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Simplified Determination Method of Lower Fatty Acids by Gas Chromatography

—— Application in Sludge Treatment and Section of a Liberating Reagent ——

Takeo ArRaMATA*, Minoru Nacasaka**, Yoshinori Sato**

Abstract—A simplified method was studied for determination of some lower fatty acids (C,~C;) in sewage

sludge by gas chromatography in which a centrifuged supernatant liquid was directly injected into a column. In this

method, formic acid was most suitable as a liberating reagent, but sulfuric acid, phosphoric acid and hydrochloric

acid were insufficient. When formic acid is used as a liberating reagent, sample solution can be prepared without

time-expending pretreatments such as steam distillation and ultrafiltration to remove insoluble contamination for

centrifuged supernatant liquid.

The proposed method yielded good analytical values for lower fatty acids in different types of sewage sludge and

can be used as a routine analytical method in sludge treatment.

1. &

TAGHEE OBMHATE I X D AR A [ & U4LER K
BEELBML, ZhicfE-> TRET 2BERERSHE
BBOINT 5 Z L BRATNTE D, BHRONS %
HEMEET 2 HERIES N TS, 5T, &
RS DBROBENZELER S & L b, HRE
R EE D ZERERE N, BIREETIL ORIERE
WA 2 EWEBEFEC > T3,

TALE TR BT, HIROEHRIZIETR O
HO—K L% D, FRICE SBIRAER I TR L

bl

RMFRDEEEMRT E5 (ST, 20D, TAL
HUS O 2 BIECHERFEE T 5 7201, TARMLE
TRETHRET UG, BiEEIRS & CIHLERZ
EOHEPFROMERE IR L, HROEE LB
72 2 EPBEEHIN TV S,

Lo LBIG I B» T, 5B OERISIR & #E
LCHEREBIERALTWE 77— AR EbDTHTH
D, BEAETORLTWRVWORERTH 2, TDOHE
HEUT, TABERTTE(IBIFER) ICED 6N TS
KRESEBBEL YA 70~ N7 7HOZHER, 4
PHREDSEMETH 2 5 2, BHOBECRE 21T -

* IR T A AR T 2 B (H TR R IRIT)
Department of Industrial Chemistry, College of Technolgy, Ibaraki University, Hitachi 316, Japan

® # JORA T TR (B ST R ED)

Department of Industrial Chemistry, Faculty of Engineering, Ibaraki University, Hitachi 316, Japan

55



56

DO BRI EEL, HESHE L TFRICHET
I ERER»H L EEL SRS,

BB DA B Ve B (U T b AL & D)
PNz CEEE L, (ERISIHEE 2 EHER e L CEAT
2HECIT TEEEAE, £T59) BEHE cRE LS
WHETH S, Lo LEARCTEREEREMIER
2 LARRISREE RS S W TOMRET 2 2 &4
HohTEHY, EFEEALETREBEREZOE £
AT BB FOBERKEVERbNS, FHHML
¥r LT, ¥, Y VD, HERY, WY, b
HVIEER B EOBBAVLENT WS,

EABNENS DRFE, $RERBEKEGENIER
PEE 2R 5 o W RN ORI & LTk
LGB TH I T 3B99, KEFHE R IThRVE
BTH, AVTIVT 4 VY—IT &5 58, Hbvik
LSRR DB LT Tk p9mma

Lo UEBEAEC B 5 E8ELH, B X ORiLE
% BT U 7S i3 i n»ond),

FITEESE, HEFABCBU 3EHEAOE
B L ORI D v CHIBRE 2170, BIERO O ¥
BE(1v/v%)EEHMU TR E T 2fERTEE
FERENCHE L, e CHERLEREEDIDOHE

FIAF TP MOTIesem B35

(1989)

SO DWW THES L 77,

2. % B

2.1 HE, ARBLURE

I L BB AT LRI U TH B o BRI i, FERRTT
HXPETRB & U HRR O TANES TR & 7R
HiR% o ICHILBIRZ v /o,

2.2 PIDOEREE

1 ek oHs

EIE % 3O 281, 3000 rpm THI10 I D i
LT, #OLEES ml2FHFR(1v,/v%) 5ml %
AN THHHER=EHT7I226G0mDIcE Y, LD
BECTHEETHREBS A2 TELRIEREL CHEEE
L7z,

(2) StrEefe

BRI N5 74— X B OERIER L U5
HREERDERCTH 5,

Table 1 Comparision of elution ratios of lower fatty acids in sewage sludge* adding formic, hydrochloric

phosphoric and sulphuric acid

Elution ratio (%)

Acid pH
(—) acetic propionic iso~-butyric n~butyric iso-valeric n-valeric
Formic? 2.7 97.83 96.0 100 97.0 100 100
2%?5?10 b 1.6 94.7 92.6 100 96.0 94.5 100
gggigcc 2.0 81.7 87.5 98.5 90. 1 98.3 95.0
Sul- 1.7 :
phuricd . 89.9 98.6 100 94.6 84.6 100

