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Executive Summary 

This report is intended to provide a preliminary update on the testing and 

analysis of residential HVAC (heating ventilation and air conditioning), gas distribution, 

and fire safety components exposed to emissions from allegedly corrosive imported 

drywall1.  The information in this report is preliminary, and no conclusions can yet be 

drawn with respect to the risk of fire posed by imported drywall.  This report provides an 

update on the test methodology, analytical techniques, and initial results of the CPSC’s 

engineering test program to determine the impact of imported drywall on residential 

components/systems resulting in potential  fire and shock hazards to 

consumers/occupants.   

The CPSC’s engineering test program consists of two major phases: (1) 

Harvested Component Analysis.  This phase is an analysis of components collected 

from residences.  Depending on the type of component, this includes metallurgical 

analysis, chemical analysis of corrosion products, and functional performance testing to 

characterize the nature and extent of damage.  (2) Accelerated Corrosion Testing.  This 

phase is a qualitative assessment of the reaction of new components to elevated 

concentrations of emissions which will be used to assess long-term exposure 

performance of components under controlled laboratory conditions.  

 

                                                 
1 This report uses the terms “Chinese drywall” and “imported drywall” interchangeably but CPSC staff 
cautions that until completion of its investigation it is premature to consider that all Chinese or imported 
drywall exhibits the reported health or corrosive characteristics; nor is it correct to assume that all 
domestic brands are entirely void of any reported health or corrosive characteristics. 
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A total of 60 residential HVAC, gas distribution, and fire safety components have 

been harvested by U.S. Consumer Product Safety Commission (CPSC) staff from eight 

residential locations in Florida and Virginia, which were in the process of remediation2 

by the builder/property owner due to the believed presence of corrosive drywall.   

Interagency agreements were established with the National Institute of Standards 

and Technology (NIST) to conduct metallurgical analyses and perform functional testing 

of residential HVAC, gas distribution, and fire safety components.  The NIST Material 

Science and Engineering Laboratory (MSEL) was tasked to  conduct metallurgical and 

corrosion analyses of HVAC, gas distribution, and fire safety components to 

characterize the nature of corrosion and the extent of damage to the components.  In 

addition, NIST’s Building and Fire Research Laboratory (BFRL) was tasked to conduct 

performance evaluations of residential smoke alarms and fire sprinklers to determine if 

there can be a loss of functionality of these components from exposure to imported 

drywall emissions. 

 The NIST-MSEL scientific staff examined sections of natural gas distribution copper 

pipe and HVAC evaporator coil assemblies from two homes in advance of the broader 

study of the remaining harvested components provided by CPSC staff.  The 

examination performed by NIST-MSEL consisted of photography, metallurgical cross-

 

                                                 
2 Remediation – the process of removal and replacement of drywall, electrical, HVAC, plumbing, fire 
safety equipment components, and/or appliances by a builder (or building contractor).  The actual scope 
of components removed and replaced varies from builder to builder. 
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sectioning, optical microscopy, scanning electron microscopy (SEM), and X-ray 

diffraction (XRD).  Leak tests were also performed on the air conditioning evaporator 

coils.  The objective of these examinations was to determine the extent and nature of 

the corrosive attack, the chemical composition of the corrosion products, and the 

potential chemical reactions or environmental species responsible for accelerated 

corrosion. 

 A thin layer of a black corrosion product was found on all of the samples provided.  

Chemical and structural analysis of this layer indicated that this corrosion product was 

copper sulfide (Cu2S) and the XRD peaks in the spectrum of this corrosion product 

corresponded with those of the mineral digenite (Cu9S5).  Corrosion products were also 

observed on other types of metals in the AC coils where condensation would frequently 

wet the metals.  The thickness of the corrosion product layer on natural gas distribution 

pipe was measured and found to be between 5 µm and 10 µm in thickness.  This type of 

corrosion is consistent with copper exposure to reduced sulfur compounds, such as 

hydrogen sulfide (H2S). 

