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Abstract
Formaldehyde is a colorless, pungent gas commonly found in homes that is a respiratory irritant,
sensitizer, carcinogen and asthma trigger. Typical household sources include plywood and
particleboard, cleaners, cosmetics, pesticides, and others. Development of a fast and simple
measurement technique could facilitate continued research on this important chemical. The goal of
this research is to apply an inexpensive short-term measurement method to find correlations
between formaldehyde sources and concentration, and formaldehyde concentration and asthma
control. Formaldehyde was measured using 30-minute grab samples in length-of-stain detector
tubes in homes (n=70) of asthmatics in the Boston, MA area. Clinical status and potential
formaldehyde sources were determined. The geometric mean formaldehyde level was 35.1 ppb
and ranged from 5–132 ppb. Based on one-way ANOVA, t-tests, and linear regression, predictors
of log-transformed formaldehyde concentration included absolute humidity, season, and the
presence of decorative laminates, fiberglass, or permanent press fabrics (p<0.05), as well as
temperature and household cleaner use (p<0.10). The geometric mean formaldehyde concentration
was 57% higher in homes of children with very poorly controlled asthma compared to homes of
other asthmatic children (p=0.078). This study provides a simple method for measuring household
formaldehyde and suggests that exposure is related to poorly controlled asthma.
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Introduction
Formaldehyde has recently received public attention from both its classification as a known
human carcinogen (NTP, 2011) and the health concerns raised after the use of contaminated
trailers following Hurricane Katrina by the Federal Emergency Management Agency
(FEMA) in 2005 and later (Maddalena et al., 2009). Much of the recent focus has been on
formaldehyde levels indoors, where people spend 87% of their time (Klepeis et al., 2001)
and where the concentrations are typically higher than outdoor concentrations (Zhang et al.,
1994; Gonzalez-Flesca et al., 1999; Khoder et al., 2000). Children exposed to formaldehyde
in excess of 49 ppb (60 µg/m3) in indoor air have an increased risk of childhood asthma
(Rumchev et al., 2002), and a recent meta-analysis of several studies has shown a positive
association between formaldehyde levels and childhood asthma (McGwin et al., 2009).
Other health outcomes that may be associated with formaldehyde or the presence of particle
board, a known formaldehyde source, in homes include chronic bronchitis, increased
exhaled nitric oxide (marker of lower airway inflammation), increased wheeze, respiratory
symptoms, adverse effects on lung function, atopy and increased risk of sensitization
(Mendell, 2007). In addition, previous studies have shown that formaldehyde exposure in
the home may increase asthma severity (Venn et al., 2003).

Formaldehyde is typically measured in the home by the reaction of 2,4-
dinitrophenylhydrazine (DNPH) in a cartridge (Kuntz et al., 1980; Grosjean, 1991; EPA,
1999) or by the collection of formaldehyde in an impinger (CARB, 1991; Woo et al., 1998),
in addition to a variety of other techniques (Li et al., 2001; Rocha et al., 2008; Salthammer
et al., 2010). In the cartridge method, formaldehyde in the air reacts with DNPH on a
sorbent to form the product 2,4-dinitrophenylhydrazone, which is then transported to a
laboratory setting for analysis by high performance liquid chromatography (HPLC). This
method is the most common in-home measurement method with a detection limit of 0.5 ppb
(EPA, 1999). In the impinger method, formaldehyde in the air is trapped in a liquid, and is
also analyzed by HPLC. Both methods require prolonged sampling time, expensive
analytical equipment, and are prone to contamination during transportation and analysis.
Other techniques such as the active diffusive sampling technique proposed by Rocha and
colleagues (Rocha et al., 2008) also present various challenges, such as the necessity of
constructing sampling devices that are not commercially available. Additionally, many
techniques were developed for measuring formaldehyde in the workplace, where
concentrations are relatively high (Triebig et al., 1989). Formaldehyde sampling in homes is
often difficult due to the relatively low concentrations present, and only some of the
available techniques have adequate sensitivity (Sandner et al., 2001). While many
techniques have successfully been utilized in the past, overall these methods remain time-
consuming, difficult, and/or expensive. The need for a fast and simple formaldehyde
measurement technique with appropriate detection limits for household concentrations has
been highlighted in a recent review (Salthammer et al., 2010). Here, this small study will
also determine if a shorter-term measurement method could still be an indicator of asthma
morbidity and also an indicator of potential household sources.

