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Abstract 
An analysis has been conducted on available data 

related to temperature and humidity effects on formal- 
dehyde concentrations that are produced by emission 
from particleboard and hardwood plywood paneling. 
Temperature changes are described by an exponential 
relation while a linear relation suffices for humidity 
effects. Large variations exist in the results from differ- 
ent investigators on different boards for the exponential 
temperature coefficients B (– 5620° to - 12,480°K-1) 
and for the linear humidity coefficients ß (0.005% to 
0.038%-1). The variations appear to be caused by ex- 
perimental errors, procedural differences between 
laboratories, board-to-board differences, and board 
aging. Statistical treatment of all chamber test data as a 
composite set (normalized to unity at 25°C) yields a 
composite B of – 8930°K-1, with a 95 percent confidence 
interval from – 8390° to – 9470°K-1 (± 6% relative 
error). Using this composite B, calculated correction 
factors, c (25°C)/ c(T), varied from 4.89 at 10°C to 0.152 at 
45°C. The statistical analysis also indicates that sig- 
nificant board-to-board and laboratory-to-laboratory 
variations occurred. Assuming this composite co- 
efficient is indeed valid for a particular board or dwell- 
ing, it can be used to make temperature corrections to 
standard temperature with, for example, relative errors 
(95% confidence) in correction factors being ± 7 percent 
for a ± 10°C temperature difference. In the absence of 
knowledge about the specific applicability of a par- 
ticular temperature coefficient, however, temperature 
corrections should probably be restricted to a 5°C range, 
except for general engineering or planning purposes. A 
similar composite analysis of all the humidity data 
(normalized to unity at 50% relative humidity (RH)) 
yields a composite ß of 0.0195%-1 with a 95 percent 
confidence interval from 0.014 to 0.025 (± 28% relative 
error). The corresponding correction factors, 
c (50%)/ c (RH), vary from 2.41 at 20 percent RH to 0.56 at 
90 percent RH. Very large variations between inves- 
tigators, and between boards, lead to poor confidence in 
such composite universal humidity correction factors, 
however, and no clear recommendation can be made 

regarding correction factors to convert formaldehyde 
concentrations to a standard humidity. Small humidity 
changes (~10% RH), however, probably can be ne- 
glected since they may be masked by rather minor 
temperature changes (± 1° to 2°C). Much more infor- 
mation is needed to clarify the reasons for the large 
variability and to increase confidence in temperature 
and humidity correction factors. 

This is the fourth in a planned series of six critical 
reviews of the literature on different aspects of the 
problem of formaldehyde emission from adhesively 
bonded wood products. The series was initiated because 
of the need expressed by industry representatives for an 
independent evaluation and summation of data from a 
wide variety of studies. The six aspects being reviewed 
are concerned with effects of 1) formaldehyde-to-urea 
mole ratio (25), 2) ventilation rate and loading (26), 3) 
additions to wood furnish (28), 4) temperature and hu- 
midity, 5) post-manufacture treatments of boards, and 
6) hydrolysis. 

This paper analyzes the available data on effects of 
changing temperature or humidity (RH) on formalde- 
hyde emission from particleboard and hardwood ply- 
wood paneling. As with the first three reviews (25, 26, 
28), it is based upon a bibliography (27) derived from 
several sources (25), in this case covering the period 
from 1960 through May 1984.1 
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In undertaking this review of temperature and 
humidity effects, I considered it important to attempt to 
answer several questions: 

1) What is the quality of the individual and the 
overall data bases? 

2) What mathematical models reasonably describe 
the reported temperature and humidity data? 

3) What is the variability in observed temperature 
and humidity coefficients or correction factors? Can 
that variability be related to differences such as product 
types (particleboard versus plywood), emission ranges 
(low versus high), or experimental procedures? 

4) What differences exist between coefficients de- 
termined from laboratory tests on boards, and from 
measurements in actual living spaces? 

5) What recommendations can be developed for 
usable coefficients or for additional work? 

General comments 
The available results on the influence of tempera- 

ture and humidity are summarized in Tables 1 and 2. 
Quantitative analyses of the effects of these two vari- 
ables will be presented separately since the uncer- 
tainties in the humidity data are 80 large and since, 
with the exception of results from one investigating 
group (10, 11), no interaction between the variables has 
been reported. First, however, some general comments 
about the nature of the studies are in order: 
-The majority of the tests may be classified 

(Columns 2) as chamber types-ventilated or un- 
ventilated. A few (13, 20, 33, 34) are water sorption 
types (desiccator, WKI), while only two (7, 12) involve 
measurements of temperature effects in homes where, 
unfortunately, other conditions are poorly specified. 

