017-174 
 

Party In Interest Basis of Interest 
 Kaplan RAY Home Owner 
Welsh RAY Home Owner 

Guerin/Hornickle RAY Home Owner 
Schomsky RAY Home Owner 

Surgpa RAY Home Owner 
Marder/Feldman RAY Home Owner 

Rifkin RAY Home Owner 
Cartelli RAY Home Owner 

McHugh RAY Home Owner 
Albanese RAY Home Owner 

Nelson RAY Home Owner 
Socha RAY Home Owner 
Miller RAY Home Owner 

Hartenstein RAY Home Owner 
Karp RAY Home Owner 

Fields RAY Home Owner 
Slepion RAY Home Owner 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 

 

APPENDIX A5 
18 EXHIBITS: EMAIL REPORTS, PHOTOGRAPHIC RECORDS 

9/12/17 THROUGH 10/13/17 
HOME OWNER (HO) ISSUES, REGENCY AT YARDLEY (RAY) 

G&H REF: 2017-174 
 
 
 

Photo 
Exhibit No. 

Home Owner 

1 Schimsky 
2 Slepion 
3 Albanese 
4 Socha 
5 Fields 
6 Karp 
7 Hartenstein 
8 Miller 
9 Nelson 
10 Welsh 
11 McHugh 
12 Cartelli 
13 Rifkin 
14 Marder/Feldman 
15 Surgpa 
16 Guerin/Hornickle 
17 Slepion 
18 Kaplan 
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EXHIBIT 1



EXHIBIT 2



EXHIBIT 2



EXHIBIT 3



EXHIBIT 3



EXHIBIT 4



EXHIBIT 5



EXHIBIT 5



EXHIBIT 5



EXHIBIT 6



EXHIBIT 6



EXHIBIT 7



EXHIBIT 8



EXHIBIT 9



EXHIBIT 9



EXHIBIT 10



EXHIBIT 11



EXHIBIT 12



EXHIBIT 12



EXHIBIT 13



EXHIBIT 13



EXHIBIT 14



EXHIBIT 15



EXHIBIT 15



EXHIBIT 16



EXHIBIT 17



EXHIBIT 18



 
 

 

APPENDIX A6 
ISSUES POTENTIALLY SIMILAR TO RAY HOME OWNER’S REPORTS/PHOTO EXHIBITS: 

APPENDIX A1, A5 
HOME OWNER (HO) ISSUES, REGENCY AT YARDLEY (RAY) 

G&H REF: 2017-174 
 

Reproduced Copies, 10 References: 
 

• Professional Technical Articles;  
• Construction Trade Articles;  
• University Research Papers;  
• Governmental Agency Publications. 

 
Refer to preceding Approach Narrative A5, Listing of Reference Publications.  
 
 
 
 
 



    

Biofilm Formation

Distribution systems, even in small systems, are
complex environments that can provide many oppor-
tunities for biofilm development. This development
may occur fairly rapidly or slowly, sometimes over a
period of years. However, clean pipes, especially metal
pipes, are not initially attractive surfaces for bacteria.

Bacteria are typically the first microorganisms to colo-
nize pipe surfaces. Once enough organic material
adheres to the pipe surface—a process referred to as
“conditioning”—bacteria can begin to attach. Once the
bacteria reach a critical density, they begin to produce
a gelatinous substance that gives biofilms their char-
acteristic slimy nature. This slime layer makes up the
majority of the weight and volume of the biofilm.

After the slime layer forms, a veritable micro-ecology
can flourish. The slime layer helps trap additional
organic particles that many bacteria can use for food
and energy. Other microorganisms including viruses,
protozoa, algae, fungi, and helminthes may become
associated with or entrained within the biofilm. Some
protozoa graze on biofilm bacteria creating a food web.

Biofilms provide a number of advantages for attached
organisms compared to free-floating (planktonic)
organisms. In a low-nutrient environment, it is easier
for microbes to let the nutrients come to them rather
than to search for the nutrients. The slime layer
allows metabolic by-products or wastes to accumu-
late, some of which may be used as food by other
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Biofilm Control in Distribution Systems

Summary
A biofilm is a surface deposit of bacteria, other microorganisms, and organic and inorganic materials that accu-
mulate within a slime layer. Biofilms can form on solid and liquid surfaces when nutrients and water are pres-
ent. Much like the plaque that forms on teeth, biofilms also form inside drinking water distribution systems and
can sometimes cause a number of problems.

By Craig Mains, NESC Engineering Scientist
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microorganisms, forming a cooperative ecology. The
biofilm also protects the inhabitants from the effects of
disinfectants—biofilm microbes are many times more
resistant to disinfection than planktonic microbes.

Biofilm thickness is variable but is usually in the
range of 50 to 100 microns. As the thickness
increases, pieces of biofilms can shear off, allowing for
colonization of downstream sections of the system.  

How do microorganisms get in the system?

Microorganisms can enter the distribution through
two main categories: (1) surviving the treatment
process and (2) recontamination. Most microorgan-
isms found in distribution systems biofilms are also
found in the system’s source water. They may survive

For more information about microorganisms, see

the article “A Lesson in Mircrobiology” on the

NESC Web site at www.nesc.wvu.edu/ontap.cfm

Biofilms can often be
seen accumulating in
household dehumidifiers.
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due to ineffective treatment such as filter
breakthrough or ineffective primary disinfec-
tion. However, even effectively treated water
contains some bacteria in small numbers.
Potable water is not sterile.

Assuming water of good quality enters the dis-
tribution system, there are still numerous
ways the water can be contaminated, includ-
ing cross connections and back flow. Leaking
pipes, joints, and valves can also allow for the
entry of microbes, especially during temporary
periods of negative pressure.

Poorly designed or maintained finished water
reservoirs and tanks can allow for recontami-
nation if birds and other animals, including
humans, have access. Because sediment can
accumulate in tanks and reservoirs, providing
a habitat for microorganisms, storage units
can be a major focus of recontamination prob-
lems, especially in tanks where the water has
long residence times. 

Repairing and replacing distribution system
components also allows for the introduction of
microorganisms if care is not taken to disinfect
repaired or replaced mains and tools introduced
into the system, such as mobile cameras.

Problems Associated with Biofilms

Just as all teeth have some plaque, all distribu-
tions harbor some biofilm. In both cases, prob-
lems can occur when they are not controlled.
Public health concerns related to distribution
system biofilms include the documented pres-
ence of primary and opportunistic bacteria,
viruses, protozoa, and fungi. Although primary
pathogens (those that can cause disease in
healthy people) have been detected in biofilms,
there is little information on waterborne disease
outbreaks conclusively linked to biofilms.

Perhaps of greater concern is the persistence of
opportunistic pathogens in biofilms. Oppor-
tunistic pathogens are those that cause disease
in people with weakened immune systems such
as AIDS patients, diabetics, organ transplant
recipients, and many cancer patients, as well as
other susceptible groups such as the elderly and
young children. These populations easily
number in the tens of millions nationally.
Opportunistic pathogens include Pseudomonas
aeruginosa, Legionella pneumophila, and the
Mycobacterium avium complex (MAC).

In addition to public health concerns,
biofilms can contribute to taste, odor, and
color problems. They can also mask coliform

occurrences since biofilm bacteria can compete with
and suppress coliform growth on solid media. (This is
much less of a problem with liquid-media-based pres-
ence/absence tests.)

Because coliforms, once established, can reproduce
within biofilms, positive coliform tests may occur even
though the water entering the distribution systems may
be coliform-free. Even though these regrowth coliforms
are not of fecal origin, they can still result in rule viola-
tions and headaches for operators.

Some biofilm organisms can also accelerate the corrosion
of some types of pipes. Iron-oxidizing bacteria oxidize
iron and steel, depositing iron oxides (rust) in raised
deposits called tubercles. Sulfur-oxidizing and sulfur-
reducing bacteria produce sulfuric acid and hydrogen
sulfide, respectively, which can cause pitting of pipe sur-
faces. Corrosion products, such as iron oxide sediments
and tubercles, provide additional habitats and attach-
ment sites for other biofilm organisms. 

Factors Influencing Biofilm Growth

Distribution systems are complicated environments in
which a number of different factors interrelate resulting
in no two systems being exactly the same. Several factors
influence biofilm growth, usually in combination, with no
single factor dominating in all cases.

One of the most important factors determining the extent
of biofilm growth is the presence and concentration of
nutrients. Carbon, nitrogen, and phosphorus are needed
for the growth of heterotrophic bacteria. Proportionally,
more carbon is required, so carbon is usually the growth-
limiting element. The source of most carbon is natural
compounds from living and decomposing vegetation.
These organic compounds are more associated with sur-
face water sources and groundwater under the direct
influence of surface water. These compounds are also the
precursors of disinfection by-products. 

Because simpler forms of organic carbon are more easily
consumed by microbes, the type, and the concentration
of organic carbon affects the potential growth of biofilm.
Several methods for measuring the potential of waters to
stimulate biofilm growth have been developed. By limiting
the concentration of organic carbon available to
microbes, many European water systems are able to con-
trol biofilm growth in distribution systems with relatively
low concentrations of disinfectant residual. In fact, some
European systems use no residual disinfectant.  

Biofilm growth is often associated with warmer tempera-
tures and can be seasonal in nature. This factor is compli-

two

For more information about taste and odor control,

see the Tech Brief on this topic on the NESC Web

site at www.nesc.wvu.edu/ontap.cfm



Potential Components of a
Biofilm Control Program
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cated, however, by the decreased efficiency of disinfectants
and the longer survival times of most fecal bacteria at
lower temperatures. In some systems, rainfall events have
also been associated with increased biofilm growth, due to
higher concentrations of nutrients, turbidity, and bacteria
in the source water, leading to treatment breakthrough.

Some types of distribution systems materials are more
prone to biofilm development. Biofilm develops more rap-
idly, more densely, and is more diverse on iron pipe,
especially older pipes, compared to PVC pipes. Other
components can also support biofilm growth including
materials used in valves, gaskets, washers, pump lubri-
cants, and pipe coatings. Some European countries test
all system components for biofilm growth potential to
determine their suitability for use in distribution systems.

The hydraulics of a system are another important and
complicated factor. Long residence times due to dead
ends and low flow rates are associated with loss of disin-
fectant residual and high levels of biofilm growth.
Multiple variables such as velocity, pressure, overall
system configuration (looped or branching), pipe sizes,
and maintenance practices, such as regular flushing,
affect biofilm development.

The type and concentration of disinfectant
used can affect biofilm growth. Chlorine resid-
ual is consumed by biofilms and does not pen-
etrate thick biofilms very well. Monochloramine
is less reactive and penetrates better. Systems
using monochloramine for residual disinfec-
tion tend to have fewer coliform-positive tests.
Both disinfectants have benefits and draw-
backs, so changes in disinfectants must be
carefully considered. The point of disinfection
can also be critical. Some systems applying
chlorine or ozone just prior to the distribution
system have experienced increased growth in
biofilms. This occurs when complex organic
carbon molecules such as humic or fulvic
acids, which are hard for bacteria to consume,
are oxidized by the disinfectant into smaller
molecules that are more easily assimilated.  

