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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 peried 60 , 90 and
180 min. HCHO sampling and. analysis method were applied to find the monitored concentration
level. In the ambient air , Faculty of Seience (KMITL~; light traffic) and Soi Jinda junction (Soi
Lankrabangl5 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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2.2.2 nguiuaznanmsmauvesgUnsaivadn
gUnssimaddorfondnmsunsveanainiouladmidsiauna (Carer) uazgniy
DYUUINUIITY TasvummsuezSanndiisumssuvaiutuq indovegioilufaady
ﬂ’s"mﬁﬂﬂﬁﬁ%ﬁuuaﬁmfm nsdurinvewadvfinuudumsunsvesTunnaodiase
(Free molecular diffusion) havinarmiduduiidsduvesuadiyluoinmasuuafsuumy
su ﬂﬁﬂ“ﬁ’ﬂlﬂﬁn’mﬁﬁ (The mass fiux , g/cmz.s) #1150 Fick s First Law of

Diffusion 83u10 181 udad 1 IaeasIfUAIIUUANAIUDIN NI UVITN1TUANYAL

AuNIN2.1
DdC
F N2
dL @.1)
= ddnFveainais (gem's)

D - Fulszannisunsvesans (Diffusion coefficient) (cmzls)
ac| D=~ anududuvsiafividisdusrrinelusmsdun b u(gonm’)
dL = SEHEAIENUBINTIUNS (Effective path Jength) (em)

1
= Y 1

fmSiaRuiigasuaginuTum e iAnaumsi 2.2

M = FEFxAxT 2.2)

M = UIAVONEITUULHIEUTU (ﬂgﬂ)
ﬂ,’ d' ¥ o
A =  WUNHUINAVDIBULLT U
T = Loz AU (Exposure time, S)

4 '

mdulseansnmsunsaioma ldenmineaosly Experimental chamber lae

o ' ) = L3 @
Anilvivhtinademsanduiiluginsusviadavesnlnseimadd  quinuuzniamonm

o v = s d{ 19 Y v U
vouAdu quuqll Anwdu uazawsy Taenrunu luldins Tnauwuuilulwveseinmsa
Ao o = 5 ° ¥ 3 =

(Turbulence  flow) HavszrznaMduAzuady  indwmbmarnududuvesuaiylu
¥ o o 4y o a4 = @ o & o 4 ]
ussonet ldasaunsi - 23 dedssmitladdlatenuilsfuvagiiimsnulumaauinds

v o

° ] = o . . o 3 4
ufludesiimisfigod  (Validation) anwduRuTAn  wenumiumsidgunsalwadvil
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2.3.1 Colorimetric methods
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TNTIEHAIN Méthod: 3500 0.3 NIOSH (The National Institute for -occupational safety and

»
ety Al

= - Ll seig 9 4 o '
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HO.S
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SO;H

SO:H HO,S

S0:H HO,S
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HO,S SOH

L L
79
H aAa d w ¢
311 2.4 nalamstfadgnsevesdeasiioalsduaznsalnslulnsia (Chromotropic Acid)
2.3.2 Chromatographic metheds
) rd o o o =
1. manaLnalasm Inns (Gas . chromatographic. methods) Lflummmﬂxﬁmﬂsmm
o Aa o - < A a Al Vo -
arsuialssaniantiaonzdlue e veamas isveuds Fudumafian ldsvanuiioy
A & A aw v q a P a Ay Vat
ynisannAsealannuatslAn 1w aeaalumsdins e d wanisdiasizvin laiinw
wiuduazAugndeagerdwisoassviafn nutnduig 18 ualivedvogvaivadiugy
o o . (. vhg Y d v Iy 4 = o
AUAUUDIUATNW) (carrier gas) Maiauo gnsain1fAvd et ldldnsuRoinasism
@ ' a @ v o & b a {
UNA T136296981INGAFIUTO A oA 1 TUABANINTBAMAKM S S IUNNEangnuaa Tu
4 o4 & 1 % A g = g 11 A 2 ey
WUNHUUIN U (resolution). YBINN nﬂﬂiuﬂmminu resolution "lllﬂW‘é)Hﬁ’f)WﬂLﬂﬂ“lfﬂmﬂU
as A o o o g P ¥ 9 9 ﬂ ¥
fumasuiufnniszmiuifinIignAeslaniudy
o - 3 v A o 4
TunrsasradamdSungrestadleddreinTosudalasuiinnsi (Gas
2 . o =
chromatograph) 44914 WgiSons1warosudususe (Flurrier Transform Infrared, FTIR) (i
amames TunsInszazdadsIas1zia1L Method 2541 Y04 NIOSH
2. inata lasmn Innsveamamuyaussouzg lasun Innsveunauuuanssous
9 (High-performance liquid chromatographic methods) WumaiinnfioulFiuetraumsnae
Tunsuondiusznouaisqeensinvenan lasldidmndoun  (mobile phase) WIved