-Many of the studies reported data for only one or 
a few different boards (Columns 3); notable exceptions 
are those by Liiri, et al. (14) on particleboard (Table 2) 
and by Couch (7) on mobile homes (Table 1). Several 
investigators (9-11, 15, 38, 39) did not specify the num- 
bers of boards that had been examined. 

-Experimental details and range of variables are 
not always clearly stated (Columns 4-7). Where speci- 
fied, temperature Columns 4) and humidity (Columns 
5) ranges are approximately 20" to 40°C and 20 to 90 
percent, respectively. These are consistent with the 
usual ranges of interest for dwellings. 

-Several reports did not supply data (Columns 8) 
but only made statements about an observed quan- 
titative dependence upon temperature or humidity (7, 
9-11, 13, 15, 38, 39). How extensive the data base under- 
lying these statements may be is not always apparent. 
Nevertheless, I have deemed it improper to ignore such 
reported coefficients, particularly as the data base in 
some cases seemed likely to be relatively large (e.g., 9, 
10, 39). 

1Copies of the bibliographies (22-24, 27) may be requested 
from the Formaldehyde Institute, 1076 Central Park Ave., 
Scarsdale, NY 10583, after publication of the respective 
critiques. 

—Chamber formaldehyde concentrations can be 
very slow in achieving a new equilibrium or steady state 
after a humidity change (6, 14, 17). Consequently, re- 
ported chamber concentrations at different humidities 
may not represent steady state or equilibrium condi- 
tions. Although board emissions respond more quickly 
to temperature change, it is also not always apparent 
that such experiments have achieved steady state or 
equilibrium. Additionally, the possibility is very real 
that the formaldehyde supply within a board will be 
depleted during a test series (19, 21). Hence, I have 
labeled all chamber concentrations (Columns 8) ap- 
parent steady state or apparent equilibrium con- 
centrations. 

Temperature dependence 
Data summary and analysis model 

The listing in Table 1 is in order first of test type 
(Column 2)—e.g., chamber, home, water sorption. 
Within each test type, particleboard (PB) results pre- 
cede the less extensive results for hardwood plywood 
(PLY). 

Some investigators (1, 16) have described the tem- 
perature dependence of formaldehyde emission in lin- 
ear terms. More usually, however, an exponential de- 
pendence has been assumed and I have followed the 
latter practice by setting: 

Here, T is temperature in °K, concentrations c are 
referred to 25°C as a standard, N is ventilation rate in 
hr.-1, and L is board loading in m2/m3. 

Although I have not carried out a statistical com- 
parison to establish the optimum analytical expression, 
the selection of Equation [1] is warranted on several 
bases: 

1) It has been the most widely used for this purpose 
and a number of laboratories have reported only values 
of the coefficient B, without data. 

2) As Figure 1 and subsequent discussion show, a 
given data set covering a small temperature interval 
might reasonably be fit by a linear expression. Over a 
broader temperature range, however, any description 
must be strongly nonlinear. 

3) Formaldehyde test values (chamber con- 
centration, desiccator values, etc.) directly reflect a rate 
of formaldehyde emission from boards. The tempera- 
ture dependence of both physical and chemical rate 
processes have been described traditionally and theo- 
retically (Arrhenius equation) by exponential relations. 

The weighting factors (Column 10) represent my 
somewhat arbitrary judgments about the relative merit 
(higher number = greater merit) attributable to each 
value of B. The factors were derived by multiplying 
separate weighting factors for test type (chamber > 
water sorption > home > elution from ground board), 
number of boards underlying the B value, number of 
temperatures used (emphasizing 15° to 40°C), and RH 
control. The Column 10 values were used in portions of 
the following statistical analyses ofthe variability in B. 
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Variability in temperature Coefficients 
The total range in B is over twofold, -5620" to 

– 12,480°K1, and is only slightly less when restricted to 
chamber tests, ~ – 5600" to ~ – 11,100°K-1. Interest- 
ingly, however, this twofold range is far less than that 
observed (~ 300-fold) from various laboratories and 
boards for coefficients describing the dependence of 

Figure 1. – illustration of non-linear 
temperature dependence. 

formaldehyde concentration on ventilation rate and 
loading (26). 