The establishment of a simple, quick, and inexpensive formaldehyde measurement
technique for use in epidemiological studies conducting in-home sampling would encourage
continued measurement of this important indoor air pollutant. While much literature on
formaldehyde exists, formaldehyde measurement could attain more widespread use in
epidemiological studies. The ability to easily obtain multiple measurements would also
allow researchers to look at factors such as concentration trends over time as related to
health outcomes. In addition, the availability of such a technique would allow for expanded
applications of formaldehyde measurement, including as a part of public health interventions
and preventative medicine. A recent review explored chemical exposures in the home as an
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important area for public health intervention, including avoidance of particle board products
that emit formaldehyde (Sandel et al., 2010). Quantifying formaldehyde levels in the homes
of asthmatic children is important because this group may be particularly vulnerable to this
respiratory irritant (Krzyzanowski et al., 1990). In addition, a simple and quick measurement
technique would allow for easy evaluation of a program by allowing for sampling both
before and after an intervention with minimal time spent in the home.

Formaldehyde is often measured in the workplace with high formaldehyde levels for safety
considerations using colorimetric gas detector tubes. Many of these tubes are designed to
measure formaldehyde closer to the range of the Occupational Safety and Health
Administration (OSHA) permissible exposure limit (PEL) of 750 ppb or the action level of
500 ppb. While the concentration range of many of these tubes is higher than levels typically
found in homes, there is a commercially available option with the measurement range of 10–
480 ppb. The required sampling time is 10–30 minutes, and no expensive analytical
equipment is required. In addition, there is no potential for contamination from ambient
formaldehyde during transport or analysis, because the tube is sealed prior to sampling and
results are obtained immediately at the conclusion of the sampling period. The goals of this
research are 1) to evaluate the use of a simple and inexpensive formaldehyde measurement
method within the home environment, 2) to determine what housing factors affect
formaldehyde concentration, and 3) to analyze the relationship between household
formaldehyde exposure and asthma control level. Gaining information about this common
indoor air pollutant can lead to improved knowledge of correlations between formaldehyde
concentrations, formaldehyde sources and human health outcomes and help target
interventions that hold promise for reducing formaldehyde exposure and improving
associated asthma control.

Methods
Kitagawa 710 formaldehyde detector tubes (Komyo Rikagaku Kogyo K.K., Kawasaki-City,
Kanagawa 213-0006, Japan) were used to measure formaldehyde according to manufacturer
instructions, with one modification. Instead of using the manufacturer’s pump, we
substituted a low-cost aquarium pump (Tetra Whisper® 100), which was modified by
reversing the diaphragm to pull air through the tube. We choose a pump capable of
achieving an approximately 300 mL/min flow rate that remains constant. In actual use, the
average pump flow rate was 299 mL/min and ranged from 262–350 mL/min. This
alternative pump drastically reduced the overall cost of sampling formaldehyde in this study
of 70 homes to approximately $500 USD (cost of pump and tubes combined), with a savings
around $3000 USD. The manufacturer reports a relative standard deviation of 10% and a
detection limit of 5 ppb for this method.

Formaldehyde readings and pump performance were validated to ensure that the alternative
pump did not affect the results. Formaldehyde measurement was checked in a laboratory
setting by heating a permeation tube (Vici Metronics, Poulsbo, Washington, USA) in a
furnace to 50°C to release a known concentration of formaldehyde into a vial. The
permeation tube was inserted into the vial, and the air was pulled through the tube with the
pump. We corrected for temperature and pressure as recommended by the manufacturer.
The slope of the line between the expected formaldehyde reading and the actual
formaldehyde reading was 0.998 with a standard error of 0.158 (R2=0.930). Pump
performance was also validated by measuring the flow rate through the permeation tubes
from four different pumps and from the same pump over time. The pump flow rate remained
constant over the time period required for sampling. In addition, the slight variations in
measured pump flow rate (262–350 mL/min) on different sampling dates in the field did not
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significantly affect the value of formaldehyde readings after sampling time correction to
maintain a constant sampling volume (p=0.687).

