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Prediction of Formaldehyde Concentrations in Air

Originating from Wood-Based Materials

Comparison of desiccator method with chamber method

and perforator method

By

" Ono, Hiro-Kuni‘® and CHiBa, Yasuto®

Inoug, Akio

Summary : Formaldehyde (FA) emissions from particleboards were measured by three
methods : the desiccator method prescribed in Japanese Industrial Standard A 5908 (D-values),
the perforator methed in British Standard 5669 (P-values), and the chamber method (FA
concentrations in air). The effect of board history on D-values and P-values was investigated.
The effects of ventilation, board surface area, chamber volume and board history on FA
concentrations in air were also investigated.

D-values depended more heavily on the board history than did P-values. The correlation
between P-values and D-values also depended on the board history. P-values for wrapped
boards were 6 to 8 times as large as D-values for the unwrapped boards conditioned for 7 to 15
days. When FA emission properties of boards were constant, Fusil's theoretical equation
accurately represented the behavior of FA concentrations in air under the ventilated conditions :
@/S (air exchange volume per hour/board surface area) was the only variable affecting FA
concentrations in air. The chamber volume did not directly affect FA concentrations in
air. However, FA emission properties depended on the board history and it was noted that they
also depended on temperature and relative humidity. The correlation between D-values (D) and
FA concentrations in air (C) measured according to the method of ETB-rule in West Germany
was expressed by the following equation: C=0.158 D +0.017. Conversion formulas were
developed, by using D-values, to allow the prediction of FA concentrations in air regardless of
temperature, humidity and @/S.

1. Introduction

One of the important problems concerning formaldehyde (FA) emissions from
wood-based materials bonded with adhesives containing FA is FA concentrations in air
in the dwelling environment where those materials are used. In Japan, however, FA
emissions from particleboards and plywoods are measured by the desiccator method
prescribed in Japanese Industrial Standard (JIS A 5908) and Japanese Agricultural
Standard (JAS) of Plywood, respectively. These standards are only product standards.
There is no regulation regarding FA concentrations in air in Japan at present.
Therefore, it is very important to determine the correlation between FA emissions
measured by the desiccator method (D-values) and FA concentrations in air.

Recently, large chamber methods, by which FA concentrations in air are measured
under the ventilated condition simulating the dwelling environment, have been stan-
dardized in the United States and West Germany. In West Germany, FA concentrations
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in air originating from wood-based materials have been regulated since January 1988
according to the regulation on hazardous substances (Gafahrstoffverordnung). The
regulation prescribes that the wood-based materials should not be marketed if the FA
concentrations in air (C-values) measured by the chamber method according to ETB-rule
(ETB-Richtlinie, 1980 ; Tamura, 1987) exceed 0.1 ppm (BOHME, 1988). This regulation is
applied to all wood-based panels and products that are exported to West Germany.
Therefore, it is necessary to determine the correlation between C-values and D-values.

However, it is difficult to determine this correlation because of the following reasons :
D-values depend on the board history; the effect of the chamber volume on FA
concentrations in air is not clear ; the chamber volume prescribed in ETB-rule (40 m?% is
different from that in our institute of F.F.P.R.I. (14 m%. Consequently, before deter-
mining the correlation, it is necessary to elucidate the variables affecting FA concentra-
tions in air and establish the conditions corresponding to those prescribed in ETB-rule in
the chamber with a volume of 14 m®.

The main objectives of this work are as follows: to determine the effect of board
history on D-values ; to determine the effects of board history, ventilation, board surface
area and chamber volume on FA concentrations in air; to determine the correlation
between D-values and C-values; and to develop a method for predicting FA concen-
trations in air by using D-values.

The correlation between D-values and FA amounts measured by the perforator
method (e.g., British Standard 5669) was also investigated because the perforator method
is standardized in many European countries and it is important to determine the

correlation.

2. Experimental

2.1 Materials

Commercial particle boards as pressed (12 mm-thick) were examined. They were of
U-type, P-type and Pg-type classified by Japanese Industrial Standard (JIS A 5908).
Desiccator values of U-type and P-type boards are less than 5 mg/l, and those of Pytype
boards are less than 0.5 mg/l. Boards were wrapped with polyethylene sheets and stored
until the tests.

