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APPENDIX A

S t a n d a r d  t e s t  m e t h o d s  f o r  o r g a n ic  m a t t e r  o f  p e a t  a n d  o t h e r  o r g a n i c  s o i ls

1 . A p p a r a t u s

1.1 Oven, capable of being regulated to a constant temperature of 105 ะเะ 5°c.
1.2 Muffle Furnace, capable of producing constant temperature of 550°c and 

750°c.
1.3 Evaporator Dishes, of high silica or porcelain of not less than lOOmL 

capacity.
1.4 Blender, high speed.
1.5 Aluminum Foil, heavy-duty.
1.6 Porcelain Pan, Spoons, and equipment of the like.
1.7 Desiccators.

2 . M o i s t u r e  c o n t e n t

2.1 Record the nearest 0.01 g the mass of a high silica or porcelain evaporating 
dish fitted with a heavy-duty aluminum foil cover. The dish shall have a 
capacity of not less than 100 ml.

2.2 Mix thoroughly the representative sample and place a test specimen of at 
least 50 g in the container described in 2.1. Crush soft lumps with a spoon 
or spatula. The thickness of peat in the container should not exceed 3 cm.
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2.3 Cover immediately with the aluminum foil cover and record the mass to 
the nearest 0.01 g.

2.4 Dry uncovered for at last 16 h at 105 °c or until there is no change in mass 
of the sample after further drying period in excess of 1 h. Remove from the 
oven, cover tightly, cool in a desiccators, and record the mass.

3 . C a l c u l a t i o n

Calculate the moisture content as follows:
Moisture Content, % = [(A-B) X 100]/A

Where:
A = mass of the as-received test specimen, g, and
B = mass of the oven-dried specimen, g.

4 . A s h  c o n t e n t

4.1 Determine the mass of a covered high-silica or porcelain dish.
4.2 Place a part of or all of the oven-dried test specimen from a moisture 

determination in the dish and determine the mass of the dish and specimen.
4.3 Remove the cover and place the dish in the muffle furnace. Gradually 

bring the temperature in the furnace to 550°c and hold until the specimen 
is completely ashed (no change of mass occurs after a further period of
heating).
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4.4 Cover with the retained aluminum foil cover, cool in the desiccators, and 
determine the mass.

4.5 This test method should use for all geotechnical and general classification 
purposes.

5 . C a l c u l a t i o n  f o r  A s h  C o n t e n t

Ash content, % = (C X 100) / B
Where:
c = ash, g, and
B = oven-dried test specimen, g.

6 . C a l c u l a t i o n  f o r  O r g a n i c  m a t t e r

Organic matter, % = 100.0 - D
Where:
D = ash content, %.
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APPENDIX B

T h e  m i n e r a l  s a l t s  m e d iu m  ( M S M )

MSM used for isolation, degradation experiments and quantifying bacteria 
was consisted of the following components per liter.

T a b le  B - l  Composition of MS medium used for this study

S t o c k  s o lu t i o n A d d i t i o n s ,  m L F i n a l  c o n c e n t r a t i o n ,  m M

K2HPO4, 1M 10 10

NaH2P04, 1M 3 3
(NH4)2S04, 1M 10 10

MgS04, 1M 1 1
Ca(N03)2, 1M 0.1 0.1
Fe(N03)3, 1M 0 .0 1 0 .0 1

T r a c e  m in e r a l s 1
MnS04 0.001 1
ZnS04 0.001 1
CuS04 0.001 1
NiS04 0.0001 0.1
CoS04 0.0001 0.1

Na2Mo04 0.0001 0.1
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Add about 0.9 L of distilled water before adding any of the solutions above, or 
precipitates will form, and then fill to volume. The trace mineral solution was made 
up with all chemical listed. The final pH of medium = 7.25. The MS medium was 
autoclaved 121°c for 15 min before use.
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APPENDIX c

T a b le  C - l  PCE and intermediate concentration (mg-PCE/kg-soil) at designated time with various concentrations of glucose and Soybean oil as carbon source.

Name Day
PCE

(Triplicate)
TCE

(Triplicate)
DCE

(Triplicate)
Average ร.อ. Average ร.อ. Average ร.อ.

