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##4172230023 : Major INTER-DEPARTMENT PROGRAM IN ENVIRONMENT SCIENCE

KEY WORD : Formaldehyde / Active sampling / Passive sampling
KAEW KAJORNCHAIYAKUL : MEASUREMENT OF FORMALDEHYDE IN HOSPITAL'S
LABORATORIES : ASSIST.PROF. WANIDA JINSART,Ph.D ,122 pp. ISBN 974-03-0016-2

Indoor formaldehyde levels had been measured comparatively by active and passive
sampling method. The 5 study sites were Chulalongkorn Hospital ,Police hospital and
Ramathibodi hospital. The results revealed that formaldehyde levels in anatomy laboratory
Chulalongkorn hospital was 107.57136.15 ppb (for active sampling) and 411.861+162.07
ppb(for passive sampling) ,cadaveric storage room Chulalongkorn hospital was 363.85%
164.94 ppb(Active) and 148.94136.66 ppb(Passive) ,pathology laboratory Police hospital
was 224.991138.46 ppb(Active) and 230.99150.73 ppb(Passive) ,autopsy room
Ramathibodi hospital was 206.5255.87ppb(Active) and 246.49154.68 ppb(Passive)
,Jpathology laboratory Ramathibodi hospital was 206.15139.16 ppb(Active) and 250.81%
39.33(Passive) while the control area (the FT-IR laboratory of STREC) was 13.6311.29 ppb
(Active) and 17.797%1.43 ppb(Passive). The association between two methods are found
statistically significant and the formaldehyde levels were much more than Time-Weighted
Average Standard of Occupational Safety and Health Administration(100 ppb). The results
from questionnaire shown that the most staffs in hospital's laboratory had these symptoms;
sore throat ,eye irritate and headache. Risk assessment indicated that cadaveric storage

room Chulalongkorn-hospital was the highest risk of environment and-health.
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agjuuNug UL anizresatssznanauristnanafuatiaiy DNPH-Coated Cartridges
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H

R'COR" + NH,NHC,H,(NO,), % (NO,),C,HNHN=CRR" + H,0

(aldehydes or ketones) 2,4 —dinitrophenylhydrazine DNPH-derivative water
(DNPH)
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79 R uar R’ \fulalnsiau vize alkyl chain waztfiseninninaudud)izen

N3N (Addition Reaction) Tnaifsnngjrsuatianenudogadstiiaanty (ganan yuezimnne

LazAY, 2535)

mNeTi 2.5 AEnafiuuasainnsifednemeiianlasluennid
28n19 nafusAaaging N13ILATIEN Fesunan
Chromotropic acid : midget spectrophotometry Phenol, other
NIOSH 3500 impinger organic substances
Paraosaniline midget spectrophotometry Sulfur dioxide
(original and modified) impinger
Paraosaniline continuous colorimetric Sulfur dioxide
(TGM-555)
MBTH absorber spectrophotometry
Acetylacetone midget spectrophotometry Other aldehydes,
spectrophotometric impinger amines, SO,
Acetylacetone midget fluorimetry Other aldehydes,
fluorimetric impinger amines, SO,
2,4-DNPH midget HPLC
aqueous ethanol impinger
2,4-DNPH Absorbent tube HPLC
absorbent
OSHA acidic midget polarography acetaldehyde
hydrazine impinger
NIOSH 2502 Reactive adsorbent Gas chromatography
Passive monitor Reactive adsorbent Spectrophotometry
(3M , DuPont)
Air Quality Research Reactive adsorbent Spectrophotometry
Envirotech Moist adsorbent Spectrophotometry Other aldehydes

fAn1 : WHO, 1989
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29  d19anuleaningtad

AkbarkKhanzadeh (1997) Anenisifiusaatanafiianlas faeds NIOSH 3500
ynnsiiudaeengluan uinieuze wis wiady 25 ngudnetng aadarudndunes
Wesdanlanld 0.05-1.72 ppm dauileaiuuningg1y 0.95 £ 0.31 ppm AAsziifseuimeuiy

< o & o \ LA v o o Al & o
OSHA method 52 @vinnaiiusaetie 12 ngu dAtAnududuaeasasianlafiady 0.78
0.28 ppm
= v v o &

Bravo wazmmde (1990) Anmnifunsimanudnduassasianlasnieluaians
2 wisluidies Mexico city #ae@s Chromotropic acid method T9a1ANINIG 2 Wie NszULNNg

] A o ] al a :J/ dld 1 1 dl 1
srUneaNA e uil WiasninNBARNTELILsSUNEeINANR douuied 2 Tufissuuszune

a1nA wusnBunuefiiaalafgandiainiAniaueneaisiis 10 wuaziBunamasfian bas

oA =

ﬁQﬂuﬂ’]ﬂ’]ﬁ‘ﬁﬁﬂ‘%ﬂﬂ?:ﬁﬂ’]ﬁlﬂﬂﬂ’mﬁﬂLuﬂﬂﬂﬁﬂﬂW?MHuLQﬂuﬂJﬂd pollutants AABALIAT

Coyne WazAme (1985) NN sAnELFaunaLian1snsiadnnesian tas 4 35
Anefiu Tmﬂ‘v‘hmﬁﬁﬂm%ﬂuﬁmﬂﬁﬁﬁmmmﬂummuﬁ'ﬁqﬁfm%‘% DuPont C-60 formaldehyde
badge, SKC impregnated tube, polarographic method Laz MDA Lion formaldemeter Lﬁlﬂ
Anediauds Ae dasaanudinde pensdudining AINATVBIFIAATL AINITIAN N1FTUNIUAN
mﬁmﬁﬁluj Wui133 polarographic - fiAnnudadlalunnsnmadn 0.06 ppmasdalus SKC
Impregnated charcoal tube fiAaadasla 0.06 ppmaadalus ewaguudans TWA uas
STEL 73 DuPont badge Aty 2.8 ppmﬁi@%ﬁim 1Az MDA Lion formaldemeter #A31u
daglalun1A9adR 0.2 ppmAedali T9anaazIieNNasAanIia TWA exposure Wwaliifiesma

#1150 STEL exposure

1
[ % a a

Garrett uazAUY (1999) Fimzm@mﬂmmmmm@mmifimﬁLLmuLﬁmfimmmn
nadudanedlailafmeluio. andasawdniisnnisdnen 148 pu ergazwdn 7-14 1 &
53 pudifhulsaAenfunAwIngla uavilssiumestanlasnneluiuilaeds 15.8 lulasniy
FagNUNATLNAT (12.6 - ppb) wudﬂi:ﬁuW@fﬁamaﬁﬁLﬁﬁliﬁﬂﬁﬂ%ﬂq(sensitization)mm
Timﬁuﬁﬁuﬁu wildIfiRnsmendassieniadulsavayiia u?@‘immwﬁumﬂ%%uj

Gavin WAYAMY (1995) AATIINARNNTRMNzauanmadanasTanlasly
ussennAneluenAs  WieuiaulsEAnsnwnnniufaesdnauuy  active  caritage  type
sampler fineiR g impinger WAy diffusive monitor Lﬁuﬁfmﬂ'wﬂfm’]ﬁmfﬁuﬁ@ﬁﬁm’mLmeﬁm

o 4 dl < o 1 ¥ 1 1 ¥ 1o a o a & o 1
Nk 5 a3 Iﬁﬂ%ﬂﬁﬁ‘m‘]_l[ﬂ'ﬂ@ﬂ'}\‘]ﬁ]‘ﬂ\‘]iﬂd'ﬂ\‘iﬂﬂﬂﬂ@%ﬂ@ﬂﬂqLuﬂW@?NﬂﬂvLEi@ rﬁmmmiumqq@qu
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1
a

waznaFen wudnszazna nafLivanzan pe 8 dalne warludeanggniaisieiulinanis
n3aad AR

Godish (1990) mmadnTununafiianlasnianlaasain Urea-formaldehyde

. . a . a o/ ﬁl-dl ¥ v 1 il-dl o -ij ?:/ A I's

resin finish coating aMnuaRAM R IEn1elur iy Wy 5nwe duineees uazmefiaes
#0835 Chromotropic acid en19ANE91ly Chamber luiasilfiiAinig wudr Urea-
formaldehyde resin finish coating A nuanAAual IS Ene ludwduunaalandaas
WesiianlafndAty meaadpfunnmediianlad Wifusnsgauneaiugan winimua( ppm)
ANgeaaNaIadnlanAuEIaniily 0.25 ACH (2.47 ppm) wazAANgATIATIATA1ANANNLEY
anfln1.0 ACH (0.92 ppm)

Hooper waz@mie (1993) yinnisansudIauiiauianisnsiadnnasian bas
Aeluting Imevinnnsiiufaetne 2 38 Ae 1) Impinger sampling method WAY3LATILYAAEAT
Chromotropic (CA-Active) lutinaiaen HuIeu-NTNIIAN A.A.1992 49U 40 WY WLIIAN
dugegawiniu 73 ppm  2) INURAY8EN9A9A5 passive sampler(DNPH Passive) luifiau
woranen U A.A.1993 Tnalineflanlasindfizeiuansninnaensy fiters wdaunwn
AZUAPTEY HPLC Wuaniaaudingegaminiy 33 ppb TeAngadinlivaaasisningd

e y
NR731U Australian Ainnuua il 100 ppb

Kim wazAne (1998) Ansszraunasaan lafninAnsunneaaaniva bosulu
doluaFaudsinieiniamians tnemsagetainilsunas immunoglobulin E (IgE) %78
. . L . = o o =K dl Vo o a & o
immunoglobulin G(IgG) antibodies LWiaLmauiuaInIsraeinan e n lfsunasianlas aniin
Anwunngdaaaning 167 A ang 23.8 T 2.5 T uaznguarunuiiuindnssEasunng 67 A

a1g 20.1 £ 2.8 T wudpnndndureaefianladuiesdfifininiednia JA1 0.194-

o 1 &

11.245 JadniusegnuIAfiums (@ae 8.736 T 3.478 Ha@niusogninariiumg) anuuusey

a
%

prunLdinAndennisszAfeAeInn 92.81defidus waziiiannlua 74.9.efdus Asany
IgG antibody 8.4ilasdus ustling IgE antibody LARINIGG Taiflamudiugiiannisfifia
Aumuazsruun1aiungla way IgE Wlsinaannnisldsunesian las

Lemus , Abdelghani , Akers llaz Horner (1998) Usvifiupanuidesannnis gy
fusanasiTaalasnneluanans # Southemn Louisiana AlAszidae Gas Chromatography nel

v 1

WALFNBENTIIUNA 419 Fivatine AntinuAnenAuaiuay 53 was wudnBununmamadnligega
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g/ g9 91U ANAUNIININTZIUIBY American Society of Heating , Refrigeration , and Air
Conditioning Engineers (ASHRAE) 0.123 da@nfusiagnuiAfums Anlu 74% 2893019usa
atinan g LLa:izﬁuWﬂfﬁ@maﬁﬁzﬂqLﬂummmmmﬁ:mﬂLﬁmsimwumqLaumﬂ%