To obtain at least semiquantitative estimates of the 
variability in B and its causes, I have carried out several 
statistical treatments, yielding various mean B values 
and associated uncertainties listed in Table 3 (Columns 
6 and 7). The table also includes the result of an ap- 
proximate error analysis for chamber testing (Ap- 
pendix). In considering the following discussion of Table 
3 it must be kept in mind that the statistical analyses 
are only semiquantitative due to the grouping of data 
from different laboratories, boards, tests, etc. 

Group I. -Mean B values were derived by aver- 
aging different subsets of the observed B' s from Table 1. 
Because standard deviations have dubious meaning 
here, the uncertainties are given as the observed 
ranges. ( Nominal standard deviations for seta 2 and 3, 
for example, are 1370 and 1180, respectively, corre- 
sponding coefficients of variation being 16% and 14%). 
The various means for sets 1 to 6 are surprisingly close, 
and it does not seem possible to attribute any sig- 
nificance to their differences. 

Group II. —Each investigator's formaldehyde test 
data were first normalized to 25°C, i.e., c(T)/c (298) 
ratios were calculated. Then, different subsets of those 
normalized values were each treated as composite data 
sets and regressed against Equation [1]; for example, 
sample sets 7 and 8 of Table 3 each provided 100 normal- 
ized data points for a regression, set 9 provided 61, and 
set 10 provided 32. 
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Table 3 lists the resultant B values for several 
subsets, along with their 95 percent confidence inter- 
vals.2 Figure 2 illustrates the results for chamber test- 
ing (set 9) and includes the normalized data points, the 
regression line, and 67 percent and 95 percent con- 
fidence  intervals.3 

This composite regression analysis leads to the 
following conclusions: 

–The weighting factors have little influence on B. 
–There exists significant ( p = 0.012) board-to- 

board variation at a given laboratory. 
–There exists significant ( p = 0.019) additional 

laboratory-to-laboratory variation. 
–There does not exist significant ( p = 0.80) board 

type (plywood versus particleboard) differences. 
–There may be a significant ( p = 0.040) difference 

between chamber tests (set 9) and water sorption type 
tests (set 10). 

–Data are unfortunately insufficient to establish 
whether the apparently low reported B values from 
mobile home measurements (– 7520, Ref. (6), and 
– 7800, Ref. (11), in Table 1) are really significantly 
below the chamber value of – 8930 (set 9, Table 3). Note, 
however, that a B of –7520 yields a calculated 
c (25°C)/ c (40°C) only 25 percent greater than given by 
the composite B. 

Group III. — An approximate error analysis was 
carried out (Appendix) for the case of a chamber test 
involving a single board, in order to assess the extent to 
which experimental errors might contribute to the ob- 
served uncertainties. Three rather arbitrary situations 
were evaluated: 1) A “loW” error case that assumed a 
relatively broad temperature range and very good ex- 

perimental controls over temperature, humidity, and 
ventilation rate, along with board parameters that 
moderated the influence of humidity and ventilation 
rate variations; 2) a “high” error case that assumed a 
relatively narrow temperature range and moderately 
good experimental controls, along with board parame- 
ters causing greater sensitivity to humidity and venti- 
lation rate changes; 3) an “intermediate” error case. 

The following conclusions are warranted from the 
error analysis: 

-Without careful attention to experimental design 
and controls, the errors in B from a particular chamber 
experiment can be expected to approach the observed 
uncertainties (Group III coefficients of variation from 
2% to 26% compared with Group I nominal coefficients 
of variation from ~ 10% to 20%). 

–Experimental error can be influenced by board 
properties, i.e., sensitivity to humidity and ventilation 
rate variations. 

From the analyses summarized in Table 3, there- 
fore, it is likely that the variability in observed tem- 
perature coefficients has a variety of causes—different 
emission mechanisms from board to board, inter- 
laboratory procedural differences, basic differences in 
board response to very different tests, limitations in 
experiment design and control. A compounding factor is 

2The approximate meaning of the latter is that there is a 95% 
probablility that the true B for similar data sets will lie within 
the confidence interval. 

