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Abstract

Volatile fatty acids VFA  are the most common intermediate products

generated from anaerobic decomposition of organic substances. This study
develops a headspace solid phase microextraction procedure for sampling of
VFA. This method is simple, convenient, and fast. It does not require organic
solvents, and is not interfered by base materials. It combines the gas

chromatograph to determine the analysis of volatile fatty acids contents in the
trash wastewater. In this study, 75 y m PDMS/CAR fiber was used. The
fiber absorption time, absorption temperature, desorption time and desorption
temperature were studied to determine the optimal extraction analysis

conditions. The results showed that the best absorb time was 20 minutes at

1200 rpm mixing speed under room temperature. The injection point

temperature of the instrument was set at 250 , with 3 minutes of hot

desorption. GC-FID was used for analysis.
The linear correlation coefficient of standards acetic acid, propanoic acid,
butyric acid, and iso-butyric acid are all greater than 0.995. The detection

limits for acetic acid, propanoic acid, butyric acid, and iso-butyric acid were

9.2 p g/ml, 2.65u g/ml, 3.11y g/ml, 2.47u g/ml, respectively. The detection
limits were all within ppm range. The precision were lower than 10 . The

accuracy were in therangeof 8 8 . 04 - 112 . 3 2

The equipment for solid phase microextraction is simple, easy to operate and
is very suitable for field environment sampling. This research selects trash

wastewater as real sample to test applicability of this microextraction method.
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This method may simplify the complex procedure of sampling and sample
pre-processing, and lower analysis costs. It is a very practical and effective

pretreatment method.
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volatile fatty acids

formic acid acetic acid
propanoic acid butanoic acid valeric acid hexanoic
acid heptanoic acid caprylic acid
VFA *
—COOH -R

Li Na K
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direct SPME
headspace SPME

equilibrium partition

direct SPME
53
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headspace SPME
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SPME manual holder  Supelco
No.57330-U
SPME fiber  Supelco 75 4 m
polydimethylsiloxane-carboxen fiber PDMS-CAR fiber
SPME sampling stand stand / 4mL vial puck
Supelco 57333-U stir plate

GC PE-AutoSystem XL

| Flame lonization Deterctor FID
2 J W Scientific DB-530mx0.25mm ID SUPELCO
3 GC-FID

4 GC-FID

5 GC 99. 995

vial 4mL,glass, KIMAX,Mexico PTFE

volumetric flask 10 25 200 mL, glass, IWAKI, Japan
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1 (Acetic Acid) OPr.dopi onic Aci d)
(ButAaiit) 99. 5 (Acioblut yr
99. 5 CHEM SERVI EE

2 Volatile Acid Standard Mix 10mM UPELCO-46975-U
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GC-FID
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73,80

polydimethylsiloxane/carboxen PDMS/CAR

PDMS/CAR 754 m

10p g/ml, 204 g/ml

5,10,15,20,25,30

25+1

PDMS/CAR 250-310

250-
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3-3-3

0.995

3-3-4

x100

correlation coefficient , r

Instrumental Detection Limit
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3-3-5 52 (Method Detection Limit MDL)

P 82
a.
b 1-5
c 7
d 7 S
e. MDL t n-1,1-a 099 S n
Students’t t n-1, I-a  0.99
3S
3 82
a MDL 7
b. a. MDL
C a.
Sp’ S\’ / S’ 3.05

Spooled 6S° 6Sg°/12 172

27

99

3.143



d. SA*/Sg 3.05 3 a.MDL
e. MDL=2.681 Spooled t 12,1-a 0.99 2.681
4 52.5 Y g/ml 26.25U g/ml 24p g/ml
23.75p g/ml 7
5 284 g/ml 13.44p g/ml
21.04p g/ml 13.18u g/ml 7
pooled
standard deviation Spooled
3-3-6 i
1 15p g/ml 2.54 g/ml
24 g/ml 4.75u g/ml 7 USEPA
SW-846 »
2 60d g/ml 740 g/ml
88U g/ml 88U g/ml 7
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correlation coefficient , r 0.995
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4-1-1
GC 250
1.33ml/min 80 1

85 3 20 150
4-1

4-1-2

1.