2.2 Measurement of formaldehyde emissions by the desiccator method and the

perforator method

Boards (45 by 45 cm) were unwrapped and conditioned for 0 to 15 days at 20°C and 40
% relative humidity (RH), and board history was changed. Immediately after the
conditioning, specimens were cut from the boards and formaldehyde (FA) emissions
were determined by the perforator method (British Standard 5669) and the desiccator
method (JIS A 5908) using a room temperature of 20°C. Some of the specimens after the
initial conditioning for 7 days were wrapped again and conditioned for another 7
days. FA emissions for these specimens were determined after the conditioning and
compared to those for the unwrapped boards.

2.3 Maeasurement of formaldehyde concentrations in air in a large chamber

The details of the chamber and the method for measuring FA concentration in air
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have been reported previously (INOUE, 1986). The volume of the chamber was 14 m? not
40 m® as prescribed by ETB-rule in West Germany. FA in the chamber was absorbed in
distilled water and FA concentrations in water were determined by acetylacetone
fluorometric analysis.

Except for the chamber volume, ETB-rule test conditions were used as follows:
temperature, 23 = 1°C; relative humidity, 45 = 5% RH ; ventilation rate, 1h™'; loading
rate (the ratio of board surface area to chamber volume), 1 m%/m?

The effects of ventilation and board surface area on FA concentrations in air were
determined for U-type boards by the following procedure : air exchange volume per hour
was changed from 8 to 28 m%*h ; board surface area was changed from 7 to 14 m?; FA
concentrations were measured. The effect of chamber volume on FA concentrations was
determined for U-type boards by the following procedure : air (0.13 m®) was pumped into
polyethylene bags (97 by 110 em) ; thirty-one bags were placed in the chamber; which
reduced the free air volume of the chamber to approximately 10 m®; FA concentrations
were measured.

2.4 Measurement of formaldehyde concentrations in air in a small chamber

The apparatus shown in Fig. 1 was set up in a room at 23°C. The requirements of
the apparatus are: to be able to control the temperature, relative humidity and
ventilation of fresh air free from FA. The size of the specimen was 6 by 6 by 1.2
(thickness) em and its surface area was about 0.0l m%.  One to five specimens were placed
in a desiccator {(No. 9 in Fig. 1) with a volume of 0.01 m® The conditions in the
desiccator were maintained at 23 = 1°C and 45 * 5% RH. Air exchange volume per hour
(@) was changed from 0.011 to 0.11 m%h, i.e., ventilation rate (V) was changed from 1.1
to 11h™'. The surface area of the specimen (S) was changed from 0.01 to 0.05 m?, i.e.,
loading rate (L) was changed from 1 to 5 m%/m?

FA in the desiccator was absorbed in distilled water (No. 11 in Fig. 1), and FA

concentrations in water were determined by acetylacetone fluorometric analysis.

Fig. 1. Small chamber for measuring formaldehyde concentrations in air.

Notes : 1 : Ventilation pump, 2 : Stop cock (three-way), 3: Sulfuric acid, 4 : Distilled water, 5:
Condenser, 6: Cooling water circulator, 7: Thermometer, 8: Stainless steel pipe, 9:
Desiccator, 10 : Thermometer and hygrometer, 11 : Impinger for liquid collection, 12 : Flow
meter, 13 : Integrating flowmeter, 14 : Suction pump.
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The effect of ventilation on the FA concentrations in air was determined by the
following procedures which minimized the change of FA emission properties depending
on board history. Specimens were placed in the desiccator under the condition of
@/S=1.1, and FA concentrations were determined 5 to 16 days later. The /S ratio was
then changed to 0.54 and the measurements were taken on the following day. This

procedure was repeated for a @/S ratio of 2.2.

3. Results and Discussion

3.1 Effects of board history on D-values and P-values and their correlation

Fig. 2 shows the effects of board history on D-values and P-values when boards were
conditioned at 20°C and 40% RH. When unwrapped boards were conditioned, D-values
decreased more rapidly than P-values. When the specimens taken from the boards
conditioned for 7 days were wrapped again and conditioned, D-values increased but
P-values changed little. Therefore, the effect of board history on D-values is different
from that on P-values. This result indicates that the FA measured by the desiccator
method was different from that by the perforator method as Tomita (1985) indicated. It
is considered that the FA conceniration as measured by the desiccator method depends
upon the FA emission properties of board surface, whereas the FA concentration as
measured by the perforator method depends upon the FA extracted with toluene from
boards as a whole. Therefore, it is necessary to consider board history in order to
obtain the correlation between D-values and P-values.