3Here, the approximate meaning of the confidence intervals is 
that a future measurement of c will have a 67% or 95% 
probability of falling within the interval. 

Figure 2. – Normalized temperature 
dependence of concentration (Circles 
= normalized data points; adjacent 
numbers = number of data points at a 
particular temperature while symbol and 
vertical line are the corresponding mean 
2 one standard deviation. 
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the likelihood (21, 26, 29) of different rates of board 
aging and formaldehyde depletion at higher test tem- 
peratures. Indeed, perhaps the most surprising outcome 
of this analysis is the extent of agreement among the 
observed temperature coefficients. 
Recommended temperature corrections 

The majority of board-emission temperature co- 
efficients from data available for this review are con- 
sistent with an increase of two- to threefold per 10°C 
temperature rise. In fact the coefficient ( B = 
– 8930°K-1) for composite chamber data predicts an 
increase by a factor of 2.7 between 20° and 30°C (c.f., Fig. 
2). Therefore, meaningful comparisons of laboratory 
test data or of home air contamination levels necessitate 
either that measurements be made at a standard tem- 
perature, or that they be corrected to a standard 
temperature. 

In view of the combined high temperature sen- 
sitivity and observed high variability in temperature 
coefficients, however, what reasonable recommen- 
dations can be made at this time? I suggest the 
following: 

1) Within any laboratory that has consistently ob- 
served a particular B value from board tests, that value 
obviously should be employed internally to correct simi- 
lar test data. 

2) For correcting home air levels to standard tem- 
perature (25°C), one universally acceptable coefficient 
is very desirable, and that same value would be useful 
for correcting chamber data in laboratories not having 
extensive background data of their own. Generally, the 
results of Berge, et al. (3, 4) appear to have been em- 
ployed for these purposes. At this time, however, a more 
reasonable choice would seem to be the coefficient de- 
rived from the composite regression of normalized 
chamber data, i.e., – 8930°K-1 in set 9, Table 3. Perhaps 
the most compelling reason for selecting this value now 
is the existence of at least some measure of its uncer- 
tainty and the resultant uncertainty in calculated tem- 
perature correction factors. Obviously, as more and 
better data become available, these correction factors 
and their uncertainties should be supplanted. 

In accordance with this recommendation, Table 4 
presents correction factors c (298)/ c(T) and their 95 per- 
cent confidence limits calculated from the statistical 
analysis of composite chamber data.4 

3) It is imperative that measuring temperatures be 
kept as close as possible to the standard temperature, 
i.e., small ° T. Table 4 demonstrates that the uncer- 
tainty in correction factors based upon the composite B 
value increases with greater divergence from 25°C. 
Similarly, Table 5 illustrates the increasing uncer- 
tainty with greater AT if a particular board were to 
possess a temperature coefficient different from the 
composite value. In this table, hypothetical measured 
concentrations are corrected to 25°C using three B 
values, the composite and the two reported (Table 1) 

4In this case the 95% confidence intervals have the approxi- 
mate meaning that the true factors for similar data sets have 
a 95% probability of being within those intervals. 

TABLE 4. – Temperature correction factors from composite chamber data. 

Temperature Correction factor 95% confidence intervalb 

°C/°F/°K c (298°K)/ c ( T °K)d Interval Relative error, (%)c 

aexp [ – 8930 (1/ T – 1/298)] 
bIn this case the 95% confidence intervals have the approximate meaning 
that the true factors for similar data sets have a 95% probability of being 
within those intervals. 

c100 (1 – interval /2 × factor) 

TABLE 5. – Effect of extreme temperature coefficients on 
corrected concentration. 

Hypothetical Concentration corrected 
measurement to 25°C with B Ofa 

Temperature Concentration -8930°K-1 -5620°K-1 -11,120°K-1 

aIn ppm. Numbers in parentheses are relative deviation from 0.40 ppm in 
percent. 

extremes for chamber tests; the "measured" con- 
centrations are such that the composite B produces a 
25°C concentration of 0.40 ppm when corrected from all 
temperatures. Thus the extreme B values lead to under- 
or overcorrections up to 20 percent for a 5°C AT and up to 
43 percent for a 10°C AT. It must be understood, more- 
over, that the uncertainties discussed here and in point 
2 above are in addition to those caused by experimental 
errors in making the concentration measurement at 
some temperature. 