10y g/ml, 20p g/ml
4-2 10

103. 220p%/ml 20
g/ml 104 . 20f0g/ml

20
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,2,3,5
3 100 99. 6
99. 8
3.
PDMS/CAR 754 m
25+1 20 250
4-3
4 2
4-2-1
4-4 4-7 4-1
M g/ml 5.25-262.54 g/ml 4.8-120p g/ml
M g/ml r 0.999 0.999

0.998 0.995 4-4

33
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13.125-420

4.75-380

0.999



4-2-2

43p g/ml 2.58y g/ml 1.01y g/ml  0.47y g/ml

4-5
4-2-3
82 7
3S 9.1y g/ml 3.58u g/ml

4.194 g/ml 2.63u g/ml

9.2u g/ml 2.65u g/ml 3.11y g/ml 2.47
M g/ml 10 Spooled 34 . 2g8n 9.
M g/ml 11. 6gimp 9. 2gimj
4 -6 4 -7
4.9-4 82-83
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RSD

105.32£12.72

6.04 5.19 7.29 6.15
10
07.68+10.14 102.40 £14.94
120-80
4-8
2. 60U g/ml
88u g/ml 88Y g/ml 7
4.51
6.06 5.02 10
98.94+8.93 100.86+6.44
+12.14 98.73 +9.91
115-85
4-2-5 82
4-10 CvV 3.04
2.77 3.08 5
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2.4

100.18



4-2-6

4-11 4-8 4-9 4 7
98.1 97.07 94.24 100.11
7 9
96.33 95.69 91.95 98.08
7
4 3
4-3-1
4-10 4-13 60-900p g/ml 74-740
M g/ml 44-660u g/ml 10-660p g/ml r
0.997 0.996 0.997 0.999 0.995

4-12
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0.995 ppm
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5,21

2-1 C-Cg
100
IUPAC
2 A Ka 25° mm Hg
Methanoic  HCOOH 8. 4 1 020617 2.14x10* 753
Ethanoic CH,COOH 16 . 6 118. 11.75x00° 044917
Propanoic C,HsCOOH - 2 2 141. 1 14>010°9D&8al c.
Butanoic C;H,COOH - 4 . 7 163. 5148x10° §89cal c.
Pentanoic C,H,COOH - 34 . 5 187 1.6x10°. 9428
Hexanoic CsH,,COOH -2 2 0 ®945° -10. 6
Heptanoic C(H;;COOH - 10 2 B.B3>5 4.1
Octanoic C,H,;sCOOH 16 237.5 0.910
2-2 o
0.01 N NaOH 10mL IC/ECD
Formate Ion
1000 mL / min 0.1 mL
120 1 HPICE ASI
Separator Column
2 AMMS-ICE
10 Anion Micromembrane
Suppressor
0.001 M HC1
0.8 mL / min
417~12.5mg/m’
[1] : ful?(;,:a?e Iy
CVr  O.IM[T,4] 0.25c¢m / min
10 10mL 0.01 N NaOH
12.5~20000pg /
0.5ug/mL[1,4]
Cv; 0.013
120 L 0.1~160 mg / m’
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2-3

16

100 mg / 50 mg
10~1000 mL / min
2 OL 300 L
7 @25
10

[1]

12.5~50 mg/m°> 173

GC/ FID
acetic acid
1 mL 0.1
SuL
- 230
- 230
- 210
30 mL / min

10  AT-1200 1 H;3PO.
on Chromosorb WAW &0/100
mesh 2m*x2mm [D

5.4
Cvr 358 0.1~12.6mg /mL
15.5 0.031mg / mL
CVa 54
100L , 2~40ppm 5~100 mg/m’
90 RH 39 mg /m’ 4.6
(2]
2_4 16
100 mg / 50 mg GC/ FID
10~1000 mL / min propionic acid
20 @l0ppm [1] 1 mL 60
200 L 5L
- 220
15 - 240
10 - 85 5
30 mL / min
[1] 10  AT-1200 1 H;3PO4
on Chromosorb WAW 80/100
mesh 2mx2mm ID
0.15~12.6mg /mL
0.15mg / mL
CVr CVa 34
[1] 100L , 240ppm 5100 mg / m’
63 RH 60 mg/ m 7.5
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2-5 23-31

