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TrrU4 VBRI EEREERE S (CLD) 2B%EL, 2 oBCAPEHI VI AFOT 7 vy
4 v oRlEICEAL 7. GC 4k TCEP (25%)/Shimalite (& 3mm, £ 2m) & TCP (25%)/
Chromosorb W (N 3mm, 1m) 02 ADF 7 vy i 5 A& @KL, EFR 60 ml/min, 70 °C TfF »
7-. CLD O Ing/s Thbh, GC-CLD 0 ERIRFEIZEK 50ng TH o7 <EZ OfF: T ml
2 GCRECEAL, BlELER, 0.4~1.0pg/ml (22 1 £4720FH0.14mg) 0T 7 v v
AverEBCai. HBESY ATE 0.2~0.51 % Tenax-GC [ZHHHE L MAEAL, 1.5~2.9ppm

DTruVALVIEERER.
CEHTE 5.

U

KGR OBERL ORE ML O {KFEYWEOYE #T
Bz, (1) BIRMBREHRE (2 BROAEDO—
FHREFHERTITbh s, Xe¥Ax, 7/ TORIC
HTHRBIERAOEEREE LR TWET 70 v Y
DEBCENTh, +~F oLy —-BIEKE
VDR m-7 37 =2/ —A-EREEYY O X 5T
7 e v VICH U CERM EREE AR TV 5.
X, HAF=bEHTEROEEREAERL, GC
% HPLC CHBRET 5k DB, HCEXDOANT
24-v=tw7 .=k F5 v (DNPH) FEMEER
ENICHWLRTWASI, ZOfll, 77r VA V%
A% ) —NCHREEEFRIEL CETRERRE S X
GC TERMCHET HHECOWTOHREDH D',
LL, ThHLOHETREREORK 7 A D&KL HE
CEELAECEELERATL LV OREAL DD, KE
7 v— a4 vLEH R (FID) & GC iz X b EHED
77w VY EREAY JETAITE LB BN,
L DORILKFEOPELXZFT LTV, ZORELR D
CF v €50 =235 2% s BoRE GC e,
7 78 LA VRERNEREHELERT I IV, 7
7B vA VICHT 5B IRORE & LG @ffiiciE %
NE LTS5 GOC/MS X 2 BIER N@MEIh T3
PR ThH5.

*RETAEVEN 359 HERMRTLA 3-3

)

KO RILKEOWE 2 Z T F o R L FEAEREITHE A TKRIE

ZESIMEROSHBE AW RN RIHEB LR
LAEE LY. L, ZORETR7 7alb (Y
LD EBBEIAYWRALONRERTT 5 LELHD. Kl
TRRTHTCOEMSBILEFIATA7 701 VD
BROBHBL2ERL, 3z ofde BEiEHE» A
D7 7w v vOERCIEA L., AETERNELS
ORI L b RILAFEOHER S PETE, {LFERBL
BEE AW OTRERS D SEh TR b, 2HRE
b F AR N TRIBICEMRTE 5.

2 % B

2.1 ﬁﬁs #R, *ﬂ

#A7w< 77 7i3EE GC-4BM i{b ¥ SRk H
2 (CLD) 2l RO FCTHEALL. FHIZT ART IR
v (NE 3mm) & 25% 1,2,3-+ V 2-v 7/ =}t %
)7 roty (TCEP)/Shimalite (AW-DMCS) %% T
ALizbd 2m &, 25% Y vER b+ V-m-} Y A (TCP)/
Chromosorb W (AW-DMCS) 2% TALK»D Im
PEZLALLOTHD, GC HIER*+ Y Y- F A
Fig 60 ml/min ¢ 75 °C DO{EIRTTT - 72,

BEBS IS5 A% (HE 6mm, £ X 18cm) T Te-
nax-GC (Akzo Research Lab. % 60~80 2 » ¥ 2) %
0.6 ETALTAMYAEMTEDTHERLE. GC B
BEAT L D, —MEyYa—vTATERL, fi
B R BE L. HETIERCEL-TER
(50 ml/min) ZHEL AL 250 °C CHERFMEREE L T
T2 Rz,

TRV VOBRNAR, F7rVvREEANLRE
(D) cERLHAR, 7/7ev M vREK (d=0.839
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g/ml, §ifE 95% Ll k) % 12.0u] AhT&KibL, X<
WRoTHrEREETHM LA, NEEY RO PEER 10pg/
ml TH5. OSBELEVOEBLEY R 4 RRICHY
L 7.