4) Additional board testing by several laboratories 
would be highly desirable under carefully controlled 
conditions to verify correction factors for a variety of 
boards representing a range of emission rates and a 
range of emission-reducing methods. 

5) Similarly, additional home testing would be 
highly desirable under controlled conditions to verify 
the applicability of the chamber correction factors to the 
far more complex situation within dwellings. 

Humidity dependence 
Data summary and analysis model 

The investigations reporting humidity/emission 
results that I considered quantifiable are listed in Table 
2. Note that no information is available for humidity 
effects in dwellings. The table includes abbreviated 
descriptions of the experiments and results. It also lists 
(Col. 9) the humidity coefficients, ß, obtained from at- 
tempts to place each data set on the same basis by 
regression analysis against the equation 

[2] 
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Column 10 has weighting factors similar to those for 
temperature but derived, in this case, by multiplying 
individual factors for test type, number of boards, like- 
lihood oftransient or steady state behavior, and number 
of humidities. 

As with Equation [1], the choice of Equation [2] to 
describe humidity dependence is not based on a statisti- 
cal comparison of different models. Instead, it is based 
upon the facts that humidity dependence of emission is 
much weaker than temperature dependence, and that 
several investigators (1, 4, 5, 16, 19) have previously 
found linear models to fit their data satisfactorily. As 
will be seen, moreover, a more complex model is hardly 
warranted at this time in view of the uncertainties 
surrounding measurements of humidity dependence. 

Variability in humidity coefficients 
The range of ß values is about tenfold, i.e., two to 

three times greater than the observed range in tem- 
perature coefficients. Table 6 presents the results of 
analyses of this variability and its causes-analyses 
analogous to those for temperature dependence (Table 
3) and subject to similar limitations: 

Group I. – Mean ß values (Col. 6, Table 6) were 
derived by averaging different subsets of the observed 
ß’s from Table 2. Nominal coefficients of variation from 
the means for sets 1 to 5 are 51, 55, 86, 30, and 62 
percent, respectively. Despite the broad ranges of 
values, the means are relatively close, and it is not 
likely that much significance can be attributed to their 
differences. 

Group II. – Each investigator’s data for a given 
board were first normalized to 50 percent RH, i.e., 
c(RH)/c (50%) ratios were calculated. This included ac- 
tual experimental data points (~ 50 total) as well as 
points (~ 10 total) calculated from reported humidity 
coefficients (10, 11, 38, 39). Different subsets of those 
normalized values were then treated as composite data 
sets and regressed against Equation [2]. 

Table 6 gives the resultant ß values only for 
weighted and unweighted regressions (sets 6 & 7), along 
with their 95 percent confidence intervals.‘ Figure 3 
illustrates the results for the unweighted case and in- 
cludes the normalized data points, the regression line, 
and the 67 percent and 95 percent confidence intervals 
for future measurements.3 The analysis justifies the 
following conclusions: 

-The weighting process did not affect the ß 
coefficient. 

-There exists significant ( p < 0.001) board-to- 
board variation at a given laboratory. 

-There does not exist significant additional board 
type ( p = 0.27) or laboratory-to-laboratory ( p = 0.69) 
differences. 

Thus, for humidity dependence, board-to-board 
differences may be the major source of variation. Not 
explicitly accounted for by the statistical analysis, how- 

Figure 3. – Normalized humidity dependence for chamber 
tests (symbols as in Figure 2 except solid line from 
c(RH)/C (50%) = [1 + 0.0195 ( RH – 50)]). 

TABLE 6. – Variability in humidity coefficients. 

No. No. No. 
Analysis procedure Sample set of of of ß Variability 

laboratories boards ß values 
1 2 3 4 5 6 I 
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ever, is the very slow and somewhat erratic response of 
board emission to humidity changes (0, 7, 14, 18). This is 
well-illustrated in Figure 4 where some of the humidity 
cycling results of Liiri, et al. (14) are shown. Even 4 
weeks after a humidity change, the chamber con- 
centration did not always become constant or even 
reach the same value after each cycle. Moreover, upon 
changing humidity there may be an initial sharp 
change in emission in the opposite direction from the 
eventual change, as seen for Board A upon changing 
from 85 to 35 percent RH. These transients are postu- 
lated to be caused by water vapor carrying the formal- 
dehyde with it as it leaves or enters the board under the 
driving force of a humidity change. To what extent these 
time effects may have influenced the calculated humid- 
ity coefficients ß (Table 2, Col. 9) is not clear. Although 
test duration times (Table 2, Col. 7) varied from 4 weeks 
to only a few hours and some data sets almost certainly 
represented nonsteady state experiments, there is no 
obvious correlation between test times and ß values. 
Recommended humidity correction 

