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Diurnal variation of semi-volatile carbonyl compounds (glycolaldehyde, hydroxyacetone,
glyoxal and methylglyoxal) were studied during July and August 2004 in urban Tokyo using an
annular denuder sampling system and gas chromatography (GC). The carbonyls were collected
on a denuder tube, whose surface was coated with O-Benzylhydroxylamine (BHA) and XAD-7 as
collection reagent. The compounds were measured using a capillary GC after two-step derivati-
zation processes with BHA and N, O-bis (trimethylsilyl) trifluoroacetamide (BSTFA). Gaseous
concentration of semi-volatile carbonyl compounds showed a rapid increase in the morning and
reached a maximum around noontime. Then, the concentrations significantly decreased in the
evening and reached a minimum at midnight. The averaged concentrations were 1548 ng m™*
for glycolaldehyde, 797 ng m? for methylglyoxal, 406 ng m~® for glyoxal, and 362 ng m? for hy-
droxyacetone. We found that these carbonyl concentrations were 2-21 times higher than those
reported in the forest area in Japan. Good correlations were found among concentrations of the
carbonyl compounds. Total concentrations of the compounds also showed a good correlation with
oxidant (mostly ozone) and solar radiation, suggesting that secondary photochemical produc-
tions of carbonyl compounds are important.
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1. U & (C

WHBERGAHIIE, BRI LSRR A VR B

D X)) BB EARLAYW (SVOCs) 2EET 5o
o, ABARED L IdAwRFEOFAND b E
BB Ihs e, b0, #EREERILEY
(VOCs) DFALFEBALRISIZ L D A2 3 % (Carier
et al., 1986; Grosjean et al., 2002; Christensen et al.,
2000), HH1Z, KRAPIHLET 2 ANV EF=LEW
(L FOF I VR LRIHIVRZV) I, Ir%
FERALKFER L PO X2 2 VR VEOBRALIC
THBKT % (Smith et al., 1998; 1999; Magneron et
al., 2005), —7, WWrSHRBEINEL VY TL D
KEHTHRILEBIC L - T, VANVKVEERT S
ZEMHMHNTWAS (Spaulding et al., 2003), it
D ORMPCER LA VRS VEO I, BT
WKOADHHETL2IEDBHLLLE L > TWD, Bl ZIF
Matsunaga et al. (2003) X, HFHHNIZBWTA VT
LV HEOBALER TH LI AR VR FaF
THVRZNVED, BOCIRETH L LTHEEL, £
NS, ¥/ rinla—Yrr OmAbA B2 Pt
Té%ﬁ?%é’&%%ﬁbtoit,:h%ﬁwf
SOVEIZ, ERERE (H.SO.) OfFFET ZHRT-RIMIZ
B A — ﬁmklofﬁ%¢_WULihé_t#
BWEhTws (Jang et al., 2002; Liggio et al.,
2005), T D72, S, WFMHORFGITHEET %
SVOCs O K5 TDEEE) R 55 A & IEMEICFLR 5 4
PSR TTEZ, L L, IhFETOMETIE, #il
WTOIHINKINVALEDOHEBZR S THBY
(Ortiz et al., 2006), WS R HZALIZ DWW T
FEAEDYI S TR,

AWFFETIX, AT O VLVORIREKE LTEZD
NTW5, FHEBEI VK VLG WEE TR E L
T, #WHREHIIBIT B ENL D50, RFEE L L
OFMEHS T LI EEZHNE Lz, HRET S
HNERZVALEWIL, FHERKILKFERA VTV V%
OB LEEMTH D, F)A—VTLFTE R, BF
uXx 7R by, FUFFF—N, XAFNVT)FF
“—w@%é ARWFZETIE, 20044F B 12T T3 i

WERILL 724 v R = VO KA R 55808 (487K
ﬂ)@EE%%ﬁ%L,%@%&%%%ﬁ_Téo%
LT, SNETITMEDD 2 HFMAKLABH O L I
B35, $72, BVKRZIVLEWOREFIZOWT, JE
A %7 VALK FEE (NMHCs) 4+ Vv, —EBA{bi