Liu way Hu (1990) ﬁﬂmﬁﬂwmmmﬁ'@q’mﬁﬂﬁﬁmaﬁiﬂﬂ?mm%lmfﬁ@ﬁim"lu
dszinaau Inefivssteainiuluensuunnismenviievesauluggienuarggmuunn fieds
Active (MBTH) W91 namesiasladieaswindy 0.026-0.043 HAANTUABYNUNATIINAT
arududugegnfiinléie 0.743 fadnfusiagnunaiians uazdnmouzanzidu weitiae
gunsnfusetin nmstlsznevewns nasnlndizemas Aswduuvasindanefianlasnnely

o

a1ANINANATY
Maurizio uwazAtLe  (1990) AN®INI5IAA  volatile organic compounds Tu
usseniAnialuanas tneasaadpan unineINaIan 83 witluglsl wiudnifsuins VoC i
wNA (total VOC) 0.87 Ha@niusegnuisrmms unesfdanlad 09 0.122 Ha@niusie
gnuAfiumg Hansiiatindu U toluene, xylene, trichloroethane HAZANNULILIABLATNNLAN
= a Aﬂl o a
Hewieainisingaiulsanisnuvnalulszann 10%
Miadows Wa¥ Rusch (1983) Anm13an1smsdadanasianias lasAnm
o o a ¥ aal g k 1 [
sraunafian bas by exposure chamber MIYAT impinger samplers WLINNITATIRAU
Wofiian lasluaniAgoaniaimia sulfuric acid Tuasazans 1ulefidius sodium bisulfite Azl
= ] o v e @ o , ) . ¥ o | =
ANHIANETNINNIINTAZIRALAEATATANE 11ladidius sodium bisulfite lutinieatinaaen

Molhave , Dueholm W&z Jensen (1995) AnmiAdnuiAeNAugan WALy

1Bunuefilan lasndandassaananninesiiwes nanisansnls Chamber wuqn background

fiSunouesTaitlad 2.841 7lalmaniudegnunaiiuns erdweiaesldly Chamber udn
maadaliiilu 112 Tulasniusegnuiafings uazuasaineaull 8 4ilanif tsunnunefianlas
WaaWen 50 TulAIniusegnuIATINAS UATAINNNIATUIUAINLLLATADINLIS1LFHN
efiTarladlasdetaonaininesieslifinararanuidaslunnainuzds

Natasa (1990) Anm3susunisiusiestinanesiantas Tnsldfiafuwy

Active WAL Passive Ia8NN9NUAIaEN9A2803 Passive WA 1 91 049 4 S way 7 Ju dou

3 % ]

3% Active nnnaAufaasailunatfians 24-72 49lde NANITILATIZWNLLN RN

o Y

c o a s dl ac . [~ o 1 1 1 dl 2
W'ﬂﬁ‘ﬂ@ﬂiﬂﬁ NMIRdAAIEAs Passive uan 7 U 13JLLI§]ﬂG]WQQ’]ﬂﬁ’W]1WQWﬂ NATINUBN

Bunasianlas MAUTwaT 1, 2 1avd J4 LATAMNLANFAINIZUINNNIINLLLL Passive
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fu Active TaennsuBenflenioanafuaetnesiumadn nsfusednsdaeda Active 1A
gendnedeliedAnyneats  andunaniusiedng 1 A WLANBRETRIANHUAN AN
AaudnamnidienRaufieufuAn Standard error %amaﬁmmamn boundary layer formation
909ANNEIANTARMTNRANNTN 3 URLAsHEAUNT

Noble, Stang a2 Michael (1993) sinnnsAnmitenAanisnsiasanesiian las
1'7immmm%m§uumm firRaUnaeAT=NANNIRIL TWA(Time-weighted average) uas
STEL(Short-term exposure limit)#ia¢2d Active Laz Passive Tnevinnnalfusesnaianun 11 33
Wu3133 Drager , GMD , NIOSH 18z OSHA wirzasfigadviunaifiumetneiianadudu

0.3 ppm NalAaniay STEL

]
aa

Salthammer WAZAME (1995) ANEINAL898N122aN1ANYTUENANTN NNAsS
sedunafTanlas Januiviaen Laztinuwnende faustl A A 1986-1993 47191 252 Faating
TnedneBansiasFeuiasannissangiins wiaadniadeidenasiotFunnmefiaslasidiu
SMIMeTELNeNNAlRAE 036 h' fqmmﬁm?{ﬂ 22°C uavANIuduTNSiann  45%
Pannleftailadiade 119 lulpsnsusegnuiefiuas fida 80-136 lulasniusegnuisriung
ﬁ"iﬁﬂd’]mmgmmmLﬂmﬁuﬁﬁmumiﬁi 128 lulnsniusiagnunAriums

F17l \na3ty uaTnIiNg 1e3tydd (2539) ATIRGUNINAUINUITUIU 278 AUATN
Ta9u1S8R 1415T0 viannnafinpndunlaus-vesiaslas Sauausuiw 129 Awitesanny 46

Arainsineaiulsaniedumsaladuiiasiainnisgasuien lazeswe fiian lasnnmadnau

1 &

dinduldilszanns 5 Faaniusagnuiaiiuns(3.3 ppm)dinlil uanainiilunisasaguninauenu
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WANANYIEUINg 25-40 T Fenineuetlulssnudenanldwe funauuntssunn 520 1 wud

{ é’v = = a A 9; o = dl
AuUaNHIndaNsan A ienisseAaedn wannadulsean uariiloymluizes
VBINITNIIFA

At ATUsTidsgay (2540) “mmaadeeidanlaflueinianialuennisinylivie

[~3 o 1

ussqsngaturinvedudy Tnafiudetneennaannienesdnd NATNTRNaT WeaNNa num

ADUEITHINAINEUAPIIAINIAINNANENAY  wasTiaaiuaNsial  NATIAN AEANEN
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UfnN3en19iAnee4 Bisulfite 1l Aldehydes uaz Ketones
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lundnnisesianisnsaadauuy Active UjisennisiAnaes Bisulfite iU Pi bond 294

carbonyl group @4 Sodium bisulfite 1 a3 a1 1699 aldehydes uaz ketones 1fin

\luans organic sulfite HAaNFaza1etinld I9annsoueneanaInans ilazaeinaula

waneLfiFaN2es sodium bisulfite iU aldehydes 1ae ketones Assialilil

SO,H
R-C=0 + NaHSO, T » R-clz-o’

'L 'L

SOH SO, Na'
R-c::-o‘ b Na —> R—Cl)—O—H

L 'L

Tne R uaz L An lalagiaw 1138 alkyl chain

Uisen9e19ng aldehyde A Hydrazine 1aLauNugy8e Hydrazine

Wunannn91e9n13m99a9m LI Passive MIN13N13aenSeds

Hydrazine Hgmaiilis NH,-NH, @uiusue3 Hydrazine AZiinnIsunuiiaes group au|

Aenutsaadlalasiauasnan

R-C|)=O + :NHANH-Y ———» R-C|)=NH-NH-Y

Y

0N Y ='H (Hydrazine) L =

= phenyl (Phenylhydrazine) =

(2,4-dinitrophenylhydrazine)

OH (Hydroxyl Amine) =

2,4-dinitrophenyl =

L

H (Hydrazine)

OH (Zemi-carbazide)
phenyl (Phenylhydrazone)
2,4-dinitropheny!

(2,4-dinitrophenylhydrazine)
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Tunsaiilisnanlaanizljisenaes  2,4-dinitrophenylhydrazine ilasainansipisag

ANnIngatienanwniues aldehydes uaz ketones 6
2,4-dinitrophenyl hydrazine #gmsiilu CHN,0, uwardgnslassaiesssialili

(mmz@ﬂml,mﬂummwmﬂ n)

0

3\

N
0
\Ha 2,4-dinitrophenylhydrazine ¥i1fjfisenmiyl carbonyl group (-C=0) 124 aldehydes
Wia ketones LARBYWUS 2 4-dinitrophenylhydrazone diiluansniauasliazanaluin
ayRutaAINIIINTeY Aeuazin luiials auiugaas 2,4-dinittophenyl hydrazone usiazsinazil
qavaaniadwanseiy amnsaldiiudatsdenansnizesasayiususaz o ld

uwanaLliisenues 2,4-dinitrophenylhydrazine iU Aldehydes 138 Ketones fdstalilil

5 I
C=0 + HyN-NH NO
R

04N

1
{
i R=Hor anaikyl cham

c \
"C=M~NH—@NQT v 0
i NS =

2 —

rr.
O,N
2,4-dinitrophenylhydrazone
dffrentianaldaniniidunse  deyiusndauinlug Anoaluanareudiegs

A Ay 1 A 1
@;mm@ul,umqm,ml,ﬂummm (RANDDUNTDLANDDU)
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[ > [ ¢ o ol S v aa .
Mﬂﬂﬂ”l%‘[ﬂ%‘@“ﬂﬂw’ﬂﬁﬂﬂﬂ‘l‘aﬂﬂﬂﬂ')ﬁ Passive

o o a Y ac . v 1 Ly
nsngaadinnafiian lafsaeis Passive Inald cassette auAEUNALENAN
37-mm Geiluilgesniaiudaetinauazdnnziisinetneinann Levin(1985) uaz Gillett(2000)
e Sampling rate @un3nAUIUlAaNn Fick's law anNNWANING® (A) (cm”) uwazAn Diffusion

parthlengh (L)(cm2)

Sampling rate (ml/min) D(A/L) * 60

Tneipn Diffusion coefficient (D) dmiuvladianlas arnsnAuanliaingns

\/ M1 +M2

D= 0.00837 * T * \ M, * M,

1/3

P, +V,”) * (1 +C/m) * 1000

Im&l‘ﬁ D = Diffusion coefficient (m2/s)
T = Absolute Temperature (K)
M, = Molecular weight of air 28.96 (g/mol)
M, = Molecular weight of formaldehyde 30.026 (g/mol)
V, = Molar volume of air at boiling point 33.082 (cmS/moI)
v, = Molar velume of formaldehyde atboiling point 36.842 (cm’/mol)
P = Total pressure (atm)
C_ = Sutherland constant FaAnuanilfaangms

13 )3 .

c= (2yVv,” "y, JC, *C,

1/3,3
)

: (V17/3 + V2
T4 ANAST C, way C, aunsnvnlfiann A1 absolute boiling temperatures : C, =