For the following reasons I suggest that for the 
present it is most reasonable not to make humidity 
corrections unless approximate humidity coefficients ß 
are available for the particular boards under test: 

1) Correction factors for anticipated humidity 
ranges may be small relative to those for anticipated 
temperature ranges. The composite humidity co- 
efficient of 0.0195 RH-1, for example, predicts a con- 
centration change of 20 to 25 percent per 10 percent RH 
change in the mid-RH region (Table 7); it also leads to a 
correction factor of 0.63 for converting measurements at 
80 percent RH to 50 percent RH. In contrast the com- 
posite temperature coefficient predicts a concentration 
change of nearly 400 percent per 10°C temperature 
change, and it leads to a correction factor of 0.61 for 
converting measurements at 30°C to 25°C (Table 4). 
Without careful temperature control, therefore, humid- 
ity changes of up to 10 percent RH may well be hidden 
within the effects of temperature fluctuation. 

2) Confidence in the applicability of the composite 
humidity coefficient to a given board is much lower than 
it is in the applicability of the composite temperature 
coefficient. Continuing the above example, the 95 per- 
cent confidence relative error in the 80 percent to 50 
percent RH correction factor of 0.63 is ± 11 percent, 
whereas the analogous relative error in the 30°C to 25°C 
temperature correction factor of 0.61 is ± 3 percent 
(Table 4 versus Table 7).4 Expressed in other terms, the 
range of reported ß values is much greater than the 
range of B and the existence of board-to-board vari- 
ations appears to be much more likely for humidity 
response. 

3) Contributing to the uncertainty in humidity 
correction factors is the slow and time-varying response 
of board emissions to humidity changes. Such temporal 
effects create the strong possibility of error in formalde- 
hyde test values and in ß values. 

It follows from the above points that, as with tem- 
perature, measurements should be made as close as 
possible to the standard humidity (50% RH). Moreover, 

Figure 4. – Effect of humidity cycling on particleboard 
formaldehyde emission (ref. (1 4)). 

TABLE 7. – Humidity correction factors from composite data treatment. 

Relative Correction
f

factor 95% confidence intervalb 

humidity c (50%)/ c(RH) a Interval Relative error c 

additional study is needed into the humidity de- 
pendence of formaldehyde concentrations in chamber 
tests and in dwellings, using a wide variety of boards 
under carefully controlled conditions. 

Summary 
Temperature dependence 

1. Available results on the temperature dependence 
of formaldehyde concentration in chambers or buildings 
containing particleboard and hardwood plywood pan- 
eling were fit with an  expression that is exponential in 
temperature (Equation [1]). For individual measure- 
ment sets the temperature coefficient B varied from 
- 5620° to – 12,480°K-1, and calculated values of 
c (30°C)/ c (20°C) varied from 1.9 to 4.1. 

2. Statistical treatment of all chamber test data as a 
composite set (normalized to unity at 25°C) yields a 
composite B of – 8930°K-1, with a 95 percent confidence 
interval from -8390° to -9470°K-1 (± 6% relative 
error).' Using this composite B, calculated correction 
factors, c (25°C)/ c (T), varied from 4.89 at 10°C to 0.152 at 
45°C. 
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3. The statistical analysis indicates that significant 
board-to-board and laboratory-to-laboratory variations 
occurred. However, it is not clear that there are sig- 
nificant temperature response differences between 
board types (particleboard versus hardwood plywood 
paneling), between “low” and “high” emission boards, or 
between chamber tests and dwellings. 
Humidity dependence 

1. The response of board formaldehyde emission to 
humidity changes is more complex than that to tem- 
perature change and may not have achieved an equi- 
librium or steady state by the time the concentration 
measurements are performed. Nevertheless, the avail- 
able data (primarily chamber tests) on humidity de- 
pendence were fit with an expression (Equation [2]) that 
is linear in percent RH. For individual measurement 
sets the humidity coefficient ß varied from 0.005% to 
0.038%-1. 

