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Comparison of Formaldehyde Concentration in Working Environment between
Passive Sampling Method and Impinger Sampling Method

Sung-Ae Ham - Deog-Hwan Moon”

Institute of Industrial Medicine & Department of Occupational and Environmental Meddicine,
Busan Paik Hospital, Inje University

The purpose of this study was conducted to ascertain the
difference between impinger and passive sampling methods in
the process of sampling and analyzing on airborne
formaldehyde. Formaldehyde generating workplaces incdluded
in this study comprised four types of manufacturing industry
such as two workplaces of products of wood, cork, sraw and
plaiting materids manufacturing industries, one cadting metal
manufacturing industry, and one parts and accessories for motor
vehides and it’ s engines manufacturing industry. Workplaces
contained in this study were located in some manufacturing area
of Busan industrial complex and this study was carried out
during a period from January 2003 to December 2004.
Analytica accuracy, precision and detection limit of two
methods was compared. Exposure level of its airborne
concentration was evauated in formaldehyde generating
workplaces those were dassified by types of industry, working
process andtime.

Theresultswereasfalows;

1. A rate of recovery was 107.1% in impinger method and
101.8% in passive method, and precision was 7.79% in
impinger method and 4.40% in passive method. There was no
datistical significance in analytica accuracy and precision
between two methods. A limitation of detection was 0.011 ppm
in passive method which was lower than that of impinger
method (0.020 ppm) by 1.8times.

2. Airborne forma dehyde concentration of impinger method
was different from passive method. It” s concentration by
passve method was higher by 5.1 times then thet by impinger
method in the parts and accessories for motor vehides and it's
engines manufacturing industry (P<0.05). Only in molding
process among several types of processes, formaldehyde
concentration in passive method was higher by 5.1 times then
that in impinger method (P<0.05). Furthermore, formaldehyde
concentration in passve method was higher by 1.7 times then
that inimpinger method (P<0.05) inthefirg half of year 2003,

3. The geometric mean of formadehyde concentration in
impinger method was lower then that in passive method, but
there was no statistical significance of formaldehyde
concentration by the difference of sampling method.

In conclusion, it is difficult to conclude which is better
between the two sampling methods because of no datistical
sgnificancefor the difference of concentration. Because of lacks
of certified passve sampling and andytical method, a present
Situation, studies on veification of accuracy and precision,
obdructive reection againg vaidity on its exposure assessment,
and research to develop domestically manufactured passive
sampler in terms of cogt-effectiveness should be continuoudy
caried ou.
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)= A AR S48 7HAE 3 2 3] (American Conference of
Govermentd Industrid Hygienists ©]3F AGGIH) £] TLV (Threshold
Limit Value) 113 A= 25U 8] ©& 1981 A 5
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of o]2 1 Qlth, & ular Ak bd B A ¢ (National
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A kel =454 (potential occupationd carcinogen) £
REL (recommended exposure level) — TWA (Time Weighted

O] =12 20061 = QAT 8k Skl -2 Adm) X of] o] 3k 2.
94 2006 3¢ 3%, el 2006 1€ 159

XA St ol o A e T EFAES]| = 5 WL 347
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o}, 1992 w]=AR @A B.21 % (Occupdting Sefety and Hedth
Adminigration, ©]5} OSHA) ©f|4]+= PEL (permissible exposure
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Spectrophotometer), 14 8 A 4 2 v} E 71 g 3 (High
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Ao AR Az AR F EELEE| =S ARt
=z 204, FAB AZRY Ula, AFsApEE A%
A Ula, & ) Aol glon 3dl e BEshd 13}
2}, 3 o7l S8 (74%), g 187) 5974 (167%), 5
Z 8/ A (74%), At 2871 =4 (259%), H= 071
=743 @ren), AAF 1671 747 (148%) ©1 90Tt S4717E
& 2003 1956 2004 129704 2d Fek A - s
AT FEslo] F 43lof| AA Aol on, XA g 5
A& 98t YAAE o] &8t TEEAH NI FE FH
S FJsto] FAFEATIE o] &et ML NS FAl A4
sto] 7|5 EEYUR =S AF ST Qe e
FARIEZ (AH 1A A 91-13) (BA1%4, 20000 of] ]3]
A T Bt (EE D).