 Evidence of failure was not found on any of the initial samples provided to NIST-

MSEL.  The nature and extent of corrosion present in these samples is consistent with a 

general attack form of corrosion that will progress in a uniform manner.  However, the 

unpredictable nature of corrosion attack on metals exposed to reduced sulfur 

compounds and the exposure duration necessary for initiation of these forms of attack 
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require examination of additional components to draw a conclusion on the probability of 

this type of corrosion to result in imminent failures that can impact life safety.  Additional 

work is planned to analyze a wider range of components and assess the long-term 

performance of these components with respect to safety hazards.    

 The NIST-BFRL developed test protocols to evaluate the potential impact of 

emissions from imported drywall on the performance of smoke alarms and fire 

sprinklers.  Smoke alarms and fire sprinklers harvested from residences containing 

imported drywall will be tested with other groups of smoke alarms and fire sprinklers to 

compare the mean sensitivity and variance in sensitivity to identify where there is a 

significant change in the detection/operation capability as a result of exposure to 

emissions from imported drywall, as well as the effects of long-term exposure.  Testing 

of the samples is underway, and updates will be provided to CPSC to guide additional 

field sample collection. 
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Introduction 

This report documents the status of the U.S. Consumer Product Safety 

Commission (CPSC) engineering staff assessment of the effects of imported drywall on 

residential HVAC, gas distribution, and fire safety components.  This report is being 

released in conjunction with a similar technical report on electrical components to 

investigate the possibility of fire and electric shock safety hazards resulting from 

emissions from imported drywall.  The engineering test program is part of a multi-track 

program that also includes research into the health effects associated with the emission 

of gases from imported drywall.   

The information in this report is preliminary and no conclusions can yet be drawn 

with respect to risk of fire posed by corrosive effects that have been associated with 

imported drywall.  The intent of this report is to provide an update on the test 

methodology, analytical techniques, and initial results of the CPSC’s engineering test 

program to determine the impact of imported drywall emissions on residential 

components/systems resulting in potential fire and shock hazards to 

consumers/occupants.  The CPSC’s engineering test program consists of two major 

phases: (1) Harvested Component Analysis.  This phase is an analysis of components 

collected from residences.  Depending on the type of component, this includes 

metallurgical analysis, chemical analysis of corrosion products, and functional 
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performance testing to characterize the nature and extent of damage.  The primary 

components of interest for this part of the engineering study include: 

• Gas distribution components including flexible connectors and copper piping.  

The concern is that potential gas leakage due to pitting3  could present a fire or 

explosion hazard.  

• Fire safety components including smoke alarms and fire sprinklers.  For smoke 

alarms, potential concerns include damage to electronic circuitry and degradation 

of the sensor.  Either condition could result in an inoperable smoke alarm.  For 

fire sprinklers that use metallic fusible elements, potential concerns are that 

corrosion may adversely affect activation temperatures.  Failures of these 

devices can put consumers at risk.  

In addition, HVAC components, including evaporator coil assemblies, are included in 

this analysis to obtain information on corrosion mechanisms and their effect on other 

more critical life safety components (gas and fire safety) made of similar metals. 

(2) Accelerated Corrosion Testing.  This phase is a qualitative assessment of the 

reaction of new components to elevated concentrations of emissions which will be used 

to asses long-term exposure performance of components under controlled laboratory 

conditions.  Accelerated corrosion testing will be based on emissions identified in 

 

                                                 
3  Pitting is a form of extremely localized corrosion that leads to the creation of small holes in the metal. 
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drywall chamber studies conducted by Lawrence Berkeley National Laboratory, in 

combination with the results of indoor-air measurements in fifty-one homes conducted 

by Environmental Health and Engineering.  New gas distribution and fire safety 

components will be exposed to elevated concentrations of selected gases in test 

chambers at Sandia National Laboratories, for an exposure duration yet to be 

determined, in order to better understand long-term exposure risks. 

