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FHLEENET -BRELZHCLRVAT VT F (HCHO) BEFADOFEEELZHELLZ. YU VI
¥V —Fa—THEEL, FOY) Y INICHCHO EBRRBEE ANL., INEREICRFETLHIL
TEHCLVEEAR 2 F YY) —%58BL T 39.5 nL/min OEETH T T4, i FiE 40C 2R3
L0T, EEBRFZERILL, HCHO B¥EN ADRET 5. T OEEHFN AFAERIII Y, HCHO DOILH
AT GN—HE-Ta—A vV vay (FI) BEHM VAT LAORERIERZIT) ZENFTRTDH D,
HCHO 3.68 ~ 147 ppbv OIRFEEHIPCRIF 2 MEMZH72. HCHO 355V AF N Y7 UANFH 134
YEHOCTELHFEHR L THRE L2 BHEEE 395 nm, HHE¥HK 463 nm). 12720 20 kD
HCHO %23HlT A2 L HWMRETH 5. AV AT AR HCHO GHIIEH L& 2 A, 4BDKRT VT 4
TH 5 58~11.8 ppbv ® HCHO M L7z, F72, BUEBEOH LS ) 1 ADKRT V714 7 Tid, BHYEIC
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Bea ALFMERE TR TV S, RERRIFE R O
HBLAEY (VOCs) &L T, AV 7L (12~580 ppbv),
7 b¥ (1.2~1880 ppbv), L%/ —) (13~1000 ppbv),
A% 7= (160~2000 ppby) & EXEFLNZY. Th
LOW, BTOERREBET 2ILEMEADPFIET 5. Bl
I, HERREREOMRICEITNL T Y ORER, BE
FIZHARTEWZ ERMSRTWEY.
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X, GC/MS 2T 50 ADIEE % 7341 L, SFHTH 200
O VOCs B L. Z0iFh, 7)) LRI
IGE (FLIR)'OY, BFBESEESHE (PTRMS)™?
% selected ion flow tube-mass spectrometry (SIFT-MS) w10
R LBILE CMESNTWAS. INLOREEMTIE
%5 D VOCs DFHINCIEE L T2 %8, HhOIPE RS>
WCEETAEAE, X OMELREENZEE L. IFRFI
KB SR IS T ARG Ok LT, ) FVT
VFE FEEVSIRRT & b a7, BEEE Y v
— % HVRIRRT YESTHNY, Vv EOEMEREE
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IATEERE SRTWAR.

BT A, RIAEIAAT A BE A ST L 22RO~ Y KA
— A LRI LA HCHO OBER, BEFOREL DS
Wl FHESRTWYAY, F 72, Wehinger 5713,
PTR-MS # H W TIHAICE 15 HCHO 25, MidsAZ K
WHETE A WEREEZRBLE. Lo T, BRFO
HCHO X, PSAICHTANA T —h—L LTHIfFER
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Fig. 1 Automated FIA system for gaseous formaldehyde

CS : Carrier solution (distilled water); RS : Reagent solution (0.3% dimedone in acetate
buffer); P; : Double plunger pump (1.4 mL/min); V : Six way valve ; SL : Sample loop
(300 puL); R : Reaction system ; RC : Reaction coil (i.d. 0.5 mm X 7 m, 185C); CC :
Cooling coil (i.d. 0.5 mm X 2 m); D : Fluorescence spectrophotometer (Ex: 395 nm, Ey; :
463 nm); BPC : Back pressure coil (i.d. 0.25 mm X 2 m); W: Waste ; FA : Formaldehyde
solution ; C : Capillary tube (i.d. 0.03 mm); MFC : Mass flow controller (0.4 SLPM); H :
Heater (Broken line, 40C); P, : Peristaltic pump ; DS : Diffusion scrubber ; AP : Air
pump ; (a) instrument calibration ; (b) breath analysis

7etzh, FOBERE T T4 VU TiTbh.

