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Abstract

The purpose of this study is to evaluate analytical method for the measurement of carbonyl compounds and to
apply the analytical method to the measurement of indoor and outdoor concentrations of these compounds at
public facilities. For sampling, 2,4-dinitrophenylhydrazine (DNPH) coated DNPH-Silica cartridges were used
in this study. DNPH reacts with carbonyl compounds and forms carbonyl hydrazone. The carbonyl hydrazone
was eluted from the cartridge with acetonitrile and analyzed by reverse—phase HPLC with UV detection.
Possible interference caused by ozone during sampling was eliminated by using KI trap connected in series with
the DNPH-Silica cartridge. A number of experimental studies were undertaken to evaluate and validate the
analytical method, including collection efficiency, recovery, repeatability, lower limits of detection, and effect of
ozone. Indoor and outdoor measurements of carbonyl compounds were simultaneously carried out at 14 public
facilities Jocated in Taegu city and Kyungsan city from June to July, 1995. Except for one or two sites, the
indoor concentrations were found to be higher than the outdoor concentrations for carbonyl compounds. And the
concentrations of carbonyl compounds measured in the morning and afternoon were showed higher than the

concentrations measured in the evening.
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200 FEA -wgE - w4
o] o] 9t} (Zhang ef al., 1994; Altshuller,
1993; Grosjean et al., 1993). 712RHESHFEL A
A, HEAA g 7 AT AFLZRE Y
Ed Wk oopuz} waled Fo FASAYEol7|E
B2 13 Ee 23 e EEE EASA "9
(Chang and Lee, 1995; Andrade and Tanner,
1992). FIERESIFELS oF, FAsjolAEANY
(PANs), et g4d4de 2isle Aegs 712
B4 g6 Aoy AFAE Agshe FAM R
3], 48l gt} (OH - ) L= ZAkd oz (NOs -)
el whg, a2 - &4 A g8 di7] FolA
AA, 2¥8H71 % 3} (Vairavamurthy el al.,
1993). wetM th7] FollA ppbveEd] AFrz 5
de ZA2¥YEEES] AL 07 F galgad &
%, PANsS X3¢ SAIREY A, 83 ooz
F 549 2 P g3 F7189 AA FHE& olddte
g gl 8% 9ejg AVdT ¥ 4 v} (Tanner
and Meng, 1984).

oA & deld L5 =g StERdsgEY
ZAYore Yy oty fEAsEs He I
sty Fo] St o)F wAyoeRE: IRVER
Ay a ggzAddyel &3t Sede) drled
FIANEY LR ] e ARREZHMYLE I
dHFE HEE A Aoz BNy F MY g AHE
e o1zl shy Hzoly A& /718, z8n X
=g AT g2 THY dulsize os) A E
FE Aog duEA glen B3 HEIAI =o} AE
ER Azbol AojAm, u7] Fo Fr|FoR EAsle
TEUBIE dEde 4%6A gue ddE AUz
Att (Humberto et al., 1991; 3743 1A 4 91-73
). FyEadd ?EMH Afde FRE7 L2
o8 A e Ponz A 2L YdiMe X
A ANRE dF 252 fFANI e Hel 53] Fad
t} (Georghiou ef al., 1983; Vanderwal, 1982).
et fFEASEE FE A= ey i
FH2ZHHPE SHAHOEN st Hojuy MeHql
HEol skestthe A8 S AYI gl ©]F 3-meth-
yl-2-benzothiazolinone hydrazone (MBTH) ¥
ZAstE-E dus = talAgr ZA - o] 7hEsh
(Igawa et al., 1989; Matthewa and Howell,
1981) 2,4-dinitrophenylhydazine (DNPH) #%

