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Gas Chromatographic Analysis of the Fatty Acid Components
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Abstract; A method for the determination of components in fatty acid in soil samples was established. Fatty acid
components in the samples were separated and identified by gas chromatography-mass spectrometry ( GC-MS)
and each component was quantified by GC with standard solution calibration. The linear correlation coefficients
(R*) of the method for each component were 0. 9913 ~0.9999. The detection limits of the method for the
components were 0. 016 ~0.038 mg/L. Average recovery of the method was 97. 86% with precision of 0. 73%
~2.57%RSD(n =6). The method has been applied to the quantitative analysis of fatty acid components in soil
samples with satisfactory results.

Key words: soil; fatty acid component; gas chromatography

THEREYI RO IR Y X R PR R L) MR, BER A SR AL AR A A H
REAL Y A5 R U IR RO U A, R e VL E B RO RV A A e A AR A, AT S et 4 8 1)
AP ARRER TN IS S E FIMESh & R AR BORRDUCR @R . P R I B R
1 C.HN.O M S SEUREAEYMAN LRSS PR AR LGN HIREYIIT L TCIER
o TIEREYIRAES RGN AU R R R SSOIRDL A R R S RS

WrFS B EA . 2009-11-10; &iT B A 20100322

BEEWH : A S AEMFLI55E B (200705011 ) 5 - EVE: & & s O BHIFI H 28 B (AOCQN200918) ; [H 5 Ryifs
AR I 7 AR W I AR5 1oy F s S B 2 i 400 H ( MATHAB200913 ) 5 [ 521 oyt e i A S PR
S TFFR 2 4 7 B (200808 ,200908 ) 5 B ZM SRy e — [T S AR L 55 2% %251 (2010G14)

EE RN ZHE (1982 -) 5, INARFEAN LR A, 2N EEERS WFSE . E-mail: Ipe@ fio. org. cn,

BIER . /U199 - ) Lo AT TIGEN #0852, NS RFGE BTk MRS A R 5T . E-mail: xrwang@ yahoo. com,

All rights reserved. http://www.ykcs.ac.cn — 363 —



55 4 1 a

http: // www. ykes. ac. cn

aof

i 2010 4

ZEE . WRIRNEIIR (PLEA ) S RGIE (A 200 i A ) F
Ly, e T TG R AR b . 7Edifaste s
KOy PEVEY N A0 A A K A, B , PLEA
il AFRSEIRCEYIEE Z A PLEA (1920
SR A BRI ZER, AT LRI e E B A=)
TR A RS A R AR TR 43
ARREAE AT AN+ B R 22 5 ZE R B
A EER S ARG o H B e R
LR ERE S T T A il B ) A A X el ]
UL, % SR R IR I A VR R B S

AXZSHICHLT - 10 ], RATFTFIRR 54 05 A
JI TR TR 454 I 1 3 v A i 107 1R, 3 i i A A
OB A EIEIE T Y S T I AR A A
W D7 i A DR S T BT 2R B
PEBRIC G A LR A I E

1 SEgsRsy
1.1 ALESF 250

Agilent 6890 S AH (15X (3E [ Agilent 24 7]) o

Agilent 6890N - 5973N S AH & 1% — J5i 1% (X
(GC -MS,ZE[H Agilent 23 F] ) , Bl & KA B 104G
M (GC -FID)

DB -5 B4 (35 H: (30 m x 0. 25 mm x 0. 25
pm)

AL 104 J7 532 —H1 7K F ( Mettler Toledo 2%
F]), CR22G I & .L» Ml ( Hitachi Koki 72y 7] ),
THZ -2k P (& iz & AL AR A Ao
SHZ - D ik 75 A ( LR AR ) o

A5 (bl P TT FE s L TABR AR , B
% (Mg, R T Ak 22 0 A IR
F)) N (Bl JH 5 T ROSUE T A BRAF]) , IE
Cbe (g4l 3 [E Thermofisher 4] ) .