* Analytical values :

acetic 1108 mg/l;

propionic 540 mg/l;iso~-butyric

94 mg/l;n-butyric 374 mg/l;iso~valerici87 mg/l;n-valeric acid 124 mg/1l

Acid concentration: (a) 0.3M(=1v/v%)

s

(b) 1.0M;

(c) 0.3M; (d) 0.5M
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Fig. 1 Chromatograms of samples acidified with

(a)formic acid, (b)hydrochloric acid,
(c)phosphoric acid and (d)sulphuric acid
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Table 2 Comparison of elution ratio of lower fatty acids in sample* adding formic acid and ammonium

formate

Elution ratio (%)

Reagent? pH ’
(Conc. 1%) (—)

acetic propionic iso-butyric n-butyric iso-valeric n-valeric

Formic

acid 2.3 97.17 99.1 100
Ammonium-

formate 7.4 97.8 99.8 100

96.5 88.7 97.8

98.3 98.7 100

* Acid mixture: acetic 200 mg/l;propionic 100 mg/l;iso-butyric 20 mg/l;
n-butyric 40 mg/l;iso-valeric 20 mg/l;n-valeric 20 mg/l
a) Added after neutralization with sodium hydroxide



58

RBOT A ER4000mg 1ERET 5 &, WML
FRRIIKBAFEA TV EO IEREICHLLTHY,
FERUPENIART 2 Z L BHEEMEIVEEZWE
EZohb0T, EREODHTICHIz> TRBCFE
EHINT 2700 Bz,

3.2 EABOBFILOBE

EAEBOE N OFRE PMERIRREE OGS < B2 3 %
BEME LTz, BROBELSEE LER O AR
IEHERDOZEAL % Table 3 1ZRT,

{BARIERAEE D 72 5T, BEABDENORELZR IR
ZIHRIZ DV T AL L, BEBEESHKCY
BEHML WSS, EASBIBERLTOEVWEET
LB HEIZ90.9%TH D, S0EFEAZRDOEHERI
62.5%IC ETETL, BEL LD DOEEIE37.5%I
HELZ,

—7, FBERMULEETH-TH, BRLEER
DEAEEDEE 2 2 12> TIEHERIZED Uik, §
BERINL 2ol SBICRE L krol, B
DEBEHEE, 4 o9 — FEER & & DOEHK8.3%

KR TR FeRER B3

(1989)

2, SOENEAZTHIZ IR TBICEEEHTEH
D, BAOBSERLTHT b FBOBINTH»2 ) ORE
F CERIEHROPGE 2IFT 5 2 LN TE, HEK
BEAMEESF LS THELIZ BRI EEID S
nize

3.3 EMEoREE

THALIE TR & T L 7o 30 T DR AERFRR D H
b % FigicRd, BBABPOBEEIEHE O
97T~9% FEFEETH - 12D T, BiE» S HEBE TO
BEOELETR LT,
FEEPHRMU 23R EEECREL T 1 ~258
Bz o7z o THREFIRHEE DIRE B X UHELICE L »
ZLRZED 5T, HERRBEETH> TREHRIER
FChoize —7, FET e T 2REML RS
W (Fig2, ®)TiE, BRETELERED sz
2, 7O, ERIEHRIAECE L, Bk
% SR THIE U - 30RE (Fig.2, ©) & EROMER %2R
Lizo THIEpHM 8FETH - lelediz, H{LE DM
HEHMIEI S iz o T2 Tz, BN E SIZH#ET LT

Table 3 Change in elution ratios of lower fatty acids with injection times

Elution ratio (%)

Injection times
of Sewage sample?

acetic propionic iso-butyric n-butyric iso-valeric n-valeric

Acid mixture sample® without formic acid (pH 3.2)

0(Clean insert) 90.89 95.2
10 79.7 94.1
30 72.5 87.2
50 62.5 85.8

After cleaning 87.4 95.8

89.
98.
g96.
97.
99.

Acid mixture sample® with formic acid (pH 2.4)

0(Clean insert) 98.3 99.1 100
10 87.1 99. 100
30 95.8 98.1 99.
50 93.9 96. 2 g98.

After cleaning 98.1 98. 9 100

3 96. 2 99.5 99. 4
9 95.1 97.5 95.9
2 89.3 93.5 88.7
5 89.7 94.7 80.5
6 97.2 98.1 95.8
99.8 99.8 99.7
98.9 100 100
6 97.8 98.5 97.5
9 94.7 96.5 96.7
99. 4 99.2 99.2

a) Centrifuged supernatant liquid of sewage sludge, Sample volume 5 u 1
b) acetic 1000 mg/l, propionic 500 mg/l, iso-butyric 100 mg/1l, n—-butyric
200 mg/l, iso-valeric 100 mg/l and n-valeric acid 100 mg/l
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Fig. 3 Comparison of total concentration of volatile
fatty acids in a distillate determined by titra-
tion method and gas chromatography
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Table 4-1 Analytical results of concentrations of lower fatty acids in a centrifuged supernatant liquid
without and with ultrafiltration (addition of formic acid after filtration)