1.47*T,, &FURNIA T,, = 78.67 K, C, = 1.47*T,, A miunaidanlas 7,, = 253.95 K
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3. WiuAI9t9Aaeds Active TmeManImsgIu NIOSH Manual of Analytical Methods
(NMAM), Fourth Edition, 1994
4. \iUFeeNasa8A3T Passive Sampling
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3.3 nswasizndsununasianlannqeds Active
A8nN19m1admAdiNN1IAIN NIOSH Manual of Analytical Methods (NMAM)

3500, fourth Edition (1994) Hdunaunisnaaaalasdaiulsiatl

asLall

1. Sodium bisulfite (NaHSO,) (CARLO ERBA) 1% (wizeinludvndiani)
Chromotropic acid (Fluka) 1% (wizaislusinndiaii)

Formaldehyde stock solution 1 mg/ml (1s7e/dan formaldehyde 37% , Merk)
Sulfuric acid (H,SO,) 96%

Sulfuric acid (H,SO,) 0.02 N

Sodium hydroxide 0.01 N

Sodium sulfite 1.13 M (gt luyna3enld)

© N o o b~ w N

Distilled, deionized water

1. Glass bubbler impingers

2. 37-mm filter cassette with 37-mm polytetrafluoroethylene (PTFE) membrane filter (2 .Am
pore size, Wattman)

37-mm Glass fiber filter (5 lLm pore size, Wattman)

Personal sampling pump (Gillian) 0.5 L/min with flexible connecting tubing
Spectrophotometer(HITACHI 220A),.580 nm, with cuvettes 1-cm

Volumetric pipettes, 0.1-, 0.2-, 0.5-, 1-, 2-, 5- @ 10-ml

Volumetric flasks, 10-,100-ml, wag 1-L

LATANTY ANTNAZIALIANATEIN 5 AIWALL

© ©® N o g &> O

pH meter

10. Burette 25-ml

11. Graduated Cylinder 25-ml
12. Water bath

13. Magnetic stirrer
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o A 3
mmmwmmgmﬂmmmim

1.
2.

WTENATATANE Stock formaldehyde solution 1 mg/ml (@ NNTauAL IR 3 1AB)

Standardization of formaldehyde stock solution

2.1 14 sodium sulfite solution 1.13 M (Lm??;lﬂm\inﬂﬂ%\imgﬁ)

2.2 15U pH Tipgiszidne 8.5- 10 faansavidaiua udaTuninen pH

2.3 1Au formaldehyde stock solution (pH %Lﬂ?ﬂlﬂuiﬂ)

2.4 151memmm’miﬁﬂﬁuumﬁm pH 1ax (ludia 2.2) el Sulfuric acid(H,S0,) 0.02 N,
ThFiniBunounsaiild (ManAn endpoint pH ul] Wlamsnndudag sodium hydroxide
(NaOH) 0.01 N, TufiniGananuanld)

2.5 AuANIdNdUaas formaldehyde stock solution, Cq (mg/ml) Angme

C, = 300NV -N V)
VS

30.0 = 30.0 g/equivalent of formaldehyde

N, = normality of sulfuric acid (0.02 N)

V. = 1Bwunos sulfuric acid A4l (mi)

N, = normality of sodium hydroxide (0.01 N)

V, = 1Bunn sodium hydroxide fldlawmsnnay (mi)
Vg = 1/5u10u formaldehyde stock solution (ml)

NITLALARALINY

Usznautm impingers 2 Aatdaaeiu tneusiay impinger s sodium bisulfite 1% (25 ml)
\TaNAasael flexible, inert tubing

Uanefuniless impinger @anfafae filter/cassette uazlana@nsiuaes impinger siariu
personal sampling pump (PTFE filter %mﬂﬂmﬁuﬂumﬂmﬂu@ﬂﬁ%@umu) megﬂ‘ijm
=3 o 1 v ac . [ % dl

NUAIBENNAIEAE Active ﬂ\‘]gﬂm 3.7

calibrate personal sampling pump fegRsINNTIMa Uszanns 0.5 Lmin
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5. iudaeteenialaassn impinger lunniwsnzan (Uulfzgeldaingn 1 wms, wean
uriaeineas 30 LIUALNAT, UAYDE11NATN potential source)
o o K % [~3 o 1 o 1 o K 9 o dl

6. vnstunndeyalunisiiusineing uansaeteuuuTunndeyafagln 3.8

7. Waufiet1agiadeuies tnedanrazangfiaagnean impinger(Glass bubbler) 1dli low-

density polyethylene bottles Wan1TlAaauENe

¥

7N 3.7 gaiusinetinesaes Active

9171 3.8 Spectrophotometer (HITACHI 220A)



A o o =2 v @ o |
gﬂ‘w 3.9 AIBEWLLLLUNNUBHANITINLAIDLN

Formaldehyde Sampling Form

Name: Date: /
Sample # Sample #

Pump flow rate before use L/min Pump flow rate after use L/min

Time pump on Time pump on

Time pump off Time pump off

Indoor Temperature Indoor Temperature

Indoor Relative Humidity

Indoor Relative Humidity

Outdoor Temperature

Outdoor Temperature

Outdoor Relative Humidity

Outdoor Relative Humidity

Location:

Detailed description of formaldehyde sources:

Location:

Detailed description of formaldehyde sources:

NN9LFITEINF LN

8. dntFuuanrazaamiednaluusas impinger WAALUANLTNRIIRIANTAZANBAN  front

impinger, V, (ml) las backup impinger, V, (ml)

9. thdmarsazatufneeinani 4 ml AN 0.1 ml 1% Chromotropic acid

10. 1N 6 ml conc. H,S0;

=

1 v
11. WiAruFaun 95°C w1 15 w9 na e

= a v
Neuuivias

12. 9N19mAN Absorbance fagliAsad Spectrophotometer 71580 nm

wansgLlansazantfnatinaiinAuas Aagiln 3.11

ﬂ??@@ULﬁﬂULLﬂxﬂQU@N@mﬂWW

13. LFseN Calibration stock solution TasiszeAINdNdLy 0.1, 0.2, 0.3, 0.7, 1.0 WAz 2.0

a

lulasnsupaanans
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14. \Ris 1% sodium bisulfite UiuiFunmsliusiazqndiEunnsdu 4 Jadans

v 1
15. HMNNTAATILARAINTURAUN O — 12

a aa

16. %11 Calibration graph a7n A1 Absorbance Uag g 2184 formaldehyde fialanamns

R
v

R s

31N 311 Mafedresansaraiesinating
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17. ATUIDL mass, g w89 formaldehyde IAIUFART impinger, M, (front impinger) waz M,

(Back impinger)

18. AuIANIdNTUIes formaldehyde Tuane, C sinegns

Tnei

-

< £ £ @)

Vv

M, + M —2M mg/m’

R
B

IC

= ANt uanseflan lasliaania (mg/m’)
= mass of formaldehyde in front impinger (LLg)
= mass of formaldehyde in back impinger (LLg)

= mass of formaldehyde in blank (LLg)

= 1311R981NIANNINNTFAIAT A (L)

= = < T
Sﬁ\m@mmmewmm:mﬂmmgmmmmgﬂm 3.12

14

06

04 -

Absorbance@580 nm

0.2

y = 0.5816x + 0.0872

R = 0.9986

05 1 15 2 25

¢ Abs. = Linear (Abs.)

7 7
AAMNEANTLS

(lulasniusenanans)

7171 3.12  nevesasazaRIgunesiaRlasnnIadnAaedE Active
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3.4  msaAsizndsununasian lannians Passive

asLAdl

1. 2,4-dinitrophenylhydrazine (Fluka) (recrystallized foe 4M HCI 2 ﬂ%ﬂ)
2. 2,4-DNPH Coating solution l#3eiuann

- 2,4-DNPH-HCI 900 mg #x 1.7 ml conc. Phosphoric acid

- @aansliiiilu 100 mi fag acetonitrile

Methanol (HPLC grade, Merk) 55% in water

Acetone (Merk)

Acetronitrile (HPLC grade, Merk)

Distilled, deionized water

S L R

Nitrogen gas

pispaile

1. 37-mm filter Cassette with 37-mm polytetrafluoroethylene (PTFE) membrane filter (2 [Am
pore size, Wattman)

2. 37-mm Glass fiber filter (5 LAm pore size, Wattman)

3. High Performance Liquid Chromatography (HPLC, Shimadzu LC-3A) wian Detector

(LDC 4100) waz Integrator (Shimadzu CR-1A)

Column LiChroCART © 125-4, LiChrosphere® 100 RP-18 (5 Wm)

Volumetric flask ; 1-, 10-, 100 ml wag 1L

Volumetric pipette ; 0.2-, 2- LAY 5'ml

Test tube 16 ml

Water bath %78 Ultrasonic bath

© ® N o g &

ihnAvlansunay, gedy



nsAszflnepsad HPLC

anaznldlunsmsest

[ %

ARAN

=

® ®
LiChroCART ~ 125-4, LiChrosphere = 100 RP-18 (5 llm )

WAPAAUN  : Methanol 55% #a 11 45%, isocratic

WPradngadn ;- aand alalaiAdNeg1AaU 365 W TWNRg

fR9N17IMA 1.0 NARAATAAUIN
AN I N9t mTien © 6 U
13u1mIN1sansaasing - 10 lulpsams

NN2ANUIANN NN D SRR beis

HCHO

Ipel  HCHO

7/ =
\V =

HCHO,

T g »n -
|

Z*V*HCHOE*R*T’WO9

3* DR

AN N NTRINaFIaR A luLI98NA (ppbv)
air resistance (m)

1Baraed Acetronitrile TdaRANTzA" N2 (m?)
AN UIRaWesTan Las lusaating (mol/m”)
AnpsTirasfng (m’ atm mol’ K)

U (K)

222 MINITIUARBENG (S)
AdusLANEANTUNG (ms™)

ANNALLIIENTA (atm)

43
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AN air resistance () aAnxnsnAIlAAINgAT

air resistance (m’) = LR

Tmefl AR NuNMEnfnaed cassette (m?)