%, AfEZEOF— 2 HTEmE T 5o

2. KREHEOY T T ERELE

2.1 HEORRH R
KEHFDOTIHNVEKE=Z), e FaFI LRz (
VARZVE) OEIE, R HBRXIZH 5 HEK
FHEIMRF M ¥ —565 iR (457 m,
35.4°N, 1394°E) I2C, 7=a9—F=a—%¥H%~
7Y v 7Y A5 A (URG-2000-30x242-3CSS; URG
Corp.) & M \WTHT -7z, BIIIMIMIZE, 20044:7H26
HA 58H3H DRIC, HRAE2WEA H3MEH T &L 1247 -
720 TH29~31H1ZE, WHEIIHEAEE L 727 O8I
ZHik L7z BRI AOPHARKO#TTH 5 L,
WL OO TEMTTRRBIZE ORI BEE L T
0, HEEIEDE A D ANIEBH KOG R E O RE A~
DORHEAFRBELTWB EEZOND, BHIBTO

FANZ DWW T, Kondo et al. (2006) ZHif5 3T
W,

2.2 HBOHFEWFE

T a—FHEEBEICHWw R E Q-

Benzylhydroxylamine; BHA) %, F ®, # # 2 X
D, AR ET) BRI L. SRR,
5% BHA A % 7 — VIEWIZ XAD-7 (BAEH]) %23%
(BER) BESELBHEHW, ZoffERELr T
o FENRICEA LRI E0b, H4 70
v, FUBSE, A¥ME7 s vy —% kv P L2710
=7, BN I T v T T2 —FONEICHE
BLZBRDOY ) ¥ T ERFT- 7z (Fig. Do
AR, EfLum D Lo T 2BEd 5
728 ,PMl@%f?ﬂV{yvyb(UMk%m%O
EHB; URG Corp.) #/-LC, #i®8.3 L/min TWH|
L7zo $72, TORBERII-RILEFE (NO) 7R
ERIML, BILF TH 50, OHZBRE L 2D
BEICX D, WEICEL R TRIZWEEODH L4
BYOLHEZMZ 720 ABEREREL72HONO
B2 ppm ICFRE L72e S OWG, BRALF ok
FOB BRI, KRB KR Y 7 ZETFTIVITLDY
5~10R 2 L fh S CTw b (Mochida et al.,
2003), €T, BRALHIRRZH I M7 BOS IR B % T
T 57720, 770 yREOKEE (500 mm X 40 mm
id) ZHETA VITHER L7 (Fig. Do NORMIZ
X0 mAbH & Bk L 72 3R 22513, BHA & XAD-7
A LT 2= EONT MY 5, FARD
AN RZNVEIZ, FTIHHICE ) 7o 2 — 5 EHNEEC



BHREPOLHERE Y I VR Ve Fuxd a VK WLEW O HES) 127

~ pump
]

} Backup denuder

| | } Filter pack
} 1st denuder
} Reaction tube
} Cyclone (PM,)
Air
+
NO

Fig.1 Description of annular denuder sampling
system for carbonyl compounds.

ﬁ%?é FIIWCHATLTHSHBHARE L LT 5
X0, BHAF F ¥ 2 I2FEEEKIAL S I, 7
—:L~57’§0)I7\]Bj% R EN D (Fig.2). —7F, *
FrELCHETOINVROVEREHT 2 22T
Z—a—FELEML, BERICERE S NI AT 4
V7 — (Pallflex #1#, 47Tmm¢) EICHESI NS,
T AN F — LI SN ALE o iR, EER
s [ HICHiE T 2 REE D Z 2 S 720, f ki
TANE —OBBIHE LA VKRV EHET L
DOINY I Ty T =T L7z BEIII
o, S, R ECRE O BRI, R 20 2 5 SIRE[H]
LBk o7
BRI, 74 =V 75 v 7 EBRET- 72
Z DERIZ, ﬁ%@ﬁy70y7ﬁ&ﬂﬁ’éﬁb
Foa—=FETANT =Y T v IGENCRE
tolmwﬁﬂ%ﬁb&wfﬁbﬁhﬂbﬂbt
L, BN 72, 72— FEX)HligERELY
L, W2 TVERRICAIZEE ISR BIE D 5087 L7z,
2.3 FEMHME, B, GC AT
WHEINLLEMPOH VR LS D+ F 2 214k
FEARIEA Y = VTHIEL, 770V F4F—TH
e L7264 (10ml) 12 A —20°C 12 THEAF
L, EBRZICR o7z, 72, AEMHET vy —
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Fig.2 Derivatization reactions of carbonyls and
hydroxycarbonyls: An example of glycolalde-
hyde to BHA-oxime and TMS ether.