Ay g oA

) . s iy
wernIiindou I v ails (stationary phase) Funaiiniidontoannsomldiuiesninms
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2541
Method voh Yaids
a @ (] { = 4 g o 1
Method TO-5 | 3. @111509399AT15A208190% 2. AT ouaIN 4 NN UAI9614
¥d US.EPA | anudududilaneslulasnsy | 3357gson

o o J
msandunesiad lasly Chromatographic methods
9 =2 = A o a o 9 ]
msihledeilyvwafivdisannalssagumsueiiasuiudesdinnsiouas
o g & - a ] as o =
nsedlSinavesamslunssoimangndedazinsans e udamsdamsdszney  msueia
Tuussormaduilud anvagaruesnisanvindSununifesy lussavadiulu

v Y 1 d"w o o = 7 (3] ¥ 1 Pt
WHUHATUAIU LAZUDNITAUBINTTTNTUAIUATIUAT IS HNOYIIURA YT IfJI‘]ﬁJ 1Hﬂ .91,

LY

1970 finsany13dsienitssnaupNe s agoumataiasun Inasw# lunsdaw
o = ot o o a aaa
amsisynavuaiiveiialusima waziduiseusuanuiumizeizeslumaiad §Asmves
o - v v 1 4 = aaa = A
DNPH uazasilsznetmsuetiasuaiiuminatslunawon Fipisneljiseuialdal
T a a = 7q & o U o = g 3 ie ¥
anznia MR IsANEand o lld 1 dunguaiiuatia (Nucleophilic addition) nazmuaay

- ]
e & o £11. & o = Qs
M3R19A1 100N (Water elimination). Taayiusung 2,4-10 TuTasilida lansalan dagila 2.4

H H
_N/ H\ = H—N = {
NO, H et /C—O - NO, -C\ + H,0
NO, H/s  H NO, H
2,4-dinitrophenylhydrazine formaldehyde formaldehyde-hydrazone

51 2.5 nalamamal§aievesasiiailonuas 2,4-dinitrophenyihydrazine ( DNPH )

{Irene D. DeGralff, 2005)

as =1 o L] o a = A
FEmanudedasdszneuaisusiadl 3 juuy As
< LY ' a o
1. M3AUAIE19RI8BUNUIDT (Impinger Sampling) A0@15ALA W DNPH
=1 % a
2. MmshudrsansgaduveuiisitnAaudIs DNPH (Sampling with DNPH coated

solid sorbents) lag1da15gadunaIonu
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Glass beads and Glass fiber filters

- Silica gel cartridge (lﬂuﬁﬁ@ﬂﬂﬁ’ﬂﬂizmﬂﬁ‘{h)

% du’/’
Florisil cartridge (luesgadiulszmiies)
v
- C,, cartridge (Huasgadinlszianlufidaa)
o a a ) d o . . =3
3. pisifudrsmaiafey 154 19a 10U (Cryogenic collection) , NFIAVUDY
= g . R . a - o«
Wsuavann uaz 19Wa1adAnau (High volume, rotating cylinder sampling)n3035y1l loiwes
o o g Y Y Y .. . 4w ' o e
uazmssﬂaﬂﬂmww {Nebulization and reflux concentration) N1FNUAIDEINDINIANU
o =) s o g 1 Y4 o = 3 -3
msdszneumsveilanawsiiasududesrumsuoneyiut leasi Teuninadulaomaiin
Tnsin Innsuaz 19msasavTautimsaanaunasgansilalemn (UV absorption detection)

& A 2 v ' iy d o A a =
Fafimsaanaunasaglugii 360-375 U Tuwes sniuresiadlen (amaeh 2.4)

! g 4 o ¢
M519N 2.4 MIganaunduiaINIagIgavesm o UL YR I DNPH

asilszneu ANENIATY. (nm)

135 DNPH 35008

Wotiiaa lad 353 %/350 %1 345
peaNan 186 363°,360 "

Twswiuae 365 °

UMM 363

NG aa laa 393"

oz Insan 373 ¥ 367°
SPAGLELL 375.

