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ABSTRACT

The aim of this study was to determined the low concentration level of formaldehyde
(HCHO) in the experimental chamber 120 L , made from stainless steel and in the ambient air.
The sampling method was followed the NIOSH 3500 method. Air was sampled by the active
method and absorbed by sodiumbisulfite in the impinger, then developed color with
chromotrophic acid and measured the absorbance at 580 nm. HCHO gas was generated from 1.)
37 % w/w , 0.5 mL of formaldehyde solution and 2.) 1 mg/mL , 0.5 mL of HCHO solution. The
results showed that 37% w/w of HCHO solution concentration was not suitable for generate
HCHO gas because the monitored concentration was over the detection limit (40 microgram) for
the measurement but the HCHO gas concentration from the 1 mg/mL. HCHO solution had the
value in analysis range during sampling time 120 , 180 and 360 min and pump period 60 , 90 and
180 min. HCHO sampling and analysis method were applied to find the monitored concentration
level. In the ambient air , Faculty of Science (KMITL , light traffic) and Soi Jinda junction (Soi
Lankrabang15 Aonnuch-Ladkrabang , dense traffic) were selected as sample sites. The result that
in weekday and weekend (Feb 20-25 , 2008) the air samplers were drawn at 9-12 a.m. with flow
rate 1 L/min the at soi Jinda junction (7.27+1.30 ppb,) were higher than KMITL (4.24 +1.10

ppb,). It means that the measurement in dense traffic may cause HCHO in the ambient air.

Keywords : Formaldehyde Gas , Active Sampling
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L o é

2.2.2 nquuazndnmsmavvesginsaimiadn
'3 o ¥ 1 = vooa A . Y
gilnsalmadnedordanmsunsveswanpouliiudifiaea (Carrer) wazgniy

] » ]

aguumusy Tasuumuwsuszlasiifdunzduyaiyiug wdovegiveudigady

¥ ]
wiafimlfAserdunadiviiug nsFuriveswaRuifnyuunisunsvesTuanaediedass
(Free molecular diffusion) tAnvinaMududunaniuvesnaisluoimafunaNyummy

w

sy AansveanIads (The mass fiux , g/cmz.s) ’cTTlJﬁﬂol‘i’f Fick ’s First Law of

Diffusion 83110181 udad U TRuAs I LA MUUANAIIUDIA DN T UVDITITUANYA

AUN5N2.1
DdC
F - 2%
dL @.1)
= WdngveawIams (gem's)

D ~  fulsz@nSnmsunivesans (Diffusion coefficient) (cm’/s)
ac = anududuvewanendiadusznieluemaiuuumuIu(gonm’)
dL = §TYIANUYIIVOINITUNT (Effective path length) (cm)

1
= @ 1

dmuuanyigasuaguumuusuaansam ldnnaunsm 2.2

M = FxAxT (2.2)

M = WIAUBIAITUUNVLTU (DFN)
ﬂy d'. ¥ o
A =  WUNHUIAAYDANNIDTU
d‘w o .
T = FuzANTUAUNY (Exposure time, S)

4 L}

mdulszansmsumsmusoniar ldnminaaeely Experimental chamber lao

o A v s = '3 [
Anuniledeiinadensgaduiiiuginsusvindavesgilnsalmadv  qudnvauzmemonn

o ] = ar d'r 19 9 v ]
youdau quugll Anuau uazanusu Taoniuay lulding Tvawuuiluluveserme
1 ¥

(Tubulence  flow)  uazszoznamdudauany  sndwinnmanududuvesuanylu
o P & o o A Y i o =1 &
vssmalddagunisn 2.3 Fedeamiledeletenudsduvasinsinulumaauiugs

v d

0 = = o . . o 3 4
ulludesimisfiqud  (Validation) anwduRusAe  wenniniumsidginsalwiadvil
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v a a [ = o ° : 1 [ 1
Tuanzdea'ld wudredranany ldiluusnanie aunsoig ldvaear dald91elums
'] = a [ a o o o o d ] ar
duiuauuaziiigssnuid dmfudesrfavesglnselmaddie luansonsreianny