(1) &4 (NIOSH Method No. 3500)
AR Foll 7192 EAehs E5LHE =5 24

(2) FAFEAH (3M 3721 E 2 0kg|3) =3 T U E )
AANE TPz AEA7IE 29S § AREy
Ae1ge] 21l §helE 7158 2.5 57 (protection cap)
& AAT F F2A] TE91A] (breathing zone) o] 724313

(1) 5% 4% (NIOSH Method No. 3500)

u]a AR R AT 3 AIERQ] NIOSH Method
No. 3500 ©]-§-3l] 41531 ThHNIOSH 1994).

2 FAFEAH (M 3721 FEU 5| =2 BUEH)

HUE zdef bislfite® Ag]¥ Fo] el 2 X5
5| = 5715 TEUHS| = 3 o)QA] 9 SR
3mE 7kete] 7He 50 71 30 53 23St 1
& formaldenyde 2<% (Junssi Chemical Co. 35%)<5 1% sodium
bisulfite solution- Z7}sto] =AM FE450] 0,1, 2,3,
4 pomE] == vHET) 22kE o 2 mlE tet—tubeol] %7110
1% chromatropic acid 1 ml & ¥ 27 &335}o] Qulfuric AddS
d3] 5ml 7kt aL Aol 4] 153 ] g 2 580 nme] 3o
A AF9) A =7EA A R A (U—2000, HITACH,
Ltd, Tokyo, Jepan) = 5355 F-atal Aol o4l A=
o] TE=E S48l

3 375 44

(1) 5=244 (NIOSH Method No. 3500)

EEdHs|E 5872 054N, 10, 2ulel] #lFsh= 05

Table 1. The number of samples by industry and working processes

Working processes

Industry — - - -
Veneer Mixing Molding  Hotpress  Adhesion  Inspection Total (%)
A 16 14 0 40 44 32 146
(67.6)
B 0 14 0 0 0 0 14
(6.5)
C 0 0 16 0 0 0 16
(7.4)
D 0 8 0 16 16 0 40
(18.5)
Total 16 36 16 56 60 32 216
(%) (7.4) (16.7) (7.4) (25.9) (27.9) (14.9) (100)

AD : Manufacture of products of wood, cork, straw and plaiting materials

B : Manufacture of parts and accessories for motor vehicles and its engines

C : Casting metals
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Fig. 1. Calibration curves of formaldehyde by impinger method.
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Fig. 2. Calibration curves of formaldehyde by passive method.

Table 2. Accuracy and precision of formaldehyde determination by sampling method

od Impinger sampling method Passive sampling method

i

sgnc_ N  Detectedconc.  Recovery rate oV N Detected conc. ~ Recovery raie
m (ppm, (ppm, 0 (ppm, (Ppm,

(Ppm) Men+SD)  Mentsp) (70 Men-SD) Men=sp) (%)

0.5 3 0.560.04 112.0+£7.8 6.96 3 0.48£0.02 95.1£32 337

1 3 1.09+0.08 108.8£8.4 1.73 3 1.03£0.06 103463 6.11

2 3 2.01£0.17 100.6*8.7 8.60 3 214011 106.9+3.3 3.07

Totd 9 107.1+8.8 7.79° 9 101.8+6.6  4.40°

CV=coefficient of variation; T = pooled CV *P<0.05
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Table 3. LOD of formaldehyde concentration by sampling method

Impinger sampling method

Passive sampling method

Standard curve

Y =0.1871X+0.0016

Y =0.1284X —0.0031

SE 1.246 X103 4226 %10
LOD 0.020 0.011
Table 4. Concentrations of formaldehyde by sampling method unite : ppm
Impinger Passive
sampling method sampling method
No. of samples 108 108
GM 0.239 0.283
GSD 3.164 2.087
Range 0.004—0.960 0.009—-0.770

GM=geometric mean; GSD=geometric standard deviation; paired t-test; *P<0.05
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Table 5. Concentrations of formaldehyde by sampling method and type of industry unite : ppm
Impinger Passive
Typeof Industry sampling method sampling method
No. of samples 93 93
) GM 0.324 0.324
MW GSD 2132 1.822
Range 0.025—-0.960 0.017-0.770
No. of samples 7 7
, GM 0.032 0.069
CM GSD 5.585 2.946
Range 0.004—-0.168 0.009-0.178
No. of samples 8 8
. GM 0.039 0.197
MMV GSD 2.976 1.489
Range 0.007-0.122 0.116—0.340