Corrosion, even when it is not biologically
mediated, can affect biofilm growth. Pits and
tubercles act as traps for nutrients and attach-
ment sites for microbes. Iron oxide corrosion
products may act as a microbial nutrient and
protect microbes from chlorine disinfection. 

Detecting and Controlling Biofilms

Biofilm overgrowth can be indicated by the
presence of coliforms in distribution system
samples when the treatment plant effluent is
coliform negative. Other indications are high
densities of coliforms in the distribution
system when contamination due to cross con-
nections and back flow has been ruled out.
Other possible indications include the rapid
loss of disinfectant residual, increases in the
concentration of heterotrophic bacteria (those
that require organic carbon) as measured by
Heterotrophic Plate Counts (HPC) and the
assessment of easily biodegradable carbon
levels, as measured by laboratory tests such
as Assimilable Organic Carbon (AOC).

A number of test kits are commercially available
that quantify the amount of active microbial bio-
mass by measuring the presence of adenosine
triphosphate (ATP). ATP is a molecule found in
all living cells that plays a key role in energy
transfer and metabolism. These kits extract ATP
from microbial cells, convert it to light, and
measure the light emitted in a hand-held lumi-
nometer.  They have the advantage of providing
results in minutes rather than days.

Because so many factors can influence biofilm
growth, there are numerous ways to prevent
and control biofilm growth. A successful pro-
gram will incorporate multiple approaches. A
distribution system maintenance program may

three

Source Water Protection

Monitoring and Maintenance of Adequate Plant Performance 
• monitor individual filter effluents as well as plant effluent

Reduce Organic
Carbon/Nutrient Levels
• coagulation
• precipitative softening
• activated carbon filters
• mixed carbon/sand filters
• biologically activated filters

Appropriate Disinfection
Practices
• increase free chlorine

residual
• use alternate disinfectant

Corrosion Control
• use chemical inhibitors
• adjust pH

Reservoir Maintenance
• rinse prior to use
• limit retention times
• maintain adequate residuals
• monitor sediment

accumulation
• keep covered and secure

Distribution System
Maintenance
• regular flushing
• eliminating

cross-connections
• modifying dead ends
• line pigging
• pipe replacement

Personnel Training

Potential Components of a
Biofilm Control Program

Source: Modified from U.S. EPA
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include regular line flushing, which helps
redistribute residual disinfectant to all sec-
tions of the system and removes existing
biofilms and sediments. Lines with severe cor-
rosion tubercles may require line pigging.
Neither flushing nor pigging is a permanent
solution and neither may be enough to control
well-established biofilms. In some cases line
replacement may make more sense. New line
materials should be washed to remove surface
contaminants and disinfected when possible. 

Maintaining an adequate level of residual dis-
infectant has long been the primary way to
maintain water quality in distribution systems.
Chlorine has the advantages of being relatively
simple and economical. However, when dealing
with established biofilms, it has some disad-
vantages. As mentioned, chlorine does not
penetrate thick biofilms and sediments very
well and is consumed by side reactions with
organic material. Monochloramine is more
effective at controlling biofilm growth, but has
other disadvantages including toxicity to
humans and fish, which limits its maximum
concentration. Monochloramine is also less
effective than chlorine for controlling unat-
tached, free-floating organisms. While second-
ary disinfection can be a key component of a
biofilm control component, it should not be
the only one and disinfection strategies need
to be well planned.  

For systems where biofilm growth is attributed
to high levels of nutrients, additional in-plant
treatment to reduce organic carbon levels may
be beneficial. This potentially has advantages
besides decreasing biofilm growth, including
decreasing the amount of chlorine residual
consumed in side reactions with organic mate-
rial and decreasing the amount of disinfection
by-products. There are many methods to
reduce organic carbon, including the use of
activated carbon filters, and slow and rapid
sand filters.  Some methods are in part biolog-
ical processes. In these, microbial activity is
enhanced prior to distribution to limit it
during distribution.  

Craig Mains is a NESC Engineering Scientist and
was previously involved in research related

to bacteria in drinking water.

For a complete list of Tech Briefs, visit the NESC
website at www.nesc.wvu.edu/techbrief.cfm.  You
may download Tech Briefs for free from the site or
you may order them for a nominal cost by calling
(800) 624-8301 or by sending and email to
info@mail.nesc.wvu.edu.

Corrosion control can also help control biofilm growth
by reducing or eliminating attachment sites for microor-
ganisms. Methods of corrosion control include chemi-
cally modifying the water to make it less corrosive (pH
adjustment), applying corrosion-resistant linings or
coatings, and using corrosion inhibitors such as phos-
phate-based inhibitors. Because chlorine can react with
iron pipes, corrosion control methods also help to main-
tain residual chlorine concentrations and improve
biofilm disinfection.

Reservoirs can present special challenges and require
regular maintenance to prevent regrowth problems.
Maintenance procedures include cleaning tanks prior to
being put into service, limiting residence time, maintain-
ing disinfectant residuals, preventing access by animals,
and regular monitoring.

A successful biofilm control program can include all
aspects of a water system, including a source water
protection plan. A multiple approach strategy is more
likely to control established biofilms as well as prevent
future occurrences.

For more information: 
Center for Biofilm Engineering at Montana State University.

http://www.erc.montana.edu.
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maintenance, see the Tech Briefs “Line Pigging”
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Iron and Manganese in Private Water
Systems

Iron and manganese cause stains and tastes in
water. They can be removed with several
treatment processes described in this article.

Sources of Iron and Manganese
Natural sources of iron and manganese are more common in
deeper wells where the water has been in contact with rock for
a longer time. In coal mining regions of the state, these metals
may also occur from both deep and surface mining activities.
Iron and manganese often occur together in groundwater but
manganese usually occurs in much lower concentrations than
iron.

Both iron and manganese are readily apparent in drinking
water supplies. Both impart a strong metallic taste to the water
and both cause staining. Water coming from wells and springs
with high iron and/or manganese may appear colorless
initially but orange-brown (iron) or black (manganese) stains
or particles quickly appear as the water is exposed to oxygen
(see Water Testing).

Although iron and manganese can occur in wells and springs
throughout Pennsylvania, they are most common in northern
and western counties. A survey by Penn State found excessive
iron concentrations in 17% of the private water supplies
sampled in the state.

Drinking Water Standards
Iron and manganese are not health concerns in drinking water.
Instead, they both have secondary or recommended drinking
water standards because they cause aesthetic problems that
make the water undesirable to use in the home and a bitter
metallic taste that can make the water unpleasant to drink for
both humans and farm animals.

Iron can also cause an orange or brown stain in sinks and in
the laundry. Manganese often results in a dense black stain or
solid. For these reasons, it is recommended that drinking water
have no more than 0.3 mg/L (or 0.3 parts per million) of iron
and less than 0.05 mg/L of manganese. Remember that private
water systems serving individual homes are not subject to state
or federal drinking water standards. Thus, these standards only
provide guidelines for the proper management of these types
of water supplies.

Water Testing
The presence of stains, particulates, and metallic taste often
make it obvious that iron and manganese are present in a water
supply even without water testing. Still, it is a good idea to
have your water tested to determine the exact concentration of
each of these metals. The concentration will determine the
most practical and economical water treatment options to
solve the problem.

In addition to the concentration, it is also important to
determine the form of the iron and manganese. If water
collected from the well or spring is initially clear but then
forms orange-brown or black solid particles over time, the iron
and manganese are dissolved in the water. This is known as
the "reduced" form of these metals. Dissolved or reduced iron
and manganese are most common in groundwater with a pH
less than 7.0.

Sometimes, solid particles of iron and manganese will be
apparent immediately in water from the well or spring. In this
case, the metals are already in the oxidized form. This is more
common in higher pH water supplies or where oxygen is
readily available to the water, such as a shallow spring.

If you notice orange-brown or black stains with your water or
a metallic taste, you should arrange to have your water tested
for iron and/or manganese. Iron and manganese are common
water pollutants that can be tested by many commercial
laboratories in Pennsylvania. Have your water thoroughly
tested at a DEP-accredited lab to make an overall treatment
plan; see Water Testing for more information.

Removing Iron and Manganese
from Water
Iron and manganese can be effectively removed from water
using a number of treatment processes depending on both the
form and concentration of the metals. Since iron and
manganese are aesthetic problems that affect all potential uses
of the water, they must be removed from all water entering the
home using Point-of-Entry (POE) treatment devices.

When multiple treatment processes are applicable to your
problem, make sure you shop around and compare treatment
units and prices among several reputable dealers that carry a
variety of treatment devices. Be sure to understand the

https://extension.psu.edu/testing-your-drinking-water
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maintenance requirements for each unit and get a written
warranty for any device you decide to purchase. See Tips for
Buying Water Treatment Equipment for more guidance.

Water Softening (Ion Exchange)
Conventional water softeners are sometimes effective for
removing iron and small amounts of manganese. Water
softeners are typically used to remove calcium and magnesium
hardness in water by an exchange process. The calcium and
magnesium are removed from the water and sodium is added
in their place. Iron and manganese removal is accomplished in
the same way by exchanging the iron and manganese for
sodium. The iron and manganese are then removed from the
softener resin bed through backwashing and regeneration.

Removal efficiencies by softeners will vary depending on the
iron concentration, water hardness and pH. Softeners are
generally only recommended when the water pH is greater
than 6.7, the water hardness is between 3 and 20 grains per
gallon (50- 350 mg/L) and the dissolved iron concentration is
less than 5 mg/L.

Oxidized forms of iron and manganese will foul the softener
resin. Thus, it is critical that the raw water not come in contact
with any oxidizing agents like air or chlorine before entering
the softener. Using the softener resin bed as a mechanical filter
for oxidized iron and manganese is generally not
recommended. This could damage the resin bed and require
much more frequent backwashing. If oxidized iron and/or
manganese are present in the raw water, filtration should be
used for removal.

Additional information about softeners and their maintenance
is available in the article on Water Softening.

Polyphosphate Addition
Water containing dissolved iron concentrations less than 2
mg/L may be treated using polyphosphate addition. Phosphate
addition is generally ineffective in treating manganese. The
phosphate is fed into the water using a chemical feed pump
that often requires trial and error dose adjustments. In this
case, the iron is surrounded or "sequestered" by the phosphate
and is not actually removed from the water.

There are some major drawbacks to this process. Although the
sequestered iron will not cause objectionable stains, it will still
give the water a metallic taste. In addition, if too much
phosphate is added to the water, it will give the water a
slippery feeling and it may also cause diarrhea. The
polyphosphate may also be degraded in a water heater
resulting in release of sequestered iron.

Oxidizing Filters
Oxidizing filters both oxidize and filter iron and manganese in
one unit. The filter is usually comprised of manganese treated
greensand although other materials such as birm can also be
used. In the case of a manganese greensand filter, the filter
media is treated with potassium permanganate to form a
coating that oxidizes the dissolved iron and manganese and
then filters them out of the water. Because these units combine
oxidation and filtration, they can be used to treat raw water
with dissolved and/or oxidized iron and manganese.