Interagency agreements were established with the National Institute of Standards 

and Technology (NIST) to conduct metallurgical analyses and perform functional testing 

of residential HVAC, gas distribution, and fire safety components.  The NIST Material 

Science and Engineering Laboratory (MSEL)4 was tasked to  conduct metallurgical and 

corrosion analyses of HVAC, gas distribution, and fire safety components to 

characterize the nature of corrosion and the extent of damage to the components.  In 

addition, NIST’s Building and Fire Research Laboratory5 (BFRL) was tasked to conduct 

performance evaluations of residential fire safety components (smoke alarms and fire 

sprinklers) to determine if there can be a loss of functionality of these components from 

exposure to imported drywall. 

 

 

 

 

 

                                                 
4 CPSC Agreement Number CPSC-I-09-0023 
5 CPSC Agreement Number CPSC-I-09-0024 
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Gas Distribution and Fire Safety Equipment Component Harvesting 

The primary objective of the harvesting effort was to obtain samples of gas 

distribution and fire safety components of interest in order to evaluate any damaging 

effects from imported drywall.  CPSC engineering staff harvested the components of 

interest from unoccupied homes that were in the process of remediation by 

homebuilders.  HVAC, gas distribution, and fire safety components were harvested in 

residences located in Florida and Virginia.  Table 1 is a summary of the harvested 

HVAC, gas distribution, and fire safety components. 

 

Table 1.  Summary of Harvested HVAC, Gas, and Fire Safety Components 

 

Location Collection Date Smoke Alarms Sprinklers
Copper Pipe 
(Gas/Water) 

HVAC 
Coils 

Chesapeake, VA 1 6/2/09 2 0 4 (water) 0 

Nokomis, FL 6/16/09 7 0 0 0 

Courtland, VA 7/6/09 2 0 0 0 

Chesapeake, VA 2  7/7/09 5 0 7 (gas) 1 

Chesapeake, VA 3  7/7/09 5 0 7(gas) 1 

Boynton Beach, FL 7/23/09 3 0 0 0 

Port Charlotte, FL 8/24/09 4 0 0 0 

Fort Meyers, FL 8/25/09 3 0 0 0 

West Palm, FL 9/14/09 0 9 0 0 

Total 31 9 18 2 

 

 

 

 

 

 

 

 

 

 

 

Of the components of interest in this phase of the investigation, smoke alarms 

were most readily available due to their prevalence in dwellings and ease of removal.  
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The types of smoke alarms harvested were hard-wired with battery back-up and operate 

on the ionization principle.   

Natural gas distribution components were not as easily obtained due to their 

infrequent use in the areas most affected with imported drywall.  Copper gas distribution 

components were obtained from locations in Chesapeake, VA.  (Figure 1) 

 

 

 

 

 

 

Figure 1 – Copper Natural Gas Tubing 

The HVAC evaporator coils in the dwellings from which components were 

harvested were either removed from service, had sections missing, or sample collection 

was not feasible.  Two full A-frame evaporator coils were obtained from Chesapeake, 

VA.  (Figure 2) 
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Figure 2 - A-Frame Evaporator Coils 

Harvested samples of fire sprinklers were the most difficult component of interest 

to collect for this phase of the study due to difficulties in locating sites with imported 

drywall and the process required for removal of the samples.  CPSC staff was able to 

coordinate fire sprinkler sample collection with a condominium complex in West Palm, 

FL for collection of nine samples.  The collection process involved draining the zone of 

the sprinkler system (Figure 3), removal of the sprinkler head (Figure 4), and collection 

of trapped water to minimize damage to the residence (Figure 5).  

 

 

 

 

  

Figure 3 – System Drain  Figure 4 – Head Removal  Figure 5 – Water Capture 
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Metallurgical and Corrosion Analysis of HVAC and Gas Distribution Components 

Harvested samples of HVAC evaporator coils and copper gas distribution 

components were sent to NIST-MSEL for metallurgical and corrosion analysis.  NIST-

MSEL prepared an interim report to characterize the nature of corrosion and the extent 

of corrosion present on these harvested samples from dwellings with imported drywall.  