AWFETIX, FH %2 HCHO BT AFEEZHREL,
CDHAFERELELRTIA 2 F3— (DS) ZHAEDLET,
HCHO %74 ¥ 5 4 V4§ 2R - flifH % FI 3650
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Ty vy =24 VOANFEOL mm DF 71 Y Fa—
TeERAL, ZOMOBEOMBEIZIE, TTHEOS
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VI A HE L TR S21 = 7% > 75— (AP) %
HEHLTDSICEAL:. ZOF FAORREa 70y
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DS iX, CH R, BYFrSTMFOIFL Y
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7 EKBEL774 vRY<w—8 K770 TB0201,
WEITmm, EE30cm) 28BLA_EBERRAL S N—%
Hwiz, 2200F 27O Y IVFRAZEL, %Il
B PTFE 2 — 7PN L 72KICH > IV H R % ks
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AREERTIE, §XT Advantec Aquarius GSH-200 % Fj v
TR L 78K EER L.

HCHO BB : FVATVFL Nl (FH 54 F %
78) IAVEMBEICIVERL, EEOMERZL LIS
1% BHHEBRELRAE L2, COBRZEESFKRL, HCHO
e L7,

FERRVAW : BEE (A 5457 A28 125 mL 2K T
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Table 1 FIA protocol for measurement of gaseous formaldehyde

Mode

Filling up DS

Collection of

Injection of sample

Loading of sample to flow system and

with water sample gas into loop washing DS
v Inject Inject Load Inject
P, on off on on
Working time 30s 1 min 30s 1 min

Abbreviations (DS, V and P,) as in Fig. 1

Fig. 2 Schematic representation of the standard gas generation part

S : Syringe ; C: Capillary tube (i.d. 0.03 mm); N : Needle ; P: Polypropylene tube ; T: Tee; E: Epoxy
adhesive ; FA : Formaldehyde solution ranged from 0.005 to 0.2 w/v%

VR v F T rvE) 125 g #KICEN LT 100 mL &
L72b0% 125% BEBRT v B2 7 A %M E LTHW .
B . 125% BRI L 125% BEERT v E= 7 AR
% pH5.0C%2 2 X ICHRAELEDDEH V.

FOBREE . Y2 Fv REALRTER) 0.6 g & &EWR
DL 200mL & L7-b D% IBRIEE LTHW .

2:3 & 1E

Ky AF LIEHRY 7 P, ® ON/OFF &35V 7 VO Y
BACIVBEESNEZIT). L2 > T, Fx )Y —Hl
FOSRE, > VT AEECRNZRETHNT 5. H
iAo 7a b a—)v& Table 11289, 3, VTV
S Inject DIRFETH Y T P, BPON % 5. THIZL D DS
PIZARPFIE SN D, KPFTES NS &R VT Py 2% OFF
2% 5. DSHERNTWAAOWASILE D, ZoMI
%L PTFE F- o — 7 % %38 L 72 ¥ 70V 7 A D3l R iR
ENE. 15y TI AT A EHERE LK VTV
M Load WHI D EED Y, FEHIIKR Y TP, A5ONIZR 5.
IR E DT P R E RS LK v —
TWHEEND. FEBE VT VA Inject [ Fb Y,
WEBEDIF v VX —DOWNITTEAESNS. FIA VAT A

THGFEAOEEHWE B K 395 nm, FBEER
463 nm) %{#lE L7

3 MRELER

3-1 HCHO B#H AFEE*

Fy ¥ —F 2—7 %@L T HCHO EERFHEZHT
L, BEFAb8e LIC LV BREFAZRESEL Z
OFEEENHT-RRFELRERI LTS, BETAE
AFOBMA % Fig. 2177, £E 7.5 cm OR@MY Y 7
FYESY—Fa2—7 (BEF0LOSmm) Y ryIDE
WIC L RS VRBEHZACTEEL, YU Y YHIE, A
>79 74y — (L 0.45 um) %@ L7z HCHO #%
WHEEAN, YUYV VERBICERL ENICLD
HCHO E¥RBRE AW T L. TEMF2—-T2%2 57—
D=7 s, BRERZTHERIZE LAY 2 ) Rz
YunrAERL, TEREFa—T %25 —0LEHICEE

ENEGEHIV Y U VERELALIET, FYET Y —
F a2 —TOEMETADORBICEE L. THr -

40C RN TVWEED, Fr ¥ T —Fa—T D%
A5 W7 HCHO BE¥-EEE O L, BWRlcAfitl oy
ZLBA L, HCHO ZH#EH R & 72 B, AR LI EET X
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Table 2 Verification of the proposed standard
HCHO gas generator by DNPH-HPLC

Concentration of gaseous formaldehydea) /ppbv

Standard
Computed value DNPH-HPLG
I 78.7 75.9
29 147 146

DNPH-HPLC : 2,4-dinitrophenylhydrazine-HPLC method ; a)
Generated by this method based on gravitational dispensing-
vaporization ; b) 0.100% formaldehyde solution was gravita-
tionally introduced ; c¢) 0.200% formaldehyde solution was
gravitationally introduced

DREIFZLUToREHNTHEB L.