Fig. 3 shows the correlations of P-values with D-values for wrapped boards and
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Fig. 2. Changes of desiccator values and Fig. 3. Correlation between desiccator
perforator values with time. values and perforator values.
Legend : @ : Desiccator values for the boards Notes : Perforator values were measured for the
unwrapped and conditioned. wrapped boards.
QO : Desiceator values for the boards Desiccator values were measured for the
wrapped and conditioned. wrapped boards (@), and the unwrapped
A : Perforator values for the boards boards conditioned for 7 days (O) and 15
unwrapped and conditioned. days (A).

A\ : Perforator values for the boards
wrapped and conditioned.
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D-values for the boards unwrapped and conditioned. There are linear correlations
between P-values for wrapped boards and D-values for the boards conditioned for fixed
periods. However, the longer the unwrapped conditioning period of the boards before
measuring D-values was, the larger the ratio of P-values to D-values was. In this study,
P-values for wrapped boards were about 4 times as large as D-values for wrapped
boards, and about 6 times and 8 times as large as D-values for the boards unwrapped
and conditioned for 7 and 15 days, respectively. Towmita (1984) showed that the ratio was
5 to 6 when boards were wrapped and conditioned for 1 to 3 weeks, and ToMIMURA (1984)
showed that the ratio was about 10 when boards were unwrapped and conditioned for
more than 2 months. Therefore, the change of the ratio with the board conditioning is
not so different from those of the previous reports. Since the desiccator method
prescribes, according to JIS, the board conditioning for more than 7 days, P-values were
expected to be 6 to 8 times as large as D-values in this study.

3.2 Variables affecting formaldehyde concentrations in air

3.2.1 Theoretical equations for formaldehyde concentrations in air

Fugir et al. (1973) gave the following equation for FA concentrations in air under
ventilated conditions :

m
= 45q/s

Where :
: Steady state concentration of FA in air (ppm).
: FA release rate per unit area (cm®/h . m?.
: FA absorption coefficient (m/h).
: Air exchange volume per hour (m®/h).

no e I a

: Board Surface area (m?.
HoETJER gave the following equation and it was demonstrated by, for example,
Leumann (1987) that the equation explained well the behavior of FA concentrations in air

under the ventilated conditions.

eq

where :
C,: Steady state concentration of FA in air (ppm).
C.,: Equilibrium FA concentration (ppm) under nonventilated conditions.
k : FA transfer coefficient (m/h).
N: Ventilation rate (h™).
L: Loading rate (m%m?, i.e., the ratio of board surface area (S) to
chamber volume (V).
These two equations are shown to be the same when C,, =m/a; k=a; N=/V and
L =S8/V (therefore N/L =Q/S). One difference between the two equations is that FuJir’s
equation does not include the variable of chamber volume (V). If the chamber volume is
not a variable affecting FA concentrations in air as shown by Fugii, then the concen-

trations measured by ETB-rule can be applied regardless of the chamber volume.
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However, in order to measure the concentrations in different chamber volume, it is
necessary to demonstrate that FA concentrations in air do not change with changes in the
chamber volume or to verify Fuan’'s equation.
3.2.2 Effect of board history on formaldehyde concentrations in air
Fig. 4 shows the change of FA concentrations in air in a small chamber when boards
were unwrapped and conditioned at 20°C and 40% RH. The FA concentrations for the
boards conditioned for 3 days decreased rapidly at the beginning of the test and they
showed little decreases after 7 days. However, the FA concentrations for the boards
conditioned for 15 days decreased after the conditioning and during the test. True
steady-state concentrations were not observed in this experiment, the test period of one
month being very short. This indicates that FA emission properties of boards, which
are expressed as m and a in FuJir’s equation, depended on the board history. It was
verified by our previous study of plywoods that both m and FA concentrations in air
decreased with the board conditioning. Therefore, it should be taken into account that
apparent steady-state FA concentrations are only observed when m and a show a certain
value, which depend on the board history.
3.2.3 Effects of ventilation and board surface area on formaldehyde concentrations
in air
If the FA concentrations in air are y, and y, when @/S (air exchange volume per
hour/board surface area) conditions are x; and x;, respectively, the concentrations are
expressed by the following equations :
yi=m/(atx)
vy =m/(atx;)
Then m and a can be calculated by the following equations :
m= (3 yexa— Y1¥2x1)/ (V1= Y2)
a= (yy = y1 210/ (1= y2)