1.2 SEUs Pk
1.2.1 #2H

FREC4 g VR0 SRR I AR 4 mL 245 1)
FPEERR G vl P AR S mL G4 4)5 .10 mL H i
(BFP B IR G v - M+ HEEARFRLL S 0.8 5 1
2) ,E i (25°C) FROCTEIRG a5 LR 4 ho 8
FE.LETLL 3000 r/min 1953 B B L 15 min, B
W REINA T mL ARG MR RN 7 mL 5
U5, =% 1 min SEGCLRAE 18 b WGE & BARFRZ92/3
m B2 R EIRZADE, AT
1.2.2 5

FEFE 120 CHET 2 h (AL 800 mg SHFE N R
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R 6 mm BEAT il BUAEREZATAE, 10 mL &0 vk
RECAE  EEE H P S, I S mL S5 S A o
TEAZIRERAE T, S8 FARUMA 10 mL 54j5 .10 mL
PR 10 mL PR ISCBE B fe ) TR BSEAH , /T
1.2.3 Hifigfk

R BRI 1 mL B - HORTR A
(ME&FREE 12 1) A1 1 mL 0.2 mol/L KOH — H =i
W, FahHE 5% 1 min, A 35 ~36 C/KI 15 min, ¥
MEER,MKKMA 2 mL X8 FK.0.3 mL
1 mol/L HAc 12 mL 1EC%¢, e iR & 30 s, FHK
R E B, LA 3000 r/min 3 E 0 10 min,
WHEIECHEAH, H 150 pl IEC ke A EALIE .
1.3 beifEiimrncs

% SupelcoTM 37 Component FAME Mix #f
Bacterial Acid Methl Esters Mix ( Supelco USA) i}
NEWTER FBR TR AR E N IR . ARl &R
50 mg/L.25 mg/L.10 mg/[..5 mg/L.1 mg/L FA¥H
FERBRE , o AW B R A 2 R B . 37 A Ig i
T2 PR TR s o s % 2 0 TR R O SR R Y Fe A9 A
2% A% 6% =/AKBBE, Forh 25 R 4x (5 2% 11 Fh
HiriY 4% 1 Fhd 535 6% o 26 RGN F e bR i
fn P A AL AR BE o SR EE I LU 2R 4%
1.4 SAiE RS Tk

K] GC — MS, NISTOS J5i % 22 #4718 A A it i
EE, Agilent 6890N GC - FID Al #8 € & .
1.4.1 SMEE RSN

DB -5MS E41% 6 3% 4 (30 m x 0. 25 mm
x0.25 pm), H TAEFMFH: AW E
I mL/min, 3 # 0 5 & 250 °C, K W & &
250°C , FFEFE)F 140 C /54 5 min, )4 °C/min
() 3 THIR 2250 °C, R4 5 min, BEAERE 1 pl,
HRETT AT
1.4.2 SHIEIE - Bl TS

A 3% FH R R P 140 C R $F 5 min, D)
4°C/minff) 3 JE TR Z 250 C, 3£+ 5 min; 28X
(He) Jii 1 mL/min, SALZ IR EE 250 °C, DU AT
JE 150 °C, By & d7 I 230 °C, G HL A% 34 48 1 s
1294 V 55258 3 ming

2 g5
2.1 NIRRT U failk
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Fig. 1  Gas chromatrogram of 37 kinds of fatty acid methyl

esters in standard solution
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Fig. 2 Gas chromatrogram of 26 kinds of fatty acid methyl

esters in standard solution
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Table 1  Linear regression equations, precision and detection
limits of 37 kinds of fatty acid methyl eaters
o DREE HERE AMEER Hattit
fi o Skt f ﬁ . RsD/a . B
HWE t/min R pp/(mg-L77) Ly/(mg+L7%)

