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Gas Chromatographic Determination of Lower Free Fatty Acids

in Water by Direct Injection Method

—— Effect of Formic Acid as an Adsorption Inhibitor and Regulation of Analytical Conditions ——

Takeo AramaTA*, Minoru Nacasaka**, Yoshinori Sato+*

Abstract—For establishing simple and rapid determination of lower fatty acids(C,~C;) in sewage sludge, gas

chromatography of free fatty acids in water was studied by use of direct injection method. This method has an

interference problem of ghost peaks caused by irreversible adsorption of a free fatty acid mainly on the wall of

evaporating port of gas chromatograph. Formic acid was used as an adsorption inhibitor to prevent from ghosting,

because free fatty acids adsorbed were eluted by injecting formic acid.

Sample solutions for injection were prepared by adding 5 ml of the original samples to 5 ml of 1 v/v% formic acid.

Five u1 of each sample solution was injected with a 10-x1 microsyringe.
The proposed method is simple and rapid, and yields good results with negligibly small interference of ghosting for

a practical use. A linear calibration curves was obtained in the wide range of the concentration up to 10,000 mg/1

for each fatty acid. Relative standard deviation of found values of the concentration was less than 4.6% for all fatty

acids used. The detection limits were 2.5 mg/1 for acetic acid, and 1 mg/1 for other acids.
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Fig. 1-1 Relation between injection number and peak
area before air purging of injection port
Injection number : acetic acid (1-8);
propionic acid (9-14); formic acid (15-18);
Sample : 1w/v% solution of each acid;
Packings : Gaskuropack 54; Column temper-
ature : 200°C ; Sample volume : 5ul
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Fig. 1-2 Relation between injection number and peak
area after air purging of injection port
Injection number : acetic acid (1-6);
propionic acid (7-10); formic acid (11-14);
Sample : 0. 1w/v% solution of each acid;
Packings : Gaskuropack 54; Column temper-
ature : 200°C ; Sample volume : 5l
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Fig. 2 Effect of the concentration of formic acid
added on elution ratio of acetic acid,
propionic acid, n-butyric acid and n-valeric
acid
Packings : EGA 10% Uniport S ; Column
temperature: 100°C ; Sample volume: 51
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Table 1 Analytical values of acetic acid as an impurity in formic acid reagent, and response intensity of FID for

formic acid

Concentration ( as acetic acid mg/l)

AN

Sample
Acetic acid

Formic acid®

Acetic + Formic acid

Formic acid reagent
ca. 90% pure
1v/v% aq.soln.

1140
11.4 °

Formic acid reagent
ca. 89% pure 670

1v/v% aq.soln. 8.7 °®

430 1570 ®
4.3 °® 15.7 ® (16.4)°
430 1100 ®
4.3 °® 11.0 ®

Packings:PEG 6000 10% Flusin P;Column:stainliess steel.3mm i.d. X 1m

? Response intensity of FID as acetic acid,

¢ Mesured values
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11.4mg/ LI FID~ D ¥ BE DA E (WS4 3me/1)
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Fig. 3 Effect of addition of formic acid on the cali-
bration curves for acetic acid, sodium acetate
and ammonium acetate
Added amount of formic acid (1v/v%): equal
volum to the sample ; Packings : EGA Uniport
S ; Column temperature: 100°C ; Sample vol-
ume: Sul
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Fig. 4 Typical chromatograms obtained with
(a) Gaskuropack 54, (b) Unicarbon A-300,
(¢) EGA 109 Uniport S and (d) Unisole F-200
Peaks : 1=acetic acid (1000 mg/1),
2=propionic acid (500 mg/1),
3=iso-butyric acid (100 mg/1),
4=n-butyric acid (200 mg/1),
5=iso-valeric acid (100 mg/1),
6=n-valeric acid (100 mg/1),
7=iso-caproic acid (100 mg/l),
8=n-caproic acid (100 mg/1)
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Table 2 Resolution of Propionic and iso-Butyric acid
peak

Column packings Column temp. (°C) Resolution (%)

EGA 10% Uniport S 100 76.5
Unisole F-200 120 95.8

140 91.5
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Fig. 5 Effect of injection port temperature on peak
height, peak area and their relative standard
deviation (R. S. D)

O : area; ® : height; & : R. S. D (area);

€ : R.S. D (height)

