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Fig. 1 Ion chromatogram of F-, CH,COO- and
HCOO- by anion separator column

184 ml/h; Full scale : 30
Sample volume : 100 pl

Eluent flow rate :
pmho;
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DHEERS O TEDLZ L0 ot BFEY 5 2vfE
AL, ABEAREY Sml w Li-Ba, ¥F, K1
FVvOEERFL S/N=3 L L8B4, #hFh 0.005
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Table 1 Repeatability of peak height (mm) of acetic acid and formic acid
by ion chromatographic analysis

Loop Concentration column
No 1ml®) 1 ml#) 5m]b)
CHsCOOH HCOOH CHsCOOH HCOOH CH:COOH HCOOH
(0.5 ppm) (0.5 ppm) (0.5 ppm) (0.5 ppm) (0.5 ppm) (0.5 ppm)
1 24.0 37.7 30.9 41.2 46.1 —
2 24.6 38.1 31.6 40.5 45.9 56.9
3 25.6 39.6 32.9 41.1 47.3 61.4
4 25.2 38.8 35.2 44.9 49.0 61.2
5 26.8 38.7 36.8 46.0 50.4 64.7
Av. 25.2 38.6 33.5 42.7 47.7 61.0
R.S.D., % 3.6 1.6 6.6 5.3 3.6 4.6

a) Full scale : 3pmho; b) Full scale : 10 tmho; Eluent : 0.005 M NasB4O7; Eluent flow rate : 184 ml/h

33 PUE=PPILAUMRATO BREAEICKD Table 2 Recovery of acetic acid and formic acid
7LFE K OBIERTEERED RS in the concentration process by evapo-

AL ATATe FER 72 705 e FILEREET, rator
BLEHERHBC X5 IC TRESERT LT No. Recovery®), %
i\, 5T, Zhb7AFe Fa IC TERT A CH:COOHM HCOOHP
i, ThZhik ¥R, BB T 208 BE. Ta 1 100.0 107.8
e VX7 A ) R CERRLARIC X D BH A A E 2 P lgg-z
VBICBIEIhD Z E2REShTEDY, FFRCEH 4 110.6 94.9
WX, 7Y E=T 7 AN ) IR TORRIEARC LD Av. 103.8 100.2
ML O TR L e, R.S.D., % 8.1 8

RAATAFEF, 72 F7AFE ¥ 0.5ppm 4 a) Concentration ratio was 10 fold. b) 0.1 ppm stand-

ard solution was used.

#BEW Oml = IM o7 ve=7K 5ml :BEELK

F#K (0.1~1.0%) 5ml xhFhimz, 50ml &L

. CoBEY | BERCTHRBEL7 AT v FORREETT Table 3 Effect of concentration of hydroxyperoxide

ot LinL, 7AFE FORMEBREERILT L5 Y on oxidation? of acetaldehyde and form-
- ’ aldehyde

PTHD, BIEL, ERURNBERO Y], BR1 Y

FVITEIE S 5 AR IR, £ o CRERER D H202 Oxidation rate, % Decomposition rate, %

conc.,

7vE=TEAVHL, FAMolmEy R T S % CHsCHO HCHO CHsCOOH HCOOH
e, 80°C kit Cr—%2Y —3AF ., —srx KL — 1.0 100.2 96.2 0 0

. 0.5 83.0 86.7 0 0
50ml % 5ml ¥¢ 10 f§ & iRFEL7c. ¥BEROEER 1 0.1 57.1 71.4 0 0
A v ORI Table 2 iR+ k51t dicky 1009 t 5ml of H2Oz2 and 5ml of 1M NH.OH added to
Thotr. X, A7 ve=73BEIh, BEED 40 ml of 0.5 ppm standard solution.
REEKO pPHIZTUT Thy, B 5 - ERAKE
% 1C MATHE L 7 o fe. 100% ¥RV BB BLTELZ LN ot —

ki, 0.5ppm ¥RE, EEME A A v EEERRCEHEMT S ¥, wALTAFEF, 7xb7r7Fe P2 T,
TvE=TREYIMEL, BMEAEORERXO0.1~ 0.5ppm ¥, KR A+ v OEBEERKIC IM 7 2=
1.0% DHETEL, 7A7e F o588 7K 1% BREKRKEZNZ, FRCBRE - REOHE
{EAFEORBB/E R LickREy Table 3 R, VERfT - TckE 8, Table 3 IRT X 5122 DEFBRIC
FORER, IM 7ve=7kKE 1.0% BREAKEKY BT RAVBOGER ST I HARI T L
AW, #AATAFEFRET7E2FT7AFE FR2EFE #EIhi.
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I. C. analysis Oxidation
conc. column
CHsCHO—-»CHsCOOH
HCHO-HCOOH
Concentration
I. C. analysis
conc. column
|

[CHsCOOH] [CHsCOOHJ+[CHsCHO]
[HCOOH] CHCOOH]+[HCHO]

Fig. 2 Analytical procedure adopted for the meas-
urement of acetic acid, formic acid, acet-
aldehyde and formaldehyde by ion chroma-

tography

¥, YEMROEER, RBEK 50ml 054 5ml
YY) VOCHML, B 7 2 RFALCERTS.
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Fig. 3 Schematic diagram of the acetic acid,
formic acid, acetaldehyde and formaldehyde
sampling system

b), ¢) bubbler (HzO 50ml);
e) flow meter; f) pump

a) pre-filter;
d) silica gel;

HHY X, ¥BOBECEL, 7145 ) FfKECIIR
Bhrsy, REKEBRINKLETHC L CRIFRERYS
T35, ZELY X, AKHFOFEZIL LD LT 5E%K
ANEVYBRIIEEKIC LD 95% LI EBE IR LRE
LTWwa. X, sV a7A5e VYOBE, 1% BHERK
R+ ABRERIBKETH5008RHEOBMED
H5bH. £ T, Fig. 3 oOBREE»H T, BEAYR
NI E LB EDOEBEORERDOXE, B, ~L A7
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3%, LhThOBEROWT, AYEOHBLHRL K
R X > TRDIc. KFERPEER 4 B & Lic. 2278
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st (95) =(1--g)x 100
Table 4 &, ZoEEERT. HEDHRIL, FEBIV
ThoBKMETY 100% Thoteh, Bl R a7
AT e FRDWTIIRENKE L 7t 5 L BBZERMET
T 5{ER% ;x L. Table 4 RS BEIE 5.0
1/min 23BFTH - 2.