LR = ANEINUDY cassette (M)

ﬂW?LM?ﬂN@’]ﬁ‘ﬂtﬂ’]ﬂN’WﬁE’}u Formaldehyde-2,4-DNPH Tmﬂ%mmmwmmgm

a

Formaldehyde-2,4 DNPH 100 lulasniusefaaanslis acetronitrile 189155 SUPELCO INC.
Lﬁ@ﬁﬂﬂm‘?‘ﬂmmv@mmﬂm

1. Lm'??ﬂmﬁﬂmmmmmmgm formaldehyde- 2,4-DNPH 100 LLg/ml 4 acetronitrile

2. wiranlidandndwilie 01,02, 0.4, 0.6, 0.8, 1.0, 5.0, 10.0 uaz 20.0 pg/ml

3. YINALAITIsNeILATEY HPLC

N133LATZRARELATRI HPLC (AMFURNIATATLNIATFIN Formaldehyde-2,4-DNPH)

a1z 9 luns3 A
ARANI : LiChroCART = 125-4, LiChrosphere® 100 RP-18 (5 Um )
waaauit . Methanol 55% sl 11 45%, isocratic
F3aaR39adn  : UV-detector i 365 nm
fnsnasiua o 1 AadARIAaUNT
Tl N o amiien 1 2.6 WA
13N1RINITAAFIBENS . 10 lulasdng

\HeTLAIITVNALRIANTNINTF N Formaldehyde-2,4-DNPH wdalinsmunmsgaumangilf 3.13
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800000

700000 y = 36592x + 6065.7

600000

2
500000 R =0.998

400000

Area

300000
200000

100000
L7
AIMNETNTL

0

(lulpsnsusalanams)
0 5 10 15 20 25

& Area = Linear (Area)

7171 3.13  newleesansaza8uImTgI Formaldehyde-2,4-DNPH

TsunlnunsuaeddNsazaten1nsgIu  Formaldehyde-2,4-DNPH  wansldly

NANUAN A

= . dl o/ o = o
N12LATEIN passive sampler WWanaianNafian L

1. MNANNAYRIA cassette Vlﬂﬂ%ﬂﬁ‘ﬂusﬁ\‘l’m

- iaAqE Acetone LAz Methanol NaNAUEeRdI 1 : 1

- whlsuiesag Nitrogen gas wansdaudsznasans Passive Sampler éﬁgﬂﬂ' 3.14
Coated N9eAENIBIFIE 2,4-DNPH Solution 511613 200 L

WhnseAHnsaY# Coated dael 2:4<DNPH Solution wda b usiedas Nitrogen gas

' Ao Y
‘LI??"’}SL'& Cassette NMNIANNALAIALLA

o A DN

Taniinsassiavay Cassette Nnsasiasa parafim

a o G o oy Y a a R qyd gy @ .
1999 Cassette NizaniadaFaviaaudalugedu UantinliGauias 1iuldlu dessicator T

o

=)

PRy a o |
NUYUUNNRAN LL@ZiNI@uLL@Q

k1l
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71 314 doutlsznauaey Passive Sampler 1 lwn334e

o . =3 o/ 1 o o v a oa
n19tin passive sampler iiusge e fianlasiuaniAnie lueslimnislulss
1 = %’/ o 1 é’
WeNLUNAsineT Hdunaudasialiliy
o . dl al = % % a a
1. 11 passive sampler NFATENEELTRELAYRANNIANYTL (HaNdauLuesn
2. MNNN3AARN passive sampler ALl Active sampler Inennsagvinaiulszans 30
MURANAT (WaTla9iuNITIUNAUTIAIULAZAY)  LATANAAFIANNUANNITAENAUAYU Active
sampling
3. ynnafiudnetranfentiuindeya Meazidenluniaiufnesnasall
3.1 MUNELATA22ENe AUNNINN LR8N 40 1UNANINN9ALFeENg
3.2 ANENLATRUGANTALAIBEN
3.3 Indoor Temperature
3.4 Indoor Relative Humidity
3.5 Outdoor Temperature
3.6 Outdoor Relative Humidity

3.7 Maazdganaaiuuasntianafianlasnieluias wazan nuasannaluia [

\Aeril Active sampling
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n2aiAfIatiNYaanaINNILANENIadiatn I AIAIifaeLATas HPLC

v v
NN9ANAAIALNNAaNAINNILANENIaIRTURaLAIsa Tl

1, vhnsyaensesdildannisifusiedndldaslumaeananes

2. AN Acetronitrile (HPLC grade) 3 ml a4

3. ailldlu Ultrasonic bath iielWinnsariniinatneauysafifunan 30 und

4. thanrazaneiild (@1sazaneidmdedls) lWAAmsiEnATes HPLC &ae

annzinann ldudadnesiu

uansglansazaneNaineanaInnIzAIENges et liAinseidaairsas HPLC Aagiyl 3.15

dl o 1 dl o
gﬂ‘V] 3.15  ARHNANTACANLNANARANNNTIEANNIAN
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gﬂﬁ 3.16 High Performance Liquid Chromatography (HPLC, Shimadzu LC-3A) EGH

Detector (LDC 4100) wa¥ Integrator (Shimadzu CR-1A)

NN3LAEYTRYANNATH

1
L%

1. WRaumaiFununesdan lasan lFainni19nadaiedadns naANEduRNussne  Linear

regression

¥
2. uhsunupnudniusssndalTuunefianlafiuguugi  AvNTWANMS waznng

srungaInANe uan ULl UIRNNg Aeats F uas T-test

a _ A 9 9y a oA
35 malsziiuanuasadanadeuvesnealjiianslulsamenna

a dl AI b2 a dl o A a
RS AT L P LN T Kt KT T Yo R T R PR AR R I IR TR T IV B 6

1 dl a o SJQI % a dl A a al dl :J/ %
nasnsneiasinavinlidsndeiianisden nsuvisalianisgoyde T9NiafugININTes
yaraneglugsnndantiugog  lunisddaaisidaulsiawlane  Bunnmesiian lasnialuies

TuesdiFns wazernadueefifinainnisldiudndanefianladueaduinnndfimam

TuriesdiiRnas
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A Y o = o o A A
l!UUﬁ@Uﬂ'lllﬂflﬂﬂﬂullutﬂﬁﬂua']ﬂ(ﬂ'Julﬂlﬂf]'gﬂUﬂ'lﬁvn\ﬂu llagiﬁﬂﬂlﬂﬂfﬂﬁlﬂﬂqﬁ

%1971 81989910 NIOSH (Indoor Air Quality and Work Environment Symptoms Survey) Fauaaal3

9
Tumawuan v Ideya Tneduvldsae lil

1. dayavialil

3.

4.

5.

6.

B1E] LA
4~
AnUNLNA

dl 1 o/
Aanunatilaaiivg

kTl 9

=

FLAUNITANS

v o a £
Andiasanigludnu

o

- dayaneaiuan Uiy

o o A o o o o A ' v d

sggznalumshay Gwandlinhon , Siouss Tuehauedededia

o v o " o J
, Sriuihauaediant)

o dl o o ¥ 3 o dl R4 o ! o
ANHOTANIMNINI (ANmieeinany , Auouauiddeainenudoniu

i A Y Y o

AYNAZBNALBNADN LTINS, nEdenneluiesineu , nslasuulag
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PANNINIU TN UANNIALNAIUIARAN NTURAUAIT
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1. Classify work activities : HlunnsdngaaidiassneaiufiangsunnaTuluan untiu waaLia

dudseinn uazansuzaasiangsu

, A o = = X = T v
2. l|dentify hazards : ﬁ‘:‘i_qu,mmmmLL@zﬂizmm@\mum’mmwmmmﬂummumuu TAINVNABN

= o A
NIUDNUTUIULIAIFUATILUAT RS

1
a

3. Determine risk : szyfladenAeasingiinnuy

1
al

4. Risk assessment : NMN1712 L HUAHLAEI

[ Classify work activities ]

:

[ |dentify hazards ]

:

[ Determine risk ]

;

[ Risk assessment ]
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uny 4

HANNSIABUAZIATIZUT DY

a o o dw v =& = a a aa o
AdseiuiwiunsAnelFeuiisudss@nsnanaeadinisnaadnlTuan
Wasanlaffnaeds Active uaz Passive luipstlftifnisniednialulsesmenna sonnewug
Winaudassan1analsanaaiuniaumisglanataduiiiaanainniglasudutanasianm las
o dla/ 1 o 3 =K z:i % 1 o
NN LU UNFINA19  AatuRansAnEnteazutade 1) wan1emadadinnn
Wasian ladanniesdJiRn1se 5 fias Lhun desnaanuaziesdfimnienietnim lsaneiuna
qrinaensal |, WesUfuRn1snes  Ianeunaniea vednsaAnuaztiegliRn1swens
T2NENLIATINIBUR  2.) NANATUFHUALLANNENANUEIZUINNTNIIRTARQEAT Active WAz
Passive 3.) NANMTFELMEUANNANRUS 29 B HunasiaR laANnIIadnsaeas Active
AutladefdanansenusalBunuafian lasninls s nnadlevte lWdawean waznaidlavze
Tlillarrasnansasadis (Fume filter) 4.) isziuarui@ssszudniliununafian lasuazise
ai % a dl A dll Yas o o ca 6 v v dlai a A
naanunpumiglanenaduliasnainnislasuduianasda s lafaaadusinindgimeauly
ADNUNAINAY
HAN1IMRs AL SN INeTIAR laAReeAE  Active WA Passive Lanalumnang

allai o =2 2 o glj
WENANNANTUNANINIANEN TANAsT

41  wan1sagnlsuIuNasNARLlaAMI89E Activel@s Passive 0 UAIADIAN

TsanenunaqWiaInsal

]
1 o

o o a & o Y as . = 1
N@ﬂ’]ﬁ‘ﬁ]ﬁ")@%ﬂlﬁ‘ﬁdﬁmwﬁﬂﬁ‘ﬂﬂﬂiﬂﬂ AMNNTATIRNIAALUIT Active UAIFRNZALNN

q

iU 179.55 ppbgaanwiariu. 680.85 ppb AnluAnadeuacAdavuunsgaw 1l 363.861

'
ISP o

164.95 ppb. druiBununasiianlas AINn13RaTAMILIE Passive HANANGAINTL 236.55

ppb @9gAWInAL 724.57 ppb ﬁmﬂuﬂ'ﬁLftﬁmmmmﬁmmummﬁm il 411.861162.07 ppb
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Number | Sampling Date 133104 HCHO(ppb)Active 133104 HCHO(ppb) Passive anne’
1 10.01.44 255.47 304.13 1
2 10.01.44 240.16 305.69 1
3 10.01.44 231.58 298.56 1
4 12.01.44 218.46 278.46 1
5 12.01.44 214.57 270.58 1
6 12.01.44 262.64 311.23 1
7 17.01.44 304.13 351.79 2
8 17.01.44 S’ 387.16 2
9 17.01.44 307.17 364.27 2
10 29.01.44 179.55 249.89 1
1" 29.01.44 185.25 24213 1
12 29.01.44 183.10 236.55 1
13 06.02.44 259.32 301.25 1
14 06.02.44 27711 314.22 1
15 06.02.44 224.27 260.12 1
16 14.02.44 640.22 689.86 3
17 14.02.44 677.00 722.65 3
18 14.02.44 610.23 665.46 3
19 19.02.44 675.66 719.13 3
20 19.02.44 680.85 724.57 3
21 19.02.44 667.23 712.24 3
22 22.02.44 432.15 458.70 3
23 22.02.44 406.27 441.14 3
24 22.02.44 447.59 492.26 3
25 23.02.44 362.24 403.01 2
26 23.02.44 324.15 365.09 2
27 23.02.44 328.33 368.97 2
28 27.02.44 358.65 397.87 2
29 27.02.44 306.15 335.05 2
30 27.02.44 343.12 383.66 2
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ANN9T' A ANN9ZBIRRIIUENNNTIN L8N