Formaldehyde in the air was measured in 70 homes of primarily low-income asthmatic
children and adults in the Boston, MA area as a part of the Boston Allergen Sampling Study
(manuscript in preparation) between July 2008 and February 2010. The main objectives of
this study were to determine which of three commonly used house dust allergen sampling
methods, which sampling rooms, and which surfaces within rooms were most useful in
predicting uncontrolled asthma in asthmatic children with documented sensitization to
indoor allergens. Housing characteristics such as flooring type, number of occupants,
ownership, heating type, number of windows, number of vents, condition of the walls, and
building age were recorded via a structured interview with the resident and visual inspection
as is common in many studies (Wilson et al., 2010). Residents were also asked about
professional pesticide application within the last four months and about resident smoking
habits. The visible presence of specific potential formaldehyde sources in the kitchen,
including gas stoves, fingernail polish, fingernail hardener, latex paint, plywood and particle
board, fiberglass, new carpet, decorative laminates, permanent press fabrics, grocery bags,
and paper towels was also recorded. The amount was not quantified but rather any presence
at all of an item was counted as “yes.” If an item was not visually present (or difficult to
identify visually, such as with new carpet), the resident was asked to confirm its presence or
absence. Residents were also asked about the use of ammonia-based cleaners in the past
week, which should be sufficiently longer than the hours to days required for general cleaner
concentration to diffuse (Zhu et al., 2001; Nazaroff, 2004). Ammonia can interfere with the
chemical reaction inside the tubes, and cleaners themselves may also be a source of
formaldehyde. Temperature and relative humidity were also recorded. Absolute humidity
was calculated from relative humidity and temperature and assumed average sea-level
pressure. In addition, the validated Asthma Control Test (ACT) (Nathan et al., 2004) for
ages 12 and up was administered to the asthmatic resident. If the child was under 12, the
parent or caregiver was asked to answer for the child.

The formaldehyde sampling was conducted in the kitchen on top of the refrigerator if
possible. Previous studies have shown that formaldehyde concentration is typically
consistent throughout a home (Clarisse et al., 2003; Marchand et al., 2008), so this location
was chosen to avoid interference with the allergen measurement part of the study. Sampling
location in the kitchen also did not affect the formaldehyde concentration (p=0.212) if it was
not possible to place the sampling device on top of the refrigerator (n=9). The room was not
altered prior to sampling (i. e. no windows or doors were closed), but the number of open
windows and the presence of an exhaust fan venting outside were noted and each was not
significantly associated with formaldehyde concentration (p>0.1 for both cases). The flow
rate of the pump was measured prior to sampling to adjust sampling time to maintain a
constant sampled air volume. Formaldehyde tubes remained sealed until immediately before
sampling to prevent contamination. After the seal on the tube was broken on both ends using
the manufacturer’s glass cutter, the tube was connected to the pump in a configuration to
pull air through the tube and the apparatus was placed on top of the refrigerator. A nominal
10 minute sampling period measuring concentrations from 40–480 ppb was followed by an
additional nominal 20 minutes of sampling time to measure formaldehyde in the range of
10–120 ppb. Formaldehyde readings at both time points were recorded, and the final reading
was calculated from the 30 minute reading unless the concentration exceeded 120 ppb. The
final reading was also adjusted for temperature as recommended by the manufacturer.

The manufacturer suggests that ammonia and NOx can interfere with formaldehyde readings
if present at high concentrations of at least 500 ppb. Residents were asked if ammonia-based
cleaners had been used in the week prior to sampling, and the presence of a gas stove was
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noted for potential NOx release. However, both cleaning products and gas stoves can also
release formaldehyde (Hollowell et al., 1980; Colombo et al., 1991; Flyvholm and
Andersen, 1993; Singer et al., 2006). While these are not the only potential ammonia
sources, none of the colorimetric changes associated with ammonia exposure were observed.
The presence of ammonia would be expected to falsely lower readings, and in fact houses
where cleaners were used tended to have higher (Table 1) formaldehyde concentrations,
suggesting a lack of ammonia interference. Analyses were conducted both including and
excluding the 10 homes that used ammonia-based cleaners, and the lack of a substantial
difference in the overall results prompted the inclusion of these 10 homes. Interference from
NOx could falsely increase formaldehyde readings, but the presence of a gas stove did not
have a significant effect on the concentration (Table S1 in Supporting Information). These
results are consistent with a study in houses in Quebec, Canada that found gas stoves
influence NO2 but not formaldehyde concentrations (Gilbert et al., 2006). This study also
found the maximum in-home NO2 concentration to be 15 ppb (29.1 µg/m3) (Gilbert et al.,
2006), which is substantially less than the 500 ppb interference limit, making interference in
a typical home unlikely.