Analytical results(as acetic acid mg/l)

Sample Sample
No. soln. acetic propionic iso-butyric n-butyric iso-valeric n-valeric

Thickened sludge

1 Supernatant ® 857 244 27 84 38 21

Filtrate ©® 856 244 28 81 38 22

9 Supernatant 791 289 35 89 51 286

Filtrate 782 284 .34 88 50 26

3 Supernatant 838 299 30 102 42 26

Filtrate 842 303 31 103 41 26

4 Supernatant 861 419 50 145 72 38

Filtrate 870 422 50 146 73 39

5 Supernatant 1344 558 47 334 84 133

Filtrate 1315 535 48 324 62 127

8 Supernatant 2034 1182 70 454 89 189

Filtrate 1964 1129 70 433 85 178

Correlation 1.000 1. 000 0.998 1.000 0.986 1.000
coefficient : . . . . .

a)Centrifuged supernatant liquid of sewage sludge, b)Filtrate of centrifuged
supernatant liquid of sewage sludge by membrane filter (0.45 u m pore)

Table 4-2 Analytical results of concentrations of lower fatty acids in a centrifuged supernatant liquid
without and with ultrafiltration (addition of formic acid prior to filtration)

Analytical results(as acetic acid mg/l)

Sample Sample
No. soln. acetic propionic iso-butyric n-butyric iso-valeric n-valeric

Thickened sludge

7 Supernatant @ 15 485 76 147 116 45

Filtrate® 14 461 73 141 112 41

8 Supernatant 841 292 38 83 55 26

Filtrate 848 288 36 82 55 27

9 Supernatant 1372 541 46 329 82 129

Filtrate 1343 530 50 328 83 124

10 Supernatant 1374 551 49 338 84 130

Filtrate 1327 537 51 336 685 124

11 Supernatant 2550 1897 111 608 108 285

Filtrate 2446 1840 118 597 105 271

Correlation 1.000 1.000 0.990 1.000 0.999 1.000
coefficient ) . . : . :

a) Centrifuged supernatant liquid of sewage sludge, b)Filtrate of centrifuged
supernatant liquid of sewage sludge by membrane filter (0.45 u m pore) after
addition of formic acid
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Table 5 Analytical results of concentrations of lower fatty acids in a centrifuged supernatant liquid and a
distillate

Analytical results(as acetic acid mg/1)
Sample Sample
No. soln. acetic propionic iso-butyric n-butyric iso-valeric n-valeric

Digested sludge

12 Supernatant ° 8 2 N.D N.D. N.D N.D
Distillate® 8 6 N.D N.D. N.D N.D
13 Supernatant 28 55 N.D N.D. N.D N.D
Distillate 45 62 N.D N.D. N.D N.D
Tickened sludge
14 Supernatant 508 292 18 104 31 15
Distillate 470 2986 28 103 29 21
15 Supernatant 362 474 75 176 1186 56
Distillate 407 466 68 183 117 48
16 Supernatant 900 415 32 275 46 88
Distillate 851 432 42 276 40 100
Correlation 0.993 0.998 0.946 1.000 0.997 0.972
coefficient : . ) . . .

a)Centrifuged supernatant liquid of sewage sludge, b)Distillate of centrifuged
supernatant liquid of sewage sludge by steam distillation
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Table 6 Analytical results and precision of lower fatty acids in sewage sludge

Sample

No acetic propionic iso-butyric n-butyric iso-valeric n—valeric

Thickened sludge

Results(mg/1) 1619 967 145 631 282 156
17 R s.D(%) (n=7) 2.0 2.1 1.6 1.7 1.0 9.8
Results (mg/1) 2587 2006 156 967 192 445
18 R s.D%) (n=5) 1.6 1.5 1.4 2.4 5.4 3.4

Digested sludge
Results(mg/1) 3 N.D. N.D. N.D. N.D. N.D.

19 R.S.D(%) (n=17) 18.3 - - - - -

R.S.D.: Relative standard deviation; N.D.: not detected
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Table 7 Comparison of analytical results obtained by absolute calibration method and standard addition
method

Analytical results (mg/l)

Sample Method
No. acetic propionic iso-butyric n-butyric iso-valeric n-valeric

Digested sludge

20 A.C. M. 0.8 1.2 0.3 N.D N.D N.D

S.A. M. 0.3 0.9 0.2 0.6 0.1 0.3

21 A.C.M. 586.86 N.D N.D. N.D N.D N.D

S.A.M. 57.5 0.7 0.2 0.4 0.1 -0.1
Thickened sludge

29 A.C. M. 1080 490 51 211 73 70

S.A. M. 1109 507 52 214 68 87

A.C.M. : absolute calibration method; S.A.M.: standard addition method;
N.D. : not detected
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