WCHELR TR, 7780534 F—T8RLEF S
ANA T (50ml) IZAN-20°C IS THRAEL, FEER
FICR bR o7z, BUIIRRE 7RIS, RIEELTBW
LR OA NV R VBEOWEEIT- 720 £ T
w0 EE (540) 12X ) XAD-TOR T & LEARE
GEEL, AT =V EEDIZNIAY = VEE VT
MWL W, 0= ) —INNRL—=F—%2HnT
WHET CilEfi L, FERRTFV (25ml) ZHWTH N
RZVO BHA + F ¥ AFEAKROA B L7z 2D
L&, RGO BHA bR F VEIZIR S 720, 8M
D2 ml & MilliQ /K5 ml jil 2 CTEEEE = F )V g Dk
WAEIMBIARH) T LITE)BE LA, BHA % Brw
HEBIFVEE, U—% ) —INKL—%—T05
ml ¥ TEMi%, 1.8ml A TVIIBLEZRM T
WHEL 720 FD, 34 7 IVhiZ BSTFA/TMCS (N,
O-bis ( trimethylsilyl ) trifluoroacetamide / trimethyl-
chlorosilane, 99:1) RFE &Mz, 60°C TUREH T
TAHF v 2FBEAEROKBELE ) VL L 72 (Fig.
2) . BoNFEMKIE, -V FF U HITEAL UV
77— RUOKFERA * AAMewitids (FID) FE AR
u~x b7 57 (MEGA2, 774 Vv X4L8) (2Tl
E L7z 78S 5 2%, DB-5 (60m*0.32mm i.d.
x0.25 um) % M7z,

GCOF+—7 VilnElE, 70°C 7 5150°C F T15°C/
min 12 CTHIM, XKIZ, 310°C £ T4°C/min 2 THIRL
0 RIPRFE L 720 LB ORI, GC DOPRFFIER B
XUGC/MS Ik 2 HEEWH EDLEICE Y B 4
VW, BRIZGCFIDIZL D BI o7z AIFFRICE
% VAR Z VARG O LER I, 82~110%TdHh -
7oo F7z, FRROERZHED K LTS 2L & OEEHR
i, 4~15%TH - 72

T4 —=NVET IR, AIVKZVALE W4 S
PR &Nz ENENOESOHERORER, KA
PEEEICIRSE L CT14~8Tngm* THh o 720 TN 5 DIH
i, EBEOF VIS LT, B GR»S17H) T
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ZFE¥12% (lKk63%, L Fuxy 7k b Y), &
(A7THE D B5IE) TIEEYT% (| K5T%, A F N7
VA FF—v) ICHYT B, T THET2ILEWO
B, WESHIBENS T4 =V T TV 7 iRE
ZAELGIVfliZ, 24 TRO LR THIIE L 72
bOTHb, T, RERTIE, Fo2—FE2ER
L 72k %2 A SEhikE 7 1 v & — IS L. kT
DAHNERZNIZ, A5 7 —)ViEEx v Tl L&A
& FARRD T CRIMLEL L 7228, 2% L7z |IEE)s
BoONTO Lol l, KWL TIEZNL O EZ M
MU Zhotze MO FMIE, Matsunaga and
Kawamura (2000), X° Matsunaga et al. (2004) IZ
mlEhTwa,