The analysis conducted by NIST-MSEL included visual examination, identification of 

corrosion products by X-ray diffraction, HVAC evaporator coil leak testing/sectioning, 

and the measurement of the thickness of corrosion products on copper gas distribution 

components.  The NIST-MSEL interim report is contained in Tab A.       

Visual Examination and Photography 

   All samples of natural gas copper tubing exhibited varying degrees of 

discoloration.  This discoloration was due to the presence of a thin layer of a black 

substance (Figures 6 and 7).  The extent of discoloration appeared to vary with the 

thickness of the layer of this black substance. 

 
Figure 6 – Fireplace Gas Supply                 Figure 7 – Attic Gas Supply to Furnace 
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Identification of the Black Corrosion Product by X-Ray Diffraction 
 
The black substance observed on the surfaces of the copper components was identified 
by X-ray diffraction.  Chemical and structural analysis of this layer indicated that this 
corrosion product was copper sulfide (Cu2S), and the XRD peaks in the spectrum from 
this corrosion product corresponded with those of the mineral digenite (Cu9S5).    
 
Measurement of Corrosion Product Layer Thickness 
 
 The thickness of the black corrosion product was measured using optical microscopy of 
sample prepared in cross section.  For this analysis, a natural gas supply line was cut 
perpendicular to the axis of the tube and mounted in epoxy and polished down using 
standard metallurgical practice exercising care to maintain the edge of the sample with 
the corrosion products in place.  Figures 8a and 8b show optical micrographs of this 
sample.  The measurements indicate that the corrosion product layer varied from 5 to 
10 µm thick. 
 

 

 

 

 

 

 

 

 

 

 

A         B 

Figure 8a and 8b – Optical micrographs of the wall of a copper natural gas supply line 
and the corrosion product layer at two magnifications. 
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Functional Testing of Fire Safety Equipment (Smoke Alarms/Fire Sprinklers)  

The NIST-BFRL staff developed test protocols for examining the relative 

performance of smoke alarms and automatic fire sprinklers to assess the impact of 

exposure to imported drywall on the functionality of residential fire safety equipment.  

The NIST-BFRL update is contained in Tab B. 

Smoke Alarm Protocol Development   

Smoke alarms will be evaluated using the NIST Fire Emulator/Detector Evaluator 

(FE/DE) (Figure 9). 

 

 

 

 

 

 

 

 

Figure 9 - NIST Fire Emulator/Detector Evaluator 

Page 13 
 



The FE/DE was developed for the purpose of testing smoke alarms in a controlled 

environment.  The FE/DE is a flow tunnel where fire or nuisance source characteristics 

can be controlled so that a smoke alarm placed in the FE/DE is exposed to the same 

stimuli it could experience in its end-use location.  Measurements in the FE/DE will be 

performed for four groups of smoke alarms: 

1. Those taken from houses containing imported drywall. 

2. Those taken from houses containing domestic drywall.  These smoke alarms are 

to be of the same makes and models as those in the first set.  They will have 

been exposed to the everyday environment in similar dwellings and for a length 

of time similar to that in Group 1.   

3. New smoke alarms of types similar to those above.  

4. The smoke alarms from Group 3, subjected to an environment designed to 

simulate extended tenure in a house with imported drywall.  This accelerated 

corrosion will be performed by Sandia National Laboratories (SNL).   

 
The following comparisons from the results of the planned testing will be made: 

• Comparison of the mean sensitivity and the variance in the sensitivity between 

Group 1 units and Group 2 units to identify whether there was a significant 

change in detection capability as a result of exposure to the emissions from 

imported drywall. 
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• Comparison of the mean sensitivity and the variance in the sensitivity between 

Group 3 units and Group 4 units to identify the potential of the drywall emissions 

to compromise the sensing ability of the smoke over a long period of time. 