_FxC

30.03 F,

(1)

I, C I HCHO ¥ ADRE (ppbv), €y ¥
¥ —%# L TiND HCHO E¥EBHEOERE (g/L),
FEFvY¥9Y) —%@EL THNS HCHO BEREOIE
(nL/min), FZY ¥ 7V H A DOFHEE |SLPM (standard
liters per minute)} T b. L7z oT, F, F%—FI
FTHILT, EEFAORBEFRHT T HEEFRORET
HHCTE 5.

FOEER, DTORFETHZELZ FYES5)—Fa
—TEREELZVY UV VEENEEA—-TFYET ) —F 2
— T DX EREERTHEEIVELORHE L. &t s
BVTWRWEF XY S Y —Fa—TREELLYY VIR
KeAN, BEREE), TOEIZ 0 & Lk HRCE
YET) —F2—TOREEBEERTHIVIEY Y VI
bKEANEEZRD, FOEIZ w, L7 Z2o0Y
D YVEK S BREEEICREL, BUERZAEL, 0
BEXE2FENEFNRw, wok Ll KEWHTFLAEEED
HCHO E#EBEHRZH T LA EIRBEIMUEREL,
KOXPHF Y ¥F Y — kil LCiib HCHO EHEEH
DHREEHEHH L 7.

(w) —w') = (wy—w'y)
t

Fy= (2)

ST, t BEEICHEE LS (min) THB. N(2)
DFFIE, Y)Y EEILERICL > THERT L KER
W2 IERRDE T ENTKOERTH L. WEOKE, *x
Y9 1)—%@ L TiRNS HCHO IZEEW ORI, 395
nL/min Tho7z. 7B, KOFEEIZ 1.00 g/em’ & LT
HELA RiX, vA7u—arbu—9—-%HWVT, 04
SLPM IZHIBIL72. £ T, 0.100 w/v% ® HCHO 1ZH#HE
’x 2L, gk 73.7 ppbv ® HCHO ¥ H R %
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WTBHZEHTEDL, IhE 32 TRTERTHERL.
3-2 DNPH-HPLC AIC L DEEH XBEDRTE
EHWT -2 %2 Hv70.100 K U8 0.200 w/v% O

HCHO EZHEEW D 5 FAE SHE 7 HCHO # XA % 24V = b

7=Vt F5Y ¥ (DNPH) #— Y v ¥ (SPELCO

%, LpDNPH S10L) (ZH#dRfE, 7 M= MYV THEEL,

ZOMBEEBEERA A< 7574 — (HPLC) Till

EL7z. ¥R%E Table 21377, X(1) TEHEENLE

B, 73.7, 147 ppbv TH 525, Wi d DNPH-HPLC

FEIZIHMEMEE B—FER L. TOERICLY, &K

HCHO BE#7 A Z T OB R EASSLAE S 7.

33 FIA ¥ X T LDREL

TO—A Vs aripht (FIA) YAF A0
oK 2T ol SZTORFIITAY IV Tldk
<., 50 ug/L @ HCHO EEFWE NNV TV 5 FIA ¥ A
T AIEAL T 72

AV AT A USIIRERT v ey AFAETTRE
B72%, BRI EFERR T o~ B = AVAIC & A E R A
L, BEL5~16% OREFHECEILEE, 08
BEoRBE ki L. BEROBENSLATHIIONT,
MMM AL, LiL, R=254 YDFY7 b3
SHEIVCHN 720, BEROBEER, 125% 2 BIR L.

F70, BB EEERET v B ABROBAEEZ
T pH 4.0~6.0 DEEREFEL, pHOBELHFT L
T A, pHBEO THRADHIHE X7

FIERAETHLT APV OREL 0.1~05% OHFT
M L7zEZA, 03% TRADENLME #4472,

V77 ayy AT AOMBERDORE% 120 ~140C @
#HHTERLSE, MNREOREE% L2L 25, RINRE
D EFITECEIGEE DR L2, LA L, FERHIAN—2
TA VIZENDPE T 2, R=A 51 v OREE L BEEE
BL, FUSRERX 135T & L7

K24 NVOESE5~9m OB THE L22/&ER
Im THRARDOE—IHEIZRLIZE, RXR—=A54 VEh
72728 Tm 23R/ 72,

F¥ )V —BH REBROKEEL K4 0.6~1.1 mL/min
OFEFETHE LR, 0.7 mL/min 2SRIF2HEREEZRL
7z.