048L
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Fig. 4. Change of formaldehyde concentrations in air in a small chamber with
time.
Legend : @ : Concentrations after 3-days, unwrapped conditioning.
O : Concentrations after 15-days, unwrapped conditioning.
Notes : Conditions in the chamber were 23°C, 45% RH, 0.01 m (board surface area) and
0.01 m®/h (air exchange volume per hour).
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Therefore, FA concentration (y;) under all
the @/S conditions (x3) can be calculated by g ok
the following equation : E
ys=m/(a+x;) @ 0.8p
Consequently, when FA concentrations in § \
air are determined under two different con- § 081
ditions, theoretical curves showing the con- ii 0.4k
centrations under all the /S conditions can %
be drawn. If the calculated concentrations E 0.2F
are equal to the actually measured concen- , o
trations, Fuyit’s equation will be verified. 0 T 2
Fig. 5 shows the effect of /S on FA Ventilation/Board surface {m/h)
concentrations in air under various condi- Fig. 5. Effect of ventilation and board

tions of ventilation and board surface area. surface on formaldehyde con-
centrations in air in a small

The curves in Fig. b are the theorstical
chamber.

curves obtained from the concentrations in a
small chamber under the conditions of §/S= the beginning of the test :
0.5 and @/S=2.2. Under the condition of @ :0.03m’ 5 to 8 days.

@/5=1.1, the experimental concentrations J: 0.05 m?, 10 to 12 days.
A 0.02m? 12 to 14 days.

¥ : 0.03 m% 16 to 18 days.

Legend of board surface and elapsed time from

corresponded well to the theoretical concent-
rations (the theoretical curves). Therefore,
it is verified that the theoretical equations explain well the effect of ventilation on FA
concentrations in air.

When board surface area was changed, the theoretical curves shifted down with time.
However, similar curves were obtained 12 to 18 days after the beginning of the test, even
if the board surface area was changed. It was considered that this downward shift of
theoretical curves was due to the change of FA emission properties (m and a) of boards
with time. Fig. 6 shows the change of the concentrations with time when ventilation and
board surface area were constant (@ =0.011m*%h and S=0.01 m?: /S=1.1m/h) and also
variable. The concentrations at ©/8=1.1 decreased along a uniform curve, even if the
board surface area changed from 0.01 to 0.05 m%. The concentrations under the other /S
conditions decreased along the other curves. This result means that the variables
affecting the concentrations are @/S and the elapsed time after the beginning of the test,
and the concentrations are at the same level when @/S and the elapsed time are equal,
even if board surface area changes.

Therefore, it is concluded that the theoretical equations explain well the effects of
ventilation and board surface area on FA concentrations in air under the ventilated
conditions, i.e., /S is the only variable affecting FA concentrations in air when FA
emission properties are constant. However, it is necessary to note that FA emission
properties change with time.

3.2.4 Formaldehyde concentrations in air in a large chamber

Fig. 7 shows the FA concentrations measured in a large chamber. The concen-
trations decreased rapidly at the beginning of the test, and thereafter they decreased
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Fig. 6. Change of formaldehyde concentrations in air with time when venti-
lation and board surface were varied.

Legend of board surface and §/S (air exchanged volume per hour/board surface) :
¥:00lm? Llm/h. A:002m? 054m/h. A :0.02m?, 1.1 m/h.
£:002m% 22m/h. O:003m?, 054m/h. @:0.03m?, 1.1 m/h.
®:0.03m% 2.2m/h. [J:0.05m% 0.54 m/h. M:0.05m% 1.1 m/h.
{e]:0.05 m% 2.2 m/h.

gradually. True steady-state concentration was not observed in this experiment.
However, the effect of ventilation on the concentrations accorded with the theoretical
equations when the board surface area was constant and ventilation changed from 8 to
28 m®/h in a relatively short time of three days (No. 1, No. 2 and No. 3 in Fig. 7, and
Fig. 8). Even though board surface area changed, the concentrations did not change
under the same @/S conditions (No.3 and No. 4, and No. 1 and No. 5 in Fig. 7).
Moreover, when the polyethylene bags were placed in the chamber and the free volume of
the chamber was changed from 14 m® to 10 m® (in this case, air exchange volume per hour
was fixed at 8 m®h but the ventilation rate changed from 0.57 to 0.8 h™"), the concentra-
tions did not change (No. 5 and No. 6 in Fig. 7).