Fire Sprinkler Protocol Development 

Fire sprinklers will be tested using a Plunge Test apparatus (Figure 10). 

 

 

 

 

 

 

 

 

Figure 10 – Plunge Test Apparatus 

In this apparatus, a fire sprinkler sample is inserted quickly into a hot air stream 

at a set velocity.  The time to when the fire sprinkler’s thermal sensing element activates 

is recorded to evaluate any effect on the sprinkler’s sensitivity.  Measurements are to be 

performed for four groups of sprinkler heads: 

1. Those taken from houses containing imported drywall.  
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2. Those taken from houses containing domestic drywall.  These sprinkler heads 

are to be of the same makes and models as those in the first set.  They will have 

been exposed to the normal environment in similar dwellings for a similar length 

of time.   

3. New sprinkler heads of types similar to those above.  Eight units of three models 

for a total of 24 units.  Twelve units will be tested and the other twelve will be 

sent for accelerated aging (See Group 4).  

4. The sprinkler heads from Group 3, subjected to an environment designed to 

simulate extended tenure in a house with imported drywall.  This accelerated 

aging will be performed by Sandia National Laboratories (SNL).   

The intent is to make the following comparisons: 

• Comparison of the mean sensitivity and the variance in the sensitivity between 

units from Group 1 and 2 and units from Group 3.  This will identify the extent to 

which either residential exposure affected the actuation time. 

• Comparison of the mean sensitivity and the variance in the sensitivity between 

units from Group 1 and units from Group 2.  This will identify whether there was a 

significant change in actuation time as a result of exposure to emissions from 

imported drywall compared to exposure to "ordinary" household environments. 
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• Comparison of the mean sensitivity and the variance in the sensitivity between 

Groups 3 and 4.  This will identify the potential of the drywall emissions to affect 

the actuation time of the sprinkler heads over an extended period of time. 

• Comparison of the mean sensitivity and the variance in the sensitivity between 

units from Group 1 and units from Group 4.  This will identify the potential for 

change in actuation time beyond any noted in the comparison of Group 1 and 

Group 3 units. 

 

Discussion of Preliminary Reports  

Discussion of NIST- MSEL Report 

 The type of corrosion observed by NIST-MSEL is consistent with copper exposure to 

reduced sulfur compounds, such as hydrogen sulfide (H2S).  Evidence of failure was not 

found on any of the samples initially evaluated by NIST-MSEL.  The nature and extent 

of corrosion present in these few samples is consistent with a general attack form of 

corrosion that will progress in a uniform manner.  Nevertheless, the unpredictable nature 

of corrosion attack on metals exposed to reduced sulfur compounds and the exposure 

duration necessary for initiation of these forms of attack require examination of 

additional components to draw a conclusion on the probability of this type of corrosion 

to result in imminent failures that can impact life safety.  Additional work is planned to 

analyze a wider range of components and assess the long-term exposure performance 

of these components with respect to safety hazards.  
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Discussion of NIST- BFRL Report 

 The NIST-BFRL developed test protocols to evaluate the potential impact of 

imported drywall emissions on the performance of smoke alarms and fire sprinklers.  

Smoke alarms and fire sprinklers harvested from residences containing imported 

drywall will be tested with other groups of smoke alarms and fire sprinklers to compare 

the mean sensitivity and variance in sensitivity to identify whether there is a significant 

change in performance as a result of exposure to imported drywall emissions, as well as 

the effects of long-term exposure.  Testing of the samples is underway, and updates will 

be provided to CPSC staff to guide additional field sample collection to complete this 

analysis.



 

TAB A – NIST- MSEL Report: 
 
 

Preliminary Examination of Corrosion Damage to Metallic Materials Removed from 
Homes Constructed with Imported Wallboard 

  TAB |A 