[ 4 Y L | [] g
Wudugegaveswams 18 uazpanmisnsaninevnarmniowiisaninileduaie i asa
a .ay A‘.ly ] w W I'd = ; ]
au ganpiinaza iy uenainiinnwieslilunisesiedadasgilnsalmiadddiniing
w 9 oy = [ =1 Y YR | ] oY= = v ast = -]
a779 782035 uenid a1 lsfmuminldimstameusznnadswmaddduisueniviuazii
1 o r o P ] aon ) o
AFuun (Correction factor) W19t lumsasvfasudiumsiunnlsednsamidtugnsel

waddnbwnldaseiald  @idug #5010 uazang, 2548)

o 2 d

2.3 IEMIUATICH
s a 7 |2 ¢ o o o S
Imsinnedsnadesiad lealusmeilognaiwis

2.3.1 Colorimetric methods

¥ 2

a o s o = a o - ° -
ﬂﬂuﬂ'ﬁ 'Hﬂ'j'lzﬁﬂ']'j!ﬂﬂﬂ‘l]@s’ﬁ'ﬁﬂﬁbQﬂ']i'Jlﬂi ‘Izﬂjﬂﬂﬂ15!ﬂ“ﬁ1'jﬂ‘|ﬁlﬁlﬂﬂﬁ HaIN

@

L3 a : = a o o = a o
hhfAnswidunisagianlnlas W ladines dmsumsiinsednnliuavesiadlens

D,
T

=]

Fersnimldifadfe nsalas Ty InAN(Chromotropic acid) ud nhasazaieldiadniAaiiu
s

Y - =, = & A = = =2 am
drunseagianlalas I lndwesnanueriniu 580 wluwas Felunsimazvezail

FiN312HA 1M Method 3500 Y94 NIOSH (The National Institute for occupational safety and

1Y
ad aa

= = 1 s Y d W '
Health) '}lﬁuil‘Uﬂﬂﬁﬂﬂ']‘ln'iﬂ'}llﬂ'i']zﬂﬂ1ﬂ Qﬂﬂimﬂmﬂumﬂmqﬁm1501%’1ﬁ’aﬂunmum
M M =q Ya PFCREG ' o Y ¥ a a nrlu 1y A oA
Lﬂﬁﬂdhﬂﬂﬂl‘ﬂllﬂi1$ﬂul.illlﬂ'ﬂﬁJQﬂU'lﬂ"‘U‘]J‘ﬁﬂu 1"Ifﬁ'lilﬂ'l.|1uﬂ'li'}llﬂ'i"l$ﬂ UL ILaUvaene
Aa o Y t oo ¥ e & A Ag ya 4 o
Wﬁ"ﬂ'JLﬂi1$‘H”I.ﬂilﬂ’l'mlmuﬂ]u’ﬂﬂﬂ?ﬂ]ﬁﬂu“] Llﬂmﬂiﬂﬂﬂﬂﬂi%")!ﬂﬁ'ﬁﬁ1”ﬁ1ﬂ15ﬂﬂ53%1ﬂ

frotrhiinduduiinna 18 (James P.L.,1989)
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HO.S

$04H
oH
OH
SO,H

SO;H HO,S

50sH HO;S
OH
HO;S SO;H

=
i1
H L= ana Jd w < oy
311 2.4 nalamsifal§asenvesdesiianladuaznsalnslulnsia (Chromotropic Acid)
2.3.2 Chromatographic methods
= 4 . o o a
1. madiaufa lnsunTnns1v (Gas chromatographic methods) tHuMsIim 111500
o da o A o 4 a AW Ve a