Statistical analysis was conducted in PASW (SPSS) version 19 (IBM, Chicago, IL, USA)
using one-way ANOVA and t-tests for individual variables, and linear regression. Statistical
significance was defined as p < 0.05 and significance values between 0.05 and 0.10 were
considered marginally significant. Formaldehyde concentrations were log10 transformed for
all analyses. Analyses were performed for environmental factors including temperature,
absolute humidity, and seasons, and for the presence of formaldehyde-releasing products
(plywood and particle board, fingernail polish, etc.). All considered variables are listed in
Table S1, along with variable combinations that were used in the linear regression. If
variables had less than 5 homes with a missing or unsure response, the answer was counted
as “no.” For variables with 5 or more homes in the unsure/missing category, indicator
variables were created. For linear regression analysis, variables were combined as follows:
non-wood expected high-level emitters (nail polish and latex paint) were combined,
expected medium-level formaldehyde emitters (permanent-press fabrics, fiberglass, and
decorative laminates) were combined, and the presence of expected low-level formaldehyde
emitters were summed (cardboard, grocery bags, and paper towels). All variables were
added to the model initially, and the non-significant variables were removed sequentially to
obtain the final model. Any missing data were excluded from the analysis, and the
formaldehyde reading was not completed in 3 homes which were removed from the analysis
(final n=67).

Independent sample 2-tailed t-tests were conducted for the asthma control analysis. Because
of the small sample size, statistical analysis of the ACT included bivariate versions of both
individual questions and the overall measure (score < 12). Only children under the age of 18
who completed the assessment were included in the health effects analysis (n=37). This
analysis was restricted to children because i) children are the major age group in this study,
ii) the effects of environmental exposures may differ between children and adults (Bearer,
1995), and iii) other asthma-related respiratory effects have been seen in children previously
(Garrett et al., 1999; Rumchev et al., 2002; Venn et al., 2003; McGwin et al., 2009).

Results
Housing and population characteristics

Table S1 displays housing characteristics and all of the variables included in the statistical
analysis (statistically significant and marginally significant variables appear in Table 1).
Table 2 displays population characteristics of the asthmatic including age, race, and gender
(demographic information for children included in the asthma control analysis appears in
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Table S2). The average age included in the study was 20.4 years, and ages ranged from 4.8
to 64.9 years. The average age for children was 10.5 years and the average age for adults
was 43.2 years. There was an average of 3.8 people living in each unit, and an average of 6.6
dwelling units per building. Only 5 (7%) of the homes were single-family dwellings (one
unit per building). Most units were constructed of wood (58%), and most of the remaining
units were constructed of brick (36%). Over half (52%) of the units were built before 1950,
a quarter (25%) were built between 1950–1978, and the remainder were built after 1978
(15%) or the date of construction was unknown. Residents were not asked about recent
renovations in particular, but no units had a new carpet. In 15 (22%) homes, it was reported
that at least one resident smokes indoors.

Formaldehyde levels
The cumulative distribution of formaldehyde concentration is shown in Figure 1.
Formaldehyde was detected in all homes, and the concentrations ranged from 5–132 ppb.
The data were log-normally distributed with a geometric mean of 35.1 ppb, and the
geometric standard deviation was 1.98. The median was 36.0 ppb. The World Health
Organization (WHO) indoor limit of 100ppb (WHO, 1989) was exceeded in 4 (6%) houses,
and the National Institute for Occupational Safety and Health (NIOSH) recommended
exposure limit (REL) over an 8-hour day is 16 ppb (NIOSH, 1981), which was exceeded in
62 (93%) houses, although this level was based on the limit of detection and not health
effects data. The level found to increase the prevalence of asthma in children of 49 ppb
(60µg/m3) (Rumchev et al., 2002) was exceeded in 21 (31%) houses.