= a = a o A a a d;
1 N80 annzind N3 TlaRnaN wFananssuiLALDL
2 P an1nzUnf wARnN T aRmnaN
.ﬁ o m o - oA g A%y o
3 N0 ann2ldlin® Inaitlainan waznanssufidsaulunilsunniswanan

= p % ax a
WBMIIAUNIELAT hazn1AdautnsAnllUssnauRaanana)
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7004 R=0.988 _
o
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500 d
~
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o
~ 400+ &
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= o
E_ (=]
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oy 3004 o
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& 200 _ _ ] d _
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Active Sampling (ppbv)
dl o/ [ 1 o o‘d‘v % aa . .
i 41 e nduiusszndBuuneianlaandnlaainas Active uay Passive 189

b4 e
NAIABIAN INW%I’WLI’W@”’!WW@\‘m?m

42  wansnsadnlEununasianlanneds | Activellaz Passive nd waslfiinng

nzina Tsanenunaawiasnsal

'
I o

HanTgRsIadnEununesianlasn annisnmadasaetd Active HANANgALYIN

AU 55.87 ppbgegawiniy 174.65 ppb ﬁmLﬂum"]L@Emm:ﬁifuﬁmmummgm W 107.57%

36.15 ppb @duilFununedianlas ann19msadnmis PassivelAAgainAL 97.61 ppb

(-

gegainfiu 215.33 ppb AnwdluAnafauazAdeuuninggu i 148.94136.66 ppb
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Number | Sampling Date 133104 HCHO(ppb)Active 133104 HCHO(ppb) Passive anny’
1 10.01.44 174.65 215.33 1
2 10.01.44 165.25 206.12 1
3 10.01.44 170.26 211.47 1
4 12.01.44 137.16 180.67 1
5 12.01.44 159.05 200.40 1
6 12.01.44 161.26 196.75 1
7 17.01.44 134.06 164.26 1
8 17.01.44 144.02 180.46 1
9 17.01.44 113.32 185.14 1
10 29.01.44 69.25 117.24 2
1" 29.01.44 83.03 118.48 2
12 29.01.44 70.90 111.05 2
13 06.02.44 101.27 145.65 1
14 06.02.44 108.08 149.54 1
15 06.02.44 116.14 150.63 1
16 14.02.44 111.25 145.55 1
17 14.02.44 107.22 151.23 1
18 14.02.44 102.34 144.18 1
19 19.02.44 129.34 174.97 1
20 19.02.44 121.09 162.98 1
21 19.02.44 109.46 153.48 1
22 22.02.44 96.59 140.63 2
23 22.02.44 85.96 133.07 2
24 22.02.44 76:10 110.45 2
25 23.02.44 68.48 112.99 2
26 23.02.44 63.08 106.50 2
27 23.02.44 57.65 99.85 2
28 27.02.44 74.61 103.50 2
29 27.02.44 61.50 98.02 2
30 27.02.44 55.87 97.61 2
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1 PHULD an1nzUndtlaniingng ldAnstlawnan 1TenanIsNNLALD L
2 P an1nzUnddlautinpauazinatlawaan
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Active Sampling (ppbv)
71N 4.2 pNANARSITdWT i unesian lasndinlaanndd Active uay Passive 189

£ a ea a -
M@Qﬂ{]ﬂﬁlﬂ’]ﬁ‘ﬂ’]ﬂ')ﬂ’]ﬂ Iﬁ‘\‘lWﬂ'ﬁ.ﬁ@’ﬁW’]@\‘lﬂ?m

43  wamsmnsaadndSannnasianlannqeis  Activelaz Passive t waslfjimnng

WeNE 199neNuIamAngaa

!
1o

nanTsRgadniiniumasianlas anniInadasaent Active HANANgALYIN

il 102.26 ppbgagamniu 623.27 ppb AnuAnadsuazAndesuunnsgw lu 224.991

62.59 ppb dauFununasianlas ann19nmadnmaeds PassivelAANgaWinil 144.65 ppb

1 o

4egaWinfiu 362.30 ppb AndluAadauazAdeUuNIngu u 241.33163.57 ppb
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paeii 43 nuesiiadlad o VL IFENNINeNE Taaneunanisae
Number | Sampling Date 133104 HCHO(ppb)Active 133104 HCHO(ppb) Passive anny’
1 09.01.44 205.02 246.67 1
2 09.01.44 170.64 213.85 1
3 09.01.44 181.85 251.43 1
4 11.01.44 172.85 222,68 1
5 11.01.44 121.08 162.67 1
6 11.01.44 132.88 189.48 1
7 15.01.44 110.55 164.81 2
8 15.01.44 106.23 154.56 2
9 15.01.44 103.84 144.65 2
10 19.01.44 102.26 145.39 2
11 19.01.44 120.05 165.95 2
12 19.01.44 108.62 149.60 2
13 23.01.44 200.54 252.09 1
14 23.01.44 191.07 232.89 1
15 23.01.44 185.04 219.43 1
16 26.01.44 272.85 319.56 1
17 26.01.44 221.10 270.44 1
18 26.01.44 232.15 274.10 1
19 30.01.44 302.26 358.13 3
20 30.01.44 323.27 362.30 3
21 30.01.44 291.72 349.95 3
22 09.02.44 188.51 226.56 1
23 09.02.44 204.94 240.82 1
24 09.02:44 197:35 241.05 1
25 12.02.44 241.00 289.90 3
26 12.02.44 265.74 309.13 3
27 12.02.44 259.62 301.18 3
28 16.02.44 215.92 277.48 1
29 16.02.44 208.93 250.96 1
30 16.02.44 212.04 252.20 1
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4NN AR ANN19ZBIRRNIENNNTIN LR8N

= a = a) o A a = dl
1 PN an1zUnd NN TlaReaN FenNansINNLALDL
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9 43 anuduiussudasiunnesianlaaninlaainds Active uay Passive 189

el iEn1INeng laeneu1aniaas

44  HANISATAIIALTNIUNDSNARLEAAIEIE  Activelds Passive @4 WAIATIAAN

199NN UNRFINITLA

'
1 ©

o cao = - o v ad | = |
nanTsmIgadniiniuasianlan annisnmadafaeng Active” HAANgALYIN
Al 121.17 ppb gagaLinfy 329.47 ppb ﬁmﬂuﬂ'ﬁL@ﬁmmzmlﬁmmummgm vl 206.52%

|
S o

55.88 ppb @autununesianlas aannisasadnmagds Passive HANANgALINTL 165.32 ppb

1o

494NN 366.08 ppb ﬁmﬂummﬁmmzmLﬁmmummgm 1w 246.89154.68 ppb
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AT 44 1Bunuestanlad ol Feenmadn 1SMENLNaTINILA
Number | Sampling Date 133104 HCHO(ppb)Active 133104 HCHO(ppb) Passive anz’
1 16.01.44 131.27 178.64 2
2 16.01.44 121.17 165.32 2
3 16.01.44 132.50 174.60 2
4 18.01.44 138.02 181.05 2
5 18.01.44 174.66 217.15 2
6 18.01.44 161.78 202.36 2
7 22.01.44 240.57 272.23 1
8 22.01.44 23177 265.78 1
9 22.01.44 272.06 320.12 1
10 31.01.44 157.99 204.27 2
11 31.01.44 17005 218.11 2
12 31.01.44 133.66 188.65 2
13 02.02.44 194.27 237.25 1
14 02.04.44 181.55 212.12 1
15 02.02.44 177.60 208.27 1
16 07.02.44 169.58 207.12 1
17 07.02.44 170.24 203.20 1
18 07.02.44 184.27 214.09 1
19 15.02.44 329.47 366.08 1
20 15.02.44 277.46 305.25 1
21 15.02.44 310.53 358.45 1
22 20.02.44 284.23 31120 1
23 20.02.44 212.00 256.13 1
24 20,0244 24562 298.45 1
25 26.02.44 208.58 242.07 1
26 26.02.44 215.49 258.42 1
27 26.02.44 236.57 261.20 1
28 28.02.44 229.62 274.31 1
29 28.02.44 265.47 307.55 1
30 28.02.44 237.66 285.22 1




59

4NN’ AR ANN19TBIRRIIIENNNTIN LR8N

1 PHULD annzing linadlawaau weiATagansasadifume filter)
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71N 4.4 pNANRUSITd I TRnuefianlanninlaa1nds Active uay Passive 189

HeInIIaAN [3NEILIATINIBLA

45  wamsmnsradndsannnasianlannaeds  Activelaz Passive tu waslfjlimnng

WD 1IN UIRSINIBUR

'
| o

NaN1IRMAI R ENINaf AR lEs AaNnN1IMIRIRAIEAT Active HANANAAWIN

Q

Al 135.10 ppb g44ALINNU 270.15 ppb ﬁmﬂuﬂ"]Lfaﬁmmzﬁmﬁmmummgm Wl 206.15+

|
] o

39.17 ppb druifFunnune fiian las Aannn9ms9adngatis Passive HA1AgAWINGAL 173.19 ppb

1 o

49gAWinfiu 309.75 ppb AniluAnaduazAdeuunnggu i 248.47139.47 ppb
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mewii 45 Wanoesilalad o FaslfiRiniamend lsanenunaaniud
Number | Sampling Date 133104 HCHO(ppb)Active 133104 HCHO(ppb) Passive anne’
1 16.01.44 252.50 291.47 1
2 16.01.44 168.92 208.45 1
3 16.01.44 208.06 255.65 1
4 18.01.44 215.92 258.13 1
5 18.01.44 212.04 247.15 1
6 18.01.44 244.05 286.66 1
7 22.01.44 174.30 205.30 2
8 22.01.44 161.98 207.15 2
9 22.01.44 187,65 238.63 2
10 31.01.44 240.94 284.22 1
11 31.01.44 231.36 288.15 1
12 31.01.44 255.85 298.24 1
13 02.02.44 266.72 300.75 1
14 02.04.44 245.42 287.14 1
15 02.02.44 270,15 306.23 1
16 07.02.44 135.10 173.19 2
17 07.02.44 149.85 184.02 2
18 07.02.44 138.44 175.57 2
19 15.02.44 211.43 251.21 1
20 15.02.44 226.13 264.27 1
21 15.02.44 209.80 249.11 1
22 20.02.44 204.27 245.91 1
23 20.02.44 217.50 259.65 1
24 2002.44 213,65 258123 1
25 26.02.44 14121 212.41 2
26 26.02.44 177.02 214.71 2
27 26.02.44 157.23 196.60 2
28 28.02.44 221.17 268.48 1
29 28.02.44 203.42 243.23 1
30 28.02.44 24255 285.31 1
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4NN72” AR AN19ZBIRRITIENNT T LA 88N