a5l sznnnantanuzdunfa veurad nSeveuds Fuiumaianldsuauion

A A A Ao ar b o o a e YV
yntieavImasesdenuatsldauazainlun1sinsizv wan1sams1evn lanaw
wiuduazanugndsags amsoasiviananuidududin1d uatidedvogvarvediury

o 1 .; uh:; o I 1 z —
ANUAUYBIUAAN (carrier gas) Tatineue gilnseinlFinudied1alF 1daTadornazisim
@ [ a @ o o P a {
UWY 15A28619819QNAAFUNTOA LA luABANINTeAMAKBT S1IuRangnuaaly
A 4 4 1 . A oy a R 1 A A o
WUANTIIHU2Y (resolution) YBIAN 811ATU1 INunTUI resolution liANONTBNMIARSDILNY
ar d‘l o o o g o o ) 9 1)
Aumasududmnivzmiuiinlignded1d dudy
a = " d o = o 4
TunisasavfamdTugesdadleddrunTosufalasuriInns W (Gas
A P=1 . d o

chromatograph) #19% 14 WgiSons1warosudunsusa (Flurrier Transform Infrared, FTIR) A
amawes lunsinieHoztad i ANz a1 Method 2541 U9 NIOSH

2. inialasmnInnsdveunauyanssouzglasu Innsdveunauuyanssous
g9 (High-performance liquid chromatographic methods) Humadianiienddueiiaunivais
Tumsuendrudszneudegeonninvesnas Taslfidamdoun  (mobile phase) WIvea

Ay aA

4 = & - o 4
wanlviadou T ails (stationary phase) Funadndntorfoaunsom1diuidesnnms



ﬁﬁnuongﬂnmq WszvouInAIAIANS LY

daa of

iudmivilumaniondili Inarmunedminivunadaiussydomaiialded 159051

4 o v 4 =} 1 e o
diemeusuaedu Insu Inanilsssual Inmgndeauniudige uazaunsensiviams

, ¥
¥ o 5 =

fregnnfianudutudung1d duiudeiidmain HPLC Sdseaninwgalumauunyes

1da

@ o a A e a o o @ v vy ¥ n’.: a = ] 1Y
Hﬁﬂﬂluﬂﬂ'ﬂ'ﬂu llﬂﬂll‘llﬂl'dtlﬂﬂﬂ.ﬂﬂimﬂ'l'}‘lS'UI.ﬂ‘Uﬂ'JﬂU'Nal‘livlﬂﬂ‘ﬂlﬂﬂ'umﬁu‘i'Iﬂ'lﬂﬂ‘Ll'U'NLL‘WQ

[ @ A

uaz I NMimsadamisdiedisoeniiednsziiatumies HPLC i35 Agawn dmfums

a ddaa 2

a ¢ — ¢ a 4 y Y
Tnsizvesiadladdrumaiinil axldnisnieaniinisussyuiemasunle 24

B

.. . d o ' ¢ o o ) ¢ o o do [maaa  w
dinitrophenylhydrazine (DNPH) ifugiathaesiiaa lad iiowosiiad laavin/fnse1iu DNPH
= o L' : 0 n‘: = 'Y
szifaa1sleneuues DNPH voeesiiad laa 9ntiuazthaisdszneviivlydinszvdon

g = s ana ¢
W399 HPLC  lumsins1z19einIsins1zHa Method 2016 Y94 NIOSH 1139 Method

TO-5 9949 U.S. EPA

M51an 2.3 MsfIamfeuten-veidusz1I19 Method 3500 Method 2016 4a Method 2541

Method o Yoide

Method 3500 | 1. 35 3ms1zst ligasn 1. innuuaiudniosniatous
A Y d w9 Y ' o Aa
Y99 NIOSH | 2. gilnseinldinudedwannsald | 2. lumansaasieiamsiiinng
Y Y 39 v
Tailuna Wududwing lariase

Snsen laae 2-4 lulasnsuy

a 9/ " o a0 o &  a ] Y
Method 2016 | 1. inugnaDasiudIge 1. ginsaidmiumnudaiogaldla