(6:0 1612 y=1.513x-0.01  0.9%41
(8:0 2.088  y=1.0866x-0.0152 0.9954
C10:.0  3.415 y=11616v-0.0158 0.9957
CI1.0 4792 y=0.58524-0.007 0.9955
C12:0  6.817 y=1.2104v-0.0163 0.9958
C13:0° 9.167 y=0.6194v-0.0076 0.9952
Cl4:1 11339 y=0.62c-0.0069 0.9961
C14:0  11.655 y=1.2672v-0.0166 0.9961
CI5:1 13.832 y=0.6587x-0.0252 0.9968
C15:0  14.141 y=0.6439x-0.0069 0.9958
C16:1  16.040 y=0.6221x-0.008 0.9964
C16:0  16.570 y=1.9533v-0.0261 0.9962
CI7:1  18.399 y=0.6355v-0.0074 0.9953
CI17:.0 18.905 y=0.6173v-0.0074 0.9960
C18:306  20.033 y=0.6224x-0.0071 0.9945
C18:206t  20.404 y=0.6173x-0.0076 0.9952
C18:2n6c  20.552 y=2.5722v-0.0357 0.9958
CI8:1n9  20.702  y=0.643x-0.0076 0.9957
C18:0  21.142 y=1.3023x-0.0175 0.991
(20:4n6  23.900 y=0.63x-0.0061 0.9953
(20:5n3  24.038  y=0.6338x-0.008 0.9939
(20:3n6  24.285 y=0.6835¢-0.0098 0.9925
(202 24.694  y=0.656x-0.01  0.9921
(201 24.818 y=1.3679v-0.0215 0.9938
C18:3  25.355 y=1.4706x-0.0246 0.9913
(20:0  27.342 y=0.6582v-0.0062 0.9969
C21.0  27.741 y=0.6177x-0.0078 0.9964
(22:6  28.718 y=1.2385x-0.0161 0.9957
(22:0  29.244  y=13173x-0.017 0.9%42
(23:0  31.092 y=0.6395v-0.0057 0.9960
(24:1  32.418 y=0.6642v-0.0075 0.9939
(24:0  32.877  y=1.3504x-0.02  0.9939

2.3 JjikirBEE

0.04~2.00 L.72 0.031
0.04~2.00  1.84 0.033
0.04~2.00  1.69 0.028
0.02~1.00  1.80 0.018
0.04~2.00  L.70 0.038
0.02~1.00 1.4 0.018
0.02~1.00 168 0.019
0.04~2.00 L7 0.030
0.02~1.00  1.87 0.018
0.02~1.00  1.42 0.018
0.02~1.00  1.62 0.019
0.06~3.00 1.5 0.038
0.02~1.00  1.48 0.018
0.02~1.00  L11 0.019
0.02~1.00  1.39 0.018
0.02~1.00  L.52 0.018
0.02~1.00  L.19 0.018
0.02~1.00 1.5 0.018
0.04~2.00  1.58 0.035
0.02~1.00  L.12 0.018
0.02~1.00  1.26 0.018
0.02~1.00  1.63 0.019
0.02~1.00  1.29 0.018
0.02~1.00 167 0.017
0.02~1.00  1.83 0.016
0.04~2.00 0.9 0.028
0.02~1.00  2.45 0.018
0.02~1.00  2.13 0.017
0.04~2.00  1.53 0.035
0.02~1.00  2.05 0.018
0.02~1.00  2.57 0.017
0.04~2.00  2.19 0.032

2.3.1 KR
R P FAR HE P A 10 mg/ L A RIERE dh
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Table 2 Linear regression equations, precision and detetction