Manganese greensand filters require significant maintenance
including frequent regeneration with a potassium
permanganate solution as it is consumed during oxidation of
the dissolved metals. In addition, these units require regular
backwashing to remove the oxidized iron and manganese
particles. The potassium permanganate solution used for
regeneration is toxic and must be handled and stored carefully
using specific safety measures.

When properly maintained manganese greensand filters are
extremely efficient for moderate levels of both dissolved and
oxidized iron and manganese. They are generally
recommended when the combined iron and manganese
concentration is in the range of 3 to 10 mg/L. Keep in mind
that the frequency of maintenance (backwashing and
regeneration) will increase as the metals concentration
increases.

Birm filters are similar to manganese greensand but they do
not require regeneration because they utilize oxygen present in
the raw water to oxidize the metals. As a result, the raw water
must contain a certain amount of dissolved oxygen and the pH
should be at least 6.8 for iron removal and 7.5 for manganese
removal. Even under ideal conditions, manganese removal
efficiency is highly variable with birm filters. Birm filters do
require backwashing to remove accumulated oxidized metal
particles.

Oxidation Followed by Filtration
When combined levels of iron and manganese exceed 10
mg/L, the most effective treatment involves oxidation
followed by filtration. In this process, a chemical is added to
convert any dissolved iron and manganese into the solid,
oxidized forms that can then be easily filtered from the water.
Chlorine is most commonly used as the oxidant although
potassium permanganate and hydrogen peroxide can also be
used. A small chemical feed pump is used to feed the chlorine
(usually sodium hypochlorite) solution into the water upstream
from a mixing tank or coil of plastic pipe. The mixing tank or
pipe coil is necessary to provide contact time for the iron and
manganese precipitates to form. It may be necessary to install
an activated carbon filter to remove the objectionable taste and
odor from the residual chlorine. Chlorine is not recommended
as an oxidant for very high manganese levels because a very
high pH is necessary to completely oxidize the manganese.

Significant system maintenance is required with these units.
Solution tanks must be routinely refilled and mechanical
filters need to be backwashed to remove accumulated iron and

https://extension.psu.edu/tips-for-buying-water-treatment-equipment
https://extension.psu.edu/tips-for-buying-water-treatment-equipment
https://extension.psu.edu/water-softening
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manganese particles. If a carbon filter is also installed, the
carbon would need to be replaced occasionally as it becomes
exhausted. The frequency of maintenance is primarily
determined by the concentration of the metals in the raw water
and the amount of water used.

Other Treatment Methods
The methods described above are the most common processes
for removing iron and manganese but others like aeration,
ozonation, and catalytic carbon may also be effective. While
these units may successfully treat iron and/or manganese, their
cost should be carefully compared with more traditional
treatment methods and, as always, you should obtain a written
guarantee of their effectiveness.

Aeration units may work by cascading, bubbling, or stripping
the gas from the water. Aeration may be advantageous
because it does not add chemicals to the water. Maintenance
costs are low for aeration units but the initial purchase costs
are often higher then other treatment options. Aeration units
also require a filter for removal of the oxidized iron and
manganese which must be backwashed. The water should also
be disinfected to keep bacteria from colonizing the aerator.

Catalytic carbon adsorbs then oxidizes and filters dissolved
iron in one unit. It is effective for concentrations of dissolved
iron less then 1.0 mg/L. Maintenance requirements are less
than oxidizing filters because no chemicals are added, but
backwashing is still necessary. Catalytic carbon requires a
minimum of 4.0 mg/L of dissolved oxygen in the source
water. Some groundwater supplies may need pretreatment to
increase the dissolved oxygen concentration.

In recent years, ozonation has received more attention as a
method for treating numerous water quality problems. Like
chlorine, ozone is a strong oxidant but it is a much more
unstable gas that must be generated on-site using electricity.
Once the ozone is produced, it is injected into the water where
it oxides dissolved metals which must then be filtered. Ozone
units are usually more expensive than other more conventional
treatment options but they may be useful where multiple water
quality problems must be treated (i.e. bacteria and metals).

Other Options for Avoiding Iron
and Manganese
While treatment devices are available to reduce iron and
manganese from water, other options should not be
overlooked. In some cases, a municipal water supply line may
be nearby. Hooking into a municipal water supply may seem
expensive initially but it may be economically preferable
given the long-term costs and hassles associated with
purchasing and maintaining a water treatment device. Hooking
into a municipal water supply will also usually increase the
real estate value of your home.

Another option may be to develop an alternate private water
supply. Other sources of water like a shallow groundwater
spring or a rainwater cistern could be developed to avoid iron

and manganese but they may both present other water quality
and quantity problems. Alternative sources of water should be
thoroughly investigated along with treatment options when
choosing a strategy to avoid iron and manganese in water.
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ABSTRACT 
 
Organic materials have been used in drinking water pipes and storage tanks for several years. During the 
last decade plastic materials are used for bottles and containers for water. Leaching of organic matter from 
the materials to the drinking water is proven. Water in contact with plastic pipes, surface coatings or other 
materials can be affected by migration of components that make the water quality unacceptable with respect 
to aesthetic effects or health.   
 
Leaching of - volatile organic compounds may cause unwanted taste and odour in - water, and possible 
health risk. Organic compounds such as xylene, styrene, phenols and ethyl benzene have been identified. 
Compounds leaching from epoxy and polyethylene appear to give unwanted taste and smell to the water. 
 
Microbiological growth in the drinking water distribution system may cause deterioration of the water quality, 
due to increased turbidity, heterotrophic bacteria, and even pathogens. Leakage of biodegradable organic 
matter from materials used in the distribution system may promote microbiological growth. There are 
variations in microbiological growth between various materials. In particular, the change from copper to 
synthetic materials for in-house installations may be a reason for increased microbiological growth. 
 
KEYWORDS 
 
Water quality, leakage, pipe material, coatings, biofilm, taste and odour, ATP 
 
INTRODUCTION 
 
Organic materials have been used in drinking water pipes and storage tanks for several years. During the 
last decade plastic materials have also been used for bottled water. 
 
The possibility for organic compounds to leak from the pipe material, lining or paint into the water has been 
in focus for some time. The main concerns are related to compounds causing unwanted taste and odour in 
the water, and the possibility for the compounds to promote microbiological growth.  
 
This paper will focus on recent Norwegian research and experiences, performed by Aquateam and the 
Norwegian Food Control Authority 
 
RELEVANT PIPE MATERIALS 
 
Plastic materials used for service pipes may be made from PVC (polyvinyl chloride), HDPE (high density 
polyethylene) or GRP (glass fibre reinforced polyester). In-house plastic plumbing materials will consist of 
PVC or PEX (cross-bound PE). 
 
Epoxy lining can be used on concrete and on stainless steel in pipes and basins. 
 
Additionally, lubricants may be used for fitting pipes together, as well as in the production of, for instance, 
stainless steel pipes. 
 
TASTE AND ODOUR  
 

mailto:lars.hem@aquateam.no


Several complaints on drinking water quality in Norway or on offshore installations are related to volatile 
organic matter (VOC) leaching from epoxy lining or paint. Typical VOCs from epoxy are alkyl benzenes and 
alkoxy compounds -. In particular leaching of hydrocarbons from in-situ epoxy coated storage tanks offshore 
and on ships seems to be a problem, with a solvent (xylene/ethylbenzene) content of up to 60-70 µg/l being 
measured. C3- and C4 cyclohexanes and other alicyclic hydrocarbons have also been identified as taste and 
odour compounds leaching from surface coatings. In a treated water basin for municipal water supply, 
organosulphide compounds were identified as the source for taste and odour, and the most likely source of 
the sulphides produced was microbiological activity due to degradation of organic compounds leaching from 
the epoxy lining (Skjevrak, 1999; Skjevrak, 2000). 
 
Organic compounds leaching from PE bottles and tanks have been the source of taste and odour in water 
and even a week colour has been experienced because of this migration. Analysis of the water has identified 
low concentrations of several VOCs, such as ketones (Skjevrak, 1999).  
 
Migration of VOC from water pipes manufactured of HDPE, PVC and PEX has been investigated using static 
contact with water for three successive test periods each of 72 hours duration according to EN-1420-1 
(Skjevrak, 2000; Skjevrak, 2002a and b).  The leaching of organic compounds from HDPE pipes showed a 
considerable variation both in type and amount. Five out of seven tested brands of HDPE pipes showed 
unacceptable TON values (TON > 3) of test water.  Degradation products from phenol-based antioxidants 
were major migrants from HDPE pipes. VOCs leaching from PEX pipes gave an intense odour of test water.  
Several of the migrated VOCs were not identified.  Oxygenates predominated within the identified VOC with 
methyl tert-butyl ether (MTBE) as a major component Migration tests of PVC pipes revealed few volatile 
migrants in low concentrations, and TON assessments did not show significant odour in any of the tests. 
VOCs leaching from lubricants used for joining of pipes included components such as C6-C11 aliphatic 
aldehydes, ketones, siloxanes and phenol based anti oxidants.  Migration of VOC from HDPE into natural 
biofilm established in HDPE pipes at turbulent flow conditions is also looked into (Skjevrak, 2002c). 
 
 
 
MICROBIOLOGICAL REGROWTH 
 
Microbiological growth in the drinking water distribution system causes deterioration of the water quality, due 
to increased turbidity through increased number of bacteria, taste and odour. The focus on microbiological 
growth in pipelines has mainly been on the biofilm establishment on pipe walls. The biofilm increases the 
possibilities for survival of pathogens.  
The control of the biofilm development is therefore of great importance and will depend on several factors: 
 

 Temperature 
 Water treatment 
 Residual chlorine 
 Biodegradable organic material (BOM) 
 The distribution system 

 Pipe materials 
 Velocities 
 Retention times 
 Corrosion 

 
Plasticised PVC is used for containers for waters, and often waters that are sold as superior to tap water. An 
experiment was performed in order to study the effect of the containers on the microbiological water quality. 
Pieces of the plastic material were and nutrient salts added to distilled water. Frequent measurements on the 
heterotrophic growth, measured as the growth of Pseudomonas fluorescence (P17), were performed over a 
period of 180 days. The results are shown in Figure 1. 
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Figure 1: The growth of Pseudomonas fluorescence (P17) in ultrapure water exposed to plasticised PVC 
(Charnock 2000) 
 
During the test the growth of Pseudomonas fluorescence (P17) increased during the first 10 days of 
exposure to a high number. After 10 days, the growth decreased rapidly at the first 20 days, and slower after 
20 days of exposure. After 180 days of exposure, no growth was determined, showing that the leaching was 
a temporary event. Based on this result the leaching will be limited to the first days of the service time. 
 