_I

b2 AEEHA ds= v opg AEAE 4
A uhgsle g DNPH f=AE A3 J2z

FERIIFES e £Ho 7t5sith. DNPH-

B BAGER A2 A2E

HPLCHOoZ 7lZHHIGE 234, NEExdyes
+ DNPHE Z¥3 #2449 (Grosjean and
Williams II, 1992; Levin et af., 1989), <d¥A
(Willams et af., 1990; Tanner and Meng,
1984), I AFAFLELA] (Satsumabayashi ef al.,
1995; Grosjean, 1991; Slemr, 1991)& o]&3l=
W 5ol gtk DNPHE 783 $24d82EE o]%
& Afde &L APsht 2o Baer $x9
Fge v Aoz 28AUY (Grosjean and Willi-
ams II, 1992). YHAE o]43 A& THYL A&
o] Mg £58 goled AFtEA @ B9 op
2t & SLE Q8 ABEY Al7e] Aojx|n|, ARE
AELENE A7 ewrshede g A
AR 58 Uiz sl waM oj8d gL 28
a7] 8 Weto 2 glass beads, fEl4UH, A
7}4, Chromosorb P, Florisil, Carbopack B,
XAD-2, Cy (silica) 59 2#FHA o DNPHE =
BAZ TAFHANEDNE Agete o] FEw
9%k o3 27 2 C TAFAAEAAY 0] 2
4 §e) Hoz g8 74 de o8z Ut 5
A7t AEYAY Ao ANEEY F ALolAE
F, JRRNNE 47 B DT RoE Y%
% NBEYFLERE QPN gweled we
Ae WASA got AREIA ool o3 b7
Aotz WTo] &F 238WE AEEe e FES W
AAsRF = A2z YA g (Sirju and Shep'
son, 1995; Slemr, 1991; Arnts and Tejada,
1989).

A SHdM e SAPE o438 TELYI =9
e o oy stEadsigEd g Awrze 9
T °] 5(1995)9] AFe AFAE MU £
HAE ¥ oA E A3 ulejgh dFoith, wakA
£ AFdAE FE] o EAde 7R dsiE
o 71&¢ 98 DNPH-42l7} 7slegAlg A88 ¥4
3 ¥ HPLCW o2 BAson ojf3 Wioz A&
g XHT 9 oig # Y=e /‘1394 &3 0 &9 o
& WG EH R A89e A3,
Bt giFo] A ol&3tes T °1%*1*é°ﬂ*ﬂ ol& A3
LN T FAM v PEEHe sl2n
SFES dide s 3FsaA g,
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B dFME 1.0 cm (i.d.)x2.0 cm {0.d.) %
4.3 cm (total length)®] FFE@|Al9l 350 mge] DN-
PH-4%)7 (1.0 mg DNPH)S %#3% DNPH-47%
7} 7}E2]A] (Waters Associates, U.S.A.)E A%
dd 2R dsgEs AU, ofw §FRYAA
7} 228 AFE ¥ (Supelco, Inc,, U.S.A)E At
2349 1.5 m9 ZoldiM 0.9 {/min? FFLE 150
B Zol yyslgon £ QEd g 7MIZES A
#A87] $131 1.0 cm (i.d.) x10 cmg HEE FE
KI 44< A4¢ o9& 23w DNPH-Hg7 JIE
27 Qo FAsATE. FHEY ASE s @ F 2
Eile] Az eutsigon 42W7AE WEEAst
At

AA A Bele] LS 3 A5 THL AT FA7}
9 g Zae] A4Re X AsHdrt (2 A,
ety (27 JA), 28 27 ), B @A A,
guld (374 AF), 9 @24 AR, =HF QN AR
2o durdQl e e FFo|FAHS o s HAE
Aon AU - ¢ TS FAd EF3AL AET 2
A (09:00~11:30), 2% (13:00~15:30), AY
(18:00~20:30) .2 Wio] 3120 33 EF3AL
o 19953 6YolA 79 Alele] AAlsgTh AU AlE
A NFogE AU 352 YEY F e AdF
Grre slzozstd AAsigion, AP AW
A 74 <lAs sEw AR AFEYct,

2.2 A2 BE % EM=U

A9 AE8E FEuold (4 ml)S o83 HPLC
-grade SMMEUEZ 4 mlE 43390y §&942
2ol o] B T HEE HOjTR ¥l YA B
A3k, €349 29S A 9 RE F
713 ot EVEZE AHT F 60°ColM ARk A}
g390om 717 ¥ £529e 3 F =FS HL

gatal.