1 .None 0 114.31 2.15 0 0 0 0
6 60.25 2.57 6.16 0.36 0 0
12 54.36 3.31 12.16 0.2 0 0
18 54.4 0.67 6.8 1.6 0 0
24 52.3 1.3 0 0 0 0

2.G:500 0 119.04 8.51 0 0 0 0
6 11.33 2.4 8.69 1.37 0 0
12 8.35 1.81 32.14 0.56 0 0
18 2.72 0.86 4.34 2.73 0 0
24 1 0.76 2.4 0.12 0 0

3.G:1,000 0 118.03 3.42 0 0 0 0
6 5.46 0.57 6.56 0.38 0 0
12 5.44 2.92 34.77 0.63 0 0
18 6.77 1.76 14.2 0.19 0 0
24 0.7 0.28 17.3 0.44 0 0

4,G:5,000 0 117.94 4.2 0 0 0 0
6 8.41 1.5 8.78 0.11 0 0
12 3.35 0.39 19.91 0.22 3.6 2.08
18 1.54 0.8 25.5 1.59 0 0
24 0.64 0.27 23.3 0.96 0 0
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Name Day
PCE

(Triplicate)
TCE

(Triplicate)
DCE

(Triplicate)
Average S.D. Average ร.อ. Average S.D.

5.G:10,000 0 124.16 7.21 0 0 0 0
6 6.26 0.52 13.94 0.5 0 0
12 3.68 0.13 24.67 0.74 18.77 1.08
18 2.34 1.96 84.8 0.93 5.68 0.33
24 0.66 0.14 1.54 0.49 0 0

6.ร:500 0 116.85 5.76 0 0 0 0
6 6.96 2.89 6.99 0.27 0 0
12 6.43 2.36 46.13 3.16 4.53 0.28
18 1.28 0.25 37.7 0.7 19.3 1.11
24 1.22 0.55 29.8 1.17 0 0

7.ร:ใ,000 0 117.55 4.7 0 0 0 0
6 13.09 1.48 8.76 0.37 0 0
12 7.49 2.45 39.6 0.04 0 0
18 1.76 0.31 32.6 1.67 0 0
24 1.38 0.23 3.4 0.85 0 0

8.ร:ร,000 0 115.24 6.7 0 0 0 0
6 11.19 1.79 8.47 0.02 0 0
12 4.72 1.09 71.12 1.54 8.938 0.51
18 2.18 0.6 45.3 0.43 0 0
24 1.09 0.65 27.8 0.54 0 0

9.ร:10,000 0 95.74 7.2 0 0 0 0
6 6.21 0.11 8.42 0.12 0 0
12 1.5 0.36 45.58 1.34 0 0
18 2.24 0.76 17.5 1 0 0
24 1.65 0.16 5 0.13 0 0

R e m a r k :  None = no substrate addition, G = glucose and ร = soybean oil
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Table C-2 PCE reductive dechlorination (C/Co) and %decreasing of PCE/Day

Sample C/Co (%decreaseof PCE/day)
Name 0 6 12 18 24 (0-6) (0-12) (0-18) (0-24)

l.None 100.0 52.70 4.76 4.76 4.58 7.88 4.37 2.91 2.26
2.G:500 100.0 9.50 7.00 2.30 0.80 15.08 7.75 5.43 4.13
3.G:1,000 100.0 4.60 4.60 5.70 0.60 15.90 7.95 5.24 4.14
4.G:5,000 100.0 7.10 2.80 1.30 0.50 15.48 8.10 5.48 4.14
5.G:10,000 100.0 5.00 3.00 1.90 0.50 15.83 8.09 5.45 4.15
6.ร:500 100.0 6.00 5.50 1.10 1.00 15.67 7.88 5.50 4.12
7.ร:!,000 100.0 11.10 6.40 1.50 1.20 14.81 7.80 5.47 4.12
8.ร:5,000 100.0 9.70 4.10 1.90 0.90 15.05 7.99 5.45 4.13
9.ร:!0,000 100.0 6.50 1.60 2.30 1.70 15.59 8.20 5.43 4.10

Remark: G = Glucose, ร = Soybean oil
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T a b le  C - 3  Percent PCE removal

Name
Trip lica te  o f PCE removal e ffic iency, % 

(Average ±  S.D.)