2. A composite analysis of all the data (normalized 
to unity at 50% RH) yields a composite ß of 0.0195%-1 

with a 95 percent confidence interval from 0.014 to 
0.025 (± 28% relative error).2 The corresponding cor- 
rection factors, c (50%)/ c (RH), vary from 2.41 at 20 per- 
cent RH to 0.56 at 90 percent RH. 

Conclusions and recommendations 
Temperature dependence 

1. An exponential Arrhenius type expression 
(Equation [1]) provides adequate representation of the 
strong temperature dependence of formaldehyde emis- 
sion by particleboard and hardwood plywood paneling. 

2. Large variations in temperature coefficients are 
observed. These variations probably arise from inad- 
equate experimental controls, laboratory procedural 
differences, board aging effects, and differences in board 
emission mechanisms. More work is needed to clarify 
this situation and provide more reliable (possibly more 
board-discriminating) temperature coefficients for both 
laboratory and dwelling tests. 

3. Because of the strong temperature dependence of 
emission and the observed variability in temperature 
coefficients, formaldehyde emission measurements 
should be made as closely as possible to 25°C (< ± 5°C) 
and the measured values corrected to 25°C. 

4. Any laboratory having extensive and consistent 
experience in this area should, of course, make use of 
that experience in correcting internal data for tempera- 
ture effects. 

5. For laboratories without such experience and for 
formaldehyde concentrations in dwellings, I suggest for 
the present that the composite temperature coefficient 
( – 8930°K-1) and associated correction factors (Table 
4) be used in correcting for temperature effects, with full 
appreciation for the uncertainties involved. 
Humidity dependence 

1. Very large variations between investigators, and 
between boards, lead to poor confidence in universal 
humidity correction factors. 

2. It is probable that humidity response can vary 
from board to board. However, the entire situation is 

clouded due to the complex, time-dependent response of 
board emission to humidity changes. Additional study 
would be very useful on a wide variety of boards and in 
buildings, with careful attention to time effects. 

3. No clear recommendation can be made regarding 
correction factors to convert formaldehyde con- 
centrations to a standard humidity. Small humidity 
changes (~ 10% RH), however, probably can be ne- 
glected since they may be masked by rather minor 
temperature changes (± 1° to 2°C). 
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Appendix 
Error analysis for temperature coefficient 
We assume first that a steady state chamber con- 

centration c (ppm) depends upon temperature T (°K), 

board loading L (m2/m3) according to (4, 27) 

[A1] 

relative humidity RH (%), ventilation rate N (hr.-1), and 

TABLE Al. – Illustrative error calculation for temperature coefficient. 

Estimated value for 
Error source Parametera Low error High error Intermediate error 

Temperature 
variation 

Humidity 

Ventilation 
rate 
variation 

Formaldehyde 

Total 
Relative 

variation 

analysis 

error at 67% 
confidence 

error at 95% 
confidence 

Relative 
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Here, B, ß, and K are experimentally determined pa- 
rameters and c ° is the concentration at 25°C, 50 percent 
RH, and zero ventilation rate. 

Assuming, further, that T, RH, and N/L act inde- 
pendently, we can write the relative error in deter- 
mining B from a measurement of c at two temperatures 
and constant RH and N/L (2): 

In [A2] the various s ’s are the standard deviations 
for measuring the respective quantities. The errors in 
concentration ( sc/c ) result from uncertainties in RH ( s RH), 
N/L, ( s N/L), and T ( s T), plus those in the analytical method 
for formaldehyde ( s an). Thus by standard propagation of 
error treatment on Equation [A1], the third term of 
Equation [A2] becomes 

Using reasonable estimates of the parameters and 
errors in Equations [A2] and [A3], I have evaluated the 
equations for low, high, and intermediate error cases 
(Table A1) in order to illustrate the effects that might be 
experimentally observed. The intermediate case is, of 
course, the most plausible since it more nearly ran- 
domizes the various influences towards low or high 
errors. The following conclusions appear warranted: 

1. Total errors are at least potentially quite large 
and each source can be a major contributor. 

2. The properties of the board under study and the 
choice of experimental conditions can have a major 
influence on the error and, therefore, on the degree of 
experimental control required. Error increases, for ex- 
ample, at high ß and low K, as well as at low f T, low RH, 
and low NIL. 
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