[ ¥
199 NIOSH 2. MWATIIAT15AI19019N1 ASUALIAZITININDUIIMNA

anudutua1dluge0.23-37 | 2. 35AMimsanaasalegsenn

[ 4 a I'd 4 =
Tulnsnsu MOIATIZHAINNSDI HPLC 5
led. 1
i gaon
Method 2541 | 1. finnugndeuniudigs 1. gUnsaidmSunudiedaidla

t { = '3 o’; = = r
384 NIOSH 2. ’H'Nﬁﬁ'lll’]'iﬂﬂ'i')‘ﬂ')lﬂ'i'l%ﬂfT‘lillfg ﬂ‘NlﬂU')LlﬁS‘H‘i'lﬂ'lﬂ't'lﬂ‘ﬁ"lwﬂl.ﬂﬂ

Aasud1ane fie 3-200lulnsnsu | 2. Tumuisensivdaashiiniu

Wududng 14
Method TO-5 | 1. finnugndnauiiudige 1. Sivimsafanisaietieoen
403 US. EPA | 2. gunseii 1idudeteaunsa Melins1zvidIonTes HPLC §
318w Figewn

107879
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319N 2.3 (M0) msufseumeauden-vedasenig Method 3500 Method 2016 i@z Method

2541
Method 100 Yoidn
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Method TO-5 | 3. @111309519AT15A081908 2. 35w oua1sN 14 lunsinudoea
¥0a US.EPA |  anmdududlaneslulasnsy | §357geon

o o ¢ o .
msanduneiiadlaaly Chromatographic methods
9 = a A o a o Y oA
nsihledeilymuafiviiswnnasdszneuasueiiasuiudestinsnsiouaz
= d |a - P ] s o -
Inseilsinavesmsluussoimafigndouazinsense uamsiaasdszney  msveia
TuussermaduiluFaidmeanumansaiesninndsuuiides Tussdudiuly

o 8 ) J G o N a1 a ¥ 1 -
NUIUTIU LATUDADIAUBIUAITNIUNIUNITUATIZSHNDUTINAIYITU I?JI‘]HJ 1“1] .91,

U

1970 Iimsny13dsha1sdseneupNeH nlFmiugiumatialasuInaswil lumsdnw
o oY = o o o aan
mssznevarfveiialueinma uazilufsousunnuiumzinzeslumaiad jisuves
4 = g v [ 1 é a aan = =
DNPH uazasseneumsusiasusiiumsnatslunasen Fansiinlfasenialddly
T ) = ’q Yo v o =) ey e ¥
an1znsa iumsiAviiong TelWaldiunguaisueia (Nucleophilic addition) naza @Y

1 4 ]
m3fdaiiieen (Water elimination) 8oy Wuiues 2,4-1aTulasiiialaas Tau Sl 2.4

H H
_N/ H\ = H—N = {
NO, N+ 00 —no;, -C\ + H,0
NO, H H NO, H
2,4-dinitrophenylhydrazine formaldehyde formaldehyde-hydrazone

51 2 .5 nalamamml§nisveslediiadlonuas 2,4-dinitrophenylhydrazine (DNPH)

{Irene D. DeGraff, 2005)

V- a o L] o a A |
FmsinuaIgmsdszneumsueiiall 3 jluuy fe
o a ] s e .
1. MIAUFIBE19AI8BUNUIDT (Impinger Sampling) AIWE15aL AW DNPH
2. MmsudIsasgaduveuisfitndouAIs DNPH (Sampling with DNPH coated

solid sorbents) lagldasgadunaronuy
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Glass beads and Glass fiber filters

¥
- Silica gel cartridge (nﬂum's@ﬂcﬁuﬂs:mﬂn%)

9 dq’:
Florisil cartridge (luesgadutszimiien)
>
- C, cartridge (Lﬂuﬁﬁﬂwuﬂs:nﬂﬂ"lunm)
=] a a ) d a . . o