Table 1 and Table S1 also display geometric mean formaldehyde concentrations based on
measured variables, as well as the associated p-value from a t-test. Formaldehyde
concentration changed with temperature, absolute humidity, and season. Regression analysis
revealed that temperature (Figure 2a) was marginally significant and absolute humidity
(Figure 2b) was significant at predicting formaldehyde concentration. Formaldehyde
concentrations were highest at high temperature and high absolute humidity. Changes in
formaldehyde concentration with season were statistically significant (Table 1).
Concentrations were highest in the summer, followed by fall, spring, and then winter.

Formaldehyde concentration also increased with cleaner use, the presence of permanent
press fabrics, and the combination variable combining permanent press fabrics, decorative
laminates, and fiberglass. While the formaldehyde concentration also changed with the
presence of visible plywood and particle board, the formaldehyde concentration surprisingly
appears to decrease when these pressed-wood products are present (Table S1). Pressed-
wood products are known formaldehyde emitters (Myers, 1985; Zhang et al., 2007), but the
formaldehyde release may be erratic, especially under non-steady-state conditions (Myers,
1985) and with other formaldehyde-emitters present (Pickrell et al., 1984). In addition to this
potentially erratic behavior, it is likely that these pressed-wood products are present in
nearly every house in the study but are simply not visible (such as plywood subflooring) and
these invisible pressed-wood products were not included in this variable. Therefore, this
variable was deemed to be a poor measure of plywood and particle board in a home and was
excluded from Table 1 and further analysis. No houses in the study contained nail hardener
or new carpet, so these variables were also excluded from all subsequent analysis.

Multiple linear regression modeling (Table 3) indicated that absolute humidity was the
strongest predictor of formaldehyde concentration, and no other variables were significant in
this model. A second multiple linear regression model (Table 4) showed that if absolute
humidity was excluded, the presence of fiberglass, decorative laminates, or permanent-press
fabrics led to statistically significant increases in formaldehyde concentration, while the use
of cleaning products within the last week was marginally significant. Residuals were
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normally distributed in both models. All other variables in Table S1 did not significantly
contribute to formaldehyde level in this study and were subsequently removed from the
model. Season showed co-linear characteristics with absolute humidity, and was therefore
removed from the model.

The ACT questionnaire was completed by the caregiver or child for 37 of the 46 children in
the study. Table 5 displays the results of the questions on the ACT as compared to
formaldehyde concentration. The study participants with asthma rated in the most severe
category of each question were compared to the other study participants. For all five
questions, the participants with the worst asthma control had a higher formaldehyde
concentration in their homes. For the questions about interference with work or school and
shortness of breath these results were marginally significant. The children in the most severe
group for these questions had geometric mean formaldehyde levels that were higher than
other participants by 66% and 81%, respectively. Participants with an overall ACT score <
12 (very poor control) also had formaldehyde concentrations that were 57% higher than
other participants with a marginally significant p-value of 0.078.

Season was initially considered as a categorical variable in the statistical model since asthma
severity can vary by season (Sears, 2008). The 37 samples were distributed fairly evenly
among the seasons (range 8–11 per season), and children with very poorly controlled asthma
were also distributed fairly evenly among the seasons (one in winter, two in spring, two in
summer, and one in fall). Season was not found to be significant and was subsequently
dropped from the model (p=0.23). However, this analysis was conducted on a small sample
size of n=37 and season may be significant in subsequent, larger studies.

Discussion
This formaldehyde measurement method is simple, quick and inexpensive and was easily
included in an existing asthma study. While the correlation coefficient of 0.964 and the
detection limit of 5 ppb may not be as precise as the DNPH method (example values have
been reported as 0.99998 and 0.09 ppb (0.07 µg/m3), respectively (Sandner et al., 2001)), the
measurement range of 10–480 ppb and the precision are appropriate for in-home
measurement. The equipment is all commercially available, and the process of incorporating
formaldehyde measurement into an existing epidemiological study using this method
requires minimal financing and effort. Total additional equipment costs for the sampling in
this study of 70 homes including the pump and tubes were approximately $500 USD.