1 PHULD annzing Walegasnansendiyfume filter) iuunaezas
- de A . , y
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320
(=]
o
300+ a
o
g g
28014
=]
260 o =
P
g o

2401 g
~
e}
2 2201
~ o (n]
2 o B4
E,_ 2001 a
b . R=0.982
o 1801
2 50
(%]
& 160 _ _ 4 i g ¢ '

120 140 160 180 200 220 240 260 280

Active Sampling (ppbv)

22
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W iAn1InN1eRnIA 19aNeIL1asINIFLR

46 wansRsrIpdINIuasiaRlannqeds, Activelay Passive i Basiliimnng FT-

¢ S awa o = 4 a 'Y
IR ‘MNgluilLﬂ%"ﬂx‘i&l’ﬂ’!@ﬂ’mﬂ"lﬁ’]ﬂﬁl‘iLLﬂzLﬂﬂTﬂTﬂﬂ %W’]@\iﬂ?muﬁﬁl'}ﬂﬂqﬂﬂ

]
o

NANNIRTRaT AL TN afiiaR lad a1nn1snIadnsasng Active NANANEALYIN

q

i1 10.29 ppb gegAwinfy 15.61 ppb ﬁmﬂummﬁmmm%ﬁmmummgm il 13.631+1.29

ppb dautlFununasianlas ann19Radnsiaeaa PassiveNA1A4AWINTL 15.02 ppb gan

Winfiu 20.79 ppb ﬁmLﬂuﬂ'ﬁLﬂammzm’%ﬁmmummgm Wl 17.79%1.43 ppb
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F199% 4.6 Yssnouslafianlas o Feed[uRnag FT-IR gudinsesiieqqiaensaluninends

Number | Sampling Date 133104 HCHO(ppb)Active 133104 HCHO(ppb) Passive anne’
1 08.01.44 12.55 16.42 1
2 08.01.44 15.38 19.77 1
3 08.01.44 13.99 17.46 1
4 10.01.44 13.12 18.28 1
5 10.01.44 12.34 16.16 1
6 10.01.44 14.55 18.55 1
7 24.01.44 13.27 17.67 1
8 24.01.44 10.29 15.02 1
9 24.01.44 11.62 16.30 1
10 25.01.44 12.85 16.51 1
1" 25.01.44 13.27 17.24 1
12 25.01.44 14.30 18.36 1
13 01.02.44 12.61 16.60 1
14 01.02.44 15.41 20.41 1
15 01.02.44 12.69 16.69 1
16 05.02.44 12.21 15.99 1
17 05.02.44 14.78 18.15 1
18 05.02.44 12.41 16.20 1
19 07.02.44 15.48 19.33 1
20 07.02.44 13.53 17.74 1
21 07.02.44 14.36 18.31 1
22 13.02.44 15.61 20.14 1
23 13.02.44 15.19 20.79 1
24 13.02.44 14.73 18.73 1
25 15.02.44 13.88 18.65 1
26 15.02.44 12.46 16.15 1
27 15.02.44 13.27 17.94 1
28 20.02.44 14.23 18.15 1
29 20.02.44 14.59 18.59 1
30 20.02.44 13.84 17.58 1
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o

1 46 AndnRussndafiinnunesianlasndnlagainas Active uay Passive 1849%ag

U[UFAnsFT-IR gutlinsasiiaddaeAnandransiazinalulad ainaansniumanenat

47  N15IASIZRANNANNUESLIINNITASIAIRUSNIUNas AR baAmnagl 28 Active
IWag Passive

AN9IATIZANNNANNUT I NN1TA AT AL BN e sTaR lassne 98 Active
F, ¥ aa . . dll [ 'S 1 s
WAZ Passive AEANSA Linear regression WWAMIANNNTAMNANAUSIZUININITATIRTALTNNL

Nafian lasmas 38 Active LAy Passive IaNasaLandlunisamalill
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AN NN 4.7 ANNANRUTIZUI19N1IRTIAs ALFHNUNaSIAR LasAae 95 Active LAy Passive

AnRAg HCHO (ppb) A1aas HCHO (ppb) Anduls=aAna

Location Active sampling Passive sampling AINDADAE (R)
VRInBIAN 363.861164.95 411.861162.07 0.988
Tsanenuiaqinasnsnd
vesdfiiAn1niennia 107.57%36.15 148.94136.66 0.979
Tsanenuiaqinasnsad
Ve imAnsnens 194.99162.59 241.33163.57 0.992
{9NENLNAFNI9A
ViaangIadn 206.52155.88 246.89154.68 0.990
TaMENL1a s INNB LA
viasfjiAn1Iwend 206.15339.17 248.47139.47 0.982
TNNENLa T NNB LA
Vel imnns FT-IR guﬁmﬁ;mﬁm 13.63+1.29 17.79+1 43 0.932
N AINIUNUINLNAE

AminsssutadnAtynalianaumaii 95% (P<0.05)

NANITILATIZT AN ANNUE 7219 1NN19AFAT AL N am lassne 28

a

Active uaz Passive Wi TaenasAn Taanenunaqinansnd danuduiuglugldadugs dan

Auilsv@nsAnnunnnes winAu 0.988 (P<0.05), viesdfifin1snigdnia Taaneauiaqrinaansnd

s
=

Haudnrius ugliTadugs drndudsgansacinnnnas winiu 0.979/(P<0.05), Wesl[iiRnag

a ¥ IS DU

Wen laanenunafngma Handuius ugifeduge Handuilss@nsanannnney windu 0.992

(P<0.05), Ye9A39aAN 199Me1UNAsN1BUA HRanuduiuslugt Fadugs p1duilsz@naniny
L)

a

annes WL 0.990 (P<0.05), et jiRn1snens ToanenuNasINIBUR MR NANTLS lugiiEe

duraudnege HAnduiss@nsaninannes winiu 0.982 (P<0.05) kasHejiFn1sFT-IR fuel

IS D

dl A s a o = o o a 9 a Qr
LATANHND ﬂW’]@Qﬂ?ﬂANM’]’JVIH’]@ﬂ mmmuwuﬂugﬂmmum UAdulszantAaunanay

a

Winriu 0.932 (P<0.05)
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48  nsaAszNiasandsnanalsuiuasian laanNnsIaInAEIs Active WAS

Passive

{laqgl

1. ndlevzallidlaimnan (aNadluiAaNaITuAN 1178 WAANITUNEANIA)

2. madavzeldiln Fume filter(lPi30ansasuaznnAin)

~ a dou A S A o o A 1 v
AT N 4.8 LLﬁﬂQﬂiMTﬂ!V\'ﬂﬁMaﬂllaﬂ DNINITNITIVNIANTNNITANDY

AnaIuLazatagananalFunasian laflunnauaseil Usenassas

Location tadufiganasa AniaAg HCHO (ppb) AnLRAE HCHO (ppb) | @nnz
Bununasian las Active sampling Passive sampling

227.62133.00 281.071182.516 1
WRIABIAN TPaNAT (N=12) (N=12)
rawenunagiaensol 32745422 51 372.99422.02 2

(N=9) (N=9)

131.35125.27 173.27124.69 1
vesgimEnisniginin WnaMFI (N=18) (N=18)
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Ranking Rank Weight Normalized Rank
Reciprocal Weight
No.1 5unnunasilanlad Active Sampling (ppb) 1 1/3.314=0.302
No.2 awpanszuneaniA Ya=0.5 0.5/3.314=0.150
No.3 ldiTlaimanszunaainie 1/3=0.333 0.333/3.314=0.100
No.4 liiflaipseagmnseandn /4=0.25 0.25/3.314=0.075
No.5 Lﬂmm‘f}m@mm@m&u 1/5=0.20 0.20/3.314=0.059
No.6 B1NTLALIAR ABLKY 1/6=0.166 0.166/3.314=0.050
No.7 A1uie AU 1TRTEAELARIAN 1/7=0.142 0.142/3.314=0.042
No.8 iapAsue 1/8=0.125 0.125/3.314=0.037
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No.12 'la 1/12=0.083 0.083/3.314=0.025
No.13 au 1/13=0.077 0.077/3.314=0.023
No.14 melad 1/14=0.071 0.071/3.314=0.021
No.15 melaflideans 1/15=0.066 0.066/3.314=0.020
993 3.314
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CAS registry number

NIOSH RTECS registry number
UN Class

UN number

EC number

DOT Designation
IUPAC name

Common synonyms

Incompatibilities

MARUIN N

CH,0 [HCHO]
H

H -~
50-00-0
LP 8925000
3,8 ()
1198,2209,2213
605-001-01 (solution 5% to < 25%)
605-001-02 (solution 1% to < 5%)
605-001-005 (solution = 25%)
Combustible liquid
Methanal

Formaldehyde, Methanal,Methylene

oxide,Paraform, Oxymethylene , Formalin,

92

Formol,BFV, Fyde,Methyladehyde,Oxomethane,

Formic aldehyde, Formol, Ivalon, Karsan,

Fannoform, Formalith, Lysoform, Super lysoform

Strong oxidizers, Strong alkalies,

Acids, Phenols, Urea
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qauaana (°C)

qaLaen (°C)

N9l (explosive range) %(v/v) in air
(g/m’)

n-octanol / water partion coeffcient (log P_,)

specific reaction rate (k) with OH radical (k OH)

vapor density (air = 1)

Distribution water / air : Henry constant (H)

AHAule

qa
An7 37%(methanol free)

4mn? 15%(methanol free)

1
aa

anuNRNGA e (auto-ignition temp.)

Q a
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30.03
1.04

118

-19.5

7-73

87-910

-1

15-10"° m°’/mol-s
1.067

0.02 Pa-m’/mol
101.3 kPa 7 ~19°C
526 kPa i -33°C

85°C
50°C
430°C
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Adhesives Insulation, Foam & Some Others
Cosmetics Intermediate Chemicals
Deodorants Laminates

Detergents Leathers, Fur & Hair

Dyes Lubricants, Synthetic
Embalming Fluids Paints

Explosives Paper

Fertilizers Pharmaceuticals

Fiberboard, Plywood (indoor- | Plastics/molding (Automobile Appliances,
outdoor), and

Particle board

Sporting Equipment)

Filters

Rubber

Food

Surface Coatings

Friction Materials

Textiles

Fuels

Urethane Resins

Fungicides

Water softening Chemicals

Hardware, Garden

i1 - NIOSH , 1999
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Accountants

Embalmers

Painters, Manufactured

Articles

Adult Education Teachers

Engineering and Science

Technicians, N.E.C.

Pattern and Model Makers

Except Paper

Advertising Agents and

Salesmen

Engineers, N.E.C.

Payroll and Timekeeping
Clerks

Aeronautical and Astronautical

Engineers

Engravers, Exc. Photoengravers

Personal Service, N.E.C. -

Attendants

Agriculture and Biological

Technicans

Estimators and Investigators,

N.E.C.