limits of 26 kinds of bacterial fatty acid methyl eaters

T A T Pl
g/ min R pp/(mg-L77) Ly/(mg-L77)
CI1,0 16.771  y=5735x-295.26  0.9990  0.04~2.00 1.73 0.029
2-0H C10:0 17.050 y=4815.7x+206.44 0.9997 0.04 ~2.00 1.74 0.032
C12:0  19.669 y=5900.6x+154.22 0.9998 0.04~2.00 1.42 0.031
C13:0  22.480 y=5985.2v+158.48 0.9997 0.04 ~2.00 .52 0.033
2-0HC12:0 22.831 y=5032.4x+373.56 0.9999 0.04 ~2.00 1.63 0.030
3-0HCI2:0 23.632 y=5082.9x-180.6 0.9998 0.04 ~2.00 1.19 0.035
C14:0  25.182 y=6014.9x-127.44 0.9997 0.04 ~2.00 1.32 0.029
i-C15:0 26831 y=6131.8x-40.883 0.9996 0.04 ~2.00 0.90 0.034
a-C15:0  27.037 y=6037.9x+255.23 0.9998 0.04 ~2.00 1.31 0.033
C15:0  27.771 y=6192.2¢-111.75 0.9996 0.04 ~2.00 0.98 0.030
2-0HCl4:0 28.18 y=5326.2¢+289.71 0.9997 0.04~2.00 2.12 0.027
3-0H C14:0 28.916 y=5287.5x-496.54 0.9993 0.04 ~2.00 217 0.035
1-C16:0  29.347 y=6175.2v-380.74 0.9998 0.04~2.00 2.12 0.030
C16:1°  29.744 y=6071.8x+220.88 0.9998 0.04~2.00 1.57 0.036
C16:0  30.250  y=6255¢+643.16 0.9996 0.04~2.00 0.97 0.033
1-C17.0 31759 y=6283.2¢+2.8491 0.9998 0.04 ~2.00 1.75 0.031
C17.02 32295 y=6172.9c+454.07 0.9998 0.04 ~2.00 1.41 0.031
CI7:0  32.622 y=6290.4x+166.28 0.9998 0.04 ~2.00 .53 0.032
2-0HCIT0 33.079 y=5133.3x-665.98 0.9997 0.04 ~2.00 1.10 0.031
18:2% 12 34.187 y=6040.6x+676.76 0.9997 0.04 ~2.00 1.4 0.036
C18:1° 34322 y=6275.6x-205.75 0.9999 0.04 ~2.00 0.76 0.034
C18:1° 34470  y=6307x+758.28  0.9997 0.04~2.00 1.45 0.031
C18:0  34.899 y=6370.1x+511.96 0.9998 0.04 ~2.00 1.4 0.030
C19:02  36.732 y=6269.6x+153.47 0.9999 0.04 ~2.00 1.54 0.028
C19:0  37.081 y=6299.8x+574.37 0.9998 0.04 ~2.00 .14 0.031
(20:0  39.177 y=6200.7x+823.06 0.9996  0.04~2.00 0.73 0.032
2.3.2 EHM

XTIO 37 IR TR YR b VR VA TR B 7URE
XTIV 26 RPN AR TR L4 47 R, H R 1.2 25
PRVEAT AR B, S5 S RERR AR 3 iy SR i F IR L. 4
TALAS AT I A , LA 569207 1 T B o
3 WIMARHIL ) RSD 7351131 T3 3 Mgk 4, Hoh A
A C18:1n9 ) RSD {E N 3.27% , HA JLAF H 41
5319 RSD /N T 3. 00% , W] 5 i B R AT
HHE
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2.3.3 KRR

Sr BT mg/L {2 FhbR ME P P A7 0 E
6 U, L 1 mg/L 1 3 4% b v Al 22 15 O 7 i 4
MRo mILLE 24 470 09 K ) IR £E 0. 016 ~
0.038 mg/L(3 1,38 2) , i Wiz Jr ik # i PR AL
%, e AL 3 BT A 22
2.3.4 [l

Bl C19:0 JE iR HY HE AR E dh 1. 0 me/L K
FFRHC RIS DR & B A I RE R 3 1), 22 1.2 1Y
TIEBEBAT ARG, 20 A A 100 WL f9 C19:0 Fr i
i, AL 34T 3 A28 FOE BEAE dr, 25 FURE f SO
FEARRAZ 1.0 mL, 4% 1. 4 35 {7 45 PF A Rl
HFE T 97, 86% o WA IfE I A 1 P AT LU
H L AL MR SRS A AR 2, B C19:0 ) [l i
0] PASEAS S A 2% 21 0 A 1D, T ik 1 g
RELNWE

