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LDy SRR HET ARELSE 2. L compound was appeared strongly fluorescence in the
blue, thus enabling the fluorometric determination of

Ly BELIY T o TGpTIE 503 3 ST~ O formaldehyde. But other aliphatic aldehydes obtained
OFHBRETD D, XX DOMOME SV AT VT E R lutidine derivatives by the similar manner as above,
OEBIC LN TED. which were given to correspondent fluorescence.
s i Therefore in the presence of other aliphatic aldehydes,

b bil, FMETCRERFMABRICL 2EHE2E for determination of trace amounts of formaldehyde,
TI-7dDOTHD, LFWHEASZ L VOBIEEZAE it was necessary to separate their ccmpounds. The

HE ERBFICRECLE. FETEJIRBLET. separation of lutidine derivatives was completely
achieved on a column packed with Hitachi gel #3011

x ik (4.0 mm i.d., 25 cm length) by methanol containing

209%-water eluent. Consequently, trace amounts of

1) JIS L 1041 (1960). formaldehyde could be fluorometric determined by

2) AEREZLHE: “HAERBRETEMR”, p. 80 (1980), high performance liquid chromatography even in the
presence of other aliphatic aldehydes. In this paper,

(4 B M AR - . .
3) A. Hantrsch : Ann. Chem., 251, 1 (1882). this method was applied to the determination of
4) M. Pesez, ]J. Bartos : Talanta, 14, 1097 (1967). formaldehyde in cigarette smoke. As a result of this
5) T. Nash : Biochem. J., 55, 416 (1953). method, about 20X 10-¢g of formaldehyde were found
in cigarette smoke.
w (Received July 18, 1980)
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Determination of trace amounts of formaldehyde Formaldehyde
was investigated. Formaldehyde reacted with ethyl
acetoacetate and ammonia to give 3,5-dicarbethoxy-
1,4-dihydrolutidine. = The solution diluted of its Lutidine derivatives

Fluorometric detection

High performance liquid chromatography
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TENAX-GC H#EFC I 5 FiRMERL EXLAWTBIRN TP OBRED I W L¥R A EERH B
ffegrarsve~t /7 7% (CLD-GC) 2 X W AKPOBEBR VI AFAT I vOREE2BERELE.

TENAX-GC #&EDO PV AF L7 3 VIZHT 2 HE3R I 20°C FEOHEEE CIITE (90~
100)% THh, FAI/n< 5 T7~OMBEVELIERHTD 7. XN, HETICHELA MY
AFNANT I vORFERDL ORMBEETIIRERRP >72. CLD-GC kT3, b R{ILKE»SOHE
Nixnied, il OXRRBLZEERET 2 LICX > THPPD VRAD LYY AFAT IvEe EBT
LT LHTER.

* RETAFTHER  MERRWATR 526
REEFRARE T - MR)NRBUH & RE S HET 4834
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EHEAWMED—D2TH5H MY 2F U7 I v OBEIEITERE
BELHIEETIRE Shic FER? 2T fThbhTwb
B, RICKFEEOHELZROFELS 2D MNY AF VT I
B AR ISR, T Y THREL, WiARE
F NSy THTHRME IRWTHRYZ av T 7 ThiEk
BALTERLTWS. A#iEE DD 0.1 N §
BRI X DBBBIERC X 5 BEED RESh Ty 5Y.
X, WEEENS » P X biEfEoRb Y ICT v Hh 1L
VY AE-XWWREL AR v bS5 T NEEEINEE
ATEEEHELBEAINTWSY. Lirl, 2hbDhE
TSR, 7o n ) 5fE, IRNE INEREA L ATRIEDSR
MTHY, POTFNT I Ll EORBIBEOE D

TWE, THh ) pRROEIRRERA2 05 RERD
L. B, EABBRNGN S A - CHEHER, 7T
E=TFILX > THAZ o< NS5 7CEAT S HENH
LI TW59.