The effect of the leaching of BOM from the pipe will depend on the water’s retention time, the pipe’s 
diameter, and often the general growth condition. The latter is in particular temperature, but also limiting 
nutrients and inhibitors will influence the growth. Results from recent Norwegian measurements on various 
plumbing materials exposed to tap water in Oslo are shown in Figure 2. The methods used were a 
modification of the biofilm formation potential (BFP) determination described by van der Kooij and 
Veenendaal  (1993). The measurements have been performed on coupons cut from commercial pipes of 
stainless steel, PE, PVC and copper with a diameter of 10-15 mm. Coupons made of glass were used as a 
reference The coupons were placed inside plexi glass pipes with an inner diameter of 20 mm. Each two 
weeks three coupons of each material were sampled, the biofilm was removed in an ultrasonic bath, and 
was analysed for ATP. The water supplied was from the tap in Oslo, with no adjustment of the water quality. 
Due to Norwegian chlorination practise the residual free chlorine at the tap was marginal. The water was 
exchanged twice a day, and the water temperature was maintained similar to room temperature, which was 
approximately 20 °C. Therefore any growth occurring was assumed to simulate growth found in in-house 
installations.  
 
The regrowth potential in the drinking water in Oslo, measured as assimilable organic carbon (AOC) with 
Pseudomonas P17 and Spirillium NOX, is approximately 25 µg AOC/l. This is high enough to give 
heterotrophic growth, according to van der Kooij (1992), but is lower than the average AOC-value in 
Norwegian drinking waters (Hem and Charnock, 1999).  
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Figure 2: BFP measured as ATP on various plumbing materials exposed to tap water in Oslo. 
 
The microbiological growth on the coupons was particularly high the first month after start-up of the 
experiment, and after approximately two months the biomass was close to stable, meaning that the growth 
seems to balance with the biofilm detachment. This observation differs from what is seen in an ongoing BFP 
measurement on glass coupons exposed to constantly streaming water in a drinking water with 
approximately similar AOC.  In the latter measurement the biomass increased during 150 days of exposure. 
The difference is probably due to the tapping regime, with the water temperature as a possible factor 
influencing the results. 
 
The results in Figure 2 show that the inhibitory effect of copper is considerable, when the growth on this 
material is compared to the growth on other materials, glass included. The effect of changing from the toxic 
plumbing material copper to any non-toxic material may result in increased biofilm growth. The plastic 
materials, PVC and PEX, have a higher biofilm growth on their surfaces than the glass reference at the 
beginning of the test. This may be explained with organic material leaching from the pipes and being 
available for the microorganisms. The growth on stainless steel was also high in the beginning of the test, 
probably due to remaining lubricants from pipe production. The difference between growth on the various 
materials, copper not included, was reduced considerably with time. The difference between the reference 
and the plastic materials do not give reason to conclude that the BOM from the pipe material is more 
important than the BOM from NOM, at least not with the water quality in question.  
 
LEGAL ASPECTS 
 
According to the EU council directive, the drinking water shall have a taste and odour acceptable to 
consumers, and there shall not be any abnormal change in the taste (EU, 1998). This means that when 
organic compounds from materials in contact with the water leach VOCs in an amount that gives 
unacceptable taste and odour to the water, this is in conflict with the EU council directive. For some of the 
incidents reported with organics leaching from epoxy lining, the water is not in accordance with the EU 
directive. VOCs from PEX pipes in in-house installations may also be present to an extent that is in conflict 
with the directive. However, it remains to be proven that the pipes are the main source for unacceptable 
VOC addition to the water. One reason for the latter is the limited use of PEX pipes in-house, but the uses of 
such pipes are increasing rapidly. 
 
Very few organic compounds are specified in the EU directive. The VOCs relevant with regard to leakage 
from pipe materials named in the directive are probably benzene (<1.0 µg/l) and vinyl chloride (<0.5 µg/l), 
epichlorohydrin (<0.10 g/l) and acrylamide (0.10 g/l), but of course none toxic organic compound should be 



present in the drinking water. If one assumes that the benzene limits apply to all BTEXs, the xylene and 
ethylbenzene measured in some epoxy lined water storage tanks exceeds the acceptable limit. 
 
Neither the BOM nor the BFP is specified in the directive. The direct effect of microbiological growth will be 
an increased HPC, which is specified for water in bottles and containers  (HPC<100/ml, 22 °C, HPC<20/ml, 
37 °C). These limits may be exceeded, at least in new bottles and containers made from plasticised PVC, as 
seen from Figure 2. A more severe effect would be the possible survival of pathogens, but fortunately there 
are no reported events where the presence of pathogens is proven to be due to biofilm growth promoted by 
the leakage of organic compound from pipes and storage tanks. Whether a change in the main plumbing 
material from the biocide copper to the growth promoting PEX remains to be seen. 
 
CONCLUSIONS 
 
A variety of VOCs are known to leach from pipes and linings. These VOCs can give taste and odour to the 
drinking water, and can cause the water to fail the acceptable limits. Unacceptable odour of drinking water 
due to migration of volatile components from PEX-pipes has been registered. -   
 
Different linings and pipe materials in a water supply distribution system can cause BOM leaching into the 
water phase. This may promote exceeding biofilm growth. When the treated water has a BOM so low that no 
growth will occur, the biofilm on organic pipe materials show this effect. There is, however, so far no 
evidence for the organics leaching from main pipes or basins to be a considerable problem with regard to 
microbiological regrowth.  
 
When looking at in-house installations, the picture will be quite different from the main pipes with regard to 
leakage of VOCs from the pipe material giving the water taste and odour, and also with regard to growth due 
to these VOCs. The most important effect of a change in plumbing material from copper to PVC or PEX with 
regard to growth is, however, that copper is toxic to the microorganisms and therefore the growth on this 
material is inhibited. 
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Investigation of organic matter migrating from polymeric pipes 
into drinking water under different flow manners.
Zhang L , Liu S, Liu W.

Abstract
Polymeric pipes, such as unplasticized polyvinyl chloride (uPVC) pipes, polypropylene 
random (PPR) pipes and polyethylene (PE) pipes are increasingly used for drinking water 
distribution lines. Plastic pipes may include some additives like metallic stabilizers and other 
antioxidants for the protection of the material during its production and use. Thus, some 
compounds can be released from those plastic pipes and cast a shadow on drinking water 
quality. This work develops a new procedure to investigate three types of polymer pipes 
(uPVC, PE and PPR) with respect to the migration of total organic carbon (TOC) into 
drinking water. The migration test was carried out in stagnant conditions with two types of 
migration processes, a continuous migration process and a successive migration process. 
These two types of migration processes are specially designed to mimic the conditions of 
different flow manners in drinking water pipelines, i.e., the situation of continuous stagnation 
with long hydraulic retention times and normal flow status with regular water renewing in 
drinking water networks. The experimental results showed that TOC release differed 
significantly with different plastic materials and under different flow manners. The order of 
materials with respect to the total amount of TOC migrating into drinking water was 
observed as PE > PPR > uPVC under both successive and continuous migration conditions. 
A higher amount of organic migration from PE and PPR pipes was likely to occur due to 
more organic antioxidants being used in pipe production. The results from the successive 
migration tests indicated the trend of the migration intensity of different pipe materials over 
time, while the results obtained from the continuous migration tests implied that under long 
stagnant conditions, the drinking water quality could deteriorate quickly with the consistent 
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Introduction

As the price of copper continues to rise, more economical plumbing solutions are needed. To
accomplish this, synthetic materials are being used and the most prevalent in recent years
seems to be PEX plumbing systems. Cross-linked Polyethylene, PEX, has gained in
popularity in the heating and potable water plumbing because of its ease of use and less
fittings. Compared with copper or polyvinyl chloride (PVC) piping, PEX can bend around
corners where a copper or PVC pipe would need an elbow fitting. On the practical side, this
means that PEX can be easier and quicker to install than copper or PVC plumbing systems.

However, recent failures and the lawsuits that have followed those failures lead to the idea
that PEX plumbing systems aren't as good as once assumed. PEX systems can fail in either
the pipe or in the fitting. The most notable failure occurs when the fittings fail and water starts
leaking and causing visible damage. This article will examine the failure of PEX plumbing
systems by studying the history, use, and production of PEX as well as the types and causes
of failures and the lawsuits that have ensued.

History and Use of PEX Plumbing
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Figure 1: Typical PEX plumbing installation for a shower fixture. Copyright Author 2011

Cross-linked polyethylene (PEX) was originally invented in the 1950's, (Bellis 2010) but
improved by Dow Corning and Thomas Engel in the 1960's. Originally, it was marketed to
Europe as an alternative to copper in the heating and plumbing industries. In the United
States, PEX has been used since the 1980's for radiant heating systems, but has not been popular for potable water until the
recent years. (Rotella 2003) In Figure 1, a typical PEX plumbing installation for a shower fixture can be seen where the PEX
piping is joined to a prefabricated copper shower connection.

PEX Production Process

PEX can be formed using one of three
processes. The first and most common
is referred to as the Engel process.
The Engel process relies on
temperature and pressure along with
peroxide to create the cross-linking
during extrusion. The Silane method is
done by grafting a Silane molecule
onto the polyethylene backbone and
with the use of a catalyst, the piping is
fed through an extruder. The cross-
linking takes place by exposing the
tubing to steam or hot water after
extrusion. Lastly, the electron beam
method, the oldest method, starts by
extruding high density polyethylene.
After extrusion, the tubing is taken to
an electron beam assembly and
exposed to a prescribed amount of
radiation. The radiation causes hydrogen atoms to release and cause polymer chains to cross link to the open carbon sites.
(PEX Products - History)

PEX Failures

With the sudden increase in the use of PEX in recent years, failures in PEX plumbing systems have been observed. Failures
can be linked to two areas; the pipe and the fitting. The pipe can fail when exposed to chlorine within the water, or over
exposure to sunlight before installation. In addition, PEX pipe has also been found to be permeable when exposed to some
solutions, including oxygen and some petroleum products, and can leach toxic chemicals from the pipe material. As far as the
fitting, the leading cause of failure in a brass fitting used with PEX is caused by dezincification. This causes the fitting to
corrode and eventually create leaks.

Chlorine

When working with potable water supplies, it is very common that the water comes from the water treatment facility with a small
level of chlorine in it to disinfect the water supply. With PEX piping, chlorine can cause oxidation on the inner wall of the pipe.
This effect can be seen in Figure 2, where two types of chlorine are used and a control test of neutral water. (Castagnetti,
Mammano, Dragoni 2011)
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Figure 2: Detail of PEX piping exposed to chlorine dioxide (A) neutral water (B) and sodium hypochlorite (C). Used with
permission from D. Castagnetti, G. Scirè Mammano, E. Dragoni 2011.

