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Abstract 

The paper presents results of interlaboratory comparison on the emission of formaldehyde from mineral wool board. Eleven 
laboratories took part in these studies. The results showed significant variances between laboratories. The discrepancy was 
related to the chamber conditions and sampling. :&', 1999 Elsevier Science Ltd. All rights reserved. 

1. Introduction 

Building and furnishing material may emit many 
volatile organic compounds (VOCs) into the indoor air 
[l]. Due to the toxicity of these compounds it is necess
ary to use less polluting material [2]. 

Formaldehyde is now a ubiquitous chemical that 
has been found at low levels at homes, in offices, and 
in the urban environment. Many sources that contrib
ute to formaldehyde exposure in the indoor air include 
insulating materials, pressed wood products and soft 
furnishings fireproofed with formaldehyde based resins 
[3,4]. The emission of formaldehyde from these ma
terials depends on ageing processes of time [5-8] and 
environmental conditions [9-11]. 

The indoor air standard for formaldehyde has been 
set up in many countries [12]. The Ministry of Health 
and Welfare in Poland recommended indoor air stan
dards for 35 compounds including formaldehyde [13]. 

The comparison of emission measurements carried 
out by different laboratories becomes important in 
view of their utilisation for materials emission data
bases [ 14.15]. 

The aim of the interlaboratory study was twofold: 

• Corr�sronding author. 

firstly the comparison of formaldehyde determination 

in control water samples (first test) and secondly the 
comparison of formaldehyde emission rate determi
nation from mineral wool board using a small test 
chamber (second test) according to the Polish 
Standard [16]. 

2. First test-the measurements of formaldehyde 
concentration in the control samples 

2. 1. Experimental design 

Nine laboratories took part in series I and eleven in 
series 2 in the interlaboratory studies. The participat
ing laboratories received four formaldehyde water 
samples ( l,2,3,4 mg x cm-3) for determination of this 
compound concentration in each sample.The concen
trations of formaldehyde were so high due to the 
instability of diluted water solutions. 

The sample analysis should be conducted during 7 
days. Directly before analysis each sample had to be 
diluted 500 times or even more (5000 times) depending 

on the sensitivity of the analytical method used. The 
stability of the lowest formaldehyde concentration 

( 1 mg x cm-3) was checked in our laboratory includ-
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Table I 
Results of the first t�st: ccrnccntration of formaldeh}·dc in scri�s I and 2. (x-a1erage: s--standard deviation) 
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ing conditions of transport ( 12 h at room temperature) 
and storage (7 days at --20°C). 

The p::lrticipating labo:atories w;cd different colori
metric methods for formaldehyde determination: 

Q method with chromotropic acic\--sulfuric. forming a 
purpk mo noacetioni c chromogc n [17] 

• method >vith p-rosanilinc, forming a violet complex 
of p-rosanilin-rnethyl-sulConic a cid [ 18) 
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Fig. I. Results of the first test: concentration of formaldehyde in 

�cries l and seri�s 2. 
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• method with acetyloacetone, forming a yellow diace
tyldihydrolutidine [19,20) 

2.2. Results a11d discussion 

Dixon test identifies the results from two labora
tories as outliers in the series !. Table I and Fig. I rep
resent the results of two series of formaldehyde 
analysis. The comparison of these results shows that 
series 2 gives better accuracy than series I, relative 
coefficient of variation's range between 4.4-8.4°/o and 
8.0-15.2 % , respectively. The results of series 2 suggest 
that participating laboratories have sufficient experi
ence in the formaldehyde analysis. 

3. Second test-measurement of formaldehyde emission 

from mineral wool board 

3.1. £.yperimental design 

Eleven laboratories participating in the first test 
took part in the inter-laboratory comparison on the 
e missi on of formaldehyde. The material selected for 
the experiment was a mineral wool board (l 80/150) 

glued with phenol-formaldehyde resin. Two identical 
samples of material were delivered directly from the 
phnr lo each laboratory. The rmnerial was cul in 
piece of 12.S x 25.0 x 5.0 cm in ize (0.1 m2 area). 

on id t:r ing a l oading ratio of l m2 x 1 m-3, taking 
the area of all six walls in consideration, each sample 
consists of a number of pieces proportional to t he 
chamber value. The material, if wrapped in polyethy
lene, appears to maintain its emission properties for 

some ti me. 
The test was carried out 14 days (run 1) and 16 days 

(run 2) after the production of this material. It was 
necessary to avoid any variation that might have 
occurred due to time difference in the test. Samples 
were stored at room temperature until the beginning 
of the experiment. 
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Table 2 
Chambers and experimental conditions 

Laboratory 

I 
2 
3 
4 
5 
(j 
7 
8 
9 
10 
II 

Chambers 

Volume [!] 