224 DNPH §EZA2RY 7l2d3lgey 84
2 HPLCE o)43td 31999 HPLC Al&"d #
g ARapgke # 1d) Yehigit. DNPH f=3de &

d gdoA FFAe] 2ler 350~380 nmallA Hdf
o 2Axg 7AAA HEg E dPFdMe A9471%79
BAe 360 nmol| ZAANA BAsdd. e zE
Ci 2% (4.6 mm X 25 cm, Shimadzu, CLC-0ODS
(M), Japan)& AMg3l3 013422 E #9 1mld
F2o7 HEUEZI 5& AMEEEen 2E2EE
35°CE A3 B dfode RE Fl2Rdsd
22 AF 9 Az By 98 20874 o EY
EYIES 60:400F, 20890M 2587 = 80:202
2 dAsigen 258N 4027 HHEUEES
100 %2 AA3d= gradient elutionS #8334},

2.3 HPLCE 0|88 Fd A« ¥

2.3.1 EESIAZ

E dpdMe FHdr) SdA AUzt & 971
A9 FtErdagEs AANAon H2ZHEHHE
AR AEs & 2o gFEEAH AAE FEEY
g8 Azsgct. Zzte] ¥F44E DNPHS <%
7t2 3 9s5tEo] whgsld FAF xA 4] DNPH-7}
23y FEAE GHMEUEL o ARsALH
(Winberry ef al., 1988) Azd EF8&d ¢ EFE
gaole 4°C olate] YAz Rt 474 R
Fade AR olR3lgon] BEEFEAL LA
ANEY AFEYF F2A9 Iee S FHristed o4&
ATt BEEY Az:A A" AE ohgat P
2, 4-dinitrophenylhydrazine (Sigma), XZE%u| 3]
© (Junsei Chemical Co., EFAY), CHHEYH S
© (Fluka, €% 99%), otz E# % (Aldrich, ¢&%
97%), o}AE (J.T. Baker Inc., 99.7%), Z23&
gy 8= (Aldrich, €& 97%), HEAEAE (Duk-
san Pharmaceutical Co., EFAY), o|AFEdUH

Table 1. Instrumental specifications of reversed phase HPLC system used in this study.

Pump Shimadzu LC-9A Two Pumps System
System Controller Shimadzu SCL-6B System Controller
Injector Rheodyne 7125 with 20 #f/ Sample Loop

Analytical Column

C,s Column (0,46 x25 cm, Shimadzu, CLC-ODS(M))
with a Ci Guard Column

Column Oven Controller

Shimadzu CTO-6A constant temperature Controller

Detectors

Shimzdzu SPD-6AV UV/VIS Detector

Calculation

Shimadzu CR4A Data Integrator

J. KAPRA Vdl, 12, No, 2(1996)
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3= (Aldrich, &% 99%), #2¢d 3= (Aldrich,
£E 99%), BHEYH I E (Aldrich, €% 97%).

2.3.2 é Y

2.29 Wwloz £33 AE9 FHYRAL 9REF
Eggde] B{A 2AHS g on, ¥FEE
ool tjgk HPLC 2ZrEadL 28 16 vehy
Ach. 28 1 vEbd el o] olHES ol Ew9)
o] FAle] H&=UeH WHNAE o] 4¥E U3
ZE 0.7% Az 7t4oz B 2y o)
A UmA s 12804 5, 187149 2t4 02 Ye
Uzt gazke By vwd 48 o)Foldry of
HEZ} o}aEH0L 25 cm 28 2718 APz AAds
o BAsE 2al7t @ AoE JA old ALqE
7t Ao BHATe] W dojAA Hluz E 3
Me 25 cm #¥ UNE A& mely ol
o2 Zd e WalHE oJEY FH2Z AT 4
ANE F 7AZRHSEEY AFE FREFEIY o
aPAE Nz AHaHew 7 H39 response
factore ¥4 Fduitt Ausdd, 44 7] 9 7}
ZRYE5E g HPLC azaEade 1y 294
o Al 3k o},
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Fig. 1. A typical chromatogram of a standard mixture
of 9 carbonyl compounds.
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ig. 2. Chromatogram of carbonyl compound samples from a terminal.
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Table 2. Retention times of carbonyl compounds and repeatability of HPLC analysis.

TEEA 203

Retention Repeatability®
Carbonyl Compound Time® Retention Time Peak Area
(min) Within a day | Between days | Within a day | Between days

Formaldehyde 7.32 0. 2% 1.7% 0.5% 0.9%
Acetaldehyde 9.26 0.3% 1.9% 0.6% 1.0%
Acetone+ Acrolein 12,03 0.6% 2.1% 3. 9% 4.5%
Propionaldehyde 13.19 0.8% 2.2% 3.4% 5.1%
Methyl Ethyl Ketone 18.04 0.7% 2.1% 0.6% 1. 7%
Benzaldehyde 21.40 1.4% 2.1% 4.4% 4,5%
Valeraldehyde 25.15 0.1% 0.4% 0.4% 0.6%

a) Retention time is an average value of 5 consecutive analyses;
b) Repeatabilities of retention time and peak area were expressed as % relative standard deviation.