QUANTITATIVE ANALY SIS OF ORGANIC MIXTURES Part One
General Principles A Wiley-Interscience Publication JOHN WILEY & SONS
—____——————
Separate method Mixture Ion-exchange resin Reference
Ion-exchange Acetic propionic Dowex 1-X8 Egashira23
reactions etc.
e
Separate method Mixture GC column Reference
recommended
Gas Ci-Cy Chromosorb Lee®
chromatography isophthalic acid
Gas Ci-Cy Silanized Celite Kaplanova25
chromatography sebacate-citric acid
GC Derivative Volatile acids in Derivative Kaburaki*®
tabacco leaves Methyl esters
—
Separate method Mixture Mobile phase Reference
Liquid C1-Cs CHCI;-t-C4HyOH Raveux’’
chromatography fatty acids Column  Silica gel
Liquid Ci-Cy4 C4HyOH- CHCI; S‘[radomskaya28
chromatography fatty acids Column  Silica gel
——
Separate method Mixture Developing solvent Reference
Paper Formic acetic |C4HoOH-cyclohexane-| Gomoryova®
chromatography Propanediol-
C,HsNH,-H,0
Paper Formic acetic C4HyOH-hexane- Pszonka®®
chromatography ethanediol- NH;-
C,Hs ,NH-H,O
e ——
Separate method Mixture Solvent system Reference
Thin-Layer C-Cg Brummer®'
. CH; ,CO-NH:;-
chromatography fatty acids
H,O-CHCI;

52



2-6

64

/
Polydimethylsiloxane |1 QuOm Non-bonded GC/HPLC
(PDMS) 30u m Non-bognded GC/ HPLC
74 m Bonded GC/ HP|LC
Pol ydi met [hoyulms| Pattiailxrésshirgkedd GC
Divenylbenzene 60um| Partial | yHPcO ofssl i nked
(PDMS/DVB)
Polyacrlate 8Suym| Partial | @/HPIColss | i nked
Pol ydi met hjulns|lPaoxaakly &Coslislinked
Carboxen
(PDMS/CAR)
Carbowax/Divinylben| 6 fm| Parti al ]y crolsslinked
zene
(CW/DVB)
Carbowax/Templayed| S m| Partial ]y crosslinked
Resin(CW/TPR)

53
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HPLC



2-7 91.07.03
h
50
0 h 9 1000
9 h 18 3000
18h 30 9000
10
30 h 55 30000
h 5b 50000
2-8
84.06.30
ppm mg/m’
Formic acid HCOOH 5 9 4
Acetic acid CH;COOH 10 25
Propl.omc CH;CH, COOH 10 30
acid
ppm mg/m’
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3-1 30
1 | 5V-265 529 92.10.07 | 11 00 250ml
2 92.10.07 | 11 10 250ml
3| 5V-263 421 92.10.07 | 11 25 250ml
4 | RZ-146 117 92.10.07 | 11 35 250ml
5 | SE-518 92.10.07 | 11 45 250ml
6 | 5V-941 122 92.10.07 | 11 45 250ml
7 | R4-277 126 92.10.07 | 11 50 250ml
8 | SI-941 520 92.10.07 | I1 55 250ml
912G-197 717 92.10.07 | 12 00 250ml
10| R4-882 202 92.10.07 | 12 05 250ml
11| 2G-080 106 92.10.07 | 12 06 250ml
12| SE-392 130 92.10.07 | 12 08 250ml
13| SK-009 103 92.10.07 | 12 09 250ml
14| 2G-501 107 92.10.07 | 12 12 250ml
15| 2G-506 410 92.10.07 | 12 15 250ml
16| R4-276 124 92.10.07 | 12 17 250ml
17| 5V-948 401 92.10.07 | 12 25 250ml
18] 2G-503 110 92.10.07 | 12 27 250ml
19| SK-012 201 92.10.07 | 12 35 250ml
20| 2G-283 105 92.10.07 | 12 40 250ml
21| 2G-085 709 92.10.07 | 12 42 250ml
22| SE-385 120 92.10.07 | 12 45 250ml
23(219-QR 92.10.07 | 12 50 250ml
24| SK-017 710 92.10.07 | 12 55 250ml
25| RZ-452 104 92.10.07 | 12 57 250ml
26| R4-468 92.10.07 | 12 59 250ml
27| 2G-385 312 92.10.07 | 13 05 250ml
28| SJ-849 92.10.07 | 13 10 250ml
29| 2G-632 716 92.10.07 | 13 15 250ml
30| SI-317 402 92.10.07 | 13 20 250ml
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PE-AutoSystem XL
FID
250