0 6 12 18 24

1 .None 0 ±  2.15 47.29 ± 2 .5 7 52.45 ±3 .31 52.38 ± 0 .6 7 54.24 ±  1.30

2.G:500 0 ±  8.51 90.48 ±  2.40 92.99 ±  1.81 97.72 ± 0 .8 6 99.16 ± 0 .7 6

3.G: 1,000 0 ±  3.42 95.37 ± 0 .5 7 95.39 ± 2 .9 2 94.26 ±  1.76 99.41 ± 0 .28

4.G :5,000 0 ±  4.20 92.87 ±  1.50 97.16 ±  0.39 98.69 ± 0 .8 0 99.46 ± 0 .2 7

5.G: 10,000 0 ±  7.21 94.96 ± 0 .5 2 97.04 ±0 .13 98.12 ±  1.96 99.47 ± 0 .1 4

6.ร :500 0 ±  5.76 94.45 ± 2 .8 9 94.45 ± 2 .3 6 98.90 ± 0 .25 98.96 ±0 .55

7.ร : ! ,000 0 ±  4.70 88.86 ±  1.48 93.63 ± 2 .45 98.50 ±  0.31 98.83 ±0 .23

8.ร :5,000 0 ±  6.70 90.29 ±  1.79 95.9 ±  1.09 98.11 ± 0 .6 0 99.05 ±0 .65

9.ร : ! 0,000 0 ±  7.20 93.51 ±0 .11 98.43 ± 0 .3 6 97.66 ± 0 .7 6 98.28 ± 0 .1 6

Remark: G = Glucose, ร = Soybean oil
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Table C-4 pH, Chloride accumulation and gas production

Sam ple

p H  (average)

T im es (D ays )

0 6 12 18 24

l.N o n e 7.61 7.16 7.85 7 .44 7.26

2 .G :500 7.56 7.29 7.60 7 .47 7.42

3 .G :1 ,000 6.88 7.40 7.76 7.95 7.44

4 .G :5 ,000 7.05 7.25 7 .74 7 .36 7.29

5 .G :10 ,000 7.58 7.06 7.61 7.53 7.43

6 .ร :500 7 .04 7.31 7.80 7.68 7.15

7 .ร : ! , 000 8.06 7.28 7.86 7 .90 7.40

8 .ร :ร ,000 7 .56 7.18 7 .70 7 .59 7.32

9 .ร : !อ ,000 6.85 7.26 7.61 7.47 7 .50

Sample
Triplicate of Chloride production (mg/kg-soil) 

(Average ± S.D.)
Times(Days)

0 6 12 18 24
l.None 0± 1.23 9.66 ± 1.28 10.14 ± 0.91 11.13 ± 1.27 12.78 ±0.88
2.G:500 0 ± 0.94 49.76 ± 1.17 54.60 ± 1.13 61.81 ±0.89 67.01 ±0.94
3.G:1,000 0 ± 1.11 45.66 ± 1.24 50.06 ± 1.26 58.92 ± 1.17 64.82 ±0.79
4.G:5,000 0± 1.07 54.93 ±0.86 61.73 ±1.31 67.64 ±0.93 73.18 ± 0.81
5.G:10,000 0 ± 0.91 57.27 ±0.95 65.00 ± 1.18 71.85 ±0.91 79.81 ±0.90
6.ร:500 0± 1.16 52.35 ± 1.09 60.85 ± 1.26 68.90 ± 1.10 74.56 ± 1.10
7.ร:!,000 0± 1.05 47.16 ± 1.11 52.17 ± 1.33 63.00 ±1.16 68.19 ± 1.06
8.ร:ร,000 0 ± 0.89 53.76 ±1.18 58.28 ± 1.29 65.78 ± 1.07 72.18 ± 1.21
9.ร:!0,000 0± 1.21 41.57 ± 1.24 47.37 ±0.91 54.62 ±0.88 63.66 ± 1.32
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Sample
Triplicate of Gas production (ml) 

