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— Abstract—

Comparison of Active and Passive Sampling Methods for Formaldehyde
Concentrations Among Workplaces in Some Plywood Industries

Mi Jang , Hyunwook Kim

Department of Occupational Hygiene, Graduate School of
Occupational Health, Catholic University, Seoul, Korea

This study was designed to survey exposure levels of formaldehyde among workplaces in some
plywood industries and to compare three sampling methods including the impinger method(IM,
NIOSH method No. 3500), the solid sorbent tube method(SS, NIOSH method No. 2541), and the
passive bubbler monitor method(PB, SKC). The survey was conducted in seven particle board manu-
facturing factories, two resin manufacturing factories and two plywood manufacturing factories in
Incheon area during the period from March 6 to April 20, 1995. The workplaces included were the
hot/cold press, the roller/spreader, the soaking/drying, and the reaction/mixing areas.

The results were as follows;

. The average(GM, GSD) concentrations of formaldehyde by sampling methods were 0.11(4.43)
ppm by IM, 0.27(2.03) ppm by SS, and 0.29(2.04) ppm by PB, respectively. The concentrations
by IM method were statistically very significantly lower than those of SS and PB methods, par-
ticularly at low air borne concentrations of formaldehyde (p<0.001).

2.The area average concentrations of formaldehyde by workplaces measured with PB bubblers

were 0.23(2.08) ppm from the press, 0.23(1.77) ppm from the spreader, 0.24(1.51) ppm from
the soaking, and 0.46(1.96) ppm from the reaction areas, respectively. The personal average
concentrations of formaldehyde by workplaces measured with PB bubblers were 0.30(1.77)
ppm from the press, 0.33(1.54) ppm from the spreader, 0.36(1.46) ppm from the soaking, and
0.84(1.19) ppm from the reaction areas, respectively.

3. No statistically significant differences of formaldehyde concentrations among workplaces

except the reaction area(p<0.001) were found.



4. Formaldehyde concentrations from personal samples were higher than those of from area sam
ples in all workplaces studied. But no statistically significant differences of formaldehyde con
centrations both area and personal samples were found.

In conclusion, this study found that although formaldehyde concentrations in some plywood
industries in Incheon area were below the regulatory limit of 1 ppm, they were over the limits

recommended by NIOSH and ACGIH.

This study also suggests that the impinger method may underestimate true formaldehyde concen-
trations. It implies that there will be more workplaces not meeting current regulatory limit if either
the solid sorbent or passive bubbler methods were used instead of the impinger method.

It is suggested that passive monitors will be a reasonable alternative for area and personal sampling
of formaldehyde if the accuracy and validity of passive monitors be verified before use.
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Fig. 1. Calibration curve of formaldehyde concentration
by UV/VIS spectrophotometer.
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Table 1. Gas Chromatograph conditions

Temperature Column 80 T isothermal
Detector 360 ¢
Injector 250 ¢
Flow rate He Detector 29 ml/min
Column 1 ml/min
Make-up 30 ml/min
Air 300 m!/min
H, 60 mi/min
Injection volume 1 44 (split ratio 1/10)
Detector FID
Column HP-FFAP 25m* 032 ae *0.52 im

PBYl (SKC Formaldehyde monitoring kit,
1992) 2 Z passive bubblerd] FFF 5af & 4
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knudsen diffusion disks} FAlgt 238
cap(small hole)& 2& F YPAid 4Asiz
sampling®] ¢ ¥ A% B(1.6% sulfamic
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Fig. 2. Chromatogram of formaldehyde oxazolidine ?
standard by GC. i Co
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Fig. 3. Cumulative probability plots of formaldehyde
concentrations by sampling methods.

Table 2. Numbers of factories and workplaces studied in area sampling

work places

total

Factory* Press Spreader Soaking & Drying Reaction& Mixing ~ No. of samples

A 1 - - - 1

B 2 - 1 3 6

(& 3 2 - - 5

D 2 2 1 - 5

E 2 - 2 1 5

F 3 1 - = 4

G 3 1 - - 4

H - - 1 - 1

I - 2 2 - 4

J 2 3 - - S

K 3 - - 1 4
total(%) 21(48) 11(25) 7(16) 5(11) 44(100)

* A,C,D,F,G,J,K : particle board manufacturing factories
B,E : resin manufacturing factories