250

1.33 ml/ min
J W Scientific DB-5 30mx0.25mm ID

SUPELCO

5 /min 20 /min
-

80 , Imin 85 , 3min 150 ,1min
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10 p g/ml 20p g/ ml

5 9803 6.38 63.8 28176 17.4 87.0
10 12339 791 79.1 33500 20.64 103.2
15 12385 7.94 79.4 33536 20.66 103.3
20 13405 8.55 85.5 33799 20.82 104.1
25 13672 8.76 87.6 33123 20.4 102.0
30 13664 8.70 87.0 32961 20.3 101.5
4-3

PDMS-CAR 75y m

25+1

20 min

250

3 min

1200rpm
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4-4

M g/ ml
13.125-¥280. 2x394. 378 0
5.25-26%¥=52 .x4B7 779 0.
4. 8-120=47.x108. 059 0
4. 75-38YF54x92115. 25 0
4-5
X
5 (M g/ ml)
20 16 10 7 5 8 8 10. 57
51 49 53 50 44 46 48 48. 71
24 6 2 29 24 7 13. 86
12 3 8 16 14 2 8. 14
3 X 30

58
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11.

. 999
999

. 999
. 998

. 04

238

. 96



4-6

S S 38
(525 41. 5 4 1. 4 4 . 37.8 44.3 46. 4 4 .
(26.25) 32. 2 30. 30. 30.1 28.4 29. 29.
(24) 13.7 12. 10. 10.4 11.3 13. 11.
(23.75) 18. 6 18. 16. 16.8 17.6 17. 16.
M g/ ml n 7
4-7
F  Spooled MDL
2.681%
S S 3.05 Spool ed
28) 22.8 14.1 15.3 13.7 19.8 18 22.3 3.78 14.29 1.55 3.43 9.20
(13.44) 11.4 11.4 13.3 12.1 11.7 11.5 12.6 0.72 0.52 2.74 0.99 2.65
(21.04) 22.9 23.2 21.2 23.1 23.2 21.5 21.9 0.87 0.75 2.59 1.16 3.11
(13.18) 8.81 7.3 7.94 7.51 7.32 9.56 7.85 0.97 0.93 1.22 0.92 2.47
M g/ml n=7
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RSD X

15 15. 21 15. 80 105. 305.32+02.78 5 6 . (
15.53 118. 04-
15. 83
15.01
17. 41

2.5 2. 41 2. 44 97 . 6897.68+1.141 3 5. ]
. 28 107. 82~
. 52
. 61
.39

N N N DN

2 1.93 2.05 102. 4010240 13.% 7.29
. 87 117. 34~
.23
. 06
15

N D N -

4. 75 4. 94 4. 61 97.097.09+1094 2 8 6 .
.71 109. 03~
. 32
. 78
.31

A A b~ b

M g/ ml
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RSD X
60 62.01 59. 36 9 8. 9 498.94 +8.932 .
57.79 (107.87 ~90.01)
57.04
58. 23
56. 18
61.37
62.93
7 4 77.36 74.64 100 . 8160.86 +6.442 .
74.56 (107.30 ~ 94.43)
76.51
72.96
74.68
76.05
70. 36
88 94. 12 88.16 100. 1®.18 £12.145 .
81.24 (112.32 ~88.04)
92. 32
85. 78
86. 13
83.209
94. 24
8 8 94. 62 86.88 98 . 7 398.73 £9.914 .
86. 39 (108.64 ~ 88.82)
86. 12
82. 34
82.19
90. 12
86. 37
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M g/ ml

6 8

38

34

36



4-10

.01
.09
.14

.10
.01
.14

W N P W N P WwW DN

S

O N 01| O OO0 OO O
© 0 00 |© © O (N o

N T e e = T 1 T S =

0 O O | © N O o N

N D DD DD DD DNMNDN

.10
.00
. 01

3S

CV%

. 83-

. 68
. 05

. 04

. 532.