1: Manufacture of products of wood, cork, straw and plaiting materials. 2: Casting metals. 3: Manufacture of parts and accessories for motor vehicles

and its engines. *P<0.05

Table 6. Concentrations of formaldehyde by sampling method and working process unite : ppm
, Impinger Passive
Working pocess sampling method sampling method
No. of samples 8 8
GM 0.331 0.140
Veneer GSD 1.770 3181
Range 0.104—-0.523 0.017-0.482
No. of samples 18 18
s GM 0.116 0.187
Mixing GSD 4921 2.965
Range 0.004—-0.598 0.009—-0.558
No. of samples 8 8
— GM 0.039 0.197
Molding GSD 2,976 1.489
Range 0.007-0.122 0.116—0.340
No. of samples 28 28
GM 0.361 0.401
Hot press GSD 2.166 1.477
Range 0.038—0.960 0.109-0.770
No. of samples 30 30
: GM 0.276 0.291
Adhesion GSD 2.302 1.690
Range 0.025—-0.795 0.093—-0.641
No. of samples 16 16
. GM 0.419 0.397
Inspection GSD 1778 1417
Range 0.113-0.812 0.221-0.706

*P<0.05
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Table 7. Concentrations of formaldehyde by sampling method and time unite : ppm
_ Impinger Passive
Time sampling method sampling method
No. of samples 27 27
2003 thefirst GM 0.168 0.285
half-year GSD 2.240 2.062
Range 0.009-0.691 0.029-0.641
No. of samples 28 28
2003 the | atter GM 0.154 0.226
half-year GSD 5.658 2.822
Range 0.004-0.651 0.009—-0.555
No. of samples 27 27
2004 thefirst GM 0.420 0.373
half-year GSD 2.117 1.743
Range 0.067—0.960 0.099-0.770
No. of samples 26 26
2004 the | atter GM 0.306 0.269
half-year GSD 1.908 1.461
Range 0.043-0.566 0.110—-0.4%4

*P<0.05



364 71719 - 37T - A - B - ol

ofX

SAA R FofetAl A Wbt (P<005), W 2 Y
ZEAE AZRGH FE5FEIN = 7 2 Y] E
AR freldol aolet. A7 td ARl 5 by iﬂ L
EAE AXHORE e AR b 045011 H]
7hESET ol FE Fue Axshe AYgteR i%—%}
elmi A5 WA 34, 9AAE SREH A
She 29, 287 TR AuAnE o|ajo] 434S ve
AAA7 CX2H AAS Zdehs 3, oot
S 7t A2 7= 2 _oﬂ/q =72 uug A==
ol ZE) e who] 243 Az, A5 BE
© 2wt 34 BN AR T A
Joll EEAEB| = ARGl WA 3b7] W02 A

b

ol o o, ©f

O
"’O

2 Nl
o 2
rl

U p@ 2 g2 oL rif

it
&

O o

<
ey
o 0%
EE
é
il 1
O_u
q
1o

S~

d A4 A TR
EAH o]l 0197 ppm_i S5 E 4 0039 pomel] 1)
] Hz;sﬂ céoL 7(-1;(]— 7-1/\].

O}Olo:} z;;j} 74/\} Lx% o 1:5 ;dlﬂ%o] ﬂA}ixlmoﬂ ]
& ozt %ﬁ 7§% Bl ufet, Ak A FAelM = &
F A bt SAIA 0 23 Aol
AR ol whE Afol= AFEA S N