3. #Ex o @

3.1 HPLC2| i3y o MM

HPLCEAM 9 HfAZst sladde] A8y Bt
st 53 %lﬂoi TES BEEFEAE 08T 4
539 MEAY S B3 ojFolgon AL AHEE
a3 W}s}ﬁﬂr 2 A BRA gF &R 3
AHA L 0.1~1.4%2 Yehgon o7k AEAHL 0,4~
2.2%2 Jepst B HI3dH e g HEHL &5
Z, 497 2% RE 2ol 5. 1% o3z veh} S

3 AdR L RAFAY. 747 EMUFEEA o
g BEA0E Badse] AdEEHte ® 20 e
Lﬂgiu} BAYAR the AEA ws gEEded
g 3uAz HHelel dstgion ol A A
= BEAUAE 2F 0,999 ooz vt

pi

3.2 HAE#HA

HPLCE o443 7F1ERJ3E Bounie 7177
A32HA AZd LY signal o noise &
Tl FAH 2 2 RYAFTEY I
NE %94 ZJ%WIQ} o) & d&de W] F
3l & X 39 Yehligich, EELHE
Z, oMHEYHEIE, o E+olAZYRAY HEHAE
1 ng/ml2 velgon Mz2du s =& 8 ng/ml (20 1
9 NEZ FY4T o < 0.162 ngdl A= Zxr) 7}
A 2A el JEM 135 {9 ¥718 3% 4

8 ng/mle} WRYH == 7] F $EE 0.06 ppbv
o #2He golnz %azi AA W7 FAM HE
Y& 0.2~1.6 ppbvell H3A w$& @Fe gro|t}, ui}
AN 2 A dojz st2rdaghE Asd Wit 4
e 2 52 Ao griEd, a2 B A7

A=

pad

o rulO r“l)"

Al HPLC

N 249 szndates A2 &
3 % qonz Ay

HE® 1%
8o o8 MY ol

a9 844 %Ali(ﬁeld blank) ¢ ZAd3Ed
Rl @ A7rE A8 Bl AR A4

Table 3. Lower limits of detection for carbonyl com-
pounds analysed by HPLC.

Carbonyl Compound| #g/ml ng¥ ppbv®
Formaldehyde 0.001 0.021 0.025
Acetaldehyde 0.001 0.029 0,024

Acetone+ Acrolein | 0.001 0.041 0.026
Propionaldehyde 0.002 0.041 0.025
Methyl Ethyl Ketone 0,004 0,072 0,035
Isobutyraldehyde 0,002 0.048 0.024
Benzaldehyde 0,008 0.162 0.055
Valeraldehyde 0. 002 0,030 0,013

a) estimated from 20 #/ sample injection;
b) estimated by air volume of 135 £.

Table 4. Comparison of carbonyl compounds levels
in field samples and field blanks under a
typical sampling situation.

Indoor (ppbv) |Outdoor (ppbv)

Carbonyl Compound| Field | Field | Field | Field
Sample | Blank® |Sample | Blank

Formaldehyde 21,9 0.24 9.9 0.29
Acetaldehyde 5.8 0,12 4.9 0.13
Acetone+ Acrolein| 13.2 0.38 ] 10.8 0.45
Propionaldehyde 1.8 | N.D. 2.6 0.03
Methyl Ethyl Ketone| 2.6 0.04 1.2 0.05
Benzaldehyde 0.4 | N.D. 0.3 N.D.

a) Field blank concentration was estimated based
upon a sampling air volume of 135 /.

J. KAPRA Vol 12, No. 2(1996)



SEpRE

204 &3 gL

HEE TPste 5o AEEPz 9% zAs6IA 4]
FERAE 37 Fo ZRAZ L o5 ARE AHAA
233 272 135 49 ¥715 2HYde /M FA
FEE §43 A48 F 49 JeRlid ¥ 49 v
wodle} o] EF FAE Y FlERddNE vEF
A4 Hold 37 FAM dEd vxd vus £ 9
A Amel Aoz Yride,