(Average ± S.D.)
Times(Days)

0 6 12 18 24
l.None 0 1.5 ±0.1 1.8 ±.2 1.4 ± 0.1 0.8 ±0.2
2.G:500 0 2.6 ±0.1 3.2 ±0.1 3.6 ±0.2 3.4 ±0.1
3 .G: 1,000 0 3.8 ±0.2 5.3 ±0.1 3.8 ±0.1 3.6 ±0.2
4.G:5,000 0 3.2 ± 0.1 5.8 ±0.2 4.6 ±0.1 4.0 ±0.2
5.G:10,000 0 4.2 ±0.1 6.2 ±0.1 6.0 ±0.1 5.8 ±0.1
6.ร:500 0 3.8 ±0.2 4.6 ±0.1 4.8 ±0.2 4.4 ±0.1
7.ร:!,000 0 1.8 ± 0.1 3.6 ± 0.1 3.0 ±0.2 3.0 ±0.2
8.ร:ร,000 0 2.8 ±0.1 4.8 ±0.1 5.0 ± 0.1 4.6 ±0.1
9.ร:!0,000 0 3.6 ±0.2 4.2 ±0.1 4.4 ±0.1 4.2 ±0.1

R e m a r k :  G = Glucose, ร = Soybean oil
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T a b le  C - 5  Reduced PCE and increasing intermediate at designated time with various 
concentrations of wastes as carbon source.

Sample
Name Day

PCE
(Triplicate)

TCE
(Triplicate)

DCE
(Triplicate)

Average S.D. Average S.D. Average S.D.
l.M:5,000 0 125.86 13.26 0 0 0 0

6 28.07 12.97 5.54 0.32 0 0
12 10.31 2.56 12.43 0.72 0 0
18 4.75 2 16.81 0.45 0 0
24 1.49 0.84 7.47 0.16 0 0

2.M:10,000 0 117.69 23.74 0 0 0 0
6 13.6 6.54 0 0 0 0
12 10.6 1.91 15 0.55 0 0
18 3.07 0.74 10.81 0.84 0 0
24 2.98 1.34 0 0 0 0

3.0:500 0 115.83 11.18 0 0 0 0
6 14.27 3.1 0 0 0 0
12 9.16 1.62 18.96 1.1 0 0
18 4.76 1.88 16.59 0.38 0 0
24 0.68 0.65 7.19 0.42 0 0

4.C2:500 0 120.04 8.52 0 0 0 0
6 20.17 6.35 0 0 0 0
12 11.66 1.74 0 0 0 0
18 5.48 3.88 14.52 1.99 0 0
24 1.08 0.51 12.9 0.25 0 0

5.C3:500 0 125.74 4.4 0 0 0 0
6 32.98 2.83 5.66 0.4 0 0
12 15.82 1.43 8.05 6.73 0 0
18 1.99 0.27 3.68 2.16 0 0
24 1.26 0.69 6.95 2.02 2.26 0.42
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Sample
Name Day

PCE
(Triplicate)

TCE
(Triplicate)

DCE
(Triplicate)

Average S.D. Average S.D. Average S.D.
6.Cl :5,000 0 124.82 9.41 0 0 0 0

6 12.44 2.34 0 0 0 0
12 9.63 2.83 1.08 0.59 1 0
18 4.7 2.16 11.68 0.82 0 0
24 2.33 1.65 3.71 0.21 0 0

7.C2:5,000 0 117.65 5.86 0 0 0 0
6 17.62 2.58 0 Ô1 0 0
12 12.64 3.7 0 0 0 0
18 1.74 1.05 22.06 0.73 0 0
24 0.63 0.26 21.08 1.5 0 0

8.C3:5,000 0 112.89 9.81 0 0 0 0
6 30.05 3.16 1.12 0.57 0 0
12 16.36 5.27 28.65 11 0 0
18 5.88 1.4 31.28 11.85 0 0
24 0.61 0.74 14.83 0.41 3.3 0.53

R e m a r k :  M = Molasses, Cl = Used lard, C2 = Used soybean oil and C3 = Oil waste
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Table C-6 PCE reductive dechlorination (C/Co) and %decreasing of PCE/Day