3 SRR

IS SCAEST WO ot i AL B R AR 43 BT O i
Xf S BR A SRR i 14 IS D R A R 24T B, R
37 Fl G o R I A o i ELAG M O R RE  R , Ay
o MOTIEE B DL 3, XN 26 Fh 4l 1 g 5 R
BEbRAE SR 1 13 g 0 R , % 5 J 07 i s Bk
L4 (e ND R R/ 1) o Ho A 10 Fnfig i R
i RS R A R (184 15% , N IS i 2 5 BS 05
B S REI15.85% o S d /b i JE C17:0% 5 4
JEWHER & 5110 0. 66% , 7 e 22 1) & C19:0, /5 &
HEMG R & 51 38.92% . &l 3 & - 3AE b &ad Al
IR AR RS 3 LR E A

263 SRARRNROR L 37 I 1 YD b b 0 I A e
Hor b

Table 3 Analysis results of fatty acid components in soil

sample related to the standard solution with 37

kinds of fatty acid methyl esters

FERERE/ (ol + g ™)

ARE RSD/%
2 3 4 5 6 T 71-1 7-2 73
C6:0 9.8 9.77 7.2 87 9.62 8.64 7.57 7.3 71.A5 7.45 2.06
C16:0 240 535 6.31 6.97 6.2 45 6.46 6.5 648 63 2.00
CI8: 206t 1,27 3.2 3.71 2.66 3.12 1.84 332 322 3.8 337 229
C18:2m6c 135 1.69 2.34 2.03 178 146 2.57 2.53 2.60 2.62 191
C18:1m9 176 2.32 3.15 245 238 1.95 1% 1.8 1.9 19% 3.27
C18:0  1.87 10.36 13.10 9.80 14.58 9.59 13.55 13.45 13.68 13.45 0.9
(202 158 475 523 450 487 393 515 5.02 5.08 526 2.44
(22:6  1.05 2.47 3.08 478 2.34 1.83 3.58 350 3.68 3.67 280
(22:1  0.82 2.13 243 431 215 L1352 3.2 3.03 3.08 317 229
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Table 4  Analysis results of fatty acid components in soil
sample related to the standard solution with 26

kinds of bacterial fatty acid methyl esters

FERRTEE/ (nmol - ¢ ~ 1
e RSD/%
BS T s 6 7 44 4 '

3-0HCI2:0  2.58 1.37 6.72 6.41 1.74 1.67 446 6.28 6.32 6.52 2.02
i-C15:0 418 116 5.77 419 2.19 2.07 3.21 412 413 428 215
a-CI5:0  22.28 10.00 49.04 45.45 10.98 14.18 29.91 45.82 45.67 44.78 1.4

2-0HCI4:0  5.15 1.89 7.50 12.65 2.46 2.73 4.98 12.38 12.81 12.68 1.75
3-0HCI4:0  28.63 26.90 42.25 28.23 26.84 32.57 35.13 28.61 28.74 28.32 0.7
i-C16:0  3.85 7.01 16.70 9.95 8.23 7.12 10.25 9.87 9.74 9.98 1.22
C16:1 3.07 228 482 172 273 214 ND L6 L6 172 123
C17:02 142 143 371 140 164 0.4 162 1.45 148 152 237
C18:2%12  0.81 3.62 6.18 218 3.30 2.28 439 222 2.11 221 279
C18.1° 378 6.46 13.07 7.36 6.59 4.83 12.56 7.08 7.35 7.3 2.04
C18.1° 147 .56 4.94 220 2.51 214 2,54 2.1 211 216 131
C19.04 168 1.05 L71 2.39 150 1.66 0.8 2.3 2.45 233 2.3}
C19:0  78.06 92.32118.8777.39 82.51 92.15100.47 77.09 78.2 77.88  0.74
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Fig.3 Gas chromatogram of the fatty acid in soil sample
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