3.3 AR XEFE

ANEY TAEEL 279 FtERAE HER dAso
NEE XS ¥ 479 FlEYAAAM HEE % F
GEE FLEZAGA HEH ¥ (%) Adstd FH3)
o}t olF &) HAANE B 7t IEnE HEH
A&l A&7l DNPH-AE7 7lE =] 2708 4
Hsle] 153 £9] $718 XA F &, A 7EA 270
g zZt7 843y, 2 A3 & 5o vehd upe} 7o)
gEE FtEA M EEYAE =St 69.1 ng (135
29 I8 EFSRTL AL H$ 83.2 ppbvdl
#d), oMELUIE 19.6 ng (135 (9] F718 £
s /ML AS 16.1 ppbvel] %) 22 4
2592tk olo HlE SEH YA FEGA M
EEYYF e} GRE FIEYA AN AEE 49 0.4%
9l 0.3 ngo] ZAEHAULY oHEYH I IREY
0.5% (0.1 ng) 2 AEF} opME+ o} 22
TG =E AYaH BE FEo] A 100%9] &
Bhe 48 TIEEE VR Ed REYY3E
o A% HAAAMNE stEd AR =2A FEE A2
63.4 ngolglon oM EUHI =S 19.4ng EO2
el gRE JlEgAdA dEE 474 s2RdEd
2 go dANgdM HEH 4Rt 9 g2 Zoju}

Table 5. Collection efficiency of DNPH-Silica cartrid-
ges for carbonyl compounds.

Collection
Carbonyl Fir§t Seco.nd Efficigncy
Compound Cartridge | Cartridge | of Fl_rst
(ng)» (ng)* |Cartridge
(%)
Formaldehyde 69,1 0.3 99.6
Acetaldehyde 19.6 0.1 99.5
Acetone+Acrolein| 45.2 3.3 93.9
Propionaldehyde 7.3 0.3 96.6
Methyl Ethyl g4 4 0.3 99,9
Ketone

Benzaldehyde 5.0 N.D. 100.0

a) estimated from 20 #f sample injection.

7B e Az AM2E

wea] oMl E+ok2EHANE AYstd B A7 YA
A8 EAHFHNAM 4718 breakthroughs Yoju}xl
e Aoz Bk,

3.4 5§ Yol

£33 FAME A2 &Ho) dojd = glomg
£ dTdAe DNPH-427l 7lEgAd dA39 &
TEFEAE FUT F £3AS HANESY BT =
Zstol M B8 wxo} U FEE vHAA FEH
o s¢&S Uity oW FIEYAY wBHAY F
X 9 o] Yojd 4 9oz FA R (blank)E &
Mt BASAT 2 A3 E 60 vebd ble} 7o
O E+olAEH ALY 3|FEL 93.6%2 YEIROY ¥
LU= HEY YA FHREL 2F 98% o]
WS 24 ARAE vEY 33 F ARy &4
2 79 dd Zeg #Hrtd,

Table 6. Recovery efficiencies of selected DNPH

derivatives.
Carbonyl Spiked | Average Recovery
Amount of Hydrazone
Compound

(r2) |[Amount (ug)

Formaldehyde 15,92 ]15,75+0.63*| 98.9+4.0
Acetaldehyde 5.88 | 5.77+0,39 | 98.2+6.7
Acetone+ Acrolein| 17,73 |16.60+0.67 | 93.6+3.8
Propionaldehyde | 8.34 | 8.9440.32 [107.2+3.8
Methyl Ethyl

% Recovery

8.74 | 8.62%0,32 | 98,6+3.7

Ketone
Benzaldehyde 1.86 | 1.83+0.08 | 98,4+4.4
Valeraldehyde 4.88 | 4.78+0.22 | 98.0+4.4