Personnel and Labor

Reiations workers

Air Condition, Heating and

Expediters and Production

Pharmacists

Refrigeration Controllers

Aircraft File Clerk Photoengravers and
Lithographers

Animal Caretakers, Except Filers, Polishers, Sanders and Photographers

Farm

Buffers

Archivists and Curators

Food Counter and Fountain

Workers

Photographic Process

Workers

Asbestos and insulation

Workers

Food Service Workers, N.E.C.,

Except Private

Physicians, Medical and

Osteopathic

Assemblers

Foremen, N.E.C.

Plumbers and Pipe Filters

Automobile Body Repairmen

Fork Lift and Tow Motor

Operatives

Podiatrists

Automobile Mechanics

Freight and Material Handlers

Practical Nurses

Bakers Funeral Directors Precision Machine
Operatives N.E.C.
Bank Tellers Furnacemen, Smeltermen and Pressmen and Plate Printers,

Pourers

Printing
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Bartenders Furniture and Wood Finishers Pressman Apprentices

Bartenders Garage Workers and Gas Punch and Stamping Press
Station Attendants Operatives

Billing Clerk Gardeners and Purchasing Agents and

Groundskeepers, Exc. Farm

Buyers, N.E.C.

Biological Scientists Geologists Radio and Television

Bookbinders Glaziers Radiologic Technologists
and Technicians

Bookkeepers Graders and Sorters, Receptionists

Manufacturing

Bookkeeping and Billing

Machine Operators

Grinding Machine Operatives

Recreation and Amusement -

Attendants

Bootblacks

Guards and Watchmen

Recreation Workers

Bottling and Canning

Operatives

Hairdressers and

Cosmetologists

Registered Nurses

Brickmasons and

Health Administrators

Research Workers, not

Stonemasons specified

Bus Drivers Health Aides, Except Nursing Restaurant, Cafeteria and
Bar Managers

Busboys Health Record Technologists Riveters and Fasteners

and Technicians

Cabinetmakers

Health Technologists and

Technicians, N.E.C.

Sailors and Deckhands

Carpenter Apprentices Heat Trealers, Annealers and Sales Managers and
Temperers Department Heads, Retail
Trade
Carpenters Heavy Equipment Mechanics, Sales Managers, Except

Including

Retail Trade

Carpenter’ Helpers

Household Appliance and

Accessory Installer

Salesmen and Sales Clerks,

N.E.C.
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Carpet Installers

Housekeepers, Except Private

Household

Sawyers

Cashiers

Industrial Engineering

Technicians

Secretaries, N.E.C.

Cement and Finishers

Industrial Engineers

Sheetmetal Workers and

Tinsmiths

Chambermaids and Maids,

Except Private Household

Inspectors, N.E.C.

Shipping and Receiving
Clerks

Checkers, Examiners and

Inspectors; Manufacturers

Insurance Adjusters, Examiners

and Investigators

Shoe Repairmen

Chemical Technicians

Insurance Agents, Brokers and

Underwriters

Shoemaking Machine

Operatives

Chemists

Janitors and Sextons

Sign Painters and Letters

Child Care Workers, Except

Private Household

Jewelers and Watchmakers

Social Workers

Cleaners and Charwomen

Job and Die Setters, Metal

Solders

Clerical Supervisions, N.E.C.

Key Punch Operators

Specified Craft Apprentices.
N.E.C.

Clerical Workers-

Miscellaneous

Laborers - Miscellaneous

Spinners, Twisters and

Winders

Clerical Workers-Not Specified

Laborers - Not Specified

Stationary Engineers

Clinical Laboratory

Technologists and Technicians

Lathe and Milling Machine

Operatives

Stationary Firemen

Clothing Ironers and Pressers

Laundry and-Dry Cleaning
Operatives, N.E.C.

Statistical Clerks

Compositors and Typesetters

Librarians

Statisticians

Computer and Peripheral

Equipment Operators

Loom Fixers

Stenographers

Computer Programmers

Machine Operatives —

Miscellaneous Specified

Stock Clerks and

Storekeepers
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Computer Specialists, N.E.C.

Machine Operatives — Not

Specified

Stock Handlers

Construction Laborers Except

Carpenters Helper

Machinists

Tailors

Cooks, Except Private

Household

Mail Handlers, Except Post
Office

Teachers, Except College

and University, N.E.C.

Counter Clerks, Except food

Managers and Administrators,

N.E.C.

Technicians, N.E.C.

Craftsmen and Kindred

Workers, N.E.C.

Meat Cutters and Butchers,

Except Manufacturing

Telephone Installers and

Repairmen

Cranemen, Derrickmen and

Hoistmen

Meat Cutters and Butchers,

Manufacturing

Telephone Linemen and

Splicers

Credit men

Mechanic, Exe, Auto,

Apprentices

Telephone Operators

Cutting Operatives, N.E.C.

Mechanical Engineers

Textile Operatives, N.E.C.

Decorators and Window Mechanics and Repairmen - Therapists
Dressers Miscellaneous
Dental Assistants Mechanics and Repairmen — Not | Therapy Assistants

Specified

Dental Hygienists

Metal Platers

Ticket, Station and Express

Agents

Dental Laboratory Technicians

Millwrights

Tile Setters

Dentists Mine Operatives, N.E.C. Tool and Die Maker
Apprentices
Designers Mixing Operatives Tool and Die Makers

Dishwashers

Molders, Metal

Truck Drivers

Draftsmen

Motion Picture Projectionists

Typists

Dressmakers and

Seamstresses, Except Factory

Nursing Aides, Orderlies and

Attendants

Upholsters

Drill Press Operatives

Office Machine Operators,

Vehicle Washers and
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N.E.C.

Equipment Cleaners

Dry Wall Installers and lathers

Office Managers, N.E.C.

Veterinarians

Duplicating Machine Officers, Pilots and Pursers; Ship | Waiters
Operators
Dyers Oilers and Greasers, Exc. Auto Warehousemen, N.L.C.

Editors and Reporters

Operations and Systems

Researchers and Analysers

Weighers

Electric Power Linemen and

Cablemen

Operatives - Miscellaneous

Welders and Flame-cutters

Electrical and Electronic

Engineering Technicians

Operatives — Not Specified

Winding Operatives, N.E.C.

Electrical and Electronic

Engineers

Opticians and Lens Grinders

and Polishers

Writers, Artists and

Entertainers, N.E.C.

Electrician Apprentices

Packers and Wrappers, Except

Meat and Produce

Electricians

Painters and Sculptors

Elevator Operators

Painters, Construction and

Maintenance

17 - NIOSH , 1999
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MANHIN A

a d o a 4
NANSINIZHAI0E19IT Passive 62810599 HPLC

TasunlnunsuaeaTazaTENIRs g4 Fomaldehyde-2,4-DNPH ugmsiagiinaluil

- s Y
gﬂ'ﬂ -1 TﬁmﬁTﬂLLﬂ?ﬁiﬂﬁﬂﬁﬁ‘ﬂxﬁﬂﬂuﬁHiﬁ'ﬂé Fomaldehyde-2,4-DNPH MiA1uiIN

41 0.1 lulasnfusaiiaaans

o
JUn 22 TarunlaunsuI09d90aIENA2§IM Fomaldehyde-2,4-DNPH Ao

]

4u 0.2 lulasnfusdaiiagans

START 29831328,

79 1-3 TasunlnunsnrasdnsaranennA2§L Fomaldehyde-2,4-DNPH fipanaidin

44 0.4 ulpsnfusaiiadans

o 4
U 24 TazunlnunsuTes@1sarattannsg I Fomaldenyde-2,4-DNPH firnnaidu

41 0.6 uinsnfuseliadans



3107 -5 TAsunlAUNTNTBENTREANENATE Y Fomaldehyde-2,4-DNPH fipanaudy

41 0.8 Wirsnsureiiafans

START 29.83.11.16,

P = v
U 2-6 TasunlnunsNeaeaIsazaINIme§ I Fomaidehyde-2,4-DNPH finnuidn

du 1.0 lulnsnSuslaliadang

gﬂﬁ 9-7 TasualminsuresansaranenInsgIu Fomaldehyde-2,4-DNPH faandy
41 5.0 lulasnsusadiafans

}

4 d
s1n -8 Tasunlaunsuaesansara1uu1nggIu Fomaldehyde-2,4-DNPH NANEN

&, 34,

L

25

IR mJ -

R |,ﬂl’l—ﬂ| °
L Wi

p43

41 10.0 lulasnfuseliadans
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L.ﬂ'l

TA\
L
=
60

|

g

-l - y
Eﬂ'ﬂ 4-9 Tﬂi‘uﬁtﬁuni‘uﬁmﬂﬁ?ﬂ:ﬁﬁﬂﬂﬂﬂ?ﬁﬁu Fomaldehyde-2,4-DNPH NAITULTN

41 20.0 lulasnfurenadans

‘:njﬁi 2-10 Tz lnunsuues 2,4-DNPH (Blank)




MANHIN 3

a d aa
HAaN1IAUAIITHINNGDA

a d aa Y d
HANIIAUAIETHNINADAVIITIDIADIAN IiﬂWﬂ1U1ﬁ§W1ﬁQﬂim

NaN1IART AN e FI AR laAnIm leaNnaa Active LAy Passive

Descriptives
Descriptive Statistics
Std.
N Minimum | Maximum Mean Deviation
Active Sampling (ppbv) 30 179.55 680.85 | 363.8574 164.9495
Passive Sampling (ppbv) 30 236.55 724.57 | 411.8562 162.0749
Valid N (listwise) 30

nanTaFa Ui Funnafianladndnlaainaa Active WAz Passive

Regression
Variables Entered/Removed
Variables Variables
Model Entered Removed Method
1 Passive
a Enter
(ppbv)

a. All requested variables entered.

b. Dependent Variable: Active(ppbv)

Model Summary

Std. Error

Adjusted of the
Model R R Square | R Square Estimate
1 .9882 977 976 11.8464

a. Predictors: (Constant), Passive (ppbv)

111



ANOVAP

Sum of Mean
Model Squares df Square F Sig.
1 Regression 130825.5 1 | 130825.5 932.215 .0002
Residual 3087.441 22 140.338
Total 133912.9 23
a. Predictors: (Constant), Passive (ppbv)
b. Dependent Variable: Active(ppbv)
Coefficients?
Standardi
zed
Unstandardized Coefficien
Coefficients ts
Model B Std. Error Beta t Sig.
1 (Constant) -76.087 12.238 -6.217 .000
Passive (ppbv) 1.082 .035 .988 30.532 .000
a. Dependent Variable: Active(ppbv)
wWIaueunanimadadinnunesian ladnlaainas Active Waz Passive
T-Test
Group Statistics
Std. Std. Error
Type of measurement N Mean Deviation Mean
Active and Passive (ppbv) Active Sampling 30 | 363.8574 | 164.9495 30.1155
Passive Sampling 30 | 411.8562 | 162.0749 29.5907