Name % PCE residual (%decrease of PCE/day)
0 6 12 18 24 (0-6) (0-12) (0-18) (0-24)

l.M:5,000 100.0 22.30 8.19 3.77 1.18 12.95 7.65 5.35 4.12
2.M:10,000 100.0 11.56 9.01 2.61 2.53 14.74 7.58 5.41 4.06
3.C1:500 100.0 12.32 7.91 4.11 0.59 14.61 7.67 5.33 4.14
4.C2:500 100.0 16.80 9.71 4.57 0.90 13.87 7.52 5.30 4.13
5.C3:500 100.0 26.23 12.58 1.58 1.00 12.30 7.28 5.47 4.12
6.C1:5,000 100.0 9.97 7.72 3.70 1.87 15.01 7.70 5.35 4.09
7.C2:5,000 100.0 14.98 10.74 1.48 0.54 14.17 7.44 5.47 4.14
8.C3:5,000 100.0 26.62 14.49 5.21 0.54 12.23 7.13 5.27 4.14

Remark: M = Molasses, Cl = Lard, C2 = Used soybean oil and C3 = Oil waste from
Leo Food Industry
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T a b le  C - 7  Percent PCE removal

Name
Triplicate of PCE removal efficiency,% 

(Average ± S.D.)
0 6 12 18 24

l.M:5,000 0± 13.26 77.70 ± 12.97 91.81 ±2.56 96.23 ±2.00 98.82 ±0.84
2.M: 10,000 0± 23.74 88.44 ±6.54 90.99 ± 1.91 97.39 ±0.74 97.47 ± 1.34
3.CL500 0 ± 11.18 87.68 ±3.10 92.09 ± 1.62 95.89 ± 1.88 9.410 ±0.65
4.C2:500 0± 8.520 83.19 ± 6.35 90.29 ± 1.74 95.43 ±3.88 99.10 ± 0.51
5.C3:500 0 ± 4.400 73.77 ±2.83 87.42 ± 1.43 98.42 ±0.27 99.00 ±0.69
6.C1:5,000 0± 9.410 90.03 ±2.34 92.28 ±2.83 96.23 ±2.16 98.13 ± 1.65
7.C2:5,000 0± 5.860 85.02 ±2.58 89.26 ±3.70 98.52 ± 1.05 99.46 ±0.26
8.C3:5,000 0 ± 9.810 73.38 ± 3.16 85.51 ±5.27 94.79 ±1.40 99.46 ±0.74

Remark: M = Molasses, C l = Lard, C2 = Used soybean oil and C3 = Oil waste from
Leo Food Industry
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Table C-8 pH, Chloride accumulation and gas production

Sam p le

pH  (average)

T im es (D ays )

0 6 12 18 24

l.M :5 ,0 0 0 8.69 7.55 7.26 7.31 7.06

2 .M :1 0 ,0 0 0 9.07 7.28 7.61 7 .80 7.61

3 .C H 500 8.59 7.55 7.47 7.68 7.53

4 .C 2 :500 8.67 7.75 7.50 7.15 7.43

5 .C 3 :500 8.79 7.88 7.32 7 .40 7.29

6 .C 1 :5 ,000 8.35 7.26 7.59 7 .90 7.36

7 .C 2 :5 ,000 8.55 7.46 7 .70 7.86 7 .74

8 .C 3 :5 ,000 8.72 7.32 7.18 7.28 7.25

Sample
Triplicate of Chloride production (mg/kg-soil) 

(Average ± S.D.)
Times(Days)