a) Uncertainty is a standard deviation (n=10),

3.5 &S g

7t Rd3gE $HA 9Fo] £435W DNPH f%
At gAEAY, 283 DNPH7E #kg-3lo AHEA
Bgo] B49 4 vk (Slemr, 1991), £3} Cyy 7}
EfA e 2 ddt stEA e & o g
g won oo ¥yl 442 (Arnts and
Tejada, 1989) z2g}3, hydrozone loading®] #&
4~ (Sirju and Shepson, 1995) 2&d| 2|3 W)
Ar (%) 2ol e Aoz 48zt 3, o&e
Kl ga) AAHL (>99%) FELYs|ce A )|
HEHA Gorz (<4%) KIE o433 oF 23gue
7H2R 83 E YA afHoz oj4¥ + gy
(Parmar and Grosjean, 1990).
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et & dpdde e A WEE AA)
A8 1.0 cm (i.d.) X 10 cm9 BHEZE EBe KIZA
< ¢ KIEY S DNPH-Ag7} slE]A] Qo Az
atd ARS8 ZAHAT, ASEHA KIEHY AL &
Fo & HIAEE 0F ¥} 7MY B2 7oz o
BHE 14:00~17:00A19) YEtietn 43 AE S|
A gaton ofol dig EMAdse ¥ 79 YR
th. Slemr (1991)o} o&l dA® 9+ AT A3
A E AFANE 2F 23S 423 slE]A A
H2REEEY 57t § B4 AEHYen B3 ¥
Fousl=s Zan2dd s =e z+z 2.8u, 2.3y
o = Jelg o.&9 wel g A9 e Hog Yl
Wk ® 79 vElhd £X5& B Aol Al43 KI
EYS) A5e Wrig B3oR 139 AEL Ba AE
" ZAgo|nE FEE £X23 B £ §loy o5 4
#E p|Fo] Ho} 220] DNPH ®:= DNPH #%4
g whgdthe AME B3 o 5 gl w9 2 97
dM AT @E 2azue 0Z AA F&E Hrisl
7] 98 £2& Z47) (Model 49, Thermo Environ-
ment Instruments Inc., U.S.A.)E ol&3s KI
Efo] A& B9} g dY 7] F 2 352 EF
3 A KI EHE FE8kA 4e de g7 3 o6&
FX7F 40~45 ppbvE FEHAoY KI Efg 2%
P& e oE0] PEAA oJFE Y B A4
ARG 0F A3 0F AHTLES 100%z UE
Sk w8 37 ME DNPH-A87 7lEwA
£ AMRSE FFEEEERE THA 239 9% whEe
U™ Aez s

Tabie 7. Comparison of ambient levels of carbonyl
compounds with and without Kl trap.

Carbonyl with KI | without with/
Compound trap KI trap | without
Formaldehyde 6.69 2.36 2.83
Acetaldehyde 12,02 " 10,61 1.13
Acetone+Acrolein| 13,43 12,87 1.04
Propionaldehyde 0,14 0.06 2.33
Methyl Ethyl 1.21 0.62 1.95
Ketone
Benzaldehyde 0,40 0.32 1.25

3.6 ARDh7lolel HE
3.6.1 MU - & s=H|
Ds 39 2EOEALNN 28 H2ndsy

Y AEE A - 9 55 ¥ 89 Yehjgd, =
BUEEE vx9 EFUAE Auzgoz Ay u)s)
AooiM o gA el AyssEtt dorre Wil
Fo] A YeEgE & 4 Jdu. o)E sl2rdsye
o A Wiz e B - ookdid W) AgupEgde 3
F Zgtea) e 2¥ 8ld F3Ee) 97 g
U Aoz 34D, o, TR 22 EF) A4
T A &) AUAPRY HAAHNAN o A4 F
FH/1E Yo TEYUIN=E HR3 FlEndEie
o AA ParTe AUAYAS o 54 Jepdn, =
& Wy, 28, Aol EELU =9 A -
9] FE (I/O)H= 7.8, 5.7, 4.02% % =4 U
wgom A A 1/0 ¥le ESLUS| S} 3.4, SIHE
+olagyQle] 2.3, TEYLUY BT 2.1, BgoH
AE 1.8, SHHELHI= 1.6, W=GyE)= 1.4 &
02 Yeht FHNY 29N ESR TS E Ty
1/0 vz} 71 24 AEHAY. o)9} 7o) Ae u)
3 AYAHANN H2RYEFEY $5rt v =A e
g AL ARER Fol douiEdde dxe =279
FI2RYSE FujEde] EA6 fRroz 49
123

3.6.2 A|HY sbHjn

A STEIE A¥RE AUy AL xEUY 3
EE HREY BEE 2o XA wgE AsrteM
W =24 BEHNY. EEUHIH=E AsA) (66,1
+5.4 ppbv), &3 (56.0+6.9 ppbv), MakA (55.4
+11.8 ppbv), H#9 (33.1+6.6 ppbv)e] &0z =
A Jegon oMeEddslze A&4rt (8.6+1.4
ppbv) &t 23 (7.840.9 ppbv), HY(7.8+3.4
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Table 8. Indoor and outdoor concentrations (ppbv) of carbony!l compounds at public facilities.