04 -
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o B
o
ol

.74

. 40

. 25-1.

89

.07
. 06

23..7078

M g/ ml



4-11

{

(

1 146. 16 100. 00 159.28 100. 00 220.
2 146. 32 100. 11 161.16 101.18 223.
3 135. 39 92.63 20831963 994682 90. 99
4 144. 63 98. 95 156.21 98. 07 204 .
5 145. 89 99. 82 151. 08 94. 85 200.
7 141. 89 97.08 148. 96 93.52 195.
9 125. 29 85. 72 139.22 87.41 172. .
95.69 95. 69 91. 95
5. 38 4. 64 7.66
cv 5.58 4. 85 8. 33
M g/ ml
4-12
r
M g/ ml
60-900Y=1. 9%06282. 44 0.997
74-740Y=0.x¥853. 95 0.996
44-660Y=14.x20Q@67.5 0.997

10-660Y=6. 146985 . 1 0.999
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4-13 n 30 Y g/ ml

(1) 1223.15 85.83 64.38 17.53
2) 276.92 129.5 296.11 6.65
3) 647.21 95.5 51.4 13.97
(4) 1356.74 124.75 60.11 11.04
(5) 644.86 137.02 178.48 11.68
(6) 803.6 41.41 45.97 9.29
(7) 902.11 404.26 54.38 25.85
(8) 1515.87 271 382.94 7.99
9) 553.35 130 81.19 25.61
(10) 721.77 238.76 110.25 10.7
(11) 829.02 42.42 31.78 5.15
(12) 934.03 107.44 90.44 7.17
(13) 566.3 66.5 102.76 6.56
(14) 434.41 172.69 35.21 4.83
(15) 808.08 128.59 225.71 6.14
(16) 627.53 91.55 206.26 6.82
(17) 501.53 95.62 72.1 9.28
(18) 639.72 52.47 49.67 6.12
(19) 598.23 47.41 330.8 20.79
(20) 576.25 65.51 50.59 4.82
21) 598.4 50.63 52.07 5.91
(22) 501.04 198.99 26.83 431
(23) 938.95 64.84 37.07 15.37
24)  1036.25 80.58 77.83 7.22
(25) 801.09 128.64 76.24 7.51
(26) 845.42 118.52 145.56 7.31
27) 501.04 66 24.52 6.92
(28) 988.31 112.75 1299.8 89.65
(29) 824.32 62.07 109.87 6.82
(30) 463.38 39.33 37.48 23.51
755. 30 115. 02 146. 93
277. 20 78. 80 236. 96
CV% 36. 70 68.51 161. 28
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4-114 n 30

<9

CvVv CcVv CcvVv CcV

1 7500 173.05 2. 31 1850.33 112.02 6. 05 AN5 .76 7 1 93 435. 31
2 1730 287. 26 16. 60 2833.67 160. 28 5. 66 15938 6.383®39. 83
3 3988 581. 416 14.58 2135.67 78. 13 3.66 2638 8. 07 54 91

4 8314.67 142.12 1. 71 2726.67 147.51 5.41 28738. 337.245.58
5 3973. 7 187.16 4. 71 3003 322 10. 72 8362. 33 . 7282.67

6 4941. 7 618. 46 12.52 850 146. 16 17.20 208%. 3318130. 35
7 5542.33 438. 47 7.91 9021. 33 1214 13. 467 243749 .86l7 1192.049 21
8 9285 657.66 7.08 6020.33 222.19 3.69 180522. BO. 12 |
9 3415.67 155. 6 4. 56 2845 136. 72 4. 81 3050467 9536. 58
10 4442.67 311. 44 7.01 5294.33 168. 95 3.19 3.59128 35298. 18
11 5096 . 7 500. 62 9. 82 872.67 21. 03 2.41 1408 . 734.9634 05
12 5737 333.07 5.81 2337 8.19 0. 35 4189 58 1. 3
13 3494.67 78. 45 2. 24 1415 92. 86 6. 56 407 3 220P28. 01 z
14 2690. 3 234. 93 8. 73 3806. 33 124. 28 3.27 24571 . 3 494 5190. 66