24 7= a—FHEDHFEROTE

7= a— Y OWENROMREZIT o720 TOHPET
X, “ARHOF =2 —FECTRMES % e 5 HH
Lo TWDY, b LINMBEY Vv, KAk
KF MO %25 L THET 22BN TELR WV, £
T, BINEIHOMD & &%, SRR %
flid %720DEREEIT- 72, T3, KHERGHEHD
Foa—FEERBEEIADE A 2R AT, #
BICHARTA NG =Ny 2Ty THTF=2—FE%
WO F7ze F2ma—F Y AT 2DFM, + XL —
VaviHEPECOTHNIL, 2KHO T =2 —%
FICMEEw» Iz L AL IS N2 VT TH D, il
FR=R(E) oFtEE, UToRITHESWTITo 72,

E =(1- (DJD))) x100 (1)

DIIIARHOF = 2 — FE Tl S L& O sE
Dyl32ARH D7 = 2 — FE Tl S L& O sE
WERREEIL, 20T o720 FORH %, Table 1
WRT o Foa—F Y AT A&V ED SV
KoL oH > 7 v 7B B i%ES*RIL, 85
~90%DHPAIZH B Z LB bholze TORRIE,
AR THE SN TVwL 0 LIFIZRLELTH S
(Ieda et al., 2006) o

25 RRT—4F, X FURILKE, —BILRSE,

FXIERDTF—RIZDONT

4 b, HEALORBRICHEH L5875, A
Y bAk#E (NMHCs), + %% v b, —MIbRE
(CO) DiEEEIZ, HRUHRBRSE R — BB K M 2 7
OB T — & 2 L7z GBS — BB KA
HEkR, 2007,8,22), HWERIZLD, WELTWEK
S OEHIER 2> TBY, AT T O

DF—=F e\l RRT—F &+ F 350 MRE
DWTIE, BllATF—2 3 UH» 5 HMICH4.6 km
Hin-HBXMXETHEONF—y 2 MHH L, —
AL i 38 i BE I B VY 7 1)122.7 km B L 72 T A X
RS THEONTT—F 2 L. FEX T VRIbK
R, BNMHE T o BXESCAICBT 5 EN
A5, WO ®, WHNTHo 72720, BEREIEGHICH
6.8km, WHHIZ55km BN, X HEE MK
NEITRONIEOFHEEZFH L7ze 2 DOKRA
WEROF— % 2T 5812, ERiitoxiofl
ERTHEONTF—7 LB LR, 13213, L
fill, HZLZ/RLTBY, EIFLALENZ & 2
A L7z0 Fig SICBHMH P DR R T — ¥ OLE) %R
Fo U7V 7L, [KiEFEL, BEOFWH % #
ATHT o720 TH29~31HIZHRE10E DI X 1) il
JRASIRN T2 72, — BRI & Rk L7z,

Table 1 Collection efficiency (CE) of gaseous car-
bonyl compounds by a denuder system.

Compounds CE (%) S.D.
Glycolaldehyde 85.1 5.2
Hydroxyacetone 87.2 2.7
Glyoxal 90.6 1.6
Methylglyoxal 87.5 0.8

S.D. means standard deviation in the duplicate

analyses.
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Fig.3 Variations of ambient temperature, solar ra-
diation, wind speeds, wind direction and
relative humidity during the SVOC sam-
pling (26-28 July, 1-3 August 2004).
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3. BREZBE

31 RRICHW3RHEOEROXFIHILERZIL -
THIVREZIVDRBREL NIV E ZDOHE

AR THONLRAR RIS, Y a—v T VTR
F, efaFI 7y, Z7UFFHF—NBIOIXTF
WZVFFF— Lemb L7 Fig 4. 2N5H200
HigEkE o VK=V, NvEy, P riE
DNEEIFEIEX & VIRALKER, £24 VTV v LR
FHIREEO RALKFEOBALARY & LTS h T
W% (Kleindienst et al., 2004; Spaulding et al.,
2003), WE L4 TDHIH, 7Y I—LVT VT
FORENRbE L (332~4350ngm™), A F )7
U FFHF— )V (119~2777ngm?) I NIZDDTW

2o T2, ZUFFF—EleFudRT v Ui,
Z N ZFN69~1652ngm™°, 58~1096 ngm *T &H -
72 (Table 2)o