Site Carbonyl Compound Indoor Outdoor 1/0

Mean=S.D. Min-Max | Mean+S.D. | Min-Max ratio

Formaldehyde 66.1 £ 5.4 60.7~ 76.3 | 16,5 * 6.2 9.3~24.3 4.0

Underground Acetaldehyde 8.6 £ 1.4 | 7.1~ 10.9| 4.2 £ 1.6 | 2.3~ 67 | 2.0

shopping Acetone+Acrolein | 47.3 £30.7 | 17.5~102.4 | 20.5 £16.5 | 4.0~45.7 2.3

aIrCf"de_ Propionaldehyde 46 45 | 1.4~ 12.8] 2.0+ 1.9 | 0.5~ 4.8 2.3

(()St'_’;:sé) Methyl Ethyl Ketone | 35.7 +11.7 | 19.0~ 48.9 | 12.5 + 5.8 | 3.5~19.3 2.9

’ Benzaldehyde 1.1 + 0.4 0.7~ 1.6 0.8 £ 0.4 0.2~ 1.2 1.4

Formaldehyde 55.4 +11.8 40,8~ 70,2 7.1 £ 2.4 5.2~11,8 7.8

Department Acetaldehyde 6.9 & 2.3 3.4~ 10.2 2.4 + 0.5 1.4~ 2.9 2.9

store Acetone+ Acrolein 241 £ 7.9 15.4~ 37,0 5.3 + 2.6 3.5~10.4 4.5

(In:n=68, Propionaldehyde 2.2 £ 0.9 1.0~ 3.4 0.7 + 0.3 0.3~ 1.2 3.1

Out:n=6) Methyl Ethyl Ketone | 14.8 = 9.0 8.2~ 31,9 6.4 = 1,1 5.2~ 7.8 2.3

Benzaldehyde 0.9 + 0.3 0.5~ 1.3 0.3 + 0.1 0.2~ 0.5 3.0

Formaldehyde 56.0 £ 6.9 49,6~ 65,1 9.9 = 3.9 5.4~14.3 5.7

Bank Acetaldehyde. 7.8 £ 0.9 6.6~ 8.7 3.3 £ 0.7 2.7~ 4.4 2.4

(In:in—=14 Acetope+Acrolem 15.4 +10.2 5.8~ 25.3 3.4 £ 1.5 1.6~ 5.0 4,5

Outln:t';) Propionaldehyde 2.2 + 0.8 1.7~ 3.4 0.6 + 0.3 0.4~ 1.1 3.7

Methyl Ethyl Ketone 6.5 £ 4.6 2.1~ 10.7 3.7 £ 3.0 1.1~ 7.0 1.8

Benzaldehyde 1.0 + 0.4 0.4~ 1.3 0.5 + 0.1 0.3~ 0.6 2.0

Formaldehyde 33.1 = 6.6 23.2~ 39.8 | 10.1 + 2.2 6.3~12.4 3.3

General Acetaldehyde 7.8 + 3.4 4,2~ 12.6 4.4 £ 1.0 2.5~ 5.2 1.8

hospital Acetone+ Acrolein 20.7 + 6.1 13.0~ 28.9 8.0 £ 1.3 6.3~ 9.9 2.6

(In:n=6, Propionaldehyde 0.7 £ 0.2 0.4~ 1.1 0.4 = 0.2 0.2~ 0.6 1.8

Out:n=6) Methy! Ethyl Ketone 9.9 + 1.1 8.4~ 11,2 8.8 + 1.3 7.4~11,1 1.1

Benzaldehyde 0.9 £ 0.3 0.4~ 1.4 0.8 + 0.2 0.6~ 1.0 1.1

Formaldehyde 16,3 £ 3.6 10.8~ 21,9 ] 10.3 + 4.8 5.4~17.5 1.6

Bus Acetaldehyde 6.4 = 3.6 4.2~ 15.9 4.7 £ 1.9 2.1~ 7.2 1.4

terminal Acetone+ Acrolein 10,0 + 3.7 6.3~ 18.2 7.9 + 2.3 4,7~10.8 1.3

(In:n=9, Propionaldehyde 1.0 £ 0.5 0.3~ 1.8| 0.8 = 0.7 0.3~ 2.6 1.3

Out:n=9) Methyl Ethyl Ketone 6.3 + 3.3 2.3~ 11.9 5.8 + 3.8 1,2~11.3 1.1

Benzaldehyde 0.5 £ 0.2 0.2~ 1.0 0.4 £ 0.1 0.2~ 0.6 1.3

Formaldehyde 7.3+ 1.2 | 56~ 83| 87+ 1.3 | 7.4~10.9 0.8

Railroad Acetaldehyde 2.8 = 0.4 2.2~ 34| 4.7+ 1.6 2.5~ 6.8 0.6