2% lau 367 °

»
viomg a - avaoluszdlalu'lna CH,ON nazthonsam 55: 45

b: azawluezdInlulne CH,ON uazhdasdm 60 : 40 pH 2.6

¥
¢ : aza1wluozdTnlu'lna CH,ON uaziwasidu 75 : 25

o [ o g o o
ﬁ’miﬂﬂﬁ!ﬂﬂﬂﬂ‘iuﬂﬂqﬁﬂiﬂﬂ

asa a o

IDDUNHUINDT

o o

d @ r vor -1 ] 3 LY T o
munudesa ldgage unrae 3.5 0 lduandeduedaiivioddy

AfiesveIaITRATIINIAY 4 3201y

uadudluezdnanlon
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1 a [ Y v b1 g o = aaa & ‘n ¥
AMAeT 1.7 1snudiadnalan lumsiiungungii 25 o msiAailfAsouiouauysella
=
Mol 20 un
o ar o 9/ s < o 1 1 o = a 4
FIMTUNITINUAYAITAAGULUDVUD I Uﬂllllﬂs'lﬂﬂﬂulﬂllu"ﬁﬂ NTINATHYNUT

o o A aan o o3 9
ﬂ’]u‘]iﬂmﬂlluﬂaum@%ﬂaj'ﬂ56ﬂ§]ﬂ30’]ﬂ1°ﬂ“‘]®ﬂwqqﬂ
2.3.3 M139UNIU

= o o o o = A'l. & o aan s
lumsTmsizrvesiad leasiufanissuniuninasdudgsannsajnseiu
o o 1 a ¢ o A o
Wosiiad 1ad 14 1wy msiliznoudan leraidaous Tolyu Tulaswulaoon led fludu
= 'd =, a @ dy
1. MIUATIZHAYTT Colorimetric methods %iAAMITUNIUTINE5AIAR 1111
(James P.L.,1989)
f = S =] o ¥
D TudrudesaasnsalasluInswaesiNaarssUnafisadntiosein

as ¢ a 4y Qv Lo [ - ]
msisznoudan leaviaoug-asssnoudad lennonadee IraWsuandesnin  0.01%

'
o

o Sl A P fdd o
uazasilsznoudan lean lupudInan Acrolein ¢ ldkmBannidunlofidumioouinnie
1 ] o { :’ a d‘
unvez ity dauemusauasdsUszneuwInUe anesaal1vdn lulanagikau
a = | o 9 = 1 (] =1 = g 9/ L4
fuesiiad leday Idnaiisay uaod e lsnannlsinaanudududedasilsynauneanogod
= Y ] ) o ol o as ;’,’ =1 (IR =
Tuormedl e 1na sy e 9o 1A Laa HIUN 15T LAIUIINUBAND DA LADEINA
RV
= ' IS = o s = [ ]
2) waninmslsyneuusaniamnlsuiswesiad leanuimnn 1 ludasidiu
= 1 1 (=1 - P-1
8:1 92 I HaF 381 10-20 % udea1s lsdnmanududuas sasdsenovinen lueimeiidon
v g g L= o as n’: = 2 vt =4
ananududuvesiesiiad led aaiunssuniuiniueads luaasivg
o =1 @ (] A ] =) o 4
3) enautaslnswanludasaunonwesuan loa104 Tdwanidiua 5-10 %
: o ' - ' do A ¢ —
WAL 2-methyl-1,3-butadiene. Iuan daudinn e siiaalen 15:1 uaawandluan 15 %
= F's a,
2. 155U A5 AT 1ZHA 1835 Chromategraphic methods
o a 1 =1 o [] L4 =y [
TunsiAuaiee199101a assuniulunisifudledaasseneuaisuaiia 18un
o @ I'4 A;J a o ] I'4
ToTau, Tulasnuesnlad uazdameslasenled Taeialdlumsiiaszvimngy  msue
fa Tulasnuleeenled ez lulnasuniumsiasied sanudududindt 550 AR
as T ot o @ ¢ o ]
(part per billion ,ppb) #3005 18 U 1 Tasou lneen laadeesaian lea dini 7:1
o o 4 -~ o Qs v o =y ¥
saes lasonlyadlumsfionssuniumsifudiedeaisdsznounsvoiiala
y = aan = "4 - [ 4
isaninvziAnl §asvmsiaunisueiialudalWd (Carbonyl-bisulfite addition) 1Aifiu lan