15 4969 317.16 6. 38 2813. 33 76. 06 2.70 108601265868 . 41



99

4-114
CvVv CcVv CvVv CcvVv

16 38638 664. 89 17.19 1979 297.96 15. 067 $@7 95333 9.03B30@ .
17 3099. 67 243. 77 7. 86 2070. 67 95. 3 4. 60 338320 8. 3&9. 29
18 3942. 3 215. 89 5. 48 1099 105. 7 9.62 162 %62. 31316@. 7
19 6360. 33 402.99 6. 34 1732 87. 13 5. 03 BH.9N5 33 03686. 6
20 3555. 33 49. 37 1.39 1392. 67 417.67 29.@0°0 2B.0YPV2 3B2425.
21 3690. 3 197. 63 5. 36 1057. 67 75. 86 7. 1373 2837973 283 338.
22 3096. 7 409. 71 13. 23 4398. 67 125.52 2.85 6. 437430.158.
23 5767 730. 35 12.66 1377.67 93. 73 6. 80 1659 .33. 340. 4
24 3689. 33 126. 88 3. 44 985 22.61 2.30 14585 809. 3H.305. 2
25 4926. 3 309. 514 6. 28 2814. 33 108. 74 3.86 . 2385160. 81055 .
26 5196. 7 473.16 9.11 2586. 3 343.87 13. 30 10 %w.80& 573 B6k.
27 3096. 67 578. 22 18.67 1403. 67 155. 5 11.60/8 1306G48. 39. 163.
28 6068 769. 37 12.68 2456. 33 545. 3 22.20 2161943 4. 63167
9 5068 584. 42 11. 53 1315 72. 38 5.50 5110 . 74€46. 79

30 2867 202. 82 7.07 803 87.5 10. 90 1679 19 .65 16



5-1

39

GC-FID GC-FID
GP 10 SP-1200/1 H3PO on J W Scientific DB-5
80/100 Chromorsorb WAW 30mx0.25mm ID  SUPELCO
SPME
75 y m PDMS-CAR fiber
1 100-2000ppm 1 10-900ppm
(r) (1)
Cr-Cy 0.999 Cr-Cy 0.995
2 2
5
11
3 3
1866.7ppm 276.92~1515.87ppm
367.0ppm 39.33~404.26ppm
91.8ppm 24.52~1299.8ppm
123.6ppm 4.31~89.65ppm
4 100+ 4 10
5% 90 88.04-112.32
1990 2003
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BAESH

2NaD
2NaD 2NADH 2MNADH
\_J et

NADH NAD

2 ADP :
—34DP
2ATP ~=3ATP

H0

i
B e o
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al::3
EF
2NADH ZNAD
TSR EL
2 -1
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= &F L T &
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ol iy
.
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o N

Hy
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Conditioning

100%
1 55
/ \\M )

. | ;///’
5 %
| | L)
® &
Sample Application Washing
2-4 49
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armel

~ il wiswring 'ﬁl‘lﬂlﬂﬁvv-
a:ljun'l';hln needle
guidefdepth gauge

T EnSioning Spriog
"mmaling ssptunn

sepbum phercing needie
filvar attachmant tuilkirg

fused-silica :ﬂ.h.;r

II.

.5 58
Retract Retract
Plerce sample fiber/remove Plerce GC fiber/fremove
septum Expose Inlet septum Expose
fiber/extract filbar/desorb
— —

2-6
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GC

80

1.33ml/min

150

20

85

71



5 10 15 20 25 30

——10pg/
——20pg/

mil

4-2
10y g/ml, 20y g/ml

5,10,15,20,25,30

4t
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0 200 400 600 800 1000

ug/|ml

4-10

753. 95

0 200 400 600 800

ug/ ml

4-11
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120
100 >
800
600
400
200
0
0 100 200 300 400 500
ug/ mli
4-12
0 100 200 300 400 5000
ug/ ml

4-13
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propionic acid

acetic acid

isobutyric acid
butyric acid

d O s
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1.0 2.0 3.0 4.0 5.0 min

4-15
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800

600
mg /400
200
0.
O 1 755. 115. 12 146. 9
4-16
n=30
R
23 ——
—-—
—A—
——

4-17
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