The measured formaldehyde concentrations with a geometric mean of 35.1 ppb are similar
to other studies. For instance, some recent studies have found average formaldehyde levels
in homes to be 12.6 ppb (Garrett et al., 1999), 22.8 ppb (Dingle and Franklin, 2002), 24.0
ppb (29.5 µg/m3) (Gilbert et al., 2006), 26 ppb (Krzyzanowski et al., 1990), 36 ppb (43.7 µg/
m3) (Lindstrom et al., 1995) and 40 ppb (Hodgson et al., 2000). Previous studies have also
found formaldehyde to be influenced by humidity but not temperature (Gilbert et al., 2006).
Fiberglass, decorative laminates, permanent-press fabrics and cleaning products can be
expected to increase formaldehyde concentration since they are known formaldehyde
releasers.

This measurement method is appropriate when a short-term formaldehyde reading is desired
due to the rapid sampling time of 30 minutes or less. Short sampling time provides the
benefit of nearly immediate results, which could be provided to residents during the same
visit if used in a public health intervention situation, allowing for education about the
reading. In addition, short-term samples are not subject to tampering when left unattended
for long time frames. The method described herein is economical and easy to use, which are
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key advantages as compared to longer-term sampling approaches. Further, because the
method is relatively inexpensive, repeat samples could be collected on a seasonal or monthly
basis if fluctuations in formaldehyde concentrations are suspected.

Previous studies have also used short-term sampling methods (Marchand et al., 2008) and
the DNPH method was originally developed for an intended 2-hour sampling period (Kuntz
et al., 1980). However, the formaldehyde concentration is likely constantly in flux, and even
a week-long sample taken in the same dwelling did not correlate well to a week-long sample
taken half of a year later (Sexton et al., 1989). However, formaldehyde concentrations have
been shown to be fairly consistent within the same home over the course of a week with
some diurnal variation (Stock, 1987). While the concentration in one manufactured home
changed with season, it remained similar within the same season (Hodgson et al., 2004) and
three other manufactured homes had consistent readings over time (Hodgson et al, 2000).
Readings in this study are considered seasonally representative since conditions that alter
readings on the short-term time scale were minimized, such as accounting for open
windows. It is also noteworthy that despite the limitations of short-term sampling,
correlations with asthma severity were still found.

In this study, the formaldehyde concentration was measured at the end of the period
monitored for asthma severity and assumed to be an indicator of the longer-term
formaldehyde concentration that is persistent in the home from at least the previous month.
This analysis would not detect the effect of short-term formaldehyde spikes on day-to-day
asthma control, but is likely indicative of long-term exposure trends. Future studies should
follow-up on these results by measuring formaldehyde exposure followed by the ACT or
other asthma severity measures. NOx has a known correlation with many of the same health
outcomes that are likely to be associated with formaldehyde (Neas et al., 1991), such that
any interference of NOx with the formaldehyde reading may confound results related to
respiratory disease. However, typical NOx levels in homes (Gilbert et al., 2006) are much
less than the manufacturer’s indicated interference limit, and no significant increase in
formaldehyde concentration was seen with the presence of gas stoves, indicating that this
interference was likely negligible in the household setting. In addition, the increases in
formaldehyde readings due to humidity (Gilbert et al., 2006), fiberglass, decorative
laminates, permanent-press fabrics and cleaning products were likely not due to increases in
NOx, suggesting little to no interference in this study. In future epidemiological studies, it
may be advisable to also consider measuring NOx, both because it is relevant to human
health outcomes and to ensure that it does not interfere with formaldehyde readings,
although this may increase the cost and effort associated with the study. Although not
reported in the product documentation provided by the manufacturer, the manufacturer
suggests that other aldehydes and ketones might also interfere to cause a higher reading (L.
Kent, Kitagawa America, personal communication). Previous studies have found that
formaldehyde is typically the compound with the highest in-house concentration among
these chemicals (Hodgson et al., 2000; Jurvelin et al., 2001; Liu et al., 2006; Marchand et
al., 2008; Zhang et al., 1994) such that while these readings may be artificially elevated
slightly, the values are still likely to accurately reflect the formaldehyde concentration.
However, future studies should also consider this potential interference. If these tubes are
used for public health interventions and preventative medicine, it is also important to
consider that many of these other chemicals may also be associated with negative health
effects (Cassee et al., 1996; O’Brian et al., 2005) and may arise from similar sources as
formaldehyde (Hodgson et al., 2000; Hodgson et al., 2002; Liu et al., 2006) such that a small
interference from these compounds may be acceptable in these applications.