BREHTO=F VORI, ARKDEEERY S A
(W% 3mm, £ X 50cm) T4##%, FID THIEL X
ABEH®EL TRkD .

3 RiRLEE

3.1 PooLr4A4ron GC

77rL4vd GC ik CLD offific X b R{IbAE
NHOEI AL, 7r7mw 4w e CLD E&ET5
bt e onlErTtEE I, =5 L v A CLD ik
FERMPTRILFHALETERT B=F1 v &+ Vv LD/
DILEREKEZRNET S IDOTH Y, HEMHOMERIET=F
vy RAERT HIEAEWCIEE T 5. Table 1 1 1a8RL
B L ERERRILKERO RV €Y, ~FHvigd
DD CLD i3 2 & L B TO=F v v DL
RThsb. EABMLAHZ Lo RS0, CLD o
JEER I LD BEDXEILD - TH RERET
% FID %#3# 2 1€, CLD t FID oEEOH(R)
EXDT 7 r v VAT HHEMHTE L. WERT7
7m L4 VEx LT CLD & FID oREEAER UR
BECes X 5 mRiLBROMBERROERITOLr v oK
REL, TORHTHIEAHALT R ZIHF LI

Table 1 Ethylene yields on reduced copper and
responses of oxygen-containing com-
pounds and hydrocarbons to chemilu-
minescent detector (CLD)

Compound Ra) Relative RP) yiglill,jh%

Acrolein 1.08 1.00 62.6

Acetaldehyde 0.14 0.13 3.0

Propionaldehyde 1.24 1.15 65.0

Acetone 0.38 0.35 0

Diethyl ether 0.37 0.34 15.8

Ethyl acetate 0.30 0.28 27.4

Methanol 0 0 0

Ethanol 0.08 0.08 0

2-Propanol 0.37 0.35 0

Ethylene 1.08 1.00

Methane 0 0

Ethane 0.01 0.01

Propane 0.18 0.17

Butane 0.01 0.01

Isobutane 0.01 0.01

Hexane 0.03 0.03

Benzene 0 0

a) R is a ratio between the peak areas by CLD and
those by FID. b) Normalized to the value of acrolein
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# 5T Rt CLD [t FID OREXYEEREL-LD
Tk, 77\ 1A v+ s CLD oRRER: 1 ng/
s THYH, FID OH 0 01 ThHs. 77rr 4 v
NOGBELEH D>, TrEF V7T AT e Fid 60
% DENR=F VLV DR THDTT 7L A v ERIE
FBECIEE L. 727 A5 e Fi2 60% 234 52 v
T2 CLD R LTT7 7 e b vObLTMiC
13% OB L 2w, —8ic BBIERIEKF L~
FHVYRIXEFBLALIEE LR, LML, Trvo
27 r7rLAf v 17% OREESTHOT=F L Vik
ER UKWV 90% EN T e v Ts7 v
E2-F v ) T Ir L L DI HD I OEERY
5z 1.

EBFELAEYDO GC T, BT 7m(vET
FYOE—- 2 NEL o THBEENE LA, TRRIIXT 7
v LA vVORIEIZ Porapak Q4 TCEP!ne)
=F vy 7Y a—1(PEG)-15002 AMERA IR T\ 5.
BEBFETAH D 5%, Tenax-GC, Chromosorb 103
TR7 74 vET 2 VOLBILITE K o T0h,
Porapak Q -CIX/rHfE (R A 1.065 & — 5/ BEWTHE
TH5. L, MEOMZ mEr v 7 AT e FOE
— B L, 7Z2riAvETvrEA T AT E FD
THE(R=0.6) 3T HTHote. Lvd, FrELY
TAFe Nt CLD i LTh B T5DTT7 7m L
1 vOMEDEL BB FhmipDH,. Porapak T T
RERNITEECEETEDLN, ¥—2D74 ) v 7H
KELDBEH T 2L LTARBELTH -1,