INBDOH VKRV, TE TR TH
HEINZHNIIEFICHRLNTBY, ERRHFTHTO
WIS T4 v, Ortiz et al. (2006) 1%, ¥E
BT ANEZNVALEW O T iRE%19ngm™
(ZFVa—nv7r7Fe R), 16ngm™® (e kR X7
tFY), 18ngm™® (Y F¥—), 19ngm™?
RXFNT)FFF—) EWELTV D, 72,
Grosjean et al.(2002) &, 79 IV VDI TV ¥ 1A
o (AR800/T A) I2BIF % 7 F FH—), AF)L
Z)FFF—VOFEREX, FhEN359ngm™?,
1041ngmBEME L7ze TN, HANVKEZVILEY
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Fig.4 A capillary gas chromatogram of BH oxime/TMS ether derivatives of
gaseous carbonyls in the urban atmosphere collected as denuder system.

Table 2 Concentrations of semi-volatile carbonyl compounds
detected in the urban Tokyo atmosphere.

Concentrations, ng m™ (ppb)

Compounds

Minimum Maximum Median Average
Glycolaldehyde 332 (0.14) 4350 (1.77) 1033 (0.42) 1548 (0.63)
Hydroxyacetone 58 (0.02) 1096 (0.36) 293 (0.10) 362 (0.12)
Glyoxal 69 (0.03) 1652 (0.70) 255(0.11) 406 (0.17)
Methylglyoxal 119 (0.04) 2777 (0.94) 580 (0.20) 797 (0.27)
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DYV —=AL LTHRAT AR ED, —KBH b L LI,
IR Y VRACKFEDOIACFE RIS HETH B & BHE S
NTwb, 42, Grosjean et al. (2002) 1%, #R
A MELICHBGERY D 5720, FICHEHE2LSDOA
BRI E O BN EETH L EIRBL T,
—J, AUANVEZALEWIZOWT, HEKRIC
BWTHHEBINDH 5, Spaulding et al. (2003) 1,
ANFWIROVE OB FHZ H 5 Blodgett Forest Re-
search Station |28V T4 D H VK= WALEWY %l
EL, FHWiEEEL LT, 069ppb (1722ngm™, 7
Ya—=)7NhFe K), 042ppb (1293ngm™, b F
&7k b)), 0027ppb (65.1ngm™, 7V F
FH — ), 0.13ppb (389.5ngm™, X F N7 1)+
FHF—) LHEL TS, 2051, CORELL
DWTHHMEERIT-THY, BHHIRHIZ COMRED
BMARONIzZ L, NBRIE L EYRIEOW G
DB H D EREL TV,

KWFFE TR S NI H VRV O E %, [
BeoH > 7)) ¥ 7B X OMEN TR L 7R
BL &R & L 72 45 R % Table 31278 3,
HTHEONAA VRV EEL, biEE R B
(Matsunaga et al., 2003;2004), 7/NZ (Ieda et
al., 2006) DOHABIOKERIZILF2~215F W 2
LS NE R oTe TDOZ R, HIVKEZIVESG
&, Ry¥y, bvxy, FIL U EDHFERIL
KERLEOBILEEWEEZON TS 2D
(Kleindienst et al., 2004; Smith et al., 1998;
1999), #HTOH VKV DOEVIEER, FEET
BB NI ORI TH LI X & ALK FE
(NMHCs) ODFEWIEFIZEIIDEEZONS, =
DT NS, FMBIZBW TEYRED S OMIRITEA
W25 OFGIIEBRTE L VD OO, KUFZECBI
ENTANKEZNVOEELRY — A, ABEEEO

NMHCs OMALZENBILTH 5 Z L DRI N5,

32 RABICHFAERFAOXFIHILKRZIL-THIL

RZIOBZEEEEBHER

Fig. 512, Ao 7 VR = VAL & Wik o R 5
A% R T o [AMFHOEALEWIL, F#lA BT
TRENAICWINL, 11~14iciR ke ko720
NS DILEM O RN 5B HT TORERNEIE
2~10f5CTH H, HHPICKEICHM E A 3AEKINT
WB I EDIRBE NIz, IRIREEZ IR L7, iR
FEIZ A LK BI23~5EE O B IZ /N & 72 5 720 [
OHZEALIE, 74 VHETHB L Twizk T
OKEEABERFE (WSOC) R AHKkFE (0C)
(Miyazaki et al., 2006), A KRV 2 —ATT =4~
TI5—THELLZ 7Y VAT O VI VR VBT
bALNT: (N LREET—5), ThbDHEAL
i, FTF b (=060 RHHEE r=074) &
HMHEDE <, BEERRILEUGIC & 5 AR O TEE AR
i, F7z, PO OGO Z/IT R,
BT M2 S EAANO GO X, BllSh/-H
BEp Ny —OMBUCHES LT a b Ex bh
% (G & OMHBRE r=0.78),

