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August 19, 2004 
 
Dorothy Shimer 
Research Division, 5th Floor 
Air Resources Board 
P.O. Box 2815 
Sacramento, California 95812 
ab1173@listserv.arb.ca.gov 
 
Re: Comment on Report to the California Legislature, Indoor Air Pollution in 
California, June 2004 Draft Report for Public Review 
 
Dear Ms. Shimmer: 
 
This comment pertains to the estimates of formaldehyde concentrations in modern 
manufactured homes discussed in Section 2.3.1.3 and Figure 2.4 of the Report (Page 52), 
and to the method by which those estimates were calculated as explained in Appendix III, 
Page III-1. 
 
It is understood that the method used in the report is an attempt to arrive at a rough 
approximation of formaldehyde concentrations in contemporary manufactured homes in 
the absence of contemporary data. However, the application of the method is flawed, 
resulting in a substantial overestimate of formaldehyde levels. As explained below, a 
more accurate application of the method utilized in the CARB report would result in a 
significantly lower estimate of ambient formaldehyde in contemporary manufactured 
homes. 
 
The CARB report estimates levels of ambient formaldehyde in contemporary 
manufactured homes by extrapolating from a study conducted in 1985 that measured 
formaldehyde concentrations in manufactured homes (Sexton, et al., 1985). The 
extrapolations are based on the reduction in formaldehyde emissions in wood products 
(specifically particleboard, interior plywood and paneling) measured in a 1983 study 
(Pickrell, et, al, 1983) as compared to the levels measured in a 1999 study (Kelly, et al., 
1999). 
 
The application of this method is flawed in two primary ways: 
 

1. Reduction in formaldehyde levels in wood products 
This application of the method assumes that the formaldehyde emission levels 
from wood product measured by Pickrell in 1983 were typical of the 
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formaldehyde emission levels from wood products contained in the homes 
measured by Sexton in 1985. This is an incorrect assumption. While Pickrell 
measured newly produced materials in 1983, Sexton’s measurements were taken 
from homes produced over a wide range of years – often well before 1983.   
 
By the time Pickrell did his measurements, formaldehyde levels had been 
dramatically reduced in many wood-based products. For example, the wood 
products industry had substantially reduced the formaldehyde emissions rates 
from particleboard by 1982. According to McCredie (1992) (Attachment A), by 
1982 average particleboard formaldehyde emissions were approximately 35% of 
their 1980 levels. By 1985, they were approximately 15% of their 1980 levels. 

 
The Sexton study measured formaldehyde concentrations in numerous existing 
homes. The homes measured in this study undoubtedly varied in age. According 
to the US Census Bureau’s 1985 American Housing Survey, approximately 75% 
of “mobile homes and trailers” surveyed that year were acquired prior to 1979 
(this was true for the West region as well as the nation as a whole). Additionally, 
fewer than half of all “mobile homes and trailers” were reported to have been 
acquired new. Therefore the vast majority of manufactured homes existing in the 
US (and in the West) in 1985 were constructed prior to 1979. We can conclude 
from this that the construction (including the formaldehyde content of the 
materials and the mix of materials in the home) of the vast majority of these 
homes would have been characteristic of homes constructed prior to the changes 
in material fabrication implemented by the wood products industry. These 
changes, as noted earlier, dramatically reduced formaldehyde emissions from 
these products. Therefore the lion’s share of the reduction in formaldehyde 
emissions from wood products occurred after the majority of the Sexton homes 
were constructed. 
 
The CARB report concludes that particleboard emissions in relatively new homes 
are 92% of their 1983 levels (or an 8% reduction). This is consistent with the data 
in McCredie, however it is incorrect to then apply this percentage reduction to 
homes that were constructed prior to 1983, when particleboard emissions were 
much higher. An 85% reduction would be more accurate given the age of the 
homes measured by Sexton. 

 
2. Change on construction of manufactured homes 

The method used in the CARB report assumes that the proportion of 
particleboard, interior plywood and paneling used in contemporary manufactured 
homes is similar to that used in the homes measured by Sexton. This is not a 
correct assumption. According to a survey commissioned by the Manufactured 
Housing Institute (MHI) (Attachment B), interior paneling had largely been 
supplanted by non-formaldehyde containing gypsum board by 1993 (96% of all 
reported homes utilized gypsum wallboard and only 5% utilized hardwood panel 
walls in some portion of the home). In a similar survey conducted in 1988, 
approximately 60% of reported homes utilized gypsum wallboard, evidence that 
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this shift had been underway for some time. To more accurately reflect 
contemporary homes, the estimate of the contribution to formaldehyde emissions 
from paneling should be reduced to a maximum of 5% of its former level. The 
CARB report assumes no reduction (i.e., 100% of the former contribution). 
 
The trend away from UF-bonded materials can also be observed in the 
construction of manufactured home ceilings.  In 1984, the US Department of 
Housing and Urban Development modified Section 3280.203 of the Manufactured 
Housing Construction and Safety Standards to include new fire safety provisions; 
including a requirement for a lower flame spread rating for interior ceilings. The 
wood-based ceiling panels in use at the time did not comply with this requirement 
and therefore manufacturers moved away from this material for ceilings.  By 
1988, according to the MHI survey, nearly 80% of homes used non-formaldehyde 
containing gypsum board ceilings (Attachment C). 

 
If these two errors are corrected, the CARB method would yield the results shown in 
Table 1. 

Table 1 Revised estimated relative formaldehyde emissions rates 

Material Revised emissions 
estimate1 

Revised materials 
usage2 

Revised aggregate emissions 
(emissions multiplied by usage) 

CARB Report 
estimate3 

Particleboard 15% 100%4 15% 92% 
Interior 
plywood 

15% 100%5 15% 15% 

Paneling 39%6 5% 2% 39% 
Unweighted 
average 

N/A N/A 11%7 49% 

 
Utilizing the same method as the CARB report, but correcting for the errors in the 
underlying assumptions, the estimated ambient formaldehyde levels in modern 
manufactured homes should be approximately 11% of the levels observed in the 1985 
Sexton study, not 49% as indicated on page III-1 of the CARB draft report. Applying this 
to the average of the winter and summer geometric means determined by Sexton, yields 
an average formaldehyde concentration in modern manufactured homes (i.e. homes 
constructed in the past 15-20 years) of 8.25 ppb, compared with 37 ppb in the CARB 
draft report. 
 

                                                 
1 Current formaldehyde emissions as a percentage of emissions typical of materials utilized in the homes measured by 
Sexton 
2 Current material usage as a percentage of material usage typical of homes measured by Sexton 
3 Current formaldehyde emissions as a percentage of emissions typical of materials in 1983 according to Pickrell and 
Kelly 
4 Assumes the approximate amount of particleboard is unchanged 
5 Assumes the approximate amount of interior plywood is unchanged 
6 This figure, 39%, is taken from the CARB report, as data on formaldehyde emissions from pre-1983 paneling was not 
available at the time of this writing, although it is possible that the reduction was greater than stated. 
7 The elimination of wood-based ceiling panels is not accounted for in this figure because the formaldehyde emissions 
rate from the ceiling material was not included in the CARB average. Inclusion of this material change would further 
decrease the resulting aggregate emissions level. 
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Thank you for the opportunity to submit this comment. Please contact me with any 
questions. 
 
Sincerely, 
Manufactured Housing Research Alliance 

 
Emanuel Levy 
Executive Director 
 
 
Enclosures: Attachment A – McCredie Paper 
  Attachment B – MHI Materials Survey (1993) Summary 
  Attachment C – MHI Materials Survey (1988) Excerpt 
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