600 
600 
293 
500 
300 
200 
200 
200 
600 
600 
200 

Wall mat�rial" 

SS 
SS 
SS 
glass 
Al 
SS 
SS 
glass 
Al 
Al 
glass� Al 

"SS= stainless steel; Al= aluminium. 
b FR= fan running; FNR =fan not running. 

Size I x w x h (cm) 

60 x 100 x 100 
100 x 100 x 60 
10 x 59.7 x 49.1 

100 x 60 x 50 

50 x 50 x 80 

The prescribed chamber conditions were: tempera
ture 23"C, relative humidity 45%, air exchange 
l x h-1, loading factor I m2 

x m-J. the air sampling 
24 h and 28 h at the beginning of experiment [16]. 
Probably, however, they do not reach the formal
dehyde steady state in the chamber. Sampling and ana
lyses were carried out in duplicate. 

The participants did not always comply with exper
iment specifications, the majority of the chambers 
being operated at temperatures of 20.0--24.5°C and 
RH 40-50% (Table 2). 

The preliminary homogeneity test of mineral wool 
board was carried out in our laboratory by measuring 
the emission rate of 36 pieces (6 pieces in 0.6 m3 

chamber volume) selected at random. The measuring 
was conducted 8 days after production date. These 
data are presented in Table 3. 

3.l. Results and discussion 

The results obtained from each participating labora

tory, classified per run. sampling hours and measure
ment into 8 data are reported in Table 4. These data 
are represented graphically in Fig. 2. which gives the 
average of two measurements (or single measurement 
in a few instances where the two measurements are not 
available). All values of run I and 24 h of run 2 from 

Table 3 

Conditions 

Fa11° Temp. (°C) RH(%) Air change rate (h -1) 

FNR 22.5 50 
FR 23.0 45 
FR 23.0 40 
FNR 17.0 73 
FNR 20.0 45 
FNR 13.0 
FNR 21.5 43 
FR 23.0 45 
FR 21.5 26 
fNR 24.5 47 
FR 23.0 44 

laboratory 4 were far higher than the other data. 
These values were excluded from the average calcu
lation. Table 5 shows a summary of statistics for the 
emission rate of formaldehyde per run and sampling 
hour. The averages of the two runs appear to be differ
ent, whereas those of different hours in the same run 
are rather similar. 

Two-way nested classification analysis of nm I and 
run 2 (Table 6) shows that differences between samples 
are rather insignificant but between laboratories are 

very high. Variability due to the sample heterogeneity 
is in good agreement with the results of the prelimi
nary test carried out in our laboratory (Table 3). The 
precision of formaldehyde determination is sufficient as 
the first-test (Table I) showed. The most important 
source of variation (second-test) is intcrlaboratory bias 
due to heterogeneity of chamber conditions and prob
ably sampling air. 

4. Conclusion 

The interlaboratory results showed significant var
iances between laboratories, only in small part caused 
by formaldehyde analysis or sample heterogeneity. The 
discrepancy was related to the chamber condition and 
sampling. These results support the necessity of using 
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Table 4 
Emission factors of formaldehyde from mineral wool board (µg x m -2xh-I) 

Laboratory Run l Run 2 

24 h 14 h 28 h 18 h 24 h 24 h 

171 174 153 155 174 180 
2 44 44 50 50 42 42 
3 81 81 77 77 77 77 
4 408 395 340 315 312 315 
5 109 114 128 in 112 141 
6 55 55 57 -� "I 48 48 
7 39 36 54 22 34 61 
8 60 52 51 
9 38 37 37 38 50 55 
10 46 50 50 51 45 70 
I I  48 50 55 

Table 5 
Summary statistics of emission factors of formaldehyde for mineral wool board per run and sampling time 

Run (h) N Mean (µg x m-2 x h-1) S.D. (µg x m-2 x h-1) 

I (24) 
I (28) 
2 (24) 
1 (18) 
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Fig. 2. Mineral wool board emission factors of formaldehyde. 

28 h 

201 
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Variance 

1832 
1576 
1936 
1601 
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Table 6 

Two-way nested classification analysis of runs I and 2 for minernl wool board. (St--variance between laboratories; S�-variance between 
samples, within laboratories; S�-variance between measurements, within samples: Y1_s.\i--degrees of freedom: F1..5-Snedecor's factor; PL.s
probability) 

Formaldehyde 

Hour 

14 
28 

s� L 

431. I 16 
253.958 

8 
8 

625.011 
427.419 

identical experimental conditions and including air 
speed measurements in chambers. 
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