3. manudrumaiiafiey 150 19R10uTA (Cryogenic collection) , NISIALLULY
= oA . R . a = o
Ysuasann uaz 19Wa1a@AnY (High volume, rotating cylinder sampling)n3035y1l laiwes
o e dq Y Yy .. . 4 o ' o
uaxmssﬂanmﬂlmww (Nebulization and reflux concentration) NI195NUNIDYIIDINIANU
4 ) = o 1Y 1 aw o - a 3 £y
msiszneunsueiianatsiiasuiludosumsuenoyiut leasi lyunifiadulaumaiin
Tnsin Innswuaz 19msasasiauuumsaanduunasgansialema (UV absorption detection)

&~ P v ] b o A a P
gafimsaanauuasaglugie 360-37s uTuwas snduvlesiadled (gmisieh 2.4)

= ) A o 1 o f
3190 2.4 miganaunauuasi lagagavesaseyiusves DNPH

msiszneu AINENINEY (nm)
@15 DNPH 357 °
Hodiiad laa 353 *,350°,345°

a o A o a b

*FNaf laa 363 °, 360
Twswina 365 °
PINIUIA 363 °

@ 4 b
WIUSaA lad 393
azlasou 373 ,367°
2L Inazama 375°
DL 1Ay 367 °

1
wuomg a - azawluszdlalulna CHON nazhonsdm 55: 45

b azmluezdla’lulna CH.ON tondAs1dM 60 : 40 pH 2.6

v
c: avawluesdTnlu'lna CH,CN uastinsidn 75 : 25

[ o o o o A " aa a S 1 A o Y '
dmsumanudesiiad len lasiioununes Amesvesmisaatuinny 4 ¥iuly

g o v vor dg v 3 o T o
muinudedsldgage unrae 3.5 A hiuendeiuediivoddy

LY LY

o

usanduezFvan laa
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1 a = Y v Fz] g o o fe) = aao ~ F4
MY 1.7 1zNud08191d0 Tumnifungungil 25 o msidailgasoudoumuysella
Ay 20 Un
o ar o 9/ a a3 o 1 1 o o ar .4
FIMITUNMTINUAYATAAYUUUUUDIULU Uﬂllllﬂi']'ﬂﬂﬁulﬂl.!.u‘]iﬂ NIINABHYAUD

a o - aaa o o 9/
ATUNAUUAAUYD UMD iﬂﬂﬂﬂiﬂ']ﬂ']m“llaﬂll‘uqllﬂ
2.3.3 3133UnIU

= 4 g o 4 a d‘ :§ o aan LY
lumsdnsizviviesiad lenerufanissuniuainasdudsansoinlgnsony
o w 1 o d = q o
Wosianled Id 1w misilsznoudad laraiaoug Tolou Tulasnulaoon lad fudy
= I'd =, a @ 4
1. MIWATIEHAYIT Colorimetric methods VLIAANTIUAIUDINT1TAIAD 11151
(James P.L.,1989)
1 = = = a 3/
) ludruvesaisnsalaslulnsAnazdaarssuniutieaantosan

ar s o A a et o 3 = g/ ]
msﬂszﬂauaaﬂaﬂ%uﬂam 'CTTi'lJ‘i%ﬂE]"U’E]ﬁﬂllﬁﬂ“ﬂﬂllﬂ')‘ﬂznl‘ﬂHﬁl‘]ﬁ‘u’)ﬂu'ﬂﬂﬂ’ﬂ 0.01 %