H,I : plywood manufacturing factories



Table 3. Concentrations of formaldehyde by sampling methods N

Method N GM(ppm) G3SD range(ppm} Duncan’s grouping
PB 44 0.29 2.04 0.05-0.91 A
A
38 44 0.27 2.03 0.05-0.99 A
M 44 0.11 443 0.01-1.32 B
GM : Geometric Mean
GSD : Geometric Standard Deviation
Table 4. High leve! formaldehyde concentration by collection method
Method ’ N GM(ppm) GSD range{ppm) Duncan's grouping
SS 22 L 048 1.42 0.30-0.9% A
A
PB 22 0.42 175 0.09-0.91 B A
B
M 22 0.29 272 0.03-1.32 B
Table 5. Low level formaldehyde concentration by collection method
Method N GM(ppm) GSD range(ppm) Duncan's grouping
PB 22 0.20 1.95 0.05-0.69 ' A
] A
Ss 22 0.15 1.62 0.05-0.28 A
™M 22 0.04 13.53 0.01-0.69 ’ "B .
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Fig. 4. Relationship between PB method and IM
method or §S method.
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Table 6. Correlation coefficients of formaldehyde
‘concentrations between active and passive

sampling methods
M

58
0.698*

PB 0.621*

*P <0.001
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2 dzFHFe| 0.24ppm, ¥ L uiFFA o}
0.46ppm °iHch. zZF Y 2% vre 9 Wi
FEA 1 B BEE Boln] 11 Loz &
A 9 A2FY, =4 L 293P, =g @
A go2 TR, g 2 ugTHY TG
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Table 7. Concentrations of formaldehyde by sampling method in each process

unit (GM, Range) : ppm

Method Press Spreader Soaking & Drying  Reaction & Mixing total
No.of samples
21 11 7 5 44
GM 0.08 0.12 0.15 0.28 0.11
M GSD 5.02 3.35 4,32 3.96 443
Range 0.01-1.32 0.01-0.72 0.02-1.06 0.03-0.68 0.01-1.32
GM 0.21 0.30 0.35 .42 0.26
58 GSD 2.11 1.94 2.01 1.62 2.03
Range. 0.05-0.75 0.10-0.86 0.13-0.99 0.27-0.72 0.05-0.99
GM 0.23 0.23 0.24 0.46 0.29
PB GSD 2.08 1.77 1.51 1.96 2.04
Range 0.05-0.79 0.05-0.79 0.11-0.63 0.26-0.72 0.05-0.91
Table 8. Number of companies and workplaces studied in personal sampling
Process\company A B C D E F G H 1 ] K  total(%)
Press 3 2 3 2 4 2 2 2 - 2 4 26(57)
Spreader 1 - 1 2 - | 2 - P2 - 10(22)
Soaking & Drying - - 1 - 2 - 2 3 - - - &8(17)
Reaction & Mixing - i - - 1 - - - - Q)]
total 4 3 5 4 7 3 4 4 4 4 4 46(100)




Table 9. Concentrations of formaldehyde by process

unit (GM, Range) : ppm

Press Spreader Soaking & Prying  Reaction & Mixing Total
No. of samples 26 10 ] 2 46
GM 0.30 0.33 .36 0.84 0.33
GSD .77 1.54 1.46 1.19 1.71
range 0.03-0.70 0.18-0.67 0.18-0.55 0.74-0.95 0.07-0.95
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Fig 5. Mean concentrations of formaldehyde by sam-
pling method in each process.

Ee 30 107] 383 (22%), ¥ 2 d=F3
o] 8F RH(1T%) 1M, TALs R HAT
Fol 27 &3P @B lgH(E 8). 7IF¥HEFE,
7EEFAA, s=Ude E 99 Bk

EAZ AR E o|4% A Ee HEFET X
234e] 0.30ppm, &Z#H3FHo] 0.33ppm, &
zd 9 AxFHol 0. 36ppm, ¥ L HFFTA
0.84ppm °lct}. /RN EE AFAIRS ol7lA]
2 %% 3 uETAdA 7 52 TEE 2R
o 2 gges @3 9 23, AZTH R X
733, T2 3 €22 T4, ¢ 2
W HEAe XEUH = Ut e FHESD
Frel g A ETHP0.01).

6. HMZIYS olSH 2 WY XA =} 7Y
i L -

2 it Zol FAEAFL o] & AYA R
g AN R FEE vlaHED RE FPAA AY
AN Tt AGAR $EEY EUAT AUME
29} AGABRER e FAFHLE {9 Ao
= 9% '

Fig. 6. Comparison of formaldehyde concentrations
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process.
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Kollman (1994) & 8454 HAAE AMESAY &
A& Azshe FFA IMHE PBHY FHE=E 1)
2F AFolA IMHS phenolel g W3zt
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gt AAZ FASE Axste T FA 9=
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A HEFAE OF 20|31 e Ao A 3n
(B497,199]), & A5 sk M= 2 719
AR A 2 S Holx Sl
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AR Z IFFFS A4S 5 ded IMH2 0.2-
1.0LPM=2] HeWelA EJ& A%3sh=H], Nobles
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Ee 232 47] 98 0.2-0.3LPMe g IR 1,
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ET9E (NIOSH No. 2541)22 7HQAEx1F 7}
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=7} ¥ FID(Flame Ionization Detector) 33
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