EHOIIEEHRY T CLD-GC 0% L 0B HRILED
s S @R RO RRERICOWTHRE Le. AT
i¥ CLD-GC ERRIb/KFOWBER LW LZEFEE L,
My xF7 30 TENAX-GC HHH£%E1C X % %8
ik & CLD-GC iz X 5 IEEIC DWW TRETL, 1
DRLAHAB D FATH ppb LD b Y AFIT T
A ERTEXLOTHRETS. ‘

2 % B

2.1 5 E

FYAFAT I BERE ¢ FEMERAESR ©
30% KisEr =2 ) - LTHFERE, T5VvAYV 497
RKLEEIETELLTCHVYS 0.IN ERTHEEL TS D
BEZRELL. FRHCELT=2/ - L TEHEFRRL
TIRHEB®R E L 7.
FPYVRFATIVEBENA PYAFLT I (30%
KIBH) © Spl ZREA LA 11 AECAICEYSKIEL
t, BRTHERLEL. BECAPOR K (I~2)ml %
HAEZA V)Y ISPERAWCHENFAZ7ve< /571
AL, ¥AZRr =/ SA L0 —HEEEDOL L
HDEPYVAFAT I VFBERIZIVIERLZBRER L I
BLTHIFIAFATIVOREZKRD, TORERSEL
o, TOBRBEFNADREORBEE(LE B2, T3
MOMTOREZLIZIZLALRAEELFR L LTS
BRTE2Z 807, HAREXEEESEL7:.

2.2 8% 8

FARZ/m=< 57 B 4BM RE G A% 163 &
i CLD 2R b <AL 2. CLD g N&E# 6 mm,
£ (10~20)cm O EEZIZAELPEZETALL, EXF
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T 950°C ThnE L R B L r RE TR L o —
mibER % WE +5 bR LREBEHET (Bendix
Model 8101-C) X D »CWw5. HIL 163 By R w
< /5 7icfERAL7: CLD HAa¥EsEE% Fig. 1 T
TRL7. TOR¥ESIEIRAIZIvw< 570 FPD BH
FIEREL, BoMmimEERzRBILpoRAAITHERL
7=

-6

@

A cross-sectional view of a pyrolyser for
CLD attached to Hitachi 163 GC
@® Chemiluminescent nitrogen oxide analyzer; @

Quartz tube; @ Pt net; @ Furnace; @ Thermal
shield; ® Swage lock (3/3’’); @& Holder; GC

Fig. 1

HEER S A 2 FIARE (RE 3mm, £X 3m) ©
5% R/UFv+2% KBRIL APV s/ 7wy T
104 {(80~100) mesh} #FTA L 7.

TENAX-GC ##£% : BEEHEOAIERY CHEX
hieZAF vy AOHEE (R 6mmxKES 18cm) T
TENAX-GC # 0.6g 2 TAL BEX RLERD
250 °C THEFMIEL X L.

ZYV o Ty V375 - ERNTCA : ELWE D BIE
BN COT7T2bT7AT e FAOBRIRCAZMERL .

TIVHMEER BBEET I VvHBUARZERL .

2.3 FHTER{E

SRESME 05 AIREL130°C, ¥ v U Y — KR EER
& 50 ml/min, CLD $%4& 200 ml/min.

MER O OHTRIE : 2R& Lo B i siATsk
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Z (0.5~1) I/min TBKAIBTHRY 2FNVT7 I
#£1%, WEBE LI Ao NS9O BN ICE Y b
L, 200°C Th#EWH LIt #rre< o357
WZEA LT MY 2 F V7 3 U puER L.
3 ES