'
o

o SN 1a a ¢ d o
wazasUszneusad lean lUBNAININ Acrolein 32 1WA Indunlos g uatiosuInuse
(=1 ] ﬂ'c;d z;y % :;
unvez Nl Arueniveauazmisilszneuwinueaneseaniiiiminluanageinay
@ dw A o 9 = 1 v a = 3 4
fuesiad ledes Idnaidau udadra lspamanlSunaanududuvesarsilszneuneanosod
S 9 ] ¥y g o d o c:, o (B =
Tuoimeiidesnaududuuearosad lea A9iUNITTUNIUIINLDANBIDATI BiADUINA
wi Insdn
= a a = dw o oo = @ ]
2) Wanna1slszneuNuosanfannlsuiswesiad laanu iy 1l ludasau
o 1 1 [~ 1 P=1 a
8:1 92 I maday 10-20 % udedre lspemuanududuvesaisyszneuuen luoimaiden
v P L= o a : = 2 v =
AUl uTuveIresiad lad aviumssuniunnueadalusouiing
a a @ ' H ' dow a s 4
3) enaunas Inswaulusandununniwesiaa len 10:1 IWwaniSiuay 5-10 %
. o v = ] do a ' =
1AL 2-methyl-1,3-butadiene IuSanIdmRANINNNWET IR Tad 15:1 wanwwandiuay 15 %
= ' a,
2. #155umulun5IAI12¥A 1838 Chromatographic methods
=1 o 1 o o [] o o [
Tunsihuaiee901n1a assuniulunisfudledaaslsyneumsueiia 18un
o a o o'; = o [ o
Tolay, lulasinueenlas uazdames lnoonlyd Taewa T lunmsinsziningy  miue
fia Tulasnulaeenlod a2 lufiwasuniumsiansiey sannudududindy 550 ARG
s T g o w L4 o' ]
(part per billion ,ppb) N300 181 I Tasiau laoen leasoesiad lan d1indn 7:1
o o I'4 = g Qs v o =y 9/
Faos lasonlealuarsfeorssuniunmsidudiednaisdsenouaisuoiiala
3 = o as = 4 = Qs r'd
dissmnaziial§sernisidumsuoiialuda 1We (Carbonyl-bisulfite addition) 1815w lan

5ONYO AU Fa lHTA Loda (Hydroxyalkane sulfonic acid) Mmldarsilsznou DNPH ¥
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o as LY = d o o Y t ot -]
UfAzoumsueialdanas nlesidudnis lAnaufiu (% Recovery) anad udog1als Anw
9 I =N w & o A o v = 9 o A
moldannznsada (pH< 3) mafnoyiuivoiesiian leady DNPH szifia laeuysel e
VA :iyu o @ e [ o o, 1 = Aa a
1doulaiigwld DNPH HrilfAsorduvesianlandniimainaleasendiimuda e
(Hydroxymethane sulfonate)
Tolausaldiudumshieslananazsonunsmiliunamivelialuemald 3
siluuy Ao
= aaa w o = P .
1) fnlgasedumslueinia ms1lsznaun1iuelaiNy (Artifact from the sampling
substrate reaction)
° ¥ a
2) M ldifan seawves DNPH- laas Ty
Qo Y a aan 4‘ Yy a w fa a Y @ T 1
3) MlhiAml§Aseouq vaz ldndasusinfanssunaula dre1amu msaaieves

DNPH 910 19 1% (G.Botani. and et.al., 2005)
——p 1aa
DNPH + 0,(0.1%) Msazawing (2.4

a U :; a I's a 1
sz lanloleuddumsAsuniumsmlSuiavesasdszneumsueiiangrann
o : -1 w ] 2 Y a Y 1 o o - Y I 4 =
aqtiu lumsinualeetsaeddimsvia le lruneuninmagagunseiuasisznevasveia

[ 9 9 [ ] P A ) ~ s A
LYY 1"15“'0“’]\1HJ‘HJE]Q5]']6U‘N'ﬂ‘]ﬂ’]ﬁ‘nlﬂu‘nﬂQLWNlﬂﬁﬂllﬂ'JUIWLLWﬁL”ﬂUH'lﬂIﬂvlﬂﬂlWﬂﬂ'ﬁ]ﬂ