These results show that the theoretical equations explain well the effects of ventilation
and board surface area on the FA concentrations in air, i.e., /S is the only variable
affecting FA concentrations in air when FA emission properties (m and a) of boards are
constant. The chamber volume does not affect FA concentrations in air directly.
However, FA emission properties depend on the board history.

It is known that temperature and humidity affect FA concentrations in air, but it is
proper to consider that these variables affect FA emission properties of boards directly.

Therefore, it is concluded that FA concentrations in air measured by the method
prescribed in ETB-rule (C-values) will agree with those measured in chambers of
different volumes when the same temperature, humidity and @/S as prescribed in

ETB-rule are chosen.
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Fig. 7. Change of formaldehyde concentrations in air in a large chamber with

time.

Legend : @, A and VV : U-type boards, I} : P-type boards, A : Py-type boards.
Notes : The number on each plot shows test conditions.

No. | Volume of | Ventilation | Board Ventilation
chamber surface | ———m——————
Board surface
(m® (m3/h) (m? (m/h)
1 14 14 14 1.0
2 14 8 14 0.57
3 14 28 14 2.0
4 14 14 7 2.0
5 14 8 7 1.1
6 10 8 1.1
E I.0F
=
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Ventilation/Board surface (m/h)

Fig. 8. Effect of ventilation and board surface on formaldehyde concentrations
in air in a large chamber.
Legend : @, /A and \/ : U-type boards, Bl : P-type boards.

3.3 Correlation between D-values and C-values
Fig. 9 shows the correlations between D-values for the boards unwrapped and
conditioned for 7 days and FA concentrations in air in a large chamber with a volume of
14m?® under the same test conditions as defined by ETB-rule except for the chamber
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Formaldehyde concentration (ppm)

0 1 i I L

0 | 2 3 4 5
Desiccator value (mg/1)

Fig. 9. Correlation between desiccator values and formaldehyde concentrations

in air.
Legend of the elapsed time from the beginning of the test to the measurement of the concentrations
in air :

® :1day, O: 4 to7days, /: 15 days.
Notes : Desiccator values were measured for the boards unwrapped and conditioned for 7 days.

volume. FA concentrations in air at the earlier stage of the test had a linear correlation
with D-values. However, the correlation between D-values and FA concentrations in air
depended on the board history because both D-values and FA concentrations in air
depended on the board history. The following equation was obtained in this study
showing the relationship between D-values for the boards unwrapped and conditioned for
7 days (I, in mg/]) and FA concentrations in air 4 to 7 days after the beginning of the
test (Cy_7, 1n ppm) :
Cs-7 =0.158 D; + 0.017 (r = 0.998)

The desiccator method (JIS) prescribes board conditioning for more than 7 days and
ETB-rule prescribes that FA concentrations in air should be measured at the steady state
or 240 hours after the beginning of the test. Therefore, the correlation between D-values
and C-values would be approximately expressed by this equation.

From this equation, C-values of Py type boards, of which D-values are less than
0.5 mg/1, would be less than 0.096 ppm, which is less than the standard value (0.1 ppm)
prescribed by the regulation relating to hazardous substances (Gefahrstoffverordnung) in
West Germany. Therefore, Py-type boards would pass the standard in West Germany.
However, the coefficients of the equation may change with surface treatments, thickness
and board history.