3e1 HELEDEE

HA2w2 hTS5 71X M) 2FUT I 25T
HEE, KEHRA T ALBEHEE (FID) TIRILAKERN
WETS. L L, CLDIIRICAEICEGE L 70,
B, KB oRE EE&XTELELOhS. Y
AFNVT I OWEEEZRFIT 5720, 7308, WM&
t&W, TOhORBECHERDIRTF SN T\ D H R
DRKREE, REECKERHE (BERE N » )
#, FID-GC } CLD-GC THHFRBIE L 7.
FID-GC o#2sn< bS5 ai2id FREEDVICE
BORILKE P KEREC - FELI. —5H,
CLD-GC iz >w\Tit FID-GC CER =17 R{bksE
DE—~T ERREDLB—DDARERE— 22187, GC-
MS % FHnTHEEE, CLD-GC T ¥ — 4 1 3{&8
Foy TTRHESNIKSICHETE L0 THS Z L8
Dotz AR 80 %, {BE 15°C L LCEHE T2
E¥A mg DLk A2 e2 57 THEAZ
hi-z ticiesd. EE,Etpl ok Frre< o5
TCHEATZERMLULS REBRE—-s3BbNR. &
DIEFEE DRNT/KEEIL 7 ) U ARTADERELZEY ft
F5EZOKRBPBIEPIEDBA L. FB IR
VHFERY 2V TEARKQEZHE LB A LEIERR
MEOBA LRk Ko — 2 2R 5hi-. TENAX-
GC H&EE T X 2 Hiif%Es, CLD-GC RV FID-GC
THIE L2 B4, fiE TR Ao —2 123 ALER
<, XBRLAEDOHEDLZT -7 (Fig.2). —7,
#E T, EIBRREEICHETRILKED ©— 2 133EF
WNEL 5 o?zds, MY AFAMTIEDXAFLT I
DY —IfHEhE) KREL -3 85607, Lk
L, REEER OB EHE-FID-GC Of|EER» b,
ThHDE =2 3 hORILKFRICE D Z ERGh 7.
ZhiTokiEE2 i, i CLD-GC 2w
% TENAX-GC Bz X5 b)) xF 17 3 OHIR
HWERIc >V TR L. 73, TENAX-GC &%
DFYXFITIEIRNTEHENEZTARDL D, HR
sa< bIT7ORBNCHEELZ Y PL, HETA
FOMY 2FAVFTILO—FEEZEFEALKL. 21 0FEFR
DERICE - TH MY 2FA7 I vo—-238EISh
THEFZCHEE SN, KT, ZOHEEL 200°C

T, fHHE, ELW, Hf: AR Zrex b5 74 -0k 5858FLEmoBIE 855

@

10mV

0 10 20

Time, min
Gas chromatogram for 61 of a freezer’s
air with TENAX-GC preconcentration-
CLD-GC

@® NHj;; @ TMA; GC condition—~Column :
glass 2mx3 mm i.d., packed with 5 % Squalane+2 %
KOH/Chromosorb  104{(80~100) mesh]},
temp. : 120 °C, detector temp. : 150 °C, carrier gas:
N3, 60ml/min, detector gas: O,, 140 ml/min, de-
tector range : | ppm f.s., recorder range : 10mV f.s.

Fig. 2

column

T LF A v~ b7 7ICEA LR, BEFR
a2 b TS TRHABRFEALLEELFEREOY —2
NELN, MBEAIERENTDS. X, 7h )0
ZLELSTHE -2 DF— )Pk 7. HESD
IREZZE X THIEGEWE L ORERE 2 F8-72. HnEig
s 80°C DLETH, MY 2FAFI0BVHLIZ
EE 100 9% iy, BEMEL LS >NTE—2 D
IR G L IGEL LD, o —JI@RLEWICA
K- TEENH L -7 (Fig.3). 5T, fnEua
WH LIBE X 150 °C DL ETITS L EA S 5.

3.2 FEARBURIEEDOER

KR OWEN 2 ORBUC Y7 - THRBORIE I
KEORFERBCHRED 5 DFCRIREFR T3 E
EmThH5H. TENAX-GC HEEF Y xFLF7 I D
IZHES A (~200ppm) @ I ml ZIFEAL, EEZBR
SHTHEEAN To REFE >V TR L. £ofk
R, Fig. 4 WRTXO1C 20°C itk Tix 51 ogesk
ZWLTH 90% Lk Y 2Fu7 32 BERESHh
7o KEOKXGRAETIX, —MRIThY A F 7 33—
EIRE D b DB EGEICRG IS5 b Tidhvas, &
HRENFRERICIR L EHEBCA-TL50T, 3L
DIED CHESNZZDDON 10% BREHESZEE LT
LLROHENRIFERI VB LHLELZLND.
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Fig. 3 Effect of temperature for thermal desorp-
tion of TMA from TENAX-GC collection

tube

Temp. : @ 250°C, @ 150°C, @ 100°C, @ 80°C
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100p——o— o
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Amount of N2 passed, I

Fig. 4 Effect of a passage of nitrogen gas through
TENAX-GC collection tube on a reten-

tivity of TMA
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CTHHN223, 11/min ORTEE T +oHHE TS
(Fig. 5). HESBOFEIC Y - TIIHARESR Tl

Lz b o #kHEic Lz, ERRHILE CIIRARRS 5 4
HEHESIRTWS A, EOBREOHEREEADLET,
(1~1.2) 1I/min ORFHEET 5 HRHET S L RAE
X (5~6)1 Lin b, WREMR (k) »S¥ ppb L~
DY AFNT I ERTHEETHLENTED.