0 6 12 18 24
l.M:5,000 0± 1.30 19.61 ± 1.08 25.72 ±0.91 32.18 ± 1.17 38.16 ±0.86
2.M:10,000 0 ± 1.31 15.18 ± 1.17 21.42 ±0.88 28.66 ± 1.24 35.11 ± 1.06
3.C1:500 0 ± 1.24 22.14 ± 1.13 28.00 ± 1.06 37.67 ± 1.20 53.00 ±0.94
4.C2:500 0 ะ11.18 11.68 ± 1.07 19.22 ± 1.18 23.15 ± 1.18 28.22 ± 1.12
5.C3:500 0 ± 1.14 15.37 ± 1.19 24.19 ±0.95 31.81 ± 1.14 37.18 ± 1.26
6.Cl :5,000 0 ± 1.25 20.01 ± 1.23 24.16 ± 1.07 35.62 ±0.86 40.16 ±0.92
7.C2:5,000 0 ± 1.31 21.11 ± 1.15 29.22 ± 1.19 37.44 ±0.88 43.62 ± 1.15
8.C3:5,000 0± 1.15 20.00 ± 1.09 25.17 ± 1.04 33.65 ±0.92 40.26 ± 1.11
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Sample
Triplicate of Gas production (ml) 

(Average ± S.D.)
Times(Days)

0 6 12 18 24
l.M:5,000 0±0.1 0.8 ±0.1 1.8 ± 0.1 1.9 ± 0.1 2.1 ±0.1
2.M: 10,000 0 ±0.1 1.6 ±0.1 1.8 ± 0.1 2.0 ± 0.1 2.0 ±0.1
3.CL500 0 ±0.1 1.6 ± 0.1 2.2 ±0.1 2.8 ±0.1 2.6 ±0.1
4.C2:500 0 ±0.1 1.2 ±0.1 1.6 ± 0.1 1.8 ± 0.1 1.8 ± 0.1
5.C3:500 0 ±0.1 0.5 ±0.1 1.4 ± 0.1 1.8 ± 0.1 2.1 ±0.1
6.Cl :5,000 0 ±0.1 1.8 ± 0.1 2.0 ±0.1 2.2 ±0.1 2.0 ±0.1
7.C2:5,000 0 ±0.1 1.4 ± 0.1 1.8 ± 0.1 2.4 ±0.1 2.4 ±0.1
8.C3:5,000 0 ±0.1 0.5 ±0.1 2.2 ±0.1 2.4 ±0.1 2.2 ±0.1

Remark: M = Molasses, Cl = Lard, C2 = Used soybean oil and C3 = Oil waste from
Leo Food Industry
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T a b le  C - 9  Reduced PCE and increasing intermediates using Lard 500 mg/kg-sludge 
as carbon source

PCE Concentration 
(mg/kg-soil) v o c

Triplicate of PCE Dechlorination (mg/kg-soil) 
(Average ± S.D.)

0 12 24
1. 100 PCE 115.83 ± 1.90 14.27 ±2.17 1.05 ± 2.16

TCE 0.00 18.96 ± 1.09 7.190 ± 1.47
DCE 0.00 0.000 0.000

2. 150 PCE 150.40 ± 2.14 37.09 ± 1.33 17.00 ± 2.11
TCE 0.00 18.12 ± 5.30 7.76 ±4.31
DCE 0.00 0.000 0.000

3. 200 PCE 216.10 ± 2.26 56.28 ±2.16 26.09 ± 1.98
TCE 0.00 7.39 ± 1.91 4.09 ±2.15
DCE 0.00 0.000 0.000

4. 250 PCE 239.70 ±2.10 67.71 ±2.06 46.32 ± 1.51
TCE 0.00 3.41 ±2.40 1.60 ± 1.48
DCE 0.00 0.000 0.000

5. 500 PCE 465.60 ± 1.86 400.38 ± 2.05 291.91 ±2.12
TCE 0.00 0.79 ±0.96 4.94 ± 2.02
DCE 0.00 0.000 0.000
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Table C-10 PCE reductive dechlorination (C/Co) and %decreasing of PCE/Day

PCE
Concentration
(mg/kg-soil)

C/Co (%) PCE decreasing per day
0 12 24 sampling

timel
sampling
time2

1.100 100 12.322 0.904 7.301 0.952
2.150 100 24.663 11.305 6.278 1.113
3.200 100 26.045 12.072 6.163 1.164
4.250 100 28.249 19.324 5.979 0.744
5.500 100 85.992 62.695 1.167 1.941

T a b le  C - l l  Percent PCE removal

PCE
concentration
(mg/kg-soil)

Triplicate of PCE removal (%) 
(Average ± S.D.)
Time (days)