Sample : acetic acid (1000 mg/1); Results of 8
replicates

Packings : Unisole F-200; Sample volume : 51
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Fig. 6 Effect of sample volume on peak height, peak
area and their relative standard deviation (R.
S.D)
O : area; @ : height; O R. S. D (area);
© : R.S. D (height)
Sample : acetic acid (1000 mg/1); Results of 5
replicates
Packings : Unisole F-200; Injection tempera-
ture : 200°C
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Fig. 7 Height equivalent to a theoretical plate
(HETP) versus flow rate of helium
O : acetic acid (1000 mg/1);  : propionic acid
(500 mg/1); A : n-butyric acid (200 mg/1);
¥V : n-valeric acid (100 mg/1)
Packings : Unisole F-200; Column temperature
: 130°C; Sample volume : 5ul
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Fig. 8 Response intensity of flame ionization detec-
tor versus pressure of hydrogen
O : acetic acid (1000 mg/1); < : propionic acid
(500 mg/1); & : n-butyric acid (200 mg/D);
v : n-valeric acid (100 mg/1)
Packings : EGA 109 Uniport S; Flow rate :
helium 50 ml/min; Air : 2.0 Kg/er®
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Fig. 9-1 Calibration curves in a low concentration
range
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Fig. 9-2 Calibration curves in a high concentration
range

3.4 DIRDOERRE

UEDZ s, SOEREEE L CROEEL
FERBRAL, A 7ux 974 — 12k 28
FE 1 Table 3 WRTHRMACEEL 72

(1) #A7oHRREOFHE

SEHATE 5 ml I FB(v/v%) 5 ml 2L, & A
JastTAORENE L T 5%,

(2) sriRfE
Fe(1v/v9%) B pl %G L CHEFEAL, T—2X
FE—IWBBEHLEWI L REID D, FA 7o AR
BHESH1ZEAL T, Bohizrzuvw b I hicDw
TE—7HBEHET 5, IREREERARNE & XE A
v/IV%) DT T v VEBEERAWT, H5nUDIERL
Th DR (2 FRETE) » o B &7
B, RNT, BUFE (1v/v%) B 11 %85 U CEERE
AL, B LU AREERE 2R L, K& DK
DFHTHEZ B,

Table 3 f;nalytical conditions of gas chromatogra-

phy

Gas chromatograph
Injector

Model 163 ,Hitachi, Ltd.
with glass inscrt
Injection port

temperature 200~220 C
bDetector F1D

Hydrogen pressure 0.9 Kg/em ?

Air pressure 2.0 Kg/em ?

Column Stainless, 2 m X3 mm i.d.
Packings Unisole F-200 30/60
Gaskuro kogyo Inc.
Column temperature 140 °C

Carrier gas Helium

Flow rate 50 ml/min.

Sample volume 5 pl

3.5 DMOBES LUBHRS

BABEMESE 2EVELEAL, Eonikraxw
N7 AL DERSREERD, OFREERFHN,
AT YVANTABIUA VAT MEAFROST T A
BT LATHESILIER% Table 4 R,
FBEBEFROBELBECLIVREL S, AT
VA AT AR A THE L RS ERIBHEROSED
T REZE T LI 5 BT T, ¥I9RA2 T 4%
AOEED S QW HARTHEE XD LEWD, EHE
ELXZRWEEZONIBELE SNz, RHTIE
S IR I D W TIEH2 . 5me/1 TH D, o EIRIET
BRIz DWTIE 1mg/l FBETH - 1o, F7-HEE ORERR
FIH 5 me/l TH o T2
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Table 4 Comparison of precision of observed values of concentrations of lower fatty acids measured with

a stainless steel column and a glass column

Relative standard deviation (%)

Column Repeti-

tions

Acetic Propionic iso-Butyric n-Butyric iso-Valeric n-Valeric

Acid mixture sample A

Composition(mg/1l) 100 50 10 20 10 10
Stainless 8 2.8 1.9 3.1 4.4 5.0 4.8
Glass 8 1.2 1.4 5.5 3.5 2.5 5.9
Acid mixture sample B
Composition(mg/1l) 2500 1250 250 500 250 250
Stainless 8 1.8 1.7 3.5 2.8 3.1 1.7
Glass 6 0.8 1.1 5.9 1.3 1.5 0.9
4. & = 2) ERAMTAGER - EEEREHERAERE
ESERME © [TTACEHERE BB (197940 |, .
TARB RS OEFIEHEC~C) 0 E R+ H 331-336, HAT KB (1979)
HELT, FRIZ70% 727 4 —I12 & BERERIE 3) HAETKEFENMZEELRE . [BROBcE b
FHER DEAZEDATIC D W TEBRRRE 21T 5 72, 55 15RZE LD LR T 2 FEREE ],
EEHEREEROEESTT T, BECEI I BAT GBI (EF604F 3 A)
ANE=IDBHBR L TOMEHET 55, RENERIC 4) E.D. Smith, A. B. Gonsnell : Anal. Chem, 34, p.
EEDFXBEAv/VR) BT 2 2 LT, ZOYERSE 646-648(1962)
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