100} I r'A J e _
o ® o
S ®
=
S
Ly
3
o
Y
==
50 1

1 L 1 1
0.2 0.4 0.6 08 1.0 1.2 1.4

Sampling rate, 1/min

Fig. 5 Effect of sampling rate on recovery of
TMA by TENAX-GC collection tube
(22°C)

3.3 HMEEOEE

TENAX-GC £ 5D K—F 2K ) v —E =X
X 5 BMLKEEOBER 2 S SILMMEORE TOR
ERFETLLDTHEDT, BEREBERE L O
VA B OBR RS RS LB IRE I K E {EASh
7. Ny ZC AR U KIRE A 2 (£ 210 ppb) 2449
0.51 ORGEE T L EREOELWFH o TENAX-
GC #fEEic 11 B3| LT WEYERL koz. #FRI
Table 1 TR L0 THD. ¥ 40°C TRITF 100
% HETE S, (80~90)°C Tix 23% L HHET

oT, 51 P EORKDHFDICFHRETD S

— e T AREI R HET S L &, RIUEELKEVE
Sk & BEER & ORI FMASKIL Lic K <7 D, %S
BAETT 5. 7 K-y JKiBEON X (¥ 200
ppb) ZFH L, Ko Fizk b TENAX-GC {HEEIC
B LT HEMRIC XT3 RAEEOKE KoV

Xt 3.2 OFERESD 20°C T3 (5~6)1 o
Table 1 Effect of adsorbent temperature on
TENAX-GC collection of TMA
Temperature Collect. efficiencyt
(°C) (%)
100~110 0
80~ 90 23.0
50~ 60 83.3
30~ 40 100.8
18 100

f Relative to 18°C
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READAWRETD - 7205, —REBLYWANEBE L 5E
BTk A 30 °C 2o & T HiEL 5D T,
RiRE D B2 51 B35 7200k HgEEE 20 °C
MBI EHT 2 NERH 5.

3.4 TENAX-GC ##&&thTOEEM
HELHESNTONY 27V 7 3 2 ORGEE 5
R57edir, HEHEN 2% TENAX-GC HifEScEEE
AL, —ERERABCBELLZN) 2 F V7 I VDR
e L7z, Fig.6 w3 X5, 20°C giB0iEE T
X6 RERIRE LT D 90% LR ShTws o e
D, BHNTHE LD OZEREICRELIR > TrblllE
LThIWZ &y oiz.

Retentivity, %

50F 1

1 2 3 4 5 6
Standing time, h

Fig. 6 Retentivity of TMA on TENAX-GC
collection tube with time (23 °C)

3¢5 EINEE

TENAX-GC $#HfEF I (ZET X D—F&%2 AL k
Y A FVT I DERRIZOWTHHN: (Table 2, a).
Table 2 5HLMEE ST, P AFUTILOERN
Al bz o TRERINBIETL, KEng Tt (90
~100)% TH 5%, 30ng fHETIE (70~80)% ToH -
oo TN E =2 TREBESROHN 5 A~DORFE
I HREKEL—IDTF— YU T E DRERAELSE
WTLB7DLELZLRSD. ZOXS5CERZER Y 2
FNVNTIVDBRTX > THELZZT D20, MEHIIE
RN 2% HEBCEALTER L. BERIT TMA
@ 500ng F CIMEIERARZBLIEBRE 72, Ny F
CHALLCEKRBREDONMNY 2F 7 I0%, 5 11/min

MOV, WHE, E8, AR AR 7e< ST 7 - X5 EERLEHONE 857

Table 2 Recovery of TMA with TENAX-GC
collection tube

(a) Direct injection of sample with a gas-tight syringe

TMA TMA Recovery
taken (ng) found (ng) (%)
14.7 13.0 88.4
64.8 49.5 76.4
149.2 135.2 90.6
194.3 182.1 93.7
259.0 257.7 99.5

(b) Concentration of 11 of sample from a Tedlar-bag

TMA TMA Recovery
lig. Oz (ng) TENAX (ng) (%)
336 (136.7) 310 (125.5) 92.3
525 (213.4) 498 (202.5) 9.9

Figures in parentheses are the concentration of TMA in ppb.