While the number of children in this study who completed the ACT test was small (n=37),
Table 5 still shows a marginally significant trend toward decreased asthma control with
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increased formaldehyde concentration. One limitation of this study is that the formaldehyde
readings were taken after the period used for asthma severity testing, but it is likely that
these results are at least somewhat indicative of longer-term formaldehyde concentration
trends in the home. Future studies that measure formaldehyde concentration before asthma
severity should be conducted to confirm these results.

These asthma severity results for the overall score were not due to changes in absolute
humidity (p=0.672). However, because absolute humidity is the best predictor of
formaldehyde concentration, reducing the indoor humidity level may in turn reduce the
formaldehyde concentration and help with relief of asthma symptoms. Other possible
methods to reduce formaldehyde levels based on the results of this study include reducing
temperature, reducing the use of formaldehyde-releasing cleaners, and removing potential
formaldehyde sources such as decorative laminates, fiberglass, and permanent-press fabrics.
These asthma control results are consistent with the epidemiological literature showing an
association between formaldehyde exposure and respiratory effects (McGwin et al., 2009;
Mendell, 2007; Venn et al., 2003). Reducing indoor exposure to formaldehyde may be an
important component to help some asthma patients better control their asthma, but further
study is needed to confirm these results. Formaldehyde exposure measurement and control
might be considered a strong candidate for future public health interventions or preventive
medicine, and the use of this simple and rapid method may help facilitate this work.

Nearly a third of the houses in this study exceeded the formaldehyde level of 49ppb (60µg/
m3) found to increase the risk of childhood asthma (Rumchev et al., 2002). This is not
surprising as all of the houses included in this study are home to at least one individual with
asthma. However, this high percentage, coupled with the association between formaldehyde
concentrations and asthma control, underscores the public health importance of measuring
and understanding this respiratory irritant. It is our hope that this simple and inexpensive
colorimetric detector tube technique will be incorporated into future epidemiological studies
to strengthen associations between formaldehyde exposure and respiratory effects and also
help to target home-based asthma interventions.

Conclusions
Formaldehyde measurement was successfully incorporated into an existing epidemiological
allergy and asthma study by the utilization of commercially available colorimetric detector
tubes. The simultaneous measurement of NOx may be advisable in future studies to both
avoid this potentially interfering factor and also because it is an important indoor
contaminate, although interference from this contaminate is likely minor if present at all. It
is important to note that other aldehydes and ketones may also cause some interference,
although formaldehyde is likely the dominant contributor to the measurement. The
geometric mean value of formaldehyde in the homes of these asthmatics was consistent with
literature values, and nearly a third of the homes exceeded a value previously shown to
increase the risk of childhood asthma. Homes of children with very poorly controlled asthma
showed a 57% increase in formaldehyde concentration. The results of this study support a
new and convenient method for the measurement of formaldehyde in homes and underscore
the importance of measuring this common respiratory irritant, both in research settings and
as a part of public health interventions.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Practical Implications

A simple, replicable model for formaldehyde testing in homes was developed.
Formaldehyde is a ubiquitous chemical present in all homes in this study in Boston, MA.
Concentration was dependent on absolute humidity, season, temperature, household
cleaner use, and the presence of decorative laminates, fiberglass, or permanent press
fabrics. Increased formaldehyde concentration showed an association with decreased
asthma control, which suggests that decreasing formaldehyde concentration may improve
asthma control.
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Figure 1.
Cumulative distribution of the formaldehyde concentration (ppb) in 67 homes of primarily
low-income asthmatics in the Boston, MA area.
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Figure 2.
Linear regression analysis of (a) temperature (°C) and (b) absolute humidity (gm−3) as
predictors of formaldehyde concentration.
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Table 1