To battle the effects of chlorine, manufacturers have added antioxidants to the PEX piping. The antioxidants are provided for
sacrificial purposes where the chlorine will degrade the antioxidants first. Once these antioxidants are all degraded, the PEX
piping is no longer protected and the piping starts to oxidize quickly before failing. (Reid 2005) To compute the resistance of
PEX piping to chlorine, the American Society of Testing and Materials (ASTM) has designated the Standard Test Method for
Evaluating the Oxidative Resistance of Crosslinked Polyethylene (PEX) Tubing and Systems to Hot Chlorinated Water (ASTM
F2023). (Haenftling 2010) The standard tests for a 50 year lifetime in regards to chlorine, however the standard does not test
for hot and cold conditions in the same pipe or the use of chlorine dioxide. (Clark 2005)

In Europe, the effects of chlorine have not been seen because of two major reasons. Similar to the United States, PEX was
used first and primarily as piping for radiant floor heating systems. In this system, chlorine is typically non-existent in the water
flowing through the pipes and thus the PEX pipe can't oxidize. However, as a potable water piping system, PEX piping in
Europe also does not oxidize as much due to the fact that chlorine in European water supplies is at a very low level. In
contrast, the United States uses chlorine in higher levels as a means of disinfecting the water. This higher level of chlorine
causes the PEX pipe to oxidize quicker. (Reid 2005)

Sunlight

When exposed to sunlight for an extended amount of time, PEX piping can break down. Like any plastic pipe, exposure to
ultraviolet (UV) light or sunlight causes the molecular structure to break down. This causes the pipe to become brittle and
eventually rupture. Most PEX piping manufacturers only allow 30-60 days of exposure for normal piping, and up to 6 months of
exposure for PEX plumbing that has had ultraviolet stabilizers added during production. In a similar manner, PEX piping by
itself cannot be used outdoors exposed to sunlight. For this kind of use, PEX piping must be used in a protective sleeve. (The
Zurn Pex Advantage 2003) To test PEX piping for sunlight exposure, ASTM F2657 (Standard Test Method for Outdoor
Weathering Exposure of Cross-linked Polyethylene [PEX] Tubing), is used and the oxidative results are compared to ASTM
F876 (Standard Specification For Cross-Linked Polyethylene [PEX] Tubing). (Haenftling 2010)

Permeability

According to manufacturers of PEX piping, it is a known fact that PEX is permeable to certain chemicals and oxygen. Although
oxygen may not be considered an issue by most individuals, it is a problem in closed loop systems. In closed loop systems,
often radiant flooring systems, oxygen can cause corrosion of the heating elements. (Reid 2005)

Similarly, when PEX piping is used underground, a process allowable by manufacturers, the piping can come in contact with
ground water. In most cases, this is not a problem. However, in areas where the ground water has been contaminated by
petroleum products, the gasoline additive Methyl Tertiary Butyl Ether (MTBE), or pesticides, PEX piping can permeate these
chemicals through the pipe and into the potable water thus contaminating the water supply. (Reid 2005)
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Chemical Leaching

During the Engle process of producing PEX piping, chemical byproducts are often left behind in the pipe. The most prominent
are Methyl Tertiary Butyl Ether (MTBE) and Tert-Butyl Alcohol (TBA). The amount these chemicals can leach into potable water
is uncertain, but one test of AQUAPEX pipe, manufactured by Uponor Wirsbo, showed MTBE levels of 17 parts per billion (ppb)
and TBA levels at 6900 ppb. (Reid 2005)

According to the United States Environmental Protection Agency (EPA), MTBE can be a carcinogen when high levels are
inhaled. As far as as ingesting MTBE, the EPA has no definitive data on the health effects and according to the EPA's website,
"there is little likelihood that MTBE in drinking water will cause adverse health effects at concentrations between 20 and 40 ppb
or below." However, at these levels, MTBE can still make the water undrinkable due to the it's offensive taste and odor. (Office
of Transportation and Air Quality 2009) In addition, TBA has been shown to cause cancer and hyperplasia in mice and rats
during lab studies. (United States 1995)

Dezincification

When brass pipe fittings are manufactured, zinc is
added to the copper alloy to increase the strength of
the brass. Because the corrosion of brass is
dependent on increasing amounts of zinc, it is
recommended to keep the zinc content low (15%-
19% of the total alloy). To reduce cost, manufacturers
have been turning to high zinc levels (35%+) in the
alloy. (Snyder 2011)

When water flows through the fitting, the zinc, due to
its weak bond strength at the molecular level, leaches
from the brass and creates a powdery buildup. This
process is known as dezincification. This buildup can cause a blockage within the fitting. The powdery buildup and blockage
can be seen in the video to the right, used with permission from SageWater. (Zinc Oxide Buildup 2009) Also, when the zinc
leaches from the copper, it leaves the copper very porous and thus mechanically weak. This weakness can cause the fitting to
leak and possibly rupture. (Snyder 2011)

Lawsuits

Due to the failures listed above, a civil lawsuit had been filed against AQUAPEX for the piping leaching chemicals into the
potable water (Reid 2005) and class action lawsuits against Zurn and Kitec in regards to their respective PEX products for the
dezincification of brass fittings. (PHR Consultants 2008) Discussed below are two resolved lawsuits that involve the piping and
the fittings of PEX plumbing systems.

Piping

While very few lawsuits have emerged dealing with the PEX piping, one major lawsuit in Arizona deals with chemical leaching.
In Defren v. Trimark Homes, Ms. Defren purchased a house built by Trimark homes and plumbed with AQUAPEX pipe. She
noticed her water had a bad taste, causing her to have the water tested for possible contaminates. A lab found that the water
contained MTBE, TBA, and other benzene-like compounds. (Enslow 2008) Uponor Wirsbo was brought on as a third-party
defendant (Reid 2005) and later disclosed that MTBE and TBA are by-products of the manufacturing process and could have
been leached into the water by the AQUAPEX piping. (Enslow 2008)
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Fittings

Most lawsuits dealing with PEX piping deal with the dezincification of the fittings. Zurn and Kitec, manufacturers of brass fittings
for PEX piping, have been involved with lawsuits dealing with dezincification of brass fittings. (PHR Consultants 2008) Kitec
fittings have been the target of a 2006 Nevada class action lawsuit where Ipex, the parent company of Kitec, has agreed to pay
a $90 million settlement. Kitec settled the lawsuit to avoid any further litigation and has not admitted liability. The Kitec fittings
are still sold and used elsewhere without incident. (Eckhouse 2008)

Recommendations

When it comes to deciding to use PEX in one's home or for a client of an installer, certain things must be considered. First, one
must consider the potential health risks. If PEX is going to be used for a radiant floor system, health risks are not a problem as
the water in the system won't be consumed. However, if the PEX is going to be used for potable water, health risks can be
minimized. To accomplish this, be weary of placing PEX piping in soil that is suspected of having petroleum or pesticide
contamination. In addition, talk with your local supplier and ask if they have heard of any problems with the PEX piping they
sell or if you know of anyone who has a house or building plumbed with PEX, ask them if they have noticed any bad water
(potentially from MTBE leaching). Secondly, one must also consider serviceability when choosing PEX. This can mean less
fittings for the contractor to hookup during installation, but it can also mean the lifetime of the fittings. To alleviate the concern
of the lifetime of the fittings, ask your supplier if they have had any customers come back after a failed fitting or a blocked
fitting, potentially caused by dezincification. Lastly, when choosing an installer, be sure to choose an installer that you trust. It
doesn't matter what type of system you choose, but any fitting can fail if installed wrong and any pipe can break if handled
improperly, or in the case of PEX, fail if exposed to too much sunlight. All in all, the choice to use PEX plumbing comes down
to a comparison of the benefits, including less fittings and less water hammer effect (PEX vs. Copper Comparison), and the
detriments, including dezincification of the fittings and potential health concerns.

Conclusions

As the failures of PEX plumbing continue to be investigated and the lawsuits get settled, contractors will continue to install PEX
plumbing systems. Because PEX has just recently become popular for potable water in the United States, PEX has only
recently come under additional investigation. Even though research has shown that water flowing through PEX piping could
become toxic, it hasn't been confirmed how often this occurs. Similarly, while Zurn and Kitec fittings have allegedly failed,
research has not yet determined if PEX fittings are bad or if the manufacturing process was faulty. In the end, the choice to use
PEX plumbing systems will be a decision by owner and with PEX costing less than rigid piping systems, it comes down to the
owner's acceptance of the risk vs. cost of PEX as opposed to rigid piping.
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Defective Product Claims in Construction:
Dezincification and Corroded Plumbing 
Systems and the Next Big Thing

 I. Legal Considerations
1.  What Type of defect is it?
 a. Defective product;

 i. e.g. yellow brass plumbing component with excessive levels of zinc.
 b. Defective design/installation; or

 i. e.g. center-line drywall cracking;
 c. Combination of product and workmanship issues

 i. e.g. synthetic roofing underlayment
2.  Available Causes of Action
 a. Varies state-to-state, but typically includes:

 i. Implied Warranty
 ii. Express Warranty
 iii. Breach of Contract
 iv. Negligence
 v. Product Liability

 1. Design
 2. Manufacturing
 3. Marketing

 b. Caution—Economic Loss Doctrine
 i. Common law rule limiting contracting parties to contractual remedies for the recovery of 

economic losses unaccompanied by injury to persons or other property.
 ii. Each State’s laws are different and contain variations on its application.

 II. Dezincification: “Yellow Brass Claims”
1   Background:
 a. Arguably the majority of recent “yellow brass” or “dezincification” related claims regard “PEX” 

plumbing systems. PEX is an acronym for cross-linked polyethylene tubing. In PEX plumb-
ing systems the plumbing lines are comprised of plastic tubing and brass fittings that are used 
in place of conventional copper pipes. The brass fittings provide the transitions from the plastic 
tubing to copper tubing which in turn are connected to plumbing fixtures (photo of components 
below). Various manufacturers make PEX plumbing systems and components and include, but 
are not limited to Wirsbo/Uponor, Vanguard/Viega, Rehu, Zurn and others.
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The copper pipe on the left is soldered into the brass fitting. The red PEX tubing is placed over the brass 
fitting and held in place with a compression ring

b. The defect claim regards the dezincification (i.e. corrosion) of the brass fitting. Brass is a generic 
term used to describe alloys of copper (Cu) and zinc (Zn). Not all brasses are susceptible to dez-
incification. Brasses containing less than 15% zinc are generally considered immune to dezinci-
fication and commonly called “red brass” or alpha brass. The brass fittings commonly subject 
to litigation often contain between 33%-37% or more zinc. Brass of this nominal composition is 
commonly called “yellow brass” or duplex brass. It is well recognized that brass of this composi-
tion is inherently susceptible to dezincification when used in potable water systems. While red 
and yellow brass are both alloys of copper and zinc, the relative compositions of these elements 
make them significantly different.

 c. “UNS” refers to the unified number system that is used to designate alloy compositions. Typical 
yellow brass compositions include:
 i. Brass C36000: 60-63% copper, 2.5-3.7% lead, 0.35% iron max, remainder is Zinc; and
 ii. Brass C37700: 58-61% copper, 1.5-2.5% lead, 0.3% iron max, remainder is zinc.