3-4 HREBROMER

RBE&M T CHCHO ¥ ADOREBREHER L. Boh
7o MR M, 3.68 ~ 147 ppby DIREHFI T, y = 4.03x +
0.490 (y \ZHAXM HOEBEEE, » 1k ppby T L 72 HCHO 7
ADOERERE) &7, MHEAREKIZ 099 ThHo7z. 2D
Bozua—3¥ 7 F V& Fig. 3I1IRT. 3.68 1737, 737,
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wm X B, S, W BT -EREIC L A HCHO B F A FA 0B LI HCHO /3T ~DIGH] 609
147 ppbv Table 4 Determination of breath formaldehyde
’ Formaldehyde/ppbv”
Volunteer w o —
73.7 ppbv RFI Jul. 31st Aug. 2nd
. 600 A 10.4 = 0.4 7.3 £ 0.2
12 min
—_— B 8.0x0.1 7.6 0.3
blank 3.68 ppbv ’ 7.37 PPbV U C 10.9 = 0.7 59+03
— D 11.8 0.5 58 £0.1
Fig. 3 Typical system outputs for gaseous formalde- a) Four determinations ; b) Sampling date

hyde generated by gravitational dispensing-vaporiza-
tion format

Table 3 Effect of foreign compounds on the determi-
nation of 50 ug L.”' formaldehyde in aque-
ous solution

Tolerance limit/mg L™ Added compound

10000 Methanol, Ammonia
1000 Ethanol, Acetone
250 MIBK
200 Isoprene
50 2-Butanone

0.1 Butyraldehyde
0.05 Propionaldehyde
0.02 Acetaldehyde

MIBK : methyl isobutyl ketone.

147 ppbv Wt A& 4 MDY K LEIEICB T 2 A0
BREERZ FhFhs58, 17, 09, 09% Tholz, 2R
BRE®D 30 7 bR M L 72 RFE 0.16 ppby, 100 2* 5
B L ERETHIL0.54 ppby THolz. FADHEND
¥— 27 OWBICET AEMIZ 30 TH Y, BBICWET S
ZENWTES.

3.5 HEMEOTE

50 ug/L ® HCHO BEEEFHIC A VR = VFEZFHFDOT IV
Fe N, 7 ME BRICEENARTELTT VI —
VI, TYEZT, AVTVYERLABRE LTERML,
5% DNZHEE LCIEPEOREEZRE L. 20
KeahiE, DS # vy, HAEWE 2 WL 72 HCHO R
BHREVIPLF YUY -WKEALTIT- 7. A%
Table 31ZRT. ME LALEYWEORTT I T VTR
F (CH;CHO) b K& ZlWiEA R L7 AT D
HCHO, CHsCHO #&fEi%, Z1-Z7110 ppbv, 20 ppbv 2
B OMENDH BT, 72, CHCHO A 2~5 ppby
PO TEVEEDLH LY. INL0WME,S, PRI
HCHO, CH;CHO 2Si3IZFREZINATwAEL, I
LOTVMFE FHEAEDS *ABEEBLZEIRET S L,
AEBTIE CH,CHO 134 10% DiEEZ 52 5 2 L0
WENBE, LhrLedrs, KERLECERS LY PTFE
JE % 72 8050712 X U, CHLCHO # A D 2 D% 4

T 2 EmEIE, HCHO H AICH~RT1/100 THAHZ D
RENTWAS, Lo T, FAREREOEE NI

CH,CHO &, REBROMNER HCHO ORIEIZ 3B 72
WwWeEZHNA.