Descriptive statistics for at least marginally significant potential formaldehyde sources and environmental
conditions (n=67).†

Source or environmental condition Yes # (%)‡

GM
Formaldehyde
Concentration

(ppb)
p-

value*

Yes No

Absolute humidity (gm−3)
Average:
9.64±3.50 N/A <0.001

Decorative laminates, fiberglass, or permanent press fabrics 16 (24%) 50.6 31.3 0.013

Season 0.044

  Winter 17 (25%) 27.0  

  Spring 9 (13%) 34.9  

  Summer 17 (25%) 52.5   

  Fall 24 (36%) 32.8  

Permanent press fabrics 6 (9%) 56.0 33.5 0.079

Ammonia-based cleaners used within the past week 10 (15%) 48.0 31.7 0.080

Temperature Average:
22.6±3.2°C N/A 0.095

†
See Table S1 in Supporting Information for information on all considered variables and missing data information.

‡
For continuous variables, average ± standard deviation is reported.

*
The p-values were calculated using a t-test comparing “Yes” and “No” categories only for categorical variables, except for season which used

ANOVA analysis. The p-values for continuous variables were calculated using linear regression analysis.
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Table 2

Demographics (n=67)*.

Population information Yes # (%)

Children (age under 18) 46 (69%)

Female 35 (52%)

Race

  African 2 (3%)

  African-American/Black 40 (60%)

  Cape Verdean 1 (1%)

  Caribbean 3 (4%)

  Hispanic 8 (12%)

  White 5 (7%)

  Other 6 (9%)

  Missing Race 2 (3%)

*
See Table S2 in Supporting Information for demographic information for the children included in the asthma control analysis.
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Table 3

Log-linear regression model of environmental factors to predict formaldehyde concentration. S = 0.2652 R2 =
21.5% R2 (adjusted) = 20.3% p-value < 0.001.

Predictor Coefficient

Standard
Error of

Coefficient
p-
value

Intercept 1.166 0.096 <0.001

Absolute Humidity (gm−3) 0.039 0.009 <0.001
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Table 4

Log-linear regression model of household items visibly present to predict formaldehyde concentration. S =
0.2805 R2 = 14.9% R2 (adjusted) = 10.8% p-value = 0.017.

Predictor Level (value) Coefficient

Standard
Error of

Coefficient p-value

Intercept - 1.459 0.043 <0.001

Ammonia-based cleaners used within the past week Yes (1)* 0.183 0.097 0.064

Unsure/Missing (2)* 0.130 0.123 0.294

Fiberglass, permanent press fabrics, or decorative laminates Yes (1)* 0.198 0.082 0.019

*
versus No (0)

Indoor Air. Author manuscript; available in PMC 2014 August 01.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Dannemiller et al. Page 20

Table 5

Asthma Control Test (ACT) comparison of formaldehyde concentrations in most severe group of each
question to the remaining groups*.

Asthma Control Test (ACT) Question

Yes # (%)
(in most
Severe
group)

GM Formaldehyde
Concentration

(ppb)
p-value

Most
Severe
group

All
Other
groups

1. In the past 4 weeks, how much of the time did your asthma keep you from getting as much
done at work, school or at home? 5 (14%) 57.4 34.6 0.066

2. During the past 4 weeks, how often have you had shortness of breath? 3 (8%) 64.0 35.0 0.086

3. During the past 4 weeks, how often did your asthma symptoms (wheezing, coughing,
shortness of breath, chest tightness or pain) wake you up at night or earlier than usual in the
morning?

4 (11%) 53.3 35.5 0.184

4. During the past 4 weeks, how often have you used your rescue inhaler or nebulizer
medication (such as albuterol)? 4 (11%) 46.5 36.1 0.409

5. How would you rate your asthma control during the past 4 weeks? 3 (8%) 60.2 35.5 0.128

Overall ACT < 12 (very poor control) 6 (16%) 54.0 34.4 0.078

*
This analysis was restricted to children (age < 18) for which the ACT data was available (n=37).
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