 d. It is generally accepted by the industry that brass containing more than 15% Zn is susceptible 
to dezincification. The susceptibility of brass to dezincification increases with increasing zinc 
content. In this form of corrosion, the Zn is selectively leached leaving behind a porous copper 
residue that lacks the mechanical properties of the parent brass. If dezincification occurs within 
a plumbing system, the fittings become vulnerable to leakage as well as flow obstruction and 
restriction. The dezincification process can also create zinc carbonate/zinc hydroxide corrosion 
products (i.e. “Meringue”).
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e. Types of Dezincification:
 i. Uniform layer – Zinc leaches from a broad area of the surface.
 ii. Plug type – dezincification is localized and penetrates deeply into the sidewalls of plumbing 

components. Plug type dezincification is generally accepted as the most aggressive form.
 f. Consensus standards

 i. Various standards are relevant to PEX plumbing system components. In particular, these 
include, but are not limited to:
 1. American Society for Testing and Materials (ASTM) standards:
  a.   ASTM F1960 – Standard Specification for Cold Expansion Fittings with PEX Rein-

forcing Rings for Use with Cross-Linked Polyethylene (PEX) Tubing
  b.   ASTM F1807 – Standard Specification for Metal Insert Fittings Utilizing a Copper 

Crimp Ring for Cross-linked Polyethylene (PEX) Tubing
  c.   ASTM F 877 – Standard Specification for Crosslinked Polyethylene (PEX) Plastic 

Hot and Cold-water Distribution Systems
  d.  ASTM B140 for copper alloy UNS C31400
  e.  ASTM B16 for copper alloy UNS C36000
  f.  ASTM F412 Terminology Relating to Plastic Piping Systems
 2. National Sanitation Foundation (NSF) standards
  a.  NSF/ANSI 14 – Plastics Piping System Components and Related Materials
 3. International Standards Organization (ISO)
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  a.   ISO 6509 – Corrosion of metals and alloys – Determination of dezincification 
resistance of brass

 g. Causes of Dezincification
 i. Composition of the plumbing fitting
 ii. Influenced by water chemistry
 iii. Influenced by service conditions

 h. Consequences of Dezincification:
 i. This is often where the “Plaintiff ” and “Defense” diverge
 ii. Plaintiff typically contents that dezincification results in:

 1. Inherent failure because the brass fittings containing UNS C36000, C37700, and simi-
lar brasses do not meet the ISO 6509 standard for dezincification resistance.

 2. Formation of meringue build up that occludes plumbing components and can release 
lead particles into the potable water system.

 3. Creates a weak, porous and brittle component that has reduced mechanical strength 
and ultimately will result in water leakage.

 iii. Defense typically argues that dezincification causes little to no damage:
 1. All plumbing components will corrode
 2. The corrosion rate is non-linear, is diffusion controlled and will slow or stop over time
 3. Weeping water from the fitting is not a “leak”
 4. The plumbing components will last their useful life

2.  What are the next “Dezincification” claims?
 a. Claims targeting yellow brass plumbing fittings have been ongoing for over a decade and typi-

cally involved fittings used in PEX water systems. Significant class wide settlements have been 
reached in many of these cases. Combined with compositional changes to the subject fittings yel-
low brass fitting claims should significantly decrease in the near future.

 b. New and evolving “Yellow Brass Claims”
 i. Flexible Connector Lines:

 1. Brass inserts into the connector lines are subject to dezincification
 2. Connector lines have leaked and become occluded
  a.   Flow area decreases as a square of the radius change (example – if the flow area is 

reduced by 1/3 of the diameter its flow capacity is reduced ~91%)
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 ii. Angle Stops
 1. Dezincification of brass resulted in occlusion, leakage, and has effectively frozen the 

angle stop

 iii. Shower Valves
 1. Brass component parts of the valve assembly have dezincified resulting in failure of 

the screw stops and leakage within the assembly.

 III. Chloramine Induced Degradation of Rubber Plumbing 
Components
 1. Since the early 1900’s utilities have treated water to reduce contaminates. Part of the treatment 

process includes disinfecting the water which, historically, has predominantly been done with 
chlorine. Although chloramines have been used by some municipalities for decades, due to fed-
eral restrictions by the Environmental Protection Agency (EPA), a large number of municipali-
ties are transitioning to chloramine as a secondary disinfectant. It has been estimated that one in 
five American’s are serviced with chloraminated water and the use of chloramines is on the rise. 
Environmental Protection Agency (EPA), Basic Information about Chloramines, https://www.
epa.gov/sites/production/files/2015-09/documents/q2.pdf.

 2. Chloramines are formed by the reaction between chlorine and ammonia. Generally speaking, 
treating water with chloramines creates fewer by-products and has other benefits such as taste 
and odor control and being more stable than free chlorine. Although there are significant ben-
efits to chloramine use, there are also negative attributes. Chloramines are suspected of being 
a carcinogen, pose a hazard to fish, potential health concerns (e.g. harmful to dialysis patients) 
and they attack elastomeric materials.

 3. Although both chlorine and chloramines attack and degrade elastomeric materials, chloramines 
are more aggressive. The result is increased leaks, maintenance, repair and replacement costs. 
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Elastomeric materials are commonly found within potable water systems throughout the coun-
try. These products range from rubber gaskets used in fittings, valves, fire protection systems, 
piping components and fixtures, toilet flappers, flexible connectors/supply lines, expansion 
tanks, and even pond and retention basin liners as well as many other applications. “In some 
southern cities, the chloramine ion is believed to be responsible for reducing the usable life of 
rubber components from five or six years to six months.” Awwa Research Foundation and U.S. 
Environmental Protection Agency, Performance of Elastomeric Components in Contact with 
Potable Water, (2007).

 4. Due to high costs associated with premature failures of plumbing components, both in private 
and public works, litigation will escalate. As the use of chloramines becomes more prevalent, 
contractors and design professionals must be diligent in specifying proper plumbing products 
for the water servicing the project, including anticipated changes in water chemistry during the 
service life.

IV. Recessed Lighting Fixtures
1. Component parts of manufactured products used in construction are also being investigated and 

litigated.
 2. Certain recessed light fixtures contain defective Chinese made ceramic socket connectors. The 

result is arcing and combustion of the socket/wiring assembly creating a fire hazard.

The socket in the photo on the left is new. The photo on the right
shows a socket in service for only 18 months



A Guide to Stains, Rings,  
Discoloration, Mineral Deposits:  

What They Are & How To Take Care Of Them 

Table of Contents 
 

Table of Contents ....................................................................................................................................... 1 

A Note to Homeowners ............................................................................................................................. 1 

Stains, Rings or Discoloration .................................................................................................................. 2 

Pink Stains – What Is It? ........................................................................................................................... 2 

Pink Stains – How To Get Rid Of It ......................................................................................................... 3 

Mold or Mildew Buildup – Black, Orange or Green – What Is It? ....................................................... 4 

Mold or Mildew – How To Get Rid Of It .................................................................................................. 5 

Mineral Deposits – What Is It? ................................................................................................................. 6 

Mineral Deposits – How To Get Rid Of It ............................................................................................... 7 

Red, Brown, Rust, Green And Other Colors – What Is It?................................................................... 8 

Red, Brown, Rust, Green And Other Colors – How To Get Rid Of It ............................................... 10 

Yellow Color - What Is It? ....................................................................................................................... 11 

Yellow Color – How To Get Rid Of It ..................................................................................................... 11 

Discoloration from Cleaning Chemicals ................................................................................................ 12 

 

A Note to Homeowners 
Our customer service has responded to these common questions throughout the years 
and we have assembled some of the best information to inform and help you.  

This guide is to simply identify the aesthetic problem, what causes the issue, how to 
take care of it and possibly prevent the return. 
It is easy to assume there may be a problem with your water, however most issues are 
not water quality related. The following issues are very common and in no way reflect 
the how we care for and maintain our homes.  



Stains, Rings or Discoloration 
Rings in the toilet bowl are unsightly and in rare cases if left unattended, may develop 
into health hazards for humans or pets. Showerheads, spouts, aerators at the end of 
faucets, tile and grout, shower doors or curtains, crevices, nooks and crannies, and 
many surfaces can develop staining or discoloration. While some of the toilet bowl and 
other fixtures and surfaces may be perpetually wet, other areas are made wet 
occasionally and then allowed to dry before becoming wet again. This constant state of 
moisture encourages the growth of bacteria, molds and mildew, which form into toilet 
bowl rings and the other staining and discoloration. Minerals in the water supply and 
even the chemicals used to clean can lead to toilet bowl rings and the staining and 
discoloration on other faucets, fixtures and surfaces.  

 

Pink Stains – What Is It? 
Pink residue is generally not a problem with water quality. A pink discoloration may be a 
result of iron found in some well water or old pipes in the delivery system but would not 
be isolated to only one toilet, one fixture or one room. In most cases a pink residue is 
likely a result of airborne bacteria which produce a pinkish or dark gray film on moist 
surfaces. This film is usually found as a ring that accumulates at the water line in the 
toilet bowl or around showerheads, shower doors or curtains, sink drains, bathtubs, tiles 
and grout. 
 
Some people have also noted that the pink residue appears in their pet's water bowl, 
which causes no apparent harm to the pet and is easily cleaned off. 
 
Many experts agree that the bacteria that causes these pink stains is most likely 
Serratia Marcescens, a bacteria which is found naturally in soil, food, and in animals. 
Serratia, which produce a characteristic red pigment, thrive on moisture, dust, and 
phosphates and need almost nothing to survive. Serratia is easily carried airborne and 
will seek a moist location in which to grow. Some people have reported that the pink 
residue only appears during certain times of the year, when their windows or doors are 
left open for part of the day. Ironically good ventilation will not help. These bacteria are 
present in a number of environments and wind can carry the airborne bacteria or dust in 
which the bacteria are present.  
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Serratia marcescens thrives in conditions that are wet and seek a constant introduction 
of fat or phosphorous-laden materials, such as feces, urine, soap, gels and shampoo 
products and/or food products.  

Pink Stains – How To Get Rid Of It 

Customers have asked us why there is a pink ring in their toilet bowl or evidence of the 
pink discoloration elsewhere and what can they do to get rid of it.  Often they are 
concerned that something must be in the water which is not the case and nothing to 
fear. However, the pink ring that develops at the water line in the toilet, around drains, in 
the tub/shower area, in bathroom drinking cups, and even dog bowls is actually caused 
by airborne bacteria known as Serratia Marcescens. The airborne bacteria thrive in 
moist environments, which is why it is commonly found in bathrooms. 

Serratia Marcescens survives when any water sits for a period of time in the open air. 
This is why this issue is very common.  

There are several things you can do to prevent the pink stains from developing.  Drying 
wet surfaces after use will prevent the bacteria from growing.   

For toilets, we have found over the years from manufacturers, our own personal 
experience and feedback from many customers that there is a way that takes less than 
a minute to make this “job” easy. Simply get a good toilet bowl cleaner and squirt 
around the bowl from the rim of the toilet and leave it. Upon your return, using a soft 
brush, apply light pressure against the bowl surface, swish the water around the bowl 
and flush. Do this before the reappearance of the discoloration and stay ahead of any 
reappearance. Serratia Marcescens cannot be completely killed and removed, but 
routine maintenance can keep the bacteria from reappearing, increasing or becoming a 
more stubborn issue.  
 
Remember to flush any guest or infrequently used toilets on a daily basis to avoid 
setting a stain.  
  
For harder to remove stains you can use regular household bleach and a soft bristle 
cleaning brush to gently scrub the affected area.  An old toothbrush or nail brush works 
great.   