TCEP, TCP, ) 7 » = A= —5 L (PPE) (5rings),
PEG-1500 /¢ X O HEH O FTAF LAV 35-% GC
T, rEX VT AT FIX7 72w LA VORFICALE
L& +oosEcEi. LaL, TCEP, Reoplex-
400, PPE (5rings) T3 7 7 v LA v &7 b vDE—
ZILREFERYVE - THEETCE h 1.

Table 2 3 Porapak Q, TCEP+TCP, PEG-1500
LR EThRETA LIS F7 2% AT GC-FID iz X b
HE L - SBF LA OHEMHEFHEN (7 7ev 1 v
1.00) ¢ 5. PEG-1500 } TCEP+TCP F#£TA #» 5
205, PEG-1500 Ci37 b vODE—-2 37 7 r L
1 v DRI, BRETIBE ThFhBE R Rg 3T
hd 0.8 PULETHY, ~[EHELIHETET 70y
DERIL JRETH 7. e CLD gL T7x b v
X7 7rvA4vDo 3501 DIRE L 520D T
GC-FID I v ZoHg&EI X s, — BT v
7 70 v A v DS~10ERELETHILENEL T
YBT 2w v v ORCHBT 53 5 A HIERE S TH
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Table 2 Relative retention times in GC of oxygen-
containing compounds

Relative retention times?)

Porapak Q (¢ 3mm, 2m)

Compound (¢ 3mm, and TCP/ Uniport B
2m) Chromosorb W (¢ 2 m;n ’
at 140°C (¢ 3mm, 1 m) m,
at 75°C at 70 °C
Acrolein 1.00 1.00 1.00
(T'r/min) (7.52) (6.42) (3.48)
Acetaldehyde 0.39 0.52 0.62
Acetone 1.15 1.10 0.94
Propionaldehyde 1.09 0.78 0.80
* Methanol 0.33 1.10 1.33
Ethanol 0.69 1.27 1.55
Isopropyl alcohol 1.30 1.19 1.49
Diethyl ether 1.69 0.29 0.48
Ethyl acetate 3.35 1.15 1.15
Rsb) 1.07 0.87 1.00

a) Normalized to T for acrolein. b) Rg is a resolution
between acrolein and acetone, calculated as follows;

ReeTr2=Tri _ _ LITIAT:

1/72(W1+Ws) w;+ w2
where Tr1 and Tr2 are the retention times, W1, W2
the peak widths and @1, @z the peak widths at half
height of the adjacent two peaks 1 and. 2, respectively.
TCEP : 1,2,3-tri (2-cyanoethoxy) propane; TCP : tri-m-
tryl phosphate

Bicd, AT TCEP+TCP £TAH 7 2% EHL
7z. UL» L GC-CLD TiEMYBE DR EBOI DM
BARTHR -1 (Rg=0.71) OT, 77r VA VDR
Bt LT7 b vOEEY B~ #RiL Table 3
DISRT b v FETHLET 70 LA VDE-IF
Xt 2~5% Bl ok, —LEBIVETHHLEE
z2bhd, LrL7 b voRN 10 Ll ks &5

Table 3 Effect of acetone on peak height
of acrolein in GC-CLD

Volume ratio Relative
(acetone/acrolein) peak height®)
0 1.00
1 1.01
2 1.02
3 1.04
4 1.04
5 0.97
6 1.05
8 1.05
10 1.03

a) Normalized to the peak height without acetone.
GC conditions 25% TCEP/Shimalite (AW-DMCS)
(¢ 3mm, 2m) and 25% TCP/Chromosorb W (AW-
DMCS) (¢ 3mm, 1 m), Nz 60 ml/min, at 75°C

HUF, #%F, MM, EH:LEERREEME GC KL aHPOMAT 7r v v OER 589
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Fig. 1 Experimental equipment

(a) schematic view of GC-CLD; (b) a cell

for reaction between ozone and ethylene

ZE D BEIIAEX L BHDT, MLAHOSTBECK LT
PEG-1500 7t & %AW TBERNTTHS. & GC £
HoiR/MRHEL S/N=3 L LT 50ng THH,
BEMS 58 ¥ CHRFLEMRELR L.