soNToaIAU 40 1WTn Loda (Hydroxyalkane sulfonic acid) Mm1darslsenou DNPH #n
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- ae Y o = o o 4 as ot d
UfAsordumsueiialdanas nlesidudns ldndufn (% Recovery) anna udeg1als Anw
9 o a @ o u A o o n 9 ¢ A
moldanizniada (pH< 3) muineyuivesasiad laanu DNPH szifa ldauysel 1¥e
1 4 ¥ [} ° oA [ o o o 1 = s
1deuluildwld DNPH HulfAserduesiiadladanimainalensendimusa e
(Hydroxymethane sulfonate)
o ] - = o Y
Tolwudaldindumsiides hunuazsunumsmlSunaaisueialusiaald 3
sy o
=Y aaas w o =Y = .
1) Wel §AserdumsTueinia arsdszneumiustiaifin (Artifact from the sampling
substrate reaction)
3 Y =
2) Mldifamsaa1evos DNPH- laas lasu
Q Y a e 4‘| 9 & fal o 3 o T 1
3) MtdiAmlfnsooun uazlananduandanissunimlfdie 19wy msdaivves

DNPH 919 19 184 (G.Botani. and etal., 2005)
.—.——» 1A A
DNPH-¥ . 0, (0:1%) fvazaw iy (24)

5 ] - ) o = 1
ﬁ]zlﬂul’lﬂ')1iﬂiwulﬂuﬁ1iﬂ5Uﬂ3uﬂ’]'§'ﬂ’]l|51|“H‘U'ﬂQﬁ'ﬁﬂizﬂaﬂﬂ'ﬁﬂﬂuaﬂﬂ'mu'lﬂ

¥
o

3 o L= =t s 1 o s A o =Y
ﬂﬂuuiuﬂ'ﬁlﬂ“ﬂVI'JﬂEJ'N‘UQﬂ'ﬂﬂllfﬂ‘i"llﬂﬂIﬂT“ﬁuﬂﬂu‘ﬂ']ﬂ'ﬁﬂﬂ“ﬁUWiﬂ 21 ﬁ']i'l] JENDUATTUDUD

] [ o 4 ¢ A
wu IFvemadhvesddsdsain il unesuasansuale lnimaFonlole lasioiida

ToTwunau
2.4 HADTENUABAIOARDN
4 a o 'Q‘ A =\ ooy 1
dioesiad laMihg@unisdeuaiiiu Secondary Polludne Feansoiinlfizoide
udwihl¥iRauaiumeeIMasilnoudn tazWesNad ledannsninal§ise1 Photolysis AR
AuMs (Novelli, P.C, and et al, 1999)
CH,O + ho —— CO + H, (A<360nm) 2.5)

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

CH,0 + hv %5 CO + 2HO, Q2.7
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- a a @ oA o o ¢ & ‘i‘]
VINABNISH 2.5 uag 2.7 wifanannuyine unaa1Tueuyauen luq ¥uiuy
nsdsznoun lilades amrsanifasndueendiouléa SuilusuasedeFuaaden uaz
o [ o ] v I'd o a [ =
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N. Binding and U. Witting (1991)
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Uchiyama, S. and Hasegawa, S. (1999)
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Ho, + NO - NO, + OH' (4.4)
NO, + hv - NO + O (4.5)
o, + O —> o, (4.6)
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