Table 4 Collection efficiencies of acetic acid,
formic acid, acetaldehyde and formal-
dehyde in the atmosphere

Collection efficiency, %

FIOW‘ rate/
I'min™'  ~p.cOOH HCOOH CH3;CHO HCHO
2.5 97 100 —_ 79
5.0 97 100 88 77
7.5 68 100 80 68
10.0 70 100 89 61

Ll EDER, RHAKE BRI E Uiz KO HEOH
&, BINE 1 A3 7 457 e FoRBREHRITT4 il
W, BIUER 2ARFERT A LR ED, AV ATAT

v N 9.7%, 72 b7 AFe F 98.6% HHHETE, X

B LD, DAFRVEBENY TR TAT e VLT
%"C“%{f:;

AER XY, BEHEILXAE (BB ROR
HHEX AL (EAEEDETREREFTR) © 23
B, 1985 £ 4 A 12 Ao SERbich, KREH
HLFEE, BB, AV AT AFEe N, 72 FT7AFe FOD

Table 5 Concentrations of acetic acid, formic
acid, acetaldehyde and formaldehyde in
the urban atmosphere, 1985

Concentration/pg m-3

Date CH:COOH HCOOH CHaiCHO HCHO
Hiyoshi®)

Apr. 35.3 (6) 2.0 (6) 18.8 (4) 2.9 (6)

May 32.4 (D 7.5 (2 13.1 (6) 4.6 (7
Shiroganedaib? (Inside)

Jun. 18.8 (5) 1.5 B 5.3 (6) 13.9 (6)

(Outside)

Jun. 30.6 (5) 2.3 (3 16.4 (6) 15.7 (6)
Hiyoshi#®)

Dec. 26.6(12) 3.2(12) 10.5(10) 18.0(12)

a) Faculty of Science and Technology, Keio Univer-
sity; b) Institute for Nature Study, National Science
Museum; Figures in parentheses show the number of
measurement.
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Measurement of formic acid, acetic acid, form-
aldehyde and acetaldehyde in the atmosphere by
ion chromatography. Shigeru TaNaka, Masaru
IcucHi, Kazuo YAmMANAKA, Tomoyuki Yamapa, Naoto
Nakao and Yoshikazu Hasumoro (Department of
Applied Chemistry, Faculty of Science and Technology,
Keio  University, 3-14-1, Hiyoshi, Kohoku-ku,
Yokohama-shi, Kanagawa 223)

A method for the determination of formic acid,
acetic acid, formaldehyde and acetaldehyde in the

. atmosphere by ion chromatography was investigated.

These gases were collected by using two bubblers in
series filled with 50 ml distilled water as a trapping
solution. The collection efficiencies of the gases by this
sampling system were almost 1002, at an air flow rate
5 1/min for 4 h in the field measurement. Formic acid
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and acetic acid collected with distilled water were
directly analyzed by ion chromatography. 0.005 M
Na,B,0, was suitable eluent for the ion chromatographic
analysis of formate and acetate ions.

and complete the analysis within 8 min by using 0.005 M
Na;B,0; eluent. Formaldehyde and acetaldehyde collect-
ed with distilled water could not be directly determined
by ion chromatography with a conductimetric detector.
It is therefore necessary to oxidize these aldehydes in
the sample solution to formate and acetate for ion
chromatographic analysis. The complete oxidation of
formaldehyde and acetaldehyde to formate and acetate
could be achieved by adding 5 ml of 12, H,O, and
S5ml of 1 M NH,OH to a 40 ml sample solution, no
loss of formate and acetate by the addition was observed.
The concentration column was used for the analysis
of samples at lower concentration levels. The relative
standard deviations of 0.5 ppm formate and acetate de-
terminations by the concentration column were 3~59,
and the detection limits were 0.005 ppm for formate
and 0.01 ppm for acetate for a 5ml injection volume.

It was possible.
to obtain good separation of formate and acetate ions

He, FA, d, WHE, FR, BE&:IC X3 RAH¥RE, B, 745 FREOHE 17

The measurements of the above gases in the atmosphere
were done at two locations (Hiyoshi, Yokohama and
Shiroganedai, Tokyo, from April to December, 1985)
by using this method. The concentration range was
1.5~7.5 ug/m® for formic acid, 18.8~35.3 pg/m3 for
acetic acid, 2.9~18 pg/m? for formaldehyde and 5.3~
18.8 pg/m?® for acetaldehyde, respectively. For a
1.2 m® air sampling volume, the detection limits of this
method were 0.2 pg/m3 for formic acid and formaldehyde
and 0.4 pg/m3 for acetic acid and acetaldehyde.
(Received July 18, 1986)

Keyword phrases
measurement of formic acid, acetic acid, formaldehyde
and acetaldehyde in the atmosphere; collection by
two bubblers in series contained with distilled water;
ion chromatographic analysis of formate and acetate
ions; oxidation of aldehyde to carbonic acid by
hydrogen peroxide.
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