o
OJ/\]EE ¢k 3ol 2AAA7E L E o A %

2
o
K
_1\(
H
o,
mE

SELEES

Stoll whek $A TRl 2t 349 S4el weh 2] 7}
) w257 % 8t "ol A sk &= 5 2t

o] o5 A, ol sAIZh #GALe] FAAZE o] ks v
oggt AZtE ot XN A9 AGAER o
ol IPAIA AFHsHE YA HOE g EAlshe
phenol, ethanol, 274#}-2] doohal, olefines, aromatic hydrocarbon,
wdolwanone UHE ddehydec]] ©J&l 2] @Ak, A8l s
F71E40] ko] QA5 JHA e, E3 phenol EANA]
10~20% A 7} ©rkar 8193l Kollman(1994) & Q4
A A G AHESIAY A S Axshs 34014 sEX
2] phenolel] 2] 3t #Haf 7] NIOSHol| 4] #|A]3E 3 ¢ Bt}
t‘fJ /y\ }c_ﬂ] ;(L%»s]-q. U 3]_oﬂq_ 71— lxﬂ u].r,]. Eiol—;ﬂﬂ =]
G 29k ARgsh= Ao] ofue} ofe] BAS RO R A}
gt 7F 3 o] ol WalEAef| o3 Wi G| A
7S Alolgt Azt
AT ARPIA T 2R el TE A7 24
74 A3 B 2003 k] oAqk gk o] 0285
0 % 5555 0168 ppmel B &l &A1 4 0 & -] s
SFUTHP.05). 2003 19 7-E] 2004 128 7H4] 7} 4 - &f
1} iE—OLtﬂﬁ]E =T WEl2o|2 B A7} Rl
of vlaf =& 7218 & 4= 32tk Konopinski (1985) 2] 1119
= US| 29 w7t Al wet 28] o] Ao]

7F 3l EFotds| =] FESA o olojA] JEks
A2 2EE ndsjokstthar itk E ol ko) A
A7)z 5~69% Ft A9 =57F 8~28T3L, 5
A A7) 108 109 22 Jéﬁ_¢ 8~14CE &
o)3k 9dgko] 7 o g} Az Hh
] 5-(19%) o] AFAIE B KCEAHER 79} 55
IS vws A3 sFEAHo] e vs) 2
FYHBIE F 7t @A 8] vobr] 2FUH|S|EE 2Alehe
b #4431 gl oy & A s seEAo]
0239 ppm, EAFEAH o] 0283 ppm o2 FAE AW 9] 7)3}
HEErt 2 =1 B Agkon £ a7k 244
O % fofgt ato]= $lSiTh o]y gt Ato]= A2 Ego]
gk st Zlo] op 1l L5 FE, 7|5, WellEa, 71719
AF A 5 A7 2 A 5 2ol 7]lek A
O A7 ok 2 ot 71 FAoM FUd ¥
WO AEE AF Alo] o1l 2 34 oﬂ*i AR
71 o] &3t /N RS} TEEAME o] &5 (YA ER
A7) Wl Aafof] G vHE FOR FheksH,
ol AT Alstolgta YZE AN 7 A4 3
Aol opd Ak ol ofst X Wat YA
ol SETANE v wd v EAZ 07 23 Ajo)7} 9l
orng 35 sPidNel A N E A oE &

NER|Z AT 5 QT $HAG A3 5 s

= A dshz vl

V. Ag

= A7 e Gk 1t Aol dofi
7] $18ke] 2008 1978 2004 129704 4 ool Q)=
FaAEY 2704, AR A2 DL, AeAHE A2
Dlas oz A48 T 2L =8 ZAHs3I:
A EE Azste] F 2 Fotw AUr 2 3
THAE vlweigla, 493 £5LHs|E BAEEE
%, 24, A7) Ao s,

B o) Fo A9k ) ek,
;<47]-}\] a2 EH’\LOE 3} i;guhﬂtﬂ Q
O] 75 107.1%, SAFEA L 101.8%0] %]
TEEAN ) A 7.7, AR & 440%01
Al 7ie] Aol AU v EAZ 0] §o)A]L
AETA= xR Y] 74 0011 pomo. = %:z
0.020 ppmel] B3} oF 1.81} wkekct.
2.9, 74, A7l Qlo) A SRR 1F

J

bt
Felorlr o

rlo

_E

o % ‘>4 Olr
(o0

A ue, oy

Y 20
o
)

E -

]

]IN



9] 71% TELUE|E FES Aol F9] A5 AEAH -

# AlZelA Fabrydio] sE2A el na) 518 =9k
L (P005), 5749 A9+ Ziﬂjoﬂﬁﬂ shbro] 5

XA v)3) 518 fro]8hAl =9kTHP0.08). A - St

7] TEUUFIE F5 3 20030 Aol A S o)
T &AMl val L7u) 334HP<.05).