B ok 120 °C B L HER Y 5 4 (0.5
g, W 8mm, RX 10cm) ¥#EKETHLET v b
T D7 v ORFEHNER D TT 2RV Y
LT e vENBETHILNTES, LOLERKY S
AR X b RERESO—IET L.

3.2 EHEADLH
KGO L HEEH I AFOT 7 r g VD
TEREWIGHA L.

3¢2:1 foiFCOEROTZIOV ALY X ERRE
Rk T, £ Iml ZFAx A+ vY v THE
L, GC ¥BRrEALTHETSHET b7 AT EF,
Txbv, ToXv7ATeF, =&)—N, T 7n
VA VIR TCE. B 7 2 b7 AT NET 2 v
MWEELTERLTEY, 7€t vORIT 7R LAY
D 3~6 ZBED D1 GC-FID it Fig. 2 (1—a)
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(1) tobacco smoke (2) car exhaust gas
1415 ﬂ

24 2114
(a)

(b)

L

Time/min

Fig. 2 Typical chromatograms for measurements

of acrolein in tobacco smoke and car

exhaust gas

(a) GC-FID, (b) GC-CLD. 1: acetaldehyde,
2 : propionaldehyde, 3 : acrolein, 4 : acetone,
5 : ethanol. GC conditions were slightly diffe-
rent for (1) and (2). For (2-b) active carbon
trap was used at 120 °C.

DEOISRT 7e LA vOMEDHETL»T. LIL,
GC-CLD CiZ7 2 VIZ7 Zr UL VDE—-I7EHIXD
e e 527 {Fig. 2 (1-b) £}, 0.44~1.0
vg/ml (190~430ppm) D7 7 v L A VIER T X 7.
VADIEC2RE T2 L E0RIIEH L 7 ABIFEH
200ml CHBHDT, FiHl1 XY 0.14mg o7 7 .
VA VYPERLIcZ Eeich. UL, HThic 1ml
BT 2 1o BB R TR X v ARh o7 7w
VA VBEBEDEEHNEZ bhA, Xz ofdho7 s a
VA ViDL Manning 59K Kuwata 5® 2%
DNPH-HPLC <L, ThFh 1470 0.06~
0.11 mg F1* 463~68418 D7 7 L 4 v &EB T\ 5.
X, HEAEZ X b 125.7~289.2pg/g DL L H DWW,
3:2:2 AmEHAZRHBOFIOVAY HEESEY
AR L REOT7T AT e FEAER LTy, HED
I C—X¥r=v S VvROHF VY v o v DEER AN
b, &% 0.254~0.559ppm K F 0.134~8.53 ppm o
77 UAVOEREREL TS, Eeryyvey
CVHOHEF AT DT 7 e LA VIBEE L LTER 2.01
ppm'?, 0.81ppm® OWELHB. HBEE Py adioD
T 7R LA VYORETIE, GC-CLD ORREEN HEBEE
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ALTHET S i3 TEY, Tenax-GC FTA B
TR EEGE LY. Tenax-GC 07 7 v LA Vi $H3
SHEENOBLE LT HBARYHELIKE, 25°
C iz 0.71 L/hEhoteh, HESY KKTHHT
2ZEXD 3.81 LAEL Ty WERE L CHEH
BEThHDHZ EnDIhotz. 200°C w8\~ T Tenax-GC
NHDT 7w vA v OMBEEI X5 EIERLE 100
% THhote. KEOKEER, 0.13ppm OREB» 2% 1
1 848 L THIE Lo & D HEXERERZET 2.0% (n=6)
Thote. HEES D AFIIL, WALATRIEAEN
FAELTHBIRHEIZ 30 5006 L B RS DL b 5.
FEREROKE VWRIEKED GC HE~DEAXE <
T LR X b oREE R R T 5 o Tenax-GC FEC
AMBEEY 2AEKELCHEAL, 2TFEOKE RIEK
RLEEDO BEE (Fvr3a) CREBRE LL. —
J, T7evg VIBRSREFR LB LT LA T 200
BUVWHLEBEFCHBEM LA, 50°C kvt /vy
Suamb7rsrUA VL 0.31 ;35 1.51 BEoxSE
DBKIC L D IZEERTE S DT, PROBIETIL 0.5
I ogFr @KL, THo VY vED =75 —Kk
ForvERARBES AR 31 OF V55—, JCER
BT, ABCI Y D5 HD 0.25~0.51 #EHEL T
HELIEEE, A® (1500cc) Tt 1.5~2.9ppm, B
H (1800cc) Tii 0.44ppm D7 7 e L A VBEYH
7o BEEEEY AFOLERY OB HBEORK L #ELT
E— FROBKETRIH TR & I BT W5,
Fig. 2 (2) B EABEEYVARED /e <t 75 LTH
%. Fig. 2 (2-a) 13 GC-FID X 53D THBHA, K
{bAEOKERE—7TT7 7 v LA VORUEIRTET
»5. —F, GCG-CLD i & 5#l%E TiL, Fig. 2 (2-b)
DI HCRIEKFEDE -7 IZKELETLTNS., X,
BRICH OBIIEHR 7 5 2 & BAL 120 °C i< jn#k+ 5
CEREDT ImUAVET b VOLENTEHER
< HBIETE .