Al L7 B sr o AL, THOME (26~
28H) 327THIZHRKRZBW L 72, 8AIZBWVWTIX (1
~3H), HPREBITL0I1CoNT, HhoOBADE
FEA 5T 2 MEMA R S NS H ISR AMEHE S L7z,
¥ 72, WiEMATH 5 NMHCs O L 7H27H IR K
E b, SHICBVTIE, HAEBT AICoNTHEL
L MEA R SNz (Fig. 6a). TH27TH I, JEE DS
LRI < (Fig. 8), #BTI8 122 T o KA o i ¥ Iy
MAaEro7EZONE, 200, HREDOLF
VE VIO LRBENDL XIS, HLFEMR A VR
ZILEW DB IER TH 72 EZ BN D, £
7z, MU HOEm, BREduE, 2ok, Hdhrs

Table 3 Comparison of averaged carbonyl concentrations (ng m™®) in the urban
atmosphere and those reported in the forest atmosphere.

Lt Juil. mmdl

Camijcinels sy 008" Ty, hiig. M|

| ngzani Hokboidn, Jopan
Cilypooda keliyde 1548 ]
Melethoy bglveeal
Lrlveoanl '

ez o howie L Tin) iy

Llryi Exp. Foncs

vl Exp Foseat | iorrsik ol Fores 1o

g, THI2 220 Sep 0t

Hikkaitks, lapan Hokksitn, Jepan

LR} =
EL}

18 1245

TE Uhos miody, 20 Slaisomaga el al, (M1 50 Bioisenaga ot al, COHH L &) Tedmenal, | 24EHG)
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Fig. 5 Diurnal variations of concentrations of gase-

ous carbonyl compounds.
(a) Glycolaldehyde, (b) Hydroxyacetone, (c)
Glyoxal, (d) Methylglyoxal.

BIZHT TIIEEL S RO EIZZLLTB Y (Fig.
3), Y7V ISHMEOMB L UEEIIL, AVKR=
Wb L IEZ DRIERD IR IS ETFAFIE L T iz
(B : FOPE AT WREED E R SN b,

SHOBMER, $%bb, TH29~30HI2IE, A
JHI0G DRI Lze 2O 22X, HYKA
KOWE, WMLV Z7a MDY+ aT7y k&
N7z, KREAPEFIC RS D 5, SAD
B P o EN X 1, MER» OB TH -7z (Fig.
3. COHMICBI A FT 5 Y MEEIRKL, 1T
FERIC X ) ALY -2 RLTWw5S (Fig. 6
b)o H 45 o i KAl 1 KA B 17 T B - 72 (Fig.
3), —7Ji, NMHCs O #i K o i B (Z B g m % o8 L
72 (Fig.6a)o L7225 T, 8HICBIF BNV K=V
L& OBK O RE DR IME R, TEEAETH %
NMHCs O EEB OB % 21 T B RN %
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Fig. 6 Diurnal variations of (a) NMHCs, (b) Oxi-
dants, (c) Carbon monoxide. The pollution
Monitoring Section, Tokyo Metropolitan
Government supplied original data. The
data were averaged for 3 h intervals.
AbNb,

Bl 27 VR Z VLB OIREZENZ, HER
K[KOBH - HOREDOEIL L, LE B DOEED
ZAOWMHFIZL D BHEESNTVEEEZLNSL, KR
DR - P OFG MY B &, LSS OHEED
FALICHT B ANV R VIBEDORE E XD 72012,
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Fig. 7 Relationships of Solar radiation to (a)
SVOCs/CO and (b) SVOCs/NMHCs in the
urban Tokyo atmosphere.
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dard deviation.
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