Avoid being too aggressive with cleaning solutions or abrasive methods - please 
exercise caution. Others who recommend the use of stainless steel or wool pads or 
even pumice stones have given you information contrary to manufacturer warranties. 
These items will scratch and remove the protective coating, sealant or finish on the toilet 
which ironically makes them more susceptible to staining, mold or mildew, bacteria 
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growth and mineral deposit rings. Chlorine tablets or any toilet tank cleaners are not 
recommended. Check with the toilet bowl manufacturer for more information and 
warranty. 

Shower curtains and liners - wash them in hot water with a little bleach.  For patterned 
shower curtains, use color-safe bleach.  

Bathtubs, sinks, drains, faucets, showerheads and other surfaces – if you can keep 
them wiped down and dry, the formation of pink residue may be avoided. Use similar 
cleaning methods as you would to clean the toilet. Do not be aggressive and if you have 
any special finishes consult with the manufacturer.  

Natural surfaces (granite, marble, travertine, etc.), tile and grout can be porous and 
require a proper sealant and yet aggressive or incorrect cleaning will remove sealant 
over time. A good and properly applied sealant on marble, travertine, granite and other 
surfaces, tile and grout will prevent or inhibit any issues. Water should bead up or wipe 
up easy and not soak in. Resealing should be done as needed or on a schedule based 
on the material or surface to be sealed depending on manufacturer recommendations 
and your local conditions and usage.  

Again, as with other items, if you can keep surfaces wiped down and dry, the formation 
of pink residue may be avoided. Use similar cleaning methods as you would to clean 
the toilet. Do not be aggressive and if you have any special finishes consult with the 
manufacturer. 

 

Mold or Mildew Buildup – Black, Orange or 
Green – What Is It? 
Mold or mildew manifests in your toilet bowl as a black, orangey or green ring that also 
can spread as streaks down the inside of the bowl. Mold or mildew will also cause the 
black, orangey or green discoloration that may appear at the end of a showerhead, 
shower doors or curtains sink drains, bathtubs, tiles and grout. The appearance of this 
issue is associated with several factors having to do with moisture but is generally not a 
problem with water quality. Mold or mildew is common where there is moisture. 
Bathrooms are especially susceptible which include toilet bowls, showerheads, shower 
doors or curtains, sink drains, bathtubs, tiles and grout. 
 
Most mold or mildew can appear when any water sits for a period of time in the open 
air. This is why this issue is very common. Well ventilated spaces can prevent mold and 
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mildew and yet that well ventilated space can also carry airborne bacteria that can still 
result in mold, mildew or pink stains.  

Mold or Mildew – How To Get Rid Of It 

There are several things you can do to prevent the stains from developing.  Drying wet 
surfaces after use will prevent mold and mildew from growing.   

For toilets, we have found over the years from manufacturers, our own personal 
experience and feedback from many customers that there is a way that takes less than 
a minute to make this “job” easy. Simply get a good toilet bowl cleaner (some may 
actually be specific for mold and mildew) and squirt around the bowl from the rim of the 
toilet and leave it. Upon your return, using a soft brush, apply light pressure against the 
bowl surface, swish the water around the bowl and flush. Do this before the 
reappearance of the discoloration and stay ahead of any reappearance. Routine 
maintenance is the key. 
 
Remember to flush any guest or infrequently used toilets on a daily basis to avoid 
setting a stain.  
 
Many toilet bowl cleaners are available in spray-on or leave-in formats that effectively 
clean mold and mildew rings from the toilet bowl with weekly to monthly cleanings. 
These cleaners dissolve the ring and are rinsed away the next time the toilet is flushed. 
Chlorine bleach can also remove the black stain left behind by a ring of mold. 

For harder to remove stains you can use regular household bleach and a soft bristle 
cleaning brush to gently scrub the affected area.  An old toothbrush or nail brush works 
great.   

Avoid being too aggressive with cleaning solutions or abrasive methods - please 
exercise caution. Others who recommend the use of stainless steel or wool pads or 
even pumice stones have given you information contrary to manufacturer warranties. 
These items will scratch and remove the protective coating, sealant or finish on the toilet 
which ironically makes them more susceptible to staining, mold or mildew, bacteria 
growth and mineral deposit rings. Chlorine tablets or any toilet tank cleaners are not 
recommended. Check with the toilet bowl manufacturer for more information and 
warranty. 

Shower curtains and liners - wash them in hot water with a little bleach.  For patterned 
shower curtains, use color-safe bleach.  
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Bathtubs, sinks, drains, faucets, showerheads and other surfaces – if you can keep 
them wiped down and dry, the formation of mold and mildew may be avoided. Use 
similar cleaning methods as you would to clean the toilet. Do not be aggressive and if 
you have any special finishes consult with the manufacturer.  

Natural surfaces (granite, marble, travertine, etc.), tile and grout can be porous and 
require a proper sealant and yet aggressive or incorrect cleaning will remove sealant 
over time. A good and properly applied sealant on marble, travertine, granite and other 
surfaces, tile and grout will prevent or inhibit any issues. Water should bead up or wipe 
up easy and not soak in. Resealing should be done as needed or on a schedule based 
on the material or surface to be sealed depending on manufacturer recommendations 
and your local conditions and usage.  

Again, as with other items, if you can keep surfaces wiped down and dry, the formation 
of mold and mildew may be avoided. Use similar cleaning methods on mold and mildew 
as you would to clean the toilet. Do not be aggressive and if you have any special 
finishes consult with the manufacturer. 

 

 

Mineral Deposits – What Is It? 
White crusty deposits that may accumulate around the toilet bowl, the end of a faucet or 
showerhead or appear as water spots come from water rich in the naturally-found 
calcium or magnesium minerals often referred to as water hardness. Water that is high 
in alkalinity or silica may also create this accumulation. Unfortunately, this is all too 
common an occurrence where water sits at a certain level and creates a line or is left to 
dry at the edge of a spout, faucet, showerhead or on any surface and leaves some 
crustiness.  

In the toilet these deposits are often seen as white to gray-hued bowl rings. We can see 
the same rings in nature where the water level of a lake is evident.  The same line exists 
around almost any pool.   

At the water level where the water goes through a process of, evaporation & fill and 
evaporation & fill, a line becomes visible in that margin. Where water flows in a path this 
mineral deposit line can be seen in fountains.  Where water is left to evaporate, you will 
see a more dramatic example of the leftover minerals on the surface of a pot, tea kettle, 
coffee machine, and humidifier, ends of faucets, showerheads and spouts especially if 
the water is heated. Ironically many people observe a guest toilet or toilet used 



infrequently may have more mineral deposit issues because there is less water flow as 
the water just sits at that line over a longer period of time between usages. This is a 
common aesthetic condition and not a water quality issue. 

   

Mineral Deposits – How To Get Rid Of It 
We have found over the years from manufacturers, our own personal experience and 
feedback from many customers that there is a way that takes less than a minute to 
make this “job” easy. Simply get a good toilet bowl cleaner (some may actually be 
specific for mineral or hard water deposits) and squirt around the bowl from the rim of 
the toilet and leave it. Upon your return, using a soft brush, apply light pressure against 
the bowl surface, swish the water around the bowl and flush. Do this before the 
reappearance of the ring and stay ahead of any reappearance. Routine maintenance is 
the key.  
 
Remember to flush any guest or infrequently used toilets on a daily basis to avoid 
setting a stain or deposit.  
 
Many toilet bowl cleaners are available in spray-on or leave-in formats that effectively 
clean and break down mineral deposits from the toilet bowl with weekly to monthly 
cleanings. These cleaners dissolve the ring and are rinsed away the next time the toilet 
is flushed. 

For harder to remove rings you can use regular household bleach along with a more 
concentrated mineral deposit cleaner and a soft bristle cleaning brush to gently scrub 
the affected area.  An old toothbrush or nail brush works great.   

Avoid being too aggressive with cleaning solutions or abrasive methods - please 
exercise caution. Others who recommend the use of stainless steel or wool pads or 
even pumice stones have given you information contrary to manufacturer warranties. 
These items will scratch and remove the protective coating, sealant or finish on the toilet 
which ironically makes them more susceptible to staining, mold or mildew, bacteria 
growth and mineral deposit rings. Chlorine tablets or any toilet tank cleaners are not 
recommended and may make mineral deposits worse. Check with the toilet bowl 
manufacturer for more information and warranty. 

Shower curtains and liners - wash them in hot water with a little bleach.  For patterned 
shower curtains, use color-safe bleach.  



Bathtubs, sinks, drains, faucets, showerheads and other surfaces – if you can keep 
them wiped down and dry, the formation of deposits may be avoided. Use similar 
cleaning methods as you would to clean the toilet. Do not be aggressive and if you have 
any special finishes consult with the manufacturer.  

Natural surfaces (granite, marble, travertine, etc.), tile and grout can be porous and 
require a proper sealant and yet aggressive or incorrect cleaning will remove sealant 
over time. A good and properly applied sealant on marble, travertine, granite and other 
surfaces, tile and grout will prevent or inhibit any issues. Water should bead up or wipe 
up easy and not soak in. Resealing should be done as needed or on a schedule based 
on the material or surface to be sealed depending on manufacturer recommendations 
and your local conditions and usage.  

Again, as with other items, if you can keep surfaces wiped down and dry, the formation 
of deposits may be avoided. Use similar cleaning methods for deposits as you would to 
clean the toilet. Do not be aggressive and if you have any special finishes consult with 
the manufacturer. 

Water filtration & conditioning (Environmental Water Systems - Model #s CS-EWS-
1354-7000, EWS-CC-1465-7 or EWS-CC-1865-7) or water softening (Environmental 
Water Systems - Model #s CS-TT1054-7000 or RT1035) can inhibit mineral deposits or 
scale formation but not totally prevent them.  
 
Filtration & conditioning is more gentle on appliances, faucets, fixtures and does not 
prematurely deteriorate the tank fittings, flappers, gaskets and other parts whereas 
softening (ion-exchange) replaces the naturally-found minerals with either sodium or 
potassium chloride (salts) causing a more aggressive and corrosive water environment. 
Either type of treatment may make it easier to wipe up or delay buildup but routine 
maintenance will still be required.    
 

Red, Brown, Rust, Green And Other Colors – 
What Is It? 
Red or rust stains can be caused by an abundance of iron in the water. A brown color 
may indicate the presence of manganese. We advise the installation of an iron (and 
manganese) removal system (Environmental Water Systems - Model # EWS-1054-PA) 
on the main water supply or the point of entry to prevent iron and/or manganese from 
entering the home.  
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The other issue may be old delivery systems and piping with metal issues. A helpful 
solution may be a 5 micron pre-sediment filter at the home’s main water supply or the 
point of entry (Environmental Water Systems - Model # BB 1” SETUP) to prevent 
material from entering the home.  

If the rust or discoloration is being generated from within the home, you have a 
symptom of a bigger issue. You will need to take corrective action to replace corroding 
pipes and resolve the problem.  