A GC-CLD of/MitiEIx 50ng & BERITR+5
Thh, BEAKKCHEELHATE V. LiL, AR»
A5 1 2K THE KKH 0.004ppm ©7 7w LA
VORIENS FRETHD, BRARARD BEELS Hiud
S, BBy A0 BEERE £ LT Molecular Sieve
13X929 2 Porapak N oFfHNBEIN TS, B
W, 772ruvLvo 0.05eE hHAERTAEFLVYDOR
JEe A TOREERH 0-1ppm TH B2, + Vv oOf
bbb OF) LofbFERERIETIEH ppb D=5 L v
DRENFETH D EFELNRTEHD, R/MEHBIIE
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Determination of gaseous acrolein in sub-ug
quantities by GC with chemiluminescent detector.
Nobuyuki KasuiHirA,” Kazuo Makino, Kuwako KiriTa
and Yoshichika WaranaBe (National Environmental
Training Institute, 3-3 Namiki, Tokorozawa-shi, Sai-
tama 359)

A simple and rapid method for determination of
acrolein in the gas phase was developed by employing
a chemiluminescent detector (CLD)-GC. CLD is
based on detection of chemiluminescence from reaction
between ozone and ethylene, which is produced via a
catalytic process on reduced copper in a hydrogen
stream. CLD is selective and has a sensitivity of about
I ngfs to acrolein. GQC separation was performed with
two teflon columns, connected in series, packed with
TCEP(25%) on Shimalite (3 mm i.d., 2 m long) and
TCP(25%) on Chromosorb W (3 mm id., 1 m long),
with a carrier gas of 60 ml/min at 70 °C. The minimum
amount determined under the present GC conditions
was about 50 ng. The present method was successfully
applied to the determination of acrolein in cigarette
smoke and car exhaust gas. For the former, 1 ml of the
sample gas was directly injected into the GC-column
with a syringe, while for the latter acrolein was first
enriched by adsorption on Tenax-GC. The results
found were as follows: 0.44~1.0 pg/ml (0.14 mg/cig., on
average) and 1.5~2.9 ppm, respectively. The use of
the selective detector to acrolein and the solid sorbent
enrichment has advantages such as shortening of analysis
time because of no interference from other hydrocarbons
and injection of the whole amount collected, and also
no use of chemicals which may be hazardous to human
health. The latter is especially important from a
viewpoint of a clean analysis.

(Received May 9, 1987)
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