station Acetone+ Acrolein 6.0 £ 2.0 4,2~ 83| 6.3+ 1.9 3.9~ 8.2 1.0

(Inin=6, Propionaldehyde 0.3 £ 0.1 0.2~ 0.6 0.4 £ 0.2 0.2~ 0.7 0.8

Out:n=6) Methyl Ethyl Ketone 4.8 £ 2.4 2.0~ 7.9 5.1 + 2.2 2.6~ 7.8 0.9

Benzaldehyde 0.4 + 0.2 0.2~ 0.6 0.6 £ 0.3 0.2~ 1.1 0.7

Formaldehyde 5.5 = 1.0 4.6~ 6.5 3.5 £ 0.5 3.0~ 3.9 1.6

Library Acetaldehyde 18 £ 0.2 | 1.6~ 20| 2.3+ 08| 1.4~ 2.9 0.8

(In:n=3 Acetope+Acrolem 3.3 £ 0.3 3.1~ 3.6 3.5+ 0.2 3.3~ 3.6 0.9

Out:n=é) Propionaldehyde 0.7 £ 0.1 0.6~ 0.9 0.8+ 0.4 0.4~ 1.2 0.9

’ Methyl Ethyl Ketone | 5.2 + 0.4 4.9~ 56| 53 £ 0.1 5.3~ 5.5 1.0

Benzaldehyde 0.5+ 0.1 | 04~ 05| 0.4+ 0.1/ 04~ 05 1.3
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Table 9. Daily varations of carbonyl compounds concentrations {(ppbv) in indoor and outdoor air.

Morning Afternoon Evening
Carbonyl Compound (09:00~11:30) (13:00~15:30) (18:00~20:30)
Indoor Outdoor Indoor Outdoor Indoor Outdoor
Mean+S.D. | Mean+8.D. | Mean+S.D. | Mean+S5.D, | Mean+S5.D. | Mean+S.D.
Formaldehyde 36,1 = 26.1019.9 + 4.5 1345 + 22.9[10.3 + 5.3 |31.0 £ 23.2| 9.9 £+ 5.1
Acetaldehyde 7.1 £ 3.814,6 + 1.6 | 6,4 £ 5.9 3.9+ 1,4 | 5.2+ 25,32+ 1.5
Acetone+ Acrolein 21.8 £ 14,7 19,5 £ 11.3 {19.6 * 16.3| 8.6 =+ 8.1 |14,2 =+ 97| 6.7 + 3.8
Propionaldehyde 21+ 3.211.1 =+ 1.3 1.5+ 1.7 009 £ 0.9} 1.3+ 1.2{05 =+ 0.3
Methyl Ethyl Ketone {14.2 + 14,7 {7.3 =+ 4,8 |11.2 £ 10.8| 6.5 = 2.6 (11.1 + 10.3| 6.6 *+ 4.7
Benzaldehyde 0.7 + 03|06 + 03| 0.8=x 0.4 05 03]|0.7 x 0. 4L) 5+ 0.2
Table 10. Correlation coefficients between carbonyl compounds in indoor and outdoor air.
Indoor (n=40)
Form- Acet- Acetone+ Propion- Benz-
Carbonyl Compound | 13 vde | aldehyde | Acrolein | aldehyde MEK aldehyde
Formaldehyde 1.00
Acetaldehyde 0.56 1.00
Acetone+ Acrolein 0.63 0.56 1,00
Propionaldehyde 0.56 0. 40 0.85 1.00
Methy! Ethyl Ketone
4 . .42 .
(MEK) 0.63 0.43 0.68 0 1.00
Benzaldehyde 0.72 0.55 0.53 0.51 0.30° 1.00
Outdoor (n=41)
Formaldehyde 1.00 l
Acetaldehyde 0,60 1.00
Acetone+ Acrolein 0.70 0,47 1,00
Propionaldehyde 0.53 0.28" 0.88 1,00
Methyl Ethyl Ketone 0.61 0, 39* 0.59 0.32* 1.00
Benzaldehyde 0,47 0.52 0.59 0, 36" 0. 40* 1. 00

* Correlation coefficient is not significant at a level of 0.01,

J. KAPRA Vol. 12, No. 2(18%)
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