Green or blue-greenish stains or discoloration that appears which are not a form of mold 
or mildew may have several causes. Water conditions above or below the neutral pH 
(6.8 – 7.8) range can cause any copper or brass pipes or fittings to shed off a green or 
blue-greenish discoloration and when it streaks down a surface or drips it can cause a 
stain. A system to correct pH up (Environmental Water Systems - Model # EWS-1054-
PH or EWS-1354-PH) or down (Environmental Water Systems - Model # TT1054-PH-
DN) can be installed at the homes’ main line before entering the home to correct this 
particular issue.  

Green or blue-greenish stains or discoloration can be caused by Electrolysis. 
Electrolysis is all too common and caused by two methods: First, where dissimilar 
metals are in contact with each other (note the top of your water heater where you see 
the grey pipe connected to the brass or copper pipes and the barnacles that form on the 
outside at the connection). Secondly, where metal piping is not ground properly which 
can cause the stains. This is a common problem with homes that have been remodeled 
and homes with a mixture of pipe materials (ie: galvanized, copper, PEX, Wirsbo, 
CPVC) being used. These stains or discoloration are a symptom of a bigger problem. 
Water filtration or treatment is not the cure. Corrective action will be needed to prevent 
the thinning of pipes, leaks in pipes and connections and other damage. 

Green or blue-greenish stains or discoloration can also be caused by the introduction of 
Chloramine as the treatment method by your water district. Chloramine is the 
combination of chlorine and ammonia in order to disinfect your water. More harsh on 
metal surfaces than chlorine, the result is not only observable as a stain or discoloration 
it will eventually create long term issues with thinning of pipes, leaks in pipes and 
connections, appliance and other damage. Home builders in Southern California have 
even sued the local water districts due to pipes leaking after only 3 years. Filtration 
(Environmental Water Systems - Model # EWS-CC-1465-7) can be installed at the 
homes’ main line before entering the home for this chemical (and thousands more) to 
solve this problem as well as providing great healthy quality water throughout your 
home for all uses.    
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Red, Brown, Rust, Green And Other Colors – 
How To Get Rid Of It 
These rings are sometimes the most difficult to remove as cleaners that include bleach 
actually make the stain permanent. "The Family Handyman Magazine" suggests 
cleaning the ring with a diluted form of hydrochloric acid found at home improvement or 
hardware stores instead.  
 
Remember to flush any guest or infrequently used toilets on a daily basis to avoid 
setting a stain.  
 
If these rings and discoloration is a result of some of the items mentioned above, it is 
very important to take corrective action to resolve any issues that create these stains or 
discoloration to begin with.  

These rings are not an issue with water quality except where chlorine or chloramine 
(chlorine and ammonia) may be involved. The appearance of these colors is a cause for 
concern regarding your home’s pipes and all fixtures and appliances in the home. It may 
also cause higher levels of certain metals in your homes’ water.   

Many toilet bowl cleaners are available in spray-on or leave-in formats that effectively 
clean and break down stains from the toilet bowls with weekly to monthly cleanings. 
These cleaners dissolve the ring or stain and are rinsed away the next time the toilet is 
flushed. 

For harder to remove stains you can use regular household bleach along with a more 
concentrated cleaner and a soft bristle cleaning brush to gently scrub the affected area. 
 An old toothbrush or nail brush works great.   

Avoid being too aggressive with cleaning solutions or abrasive methods - please 
exercise caution. Others who recommend the use of stainless steel or wool pads or 
even pumice stones have given you information contrary to manufacturer warranties. 
These items will scratch and remove the protective coating, sealant or finish on the toilet 
which ironically makes them more susceptible to staining, mold or mildew, bacteria 
growth and mineral deposit rings. Chlorine tablets or any toilet tank cleaners are not 
recommended and may make staining and mineral deposits worse. Check with the toilet 
bowl manufacturer for more information and warranty. 

Shower curtains and liners - wash them in hot water with a little bleach.  For patterned 
shower curtains, use color-safe bleach.  

http://www.ehow.com/info_8002465_causes-toilet-bowl-rings.html


Bathtubs, sinks, drains, faucets, showerheads and other surfaces – if you can keep 
them wiped down and dry, the formation of stains may be avoided. Use similar cleaning 
methods as you would to clean the toilet. Do not be aggressive and if you have any 
special finishes consult with the manufacturer.  

Natural surfaces (granite, marble, travertine, etc.), tile and grout can be porous and 
require a proper sealant and yet aggressive or incorrect cleaning will remove sealant 
over time. A good and properly applied sealant on marble, travertine, granite and other 
surfaces, tile and grout will prevent or inhibit any issues. Water should bead up or wipe 
up easy and not soak in. Resealing should be done as needed or on a schedule based 
on the material or surface to be sealed depending on manufacturer recommendations 
and your local conditions and usage.  

Again, as with other items, if you can keep surfaces wiped down and dry, the formation 
of stains may be avoided. Use similar cleaning methods for stains as you would to clean 
the toilet. Do not be aggressive and if you have any special finishes consult with the 
manufacturer. 

Yellow Color - What Is It? 
If you should see a yellow discoloration in standing water (your toilet or bathtub) than 
the culprit most frequently associated with this are tannins. It can range from a faint tint 
to a darker golden yellow like ginger ale, a light color tea up to a dark tea color. The 
faint color is very common (and yes, he did flush the toilet but he should put the seat 
down).  

Tannins are dissolved, decayed organic matter (carbon based decayed vegetation or 
animal matter) and creates an aesthetic issue which is generally not a health risk. Most 
people drink a form of tannin every day in coffee or tea. Most municipal water with 
tannins draws their water from rivers, surface water and swamps.  

Tannins are difficult to filter due to many factors but it is important to know they do not 
pose a health issue. In well water tannins can indicate more significant issues with the 
water but on municipal water it is simply aesthetically displeasing.   

Yellow Color – How To Get Rid Of It 
Routine maintenance of your toilet is the only thing required. Remember to flush any 
guest or infrequently used toilets on a daily basis. Staining is generally not a factor 
except be aware of any issues with laundry.  



Avoid being too aggressive with cleaning solutions or abrasive methods - please 
exercise caution. Others who recommend the use of stainless steel or wool pads or 
even pumice stones have given you information contrary to manufacturer warranties. 
These items will scratch and remove the protective coating, sealant or finish on the toilet 
which ironically makes them more susceptible to staining, mold or mildew, bacteria 
growth and mineral deposit rings. Chlorine tablets or any toilet tank cleaners are not 
recommended and may make mineral deposits worse. Check with the toilet bowl 
manufacturer for more information and warranty. 

Regarding the removal of tannins on municipal water, carbon filtration can help (which 
has many other benefits) but tannins are persistent and may still be observable. 

Municipal water systems will tend to over-chlorinate to compensate but you may still 
have a tint depending on the time of year. Ironically, the additional chemical treatment 
becomes more problematic for people, hair, skin, breathing and the homes’ pipes, 
fixtures, finishes and appliances than the tannins. 

As the city turns up the chlorine you may consider filtration (Environmental Water 
Systems model # CS-EWS-1354-7000) installed at the homes’ main line before entering 
the home for this chemical (and thousands more) to provide great healthy quality water 
throughout your home for all uses.  

If your municipal water  is treating with chloramine (combination of chlorine and 
ammonia) than we would highly recommend filtration (Environmental Water Systems 
model # EWS-CC-1465-7 or EWS-CC-1465-7) installed at the homes’ main line before 
entering the home for this chemical cocktail (and thousands more) to provide great 
healthy quality water throughout your home for all uses. 

  

Discoloration from Cleaning Chemicals 
Many cleaning chemicals intended to disinfect and clean can actually lead to a 
permanent toilet bowl ring stain above the waterline or around the bowl and problems 
with finishes or premature removal of sealants.  

According to the Environmental Health Association of Nova Scotia, most toilet bowl 
cleaners contain dangerous chemicals which produce equally dangerous gases. Some 
of these chemicals, when used constantly over time, will strip the glossy finish from the 
toilet bowl, creating a dull ring that is a slightly different color than the bowl. The EHANS 
recommends using natural cleaning methods instead, such as soaking two denture 
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cleanser tablets in the bowl overnight, or allowing 1/4 cup white vinegar mixed with 1 
cup borax to soak in the bowl's water overnight. 

For toilets, we have found over the years from manufacturers, our own personal 
experience and feedback from many customers that there is a way that takes less than 
a minute to make this “job” easy. Simply get a good toilet bowl cleaner (some may 
actually be specific for your needs or issues) and squirt around the bowl from the rim of 
the toilet and leave it. Upon your return, using a soft brush, apply light pressure against 
the bowl surface, swish the water around the bowl and flush. Do this before the 
reappearance of any discoloration and stay ahead of any reappearance. Routine 
maintenance is the key. 
 
Remember to flush any guest or infrequently used toilets on a daily basis.  
 
Avoid being too aggressive with cleaning solutions or abrasive methods - please 
exercise caution. Others who recommend the use of stainless steel or wool pads or 
even pumice stones have given you information contrary to manufacturer warranties. 
These items will scratch and remove the protective coating, sealant or finish on the toilet 
which ironically makes them more susceptible to staining, mold or mildew, bacteria 
growth and mineral deposit rings. Chlorine tablets or any toilet tank cleaners are not 
recommended and may make mineral deposits worse. Check with the toilet bowl 
manufacturer for more information and warranty. 

Shower curtains and liners - wash them in hot water with a little bleach.  For patterned 
shower curtains, use color-safe bleach.  

Bathtubs, sinks, drains, faucets, showerheads and other surfaces – if you can keep 
them wiped down and dry, the formation of stains may be avoided. Use similar cleaning 
methods as you would to clean the toilet. Do not be aggressive and if you have any 
special finishes consult with the manufacturer.  

Natural surfaces (granite, marble, travertine, etc.), tile and grout can be porous and 
require a proper sealant and yet aggressive or incorrect cleaning will remove sealant 
over time. A good and properly applied sealant on marble, travertine, granite and other 
surfaces, tile and grout will prevent or inhibit any issues. Water should bead up or wipe 
up easy and not soak in. Resealing should be done as needed or on a schedule based 
on the material or surface to be sealed depending on manufacturer recommendations 
and your local conditions and usage.  

Again, as with other items, if you can keep surfaces wiped down and dry, the formation 
of stains may be avoided. Use similar cleaning methods for stains as you would to clean 



the toilet. Do not be aggressive and if you have any special finishes consult with the 
manufacturer. 

 

A Side Note: 
Q: Don’t the EWS Whole Home Water Filtration Systems remove the chlorine, which 
kills the bacteria in the water? 
A: Yes, these systems will remove the chlorine and other disinfectants from the water 
and yet these common issues would still occur regardless of whether or not the water 
has been filtered.  
 
Municipally treated water has been disinfected with harsh chemicals in order to comply 
with local, state and federal standards. The issues of stains, rings or discoloration are 
issues that develop after the water comes into the home and is used or left to sit. Once 
chlorinated water is exposed to the air, the chlorine dissipates to a gas. The water in 
your plumbing system is in a closed loop and is not exposed to any issues until after it 
exits your plumbing fixtures or appliances.  
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