Independent Samples Test

Levene's Test for
Equality of Variances

t-test for Equality of Means

95% Confidence
Interval of the
Sig. Mean Std. Error Difference
F Sig. t df (2-tailed) Difference Difference Lower Upper

Active and Passive (ppbv) Equal variances 013 900 h I A by %0 L7 oy 42,9203 | 1325118 265148

assumed

Equal variances

not assumed -1.137 57.982 .260 -47.9987 42.2203 | -132.5124 36.5149
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“naneRsaadnFuuafilan ladndnldannas Active UaY Passive

Descriptives
Descriptive Statistics
Std.
_ N Minimum | Maximum Mean Deviation
Active Sampling (ppbv) 30 121.17 329.47 | 206.5230 55.8751
Passive Sampling (ppbv) 30 165.32 366.08 | 246.4886 54 6752
Valid N (listwise) 30
[ "A & =) % .
uamsuFaudsuBuamedianlasfidaldands Active Lay Passive
Regression |
Variables Entered/Removed
Variables Variables
Model Entered Removed Method
1 Passive
Sampling Enter
(ppbv)
2. Ali requested variabies entered.
b. Dependent Variable: Active Sampling (ppbv)
Model Summary
Std. Error
Adjusted of the
Model R R Square i R Square Estimate
1 .8902 979 .979 8.1709
2. Predictors: (Constant), Passive Sampling (ppbv)
ANOVA
Sum of Mean
Model Squares df Square F Sig.
1 Regression {88669.371 1 [88669.371 | 1328.125 .00032
Residual 1869.359 28 66.763
Total 90538.730 29

a. Predictors: (Constant), Passive Sampling (ppbv)
b. Dependent Variable: Active Sampling (ppbv)
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Coefficients®
Standardi
zed
Unstandardized Coefficien
Coefficients ts
Madel B Std. Error Beta t Sig.
1 (Constant) -42.761 7.001 -6.108 .000
Passive Sampling (ppbv) 1.011 .028 .890 36.443 .000
2. Dependent Variable: Active Sampling (ppbv)
wWisuWeunanisaradaiunulafilaslasiisa1nas Active uas Passive
T-Test
Group Statistics
Std. Std. Error
_ Type of Measurement N Mean Deviation Mean
Active and Passive (ppbv) Active Sampling 30 | 206.5230 | 55.8751 | 10.2013
Passive Sampling 30 | 246.4886 | 54.6752 9.9823
Independent Samples Test
Levene's Tast for
|_Equality of Variances Means
5% Confidence
interval of the
; i o Sierce | owr |- uoper |
ARV G Fatsive (ipbv)  Sitl viriances 007 a3 2800 8 142728 | -68.5357 | -11.3954
Fqua) varences 2800 | s7.873 142728 | 585380 | -11.3952
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Descriptives

Descriptive Statistics

Minimum

Maximum

Mean

Std.
Deviation

Active Sampling (ppbv)
Passive Sampling (ppbv)

30
30

102.26
144 .65

323.27
362.30

194.9975
241.3303

Valid N (listwise)

62.5944
63.5713

uan nFauieuFunnesianlasminléannas Active LAY Passive
Regression
Variables Entered/Removed

Model

Variables
Entered

Variables
Removed

Method

Passive
Sampling
(ppbv)

Enter

a. All requested variables entered.
b. Dependent Variable: Active Sampling (ppbv)

Model Summary

Model

R

R Square

Adjusted
R Square

Sid. Error
of the
Estimate

1

.9922

.984

.884

8.0210

a. Predictors: (Constant), Passive Sampling (ppbv)

ANOVAP

Model

Sum of
Squares

df

Mean
Square

F

Sig.

7

Regression
Residual
Total

111822.4
1801.389
113623.8

1
28
28

111822.4
64.336

1738.109

.00ge

a. Predictors: (Constant), Passive Sampling (ppbv)
b. Dependent Variable: Active Sampling (ppbv)
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Coefficients?

Standardi
zed
Unstandardized Coefficien
Coefficients ts
Model B8 Std. Error Beta t Sig_.
1 (Eonstant) -40.733 5.841 -6.974 000
Passive Sampling (ppbv) 977 .023 .992 41.691 .000

2. Dependent Variable: Active Sampling (pphv)

wWisusunanieamadnlFuninesian ladin lAanas Active uax Passive
Regression

Variables Entered/iRemoved

Model

Variables
Entered

Variables
Removed

Method

Passive
Sampling
(ppbv)

f | Enter

a. All requested variables entered.
b. Dependent Variable: Active Sampling (ppbv)

Model Summary
Std. Error
Adjusted of the
Model R R Square | R Square | Estimate
1 9922 .984 .984 8.0210

a. Predictors: (Constal;rt), P_assive Sampling (ppbv)

ANOVAP
Sumn of Mean
Model Squares df Square F Sig.
1 Regression 111822.4 1 111822.4 | 1738.109 .0002
Residual 1801.399 28 | 64338
Total 113623.8 29

a. Predictors: (Constant), Passive Sampling (ppbv)
b. Dependent Variable: Active Sampling (ppbv)
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Coefficients®
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Standardi
zed
Unstandardized Coefficien
Coefficients is
Model Std. Error Beta t Sig.
1 (Constant) -40.733 5.841 -6.974 000
Passive Sampling (ppbv) 877 .023 992 41.691 .000
a. Dependent Variable: Active Sampling (ppbv)
T-Test
Group Statistics

Std. Std. Error

Type of measurement N Mean Deviation Mean
Active and Passive (ppbv) Active Sampling 30 | 1849975 | 50.5734 9.2334
Passive Sampling 30 | 230.9970 50.7341 9.2627

Independent Samples Test
Levens's Testfor
| Equaityof Vadances Lhast for of —
Intarval of the
Sig. Mean Std, Emor Difference
i F Sig. i ] df [2-tailed) Differance Differanca Lower Upper

Active and Fassive (ppv) f"“" wariancay 008 543 3517 58 o001 | -45.9985 13.0788 | -72.1784 | -19.8195
En:"’ "ml 3517 | 579 001 | 455985 | 120788 | -721794 | -19.8195
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NANIIATIRT AL NS aR LA iR lAaNnNIE Active uax Passive
Descriptives

Descriptive Statistics

Minimum

Maximum

Mean

Std.
Deviation

Active Sampling (ppbv)
Passive Sampling (ppbv)
Valid N (listwise)

30

135.10
173.19

270.15
309.75

30

206.1544
250.8073

39.1654
39.331¢

g ar t‘dq ar L1
uananFaufaulinaafiianlasninlsands Active uas Passive
Regression
Variables Entered/Removed

Model

Variables
Entered

Variables
Removed

Method

Passive
Sampliing
(ppbv)

Enter

a. All requested variables entered. :
D. Dependent Variable: Active Sampling (ppbv)

Model Summary

R

R Square

Adjusted
R Square

Std. Error
of the
Estimate

Model
1

.9822

865

.963

7.5025

2. Predictors: (Constant), Passive Sampling (ppbv)

ANOVA

Model

Sum of
Squares

df

1

Regression
Residual
Total

42907946
1576.046
44483.991

1
28
29

Mean
Square

F

Si

42907.948
56.287

762.302

T
0002

4. Predictors: (Constant), Passive Sampling (ppbv)
b. Dependent Variable: Active Sampling (ppbv)




Coefficients®
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Standardi
zed
Unstandardized Coefficien
Coefficients ts

Model B Std. Error Beta t Sig.
1 {Constant) -36.004 8.877 -4.058 .000
Passive Sampling (ppbv) 975 .035 .982 27.610 .000

3. Dependent Variable: Active Sampling (ppbv)
= [ LS l“-I 2 ' .
Wisufeunanismaadaiununafiaslasy Ha1nat Active WaT Passive
T-Test
Group Statistics
Std. Std. Emor
Type of measurement N Mean Deviation Mean

Active and Passive (ppbv) Active Sampling 30 | 206.1544 39.1654 7.1506 |-

Passive Sampling 30 | 251.5760 38.2335 6.9805

Indepandent Samples Test
l.m«lm:":_'ul!br
ety
Diffarence
F Sig. i | Lower Upper
Active and Passive (ppov) Equal X 033 856 | 4548 654245 | 254188
E:ﬂl VEriances 4,545 £54248 | -25.4184




= - Ry, d =, o
HANTHATINEN NS DAYTaaljiRns FT-R gudinTasiiaidednenaansuas

walulag aasnsainwingnae

) ar ar = o -, . .
Nan1sRgRIALTHNas AR laaNInlAaInaa Active UWAE Passive

Descriptives
Descriptive Statistics
Std.
N Minimum | Maximum Mean Deviation
Active Sampling (ppbv) 30 10.29 15.61 13,6269 1.2861
Passive Sampling {(ppbv) 30 | 15.02 20.79 17.7959 1.4295
Valid N (listwise) 30

al e g " .
uan9idsauiaulsunndesdantlaaninlnainia Active Wae Passive

Regression
Variables Entered/Removed
Variables Variables
Model Entered Removed Method
1 Passi Enter
{ppbv)

2. All requested variables entered.

b. Dependent Variable: Active (ppbv)

Miodel Summary
Std. Error
Adjusted of the
Model R R Square ‘| R Square | Estimate
1 9322 .868 .864 4747

a. Predictors: (Constant), Passive (ppbv)




Coefficients?
Standardi
zed
Unstandardized Coefficien
Coefficients ts
Model B Std. Error Beta t Sig.
1 {Constant) -1.285 1.101 -1.176 .249
Passive (ppbv) .838 062 .932 13.597 .000
2. Dependent Variable: Active (ppbv)
ANOVA
' Sum of Mean
Model Squares df Square F Sig.
1 Regression 41,662 1 41,662 184.888 .0008
Residual 8.309 28 225
Total 47.971 29
2. Predictors: (Constant), Passive (ppbv)

b. Dependent Variable: Active (ppbv)

wWisuifisuaanisasiadinyiunvediailasilaaands Active uas Passive

T-Test
Group Statistics
13 Std. | Std. Error
Type of measurement N Mean Deviation Mean
Active and Passive (ppbv) Active Sampling 30 13.6269 1.2861 2348
Passive Sampling 30 17.7959 1.4295 2610
Independent Samples Tast
Levena's Tast for ]
Equality of Vardancas st for Equality of Means
95% Conficence
Interval of the
Sig. Mean St Emor Difference
. F Sig. t o (-talled) | Differsnce | Dference | Lower | Upper
Actve and Passive (o) “opipoeg 162 863 | -11875 5 000 | 41891 3511 | 48718 | -a4883
Equal vanances 1675 | 57384 000 | 41681 3511 | 45720 | -3.4862
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