36 M5 HCHO OEE

4 NDEF VT4 TOPRERMLUAE L. FROHE

BUCWEHARAZ W, HARRAZ (ERKAY—ZA
# No.600ODDSR) I F 2 — 7 &MWL, DS & #Hi L
Fig. 1 (b) WWRT&9I2, MRZEHEDSITEAL, M
Lt.4A®$7/T47uwTh§%@@h#&<,M
EMHLER IR o72 1 ALY 4O ELAE
A7, THEEZIERREE Lz, HER% Table 4187,
X V574 7 OMRNE, 5.8~11.8 ppby D HCHO %
MLz

w2, BEEEBORLEI VT4 TORRICETINS
HCHO D2 ER L. TOBIHLNIY ISV E
Fig. 4 2R3, BUERT OIS D 5 1d 7.3 ppbv @ HCHO %
ML 208, K374 77 Naz 15 Kk-TH
Sy, ZOEBICHELZEZS, 125~10.6 ppby & B2
TEETDF 1.5 DR O HCHO 23 25 M h 72 ) ik
a7z, ZOf, HCHO OREIZREA L, BUE 30 oRIC
X, (TR OB ISEVE E TR Lz, IS
IKHO@Q%#%mﬁM&ibmwféék%x%né

4 G A

K TIE, ENH T -BRELE AV 58 7% HCHO
BT 2 ORLEEFHSE L, DNPHHPLC IEIC XY 34
HAEESIERTH AL NSz, £/, £HE1L
éhtmmowDM%%Hﬁ%ﬁﬁyX%A%%%L

LRV AF AL, BEOHCHO 7 A% 3 4R TllE
Té_a#féé.Aﬁnfi,ﬁmW@}@HO@mE
WIS L, BUEIC L BEE AR SN, S, K
BeafoBERSEOBBEICHRBETELEZEL TV,
T/, EHWE N -RREE, MOBESAFEAEELTD
ISHMBIED S DL ENS.

AR O—EIE, CEREEEM 7 v v T4 THEFSE [21
A% LR B 2OOMBOMZE RS TALF—, HlICET
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12.5~10.6 ppbv
7.3%0.1 ppr 7.9""8.8 ppr
0 10 20 40 50 60
- Time / min
Before smoking After smoking

Fig. 4 System outputs for exhaled breath before and after smoking

MR REO 720 DB HEOLHRT A ZOMFEEEN
t—1, BEMEEHDE GEFHE (B), No. 18750067) 12 &
5b0ThHhDH. KHFETH72 DS I3, FBEARKERFER BRI
HERBOFM BEF L TREN 2250 42, BHaREE
R OB A E — K212 DNPH-HPLC Ol E TR E LR JB)
BV n SR LUTENT A,

X 73
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Development of Formaldehyde Standard Gas Generator Based on
Gravitational Dispensing-Vaporization and Its Application to
Breath Formaldehyde Determination

Minoru UEDA', Norio TesHMA' and Tadao SAKAT'

! Department of Applied Chemistry, Aichi Institute of Technology, 1247, Yachigusa, Yakusa-cho, Toyota-shi,
Aichi 470-0392

(Received 22 March 2008, Accepted 22 May 2008)

A new formaldehyde (HCHO) standard gas generation method based on gravitational dispens-
ing-vaporization was developed, and an automated flow injection analysis (FIA) system coupled
with a porous membrane-based diffusion scrubber (DS) is proposed for the determination of
gaseous HCHO in human breath. An HCHO standard solution in a 2-mL Terumo® syringe was
dispensed gravitationally via a fused-silica capillary tip through a perpendicular arm of a tee
heated at 40C. The HCHO standard solution was delivered at a flow rate of 39.5 nL./min and
completely vaporized by airflow through the tee-arm. The gaseous HCHO was collected into a
water absorber in the DS.  The solution dissolved sample gas was injected into the FIA system.
The fluorescent derivative was produced by merging HCHO and 5,5-dimethylcyclohexane-1,3-
dione at pH 5.0.  The intensity was recorded at the excitation wavelength of 395 nm and the
emission wavelength, 463 nm. In this manner, reliable instrument calibration of the FIA system
could be carried out. Under the optimum condition, a linear calibration curve for HCHO was
obtained in the range of 3.68 to 147 ppbv.  The limit of detection (S/N = 3) was 0.16 ppbv.
The collection of a gaseous sample and HCHO detection were automatically operated with a
home-made protocol. The proposed method was applied to the determination of HCHO in
exhaled human breath. The concentration range in 4 healthy volunteer subjects (nonsmoker)
ranged from 5.8 to 11.8 ppbv.  We also found that for another subject (smoker) smoking
increased the breath HCHO concentration to approximately 1.5-fold, and then the concentra-
tion later returned to the initial level 30 min after the smoking.
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