Tolaunou

A Y
2.4 HANIZTNVADAIUNIAADN

4 v a o Vo J a aaa 1
dioWediiad ladiingFauiadousziilu Secondary Pollutant Haansaiinlfasune

udwihimiAauaiumesmesiiadudn uazWeiiad lanawisomal §ii5e1 Photolysis 18R
AuN15 (Novelli, P.C, and et al, 1999)
CH,O0 + hv. —— CO + H, (A<360nm) (2.5)

CH,0 + hv ——  HCO® + H* (A<325mm) (2.6)

CH,0 + hv 2% CO + 2HO, 2.7)
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IINAUNTH 2.5 Haz 2.7 azifananfunae uAan1iveunouenled Fuily
arstszneud hiadesaunsarn§isusveondion 187 Sudusuasiudedunadon oz
dusuaswreuyudeian iissnrnusanisveuveusnladamisesudvesnduuly
Ty Tnatuludenld Ml umevineonsou llanaldeuluseme venananandus

MINANNISA 2.5-2.7 Gserwsainal§sergn To lAdeann1si 2.8 - 2.16 (Sjaak Slanina, 2006)

CH,0 + OH —— HCO' + H,0 (2.8)
H" + 0, + M — M + HO/’ (2.9)
HCO' + 0, ——> CO + HO, (2.10)
HO,” + HO,” —» H,0, + 0O, (2.11)
RO, + HO,/ -  ROOH + O, (2.12)
OH- + HO,/ - HO + O (2.13)
NO, + OH + M - HNO, + M (2.14)
NO, + HO, + M — HONO, + M (2.15)
HO,NO, + OH~ - NO, + O, + H,0 (2.16)

aan 1 -} 1T A = = 3 4 a U

1nlfAsegnleezud Inananialuain (HNO,) Yu Fansaluasnezdina

1 a5 1 ] g 1 o 3y 4 o
nIzNUABAWIAR DN HBAINVZAINARDGUNINVDINYHOITU nanIyn Miaeidowe udqb
] 3 : = 4 4 =] o a
dawansznuaetiuazduieanndeliduanfezifinmsvzazarwveansaluasnluenieas
=) d P A AAa a . A o o 9 a =3 g
daunazih dawadedaliddaludunaz lui denyuiinimnldgil laaus lanfve 1dsunse

TuaSnhlane
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o sl 2 e e 4 w1 o Ay o & Y ¢
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Y a = Y o 4 o ¥ q an Y
AROMADARAGITIAINYID 50 WU IFUAIUAUINAN 15 W, Fei1AI0 Tna Twswau ud s sy
P =] 3/ a L = a o
nITAEATOINNABLAI 1 % vosasazaw luda IMduSua 100 luTasdas aslunaemfu
@ o 3 A = ' 3
fotuazlarudenseaynseanvaou iNeaanansznuiiuanaymalueinie neuly
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uazvdaldReufueilnsal iAgungil 4 o0 myadasz 14rinlsaeinlessureaisndesms
ANABDNUT
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Uchiyama, S. and Hasegawa, S. (1999)
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HO,  + NO — NO, + OH° 4.9

NO, + hv - NO + O (4.5)

o, + 0 o> 0, (4.6)
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Visible absorption HPLC GC
aniie spectrometry (NIOSH 2016) (NIOSH 2541)
(NTOSH 3500)
8a31n15 1via 0.2-1 ans/U¥ 0.03-1.5 @ns/uh 0.01- 0.10 AAs/UIN
Usumsonia 1-100 AT 1-15 aas 1- 36 ans

gagea-Age

nafifudets 30 $u # 25 o 34 5u 71 25 o 3 dlad i 25° =
1314
$2efinsava’ld 2-40 TuTasnsy 0.23-37 lulnsniu | 3-200 Tulasnsu
A998 Chromotropic acid DNPH 2(Hydroxymethyl)
piperidine (2-HMP)
NaHSO, Acctonitrile Toluene
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