The ratio of FA concentrations in air in a large chamber to those in a small chamber
was about 1.1 to 1.2. The causes of this difference between the concentrations in a large
chamber and those in a small chamber are not clear, but it is considered that one of the
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causes is the direct effect of board edges on FA emission properties.
3.4 Prediction of formaldehyde concentrations in air by D-values
If the correlation between C-values and FA concentrations in air under all the
conditions is obtained, FA concentrations in air under all the conditions will be
predictable by using D-values as the correlation between D-values and C-values has been
obtained.
In this study the ratio of FA concentrations in air under the condition of @/S=2 to
those of @/S=1 is about 0.7 (one week after) to 0.75 (two weeks after the beginning of the
test). The ratio of the concentrations under the condition of §/S=10.5 to those of @/S=1
is about 1.5 (one week after) to 1.25 (two weeks after the beginning of the test). These
coeflicients are not appreciably different from those obtained by the previous research
(LEnMmann, 1987).
Marsumoro (1972) showed that FA concentrations in air had a linear correlation to
relative humidity and that the coefficient of the concentration change per relative humidity
was 0.8% when relative humidity was 80% RH (Marsumoro, 1974). MYERS et al. (1981)
showed that raising relative humidity at 25°C from approximately 25% to 75% brought
about an increase in FA concentrations by an average factor of 1.5. This means that the
coefficient of the concentration change per relative humidity is 1% at 25% RH. When the
coefficients are converted into those at 49% RH, they are 1.11% and 0.83% ; and the mean
value is approximately 1%. Therefore, FA concentrations in air under all the conditions
of relative humidity can be calculated by the following equation :
Cpn=C,+C, (h—45)/100=C, (65+h)/100

Where :
Chn : FA concentration in air (ppm) at 23°C, h% RH and @/S=n.
C, : FA concentration in air (ppm) at 23°C, 45% RH and @/S=n.
h: Relative humidity (% RH).

It was reported that raising temperature from 25°C to 30°C increased FA concentra-
tions in air by a factor of 1.5 (Inour, 1986) ; from 20°C to 30°C increased the
concentrations by a factor of 2.3 (MaTsuMoro, 1974) ; and from 25°C to 40°C increased the
concentrations by a factor of 3.8 (Myers, 1981). Assuming that raising temperature by
1°C increases the concentrations by a factor of x, the following equations are obtained :

©=15;x°=23; =38
From these equations, x is about 1.09. Therefore, the concentrations at any temperature
can be calculated by the following equation :

Cinn = Chax1.0947%
Where :

Cinn ¢ FA concentration in air (ppm) at t°C, A% RH and @/S=n.

t : Temperature (°C).

When temperature and relative humidity affect one of FA emission properties (m),
these conversion formulas for the change of temperature and relative humidity can be
applied to the prediction of FA concentrations under any /S condition. Table 1 shows
the conversion formulas for the prediction of FA concentrations in air using D-values.
Applying the formulas consecutively from the top of the table, FA concentration in air
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Table 1. Conversion formulas to predict formaldehyde concentrations in air.

Conditions
Temg)ecr)ature Humidity Q/8 Conversion formulas

° (% RH) (m/h)

23 45 1 C=0.158 D +0.017

23 45 2 Cr=1(0.7~0.75) xXC

23 45 0.5 Cs=(1.5~1.25 x_C

23 h n Chn=Cnx (55+h)/100

t h n Ctan=Chre % 1,09'* 2%

@ : Air exchange volume per hour (m¥%h),

S: Board surface area (m? .

C: Formaldehyde concentration in air (ppm) four to seven days after the beginning of the test at 23°C,
45% RH and @/S=1.

D : Desiccator value (mg/1) for the board conditioned for seven days.

C : Formaldehyde concentration in air (ppm) at 23°C, 45% RH and Q/S=n.

Ch : Formaldehyde concentration in air (ppm) at 23°C, A% RH and @/S=n.

Cun : Formaldehyde concentration in air {ppm) at t°C, h% RH and Q/S=n.

can be predicted under any temperature, any relative humidity and any /S condition.

4. Conclusion

(1) Desiccator values were more dependent on board history than were perforator
values. The correlation between these two values depended on the board history. In this
study, the perforator values for wrapped boards were 6 to 8 times as large as the
desiccator values for the boards unwrapped and conditioned for 7 to 15 days.

(2) When formaldehyde emission properties of boards, which depended on the board
history, were constant, theoretical equations represented well the behavior of formal-
dehyde concentrations in air under the ventilated conditions: @/S (ratio of air exchange
volume per hour to board surface area) was the only variable affecting formaldehyde
concentrations in air. The chamber volume was not a direct variable. However,
formaldehyde emission properties of boards depended on board history, and it is
considered that they also depend on temperature and humidity.

(3) The correlation between desiccator values (D) and formaldehyde concentrations
in air measured by ETB-rule (C) was expressed by the following equation: C=0.158 D +
0.017.

(4) The variables affecting formaldehyde concentrations in air were taken into
account and conversion formulas were developed, by using desiccator values, to allow the
prediction of formaldehyde concentrations in air regardless of temperature, humidity and
@/S.
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