AT} SRt o] e 2 ELHE| =0 7]t

lr

35
FiEeE v st 43 SEXgHo] GAEH | vlg|
Siskor} AWl HE Aa F TEAAHES 5
T AR OR Fg Aol 7} gl

ARAOR B 4TS Fa) 448 F THAYH =

SEE w23 F el fe% Jol7} glof o
o] B Frhil A2 U S goich A SR
& 3AFOE AT 94 FOTZ o] WL A
ol 21 84717] St Aoteet AUEd 3%, Aok
ELE IR P A T AT % W§ AL A
524k SHER 719 ] B 9177} A1 Hojol & 2ol
o}

jur)

REFERENCES

n&

24, et A, HEE F3E A, VAAERE
T 9 M| G 2etE T EE o] &3 7| F A5

3|5 AT ) . AR B 200129 $:28-36.12)

. 3eted Bl =g Adate wE2 7% (LA A|2002-8
). A4 12002,1-114.

1-*d ™. Chemical product dictionary. A]-&

1991:400-409, 1103-1106, 1907-1919

o &, EELEto| = A& "WEZi, 1995:18-20,

o] THf. Eﬂdcﬂo}olzoﬂ r2E ZRAEY 445

&AM B E, 1993,

FEQAN A gk ARk

EOLH] 3= Fn|a, g=rglAyes] |

ol

i

S E A

)

e
1o,

) Oi‘ .
2
e 01
H~l

xaﬁLzJ Jﬂxﬂ @og%%ﬁa%kﬂﬂ E AT, 1995:442-445.

Amerl(m Conference of Governmentd Indusmd Hygienids, Inc.
Air Sampling Instruments for Evaluation of Atmospheric
Contaminants, 7th ed. Cincinnati: ACGIH, 1989.

SR} Ao o3 A9 T EF LS| = F I WAL 3B

American Conference of Governmentd Indudtrid Hygienidts, Inc.
Documentation of the Threshold Limit Vaues and Biologicd
Exposure Indices, 6th ed. Cincinnati: ACGIH, 1991:664-688.

Brown RH, Harvey RP, Purndl CJ and Saunders KJ : A Diffusve
Sampler Evaluation Protocol : Am. Ind. Hyg Assoc J.,
1984:45(2):67-75

Edling C, Odkvist L, Hellquist H. Formaldehyde and the nasal
mucosa Br JInd Med 1985;42:570-571.

Godish T. Indoor ar pallution contral. Michigan, Lewis Publishers,
1991:37-41.

H.Kaser; And - y9sChemica. 1970;53A:42.

Holmstrom M, Wilhelmsson BO. Respiratory symptoms and
pathophysiological effects of occupational exposure to
formadehyde and wood dugt. Scand. J. work Environ. Hedlth
1988;14:306-311.

Kallman JR. Field evauation of a diffusve sampler for monitoring
formddehyde in ar - a comparison of methods. Appl Occup
Environ Hyg 1994:9(4):262-266.

Konopinski VJ. Seasond formaldehyde concentrations in an office
building. Am Ind Hyg Assoc J 1985;46(2):65-68.

Nationa Ingtitute for Occupational Safety and Health. NIOSH
Manual of Analytical Methods, 3th ed, Method No. 2541.
Ohio: NIOSH, 1989.

Nationd Ingtitute for Occupational Safety and Hedth. NIOSH
Manud of Andyticd MethodsNMAM), 4th ed, Method No.
3500. Ohio; NIOSH, 1994

Nationd Indtitute for Occupationd Safety and Hedth. A NIOSH
technical report guidelines for air sampling and analytical
method development and evaluation, DHHS(NIOSH) Pub. No.
95-117. Cincinnati, OH, NIOSH, 1995.

Maak T, Kodama AM. Respiratory hedth of plywood workers
occupationally exposed to formaldehyde. Arch Env Hith J
1990;45(2):288-294.

Occupationd Safety and Hedth Adminigration. Andyticdl Method
Manud, ID. 52. Utah: OSHA 1989.

Robinson CF, Fowler D, Brown DR, Lemen RA. Plywood mill
worker's mortality pattern. Cincinnati: U.S Department of
Hedth and Human Sarvices. 1987:34.

Taylor K. Qudity assurance of chemica measurement. Chelses,
MI, Lewis Publishersinc. 1987;20-24.

3M Company AHIQH 9 S QEA #3545
Guide3720/3721, 19%.

. 3V Air Monitoring