DREEEET 11, TENAX-GC #if% 1 fii% L, CLD-
GC TEE U725, Eﬁ%fl@l&%% (Table 2, b) 7‘2%
oo Wo ZHhD MY AFVT I D BEE, (RIBRKE-
FID-GC THIZE L TRdD, Thric LT EREZ
AU AR5 SUMRHER 0ng TH O,
51 RALHBEOKRHEIRRIX 1.6 ppb TH 5.

TENAX-GC H#EFIC X T3, HEPHRO Ev D
D (¥ 80% BE) vHBHDT, Fid - THENRLE
RLTHLAMLERDS.

36 5 HB
INETRIFLCELMY xF 07 3 > TENAX-
GC MHEREIC X 2 HIRH%EE & CLD-GC iz X 5 4
HBOIERAE LT, B ORERLBROBEILTVW2E
BERNEZRO Y x> Fu7 3 U 2HI%E Liz. 9 11/min
DRGFEET 6 LIHE LR, 35ng O MYy xF07
IURB. ThIIKRKHDO MY X FV7 3L OREE
LT 2.4ppb it S LTW5%. RUBKEA&GS 0.1 N
BRERiC 151 MBI, 7 I UHmMBEAHVCT L
BV RE-EERBREIRNE 27w, FRIu< b sr5o
MBGEA LT FID-GC (TkdDI2 b Y xF AT I
IREVX 5.8ppb, 1.3ppb THh 7. BEENTIIEE
DORAETEFITERL, X DDIFHITIBRE»ERL,
MITRETDEE, P AFUTIVDBRERLEN
CHRECRDE2E2 5L, MECHEIEHEME < —
HLTWEhDEELLNS.

4+ D
TENAX-GC ##ifEHic X % WiREEL Z2X(taw

XL, BERE» ORI LF RS ER SRS Y
Z2om2 b5 7BEEAWTE ] OB BRI L -
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T, KEFOEppb LRNIVD M) AFNVTIVE ER
THZEMTER. RETIIITLERESZLEL Lty
7o DBEESEHE L OTETH D, »rOoRFEEEREALL
Wi EORIE RS 5. Aoz Y - T, BEEOH
#£hR, HEBOREEL EOEIPLTE LY 20°C
DTFOBRETTS ZEBEE L. FIRTEbY x50
T IDBITOWTHRET LS, b7 3 8, K b
Y X FT I EAREXSTREORENT I VAT
BRRICEERFRFRETHZ LFELOND.

<1980 4 10 Hs EZIE/JJ\WI:%%)

B2 FLTEVWT—HER

X 13
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Gas chromatographic measurement of N-con-
taining compounds; Determination of trimeth-
ylamine in ambient air with TENAX-GC pre-
concentration and chemiluminescent nitrogen
detector-gas chromatography. Nobuyuki Kasui-
uHirRA, Kuwako KIiriTA, Yoshichika WATANABE* and

KAGAKU Vol. 29 (1980)

Kazuyoshi TANAkA** (¥*Training Institute for Environ-
mental Pollution Control, 526, Tokorozawa, Tokoro-
zawa-shi, Saitama; **Kantogakuin University, 4834,
Mutsuura, Kanazawa-ku, Yokohama-shi, Kanagawa)

A novel technique for a determination of trimethyl-
amine (TMA) at a few ppb levels in ambient air has
been investigated. TMA preconcentrated on TENAX-
GC adsorbent from sample gas was injected into a
gas chromatograph with thermal desorption at 200°C.
Gas chromatographic separation was performed by
the column packed with 59, squalane and 29,
KOH on Chromosorb 104{(80~100) mesh} at 130°C.
The eluent from the column was converted to nitrogen
oxide by combusion and detected with a chemilu-
minescent nitrogen detector. There is no interference
from other hydrocarbons, which is normally a serious
problem in FID-GC. A collection on and a recovery
from TENAX-GC adsorbent for TMA were nearly
quantitative. The optimal conditions for TMA col-
lection were established with respect to sampling rate,
sample volume, adsorbent temperature and others.
As an application of this technique, the air in a
freezer storing organic compounds such as amines,
sulfur compounds and hydrocarbons was analysed,
and a concentration of 2.4 ppb for TMA was obtained
by sampling 61 of the air. This is comparable to
the results of 5.8 ppb and 1.3 ppb with 151’ sampling
by conventional method.

(Received July 19, 1980)
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