0 12 24
1. 100 0± 1.90 87.68 ±2.17 99.10 ± 2.16
2. 150 0 ± 2.14 75.34 ± 1.33 88.70 ± 2.11
3. 200 0 ± 2.26 73.96 ±2.16 87.93 ± 1.98
4. 250 0 ± 2.10 71.75 ±2.06 80.68 ± 1.55
5. 500 0± 1.86 14.01 ±2.05 37.30 ± 2.12
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Table C-12 pH, Chloride accumulation and gas production

PC E p H  (average)

C oncen tra tio n T im es (D ays )

(m g /k g -s o il) 0 6 12 18 24

1.100 8.67 - 7.41 - 7.05

2 .150 8.93 - 7 .59 - 7.11

3 .200 8.45 - 7.02 - 7 .24

4 .250 8.72 - 7 .76 - 7.31

5 .500 8.16 - 6.89 - 7.23

PCE
Concentration
(mg/kg-soil)

Triplicate of Chloride production (mg/kg-soil) 
(Average ± S.D.)
Times(Days)

0 6 12 18 24
1.100 0± 1.24 - 28.0± 1.06 - 53.0 ±1.18
2.150 0 ะเะ 1.08 - 36.2±1.18 - 71.3 ± 1.12
3.200 0± 1.12 - 42.1 ± 1.20 - 76.8 ± 1.24
4.250 0± 1.20 - 49.8±1.07 - 86.3 ± 1.20
5.500 0± 1.14 - 83.2 ± 1.26 - 112.6±1.09
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PCE
Concentration
(mg/kg-soil)

Triplicate of Gas production (ml) 
(Average ± S.D.)
Times(Days)

0 6 12 18 24
1.100 0±0.1 - 2.2±0.1 - 2.6±0.1
2.150 0±0.1 - 0.7±0.1 - 1.0± 0.1
3.200 0±0.1 - 0.4±0.1 - 0.6±0.1
4.250 0±0.1 - 0.5±0.1 - 0.7±0.1
5.500 0±0.1 - 0.2±0.1 - 0.4±0.1
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APPENDIX D

T h e  E x t r a c t i o n  E f f i c i e n c y

Recovery rates were consistent for all samples. LeBoeuf E. J, see Table 4.4, 
has been working on the understanding of how contaminants interact with organic 
matter in soil and sediment. Organic contaminants such as chlorinated hydrocarbon 
are attracted to organic matter present in soil. Many clues are still unknown with the 
point to controlling behavior of contaminant molecule work their way into organic 
matter. For example, how strongly the contaminant will be bound to the organic 
matter in soil, how long it will take to diffuse into soil or how fast it will be released 
back into the environment. He observed that when organic matter is in a glassy state, 
it has multiple pores and holds and thus poses a higher sorption capacity then when it 
is in a rubbery state. It was expected that the contaminants may leach from soil do not 
reach significant levels.

T a b le  D - l  Recovery efficiency of the chlorinated hydrocarbon using hexane for 
extraction from different matrix.

Matrix % Recovery
Water 70-80

Soil or sediment 15-35
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However, extraction of wet sediment achieved nearly 100% had been done via 
sequential solvent extraction. PCE extraction and analysis procedure was modified 
from Leahy et al. (1996) and Suttinun (2004). The extraction efficiency during this 
experiment in slurry was 95 ะ!ะ 10% (Table D-2). Recovery rates were consistent for 
all samples.

T a b le  D - 2  PCE extract concentration (mg/kg-soil) and % Recovery of PCE from 
slurry contaminated with PCE 100 mg/kg-soil, using extraction method from section
3.5

Sample Triplicate Average S.D.1 2 3
1 104.56 92.65 96.01 97.74 6.14
2 87.65 93.67 85.11 88.81 4.40
3 106.13 100.02 108.51 104.89 4.38
4 90.74 95.73 88.42 91.63 3.74
5 93.26 97.53 91.04 93.94 3.30
6 100.05 97.81 102.97 100.28 2.59
7 88.06 91.39 89 89.48 1.72
8 94.03 97.88 95.02 95.64 2.00
9 92.12 98.05 94.27 94.81 3.00
10 98.07 102.01 99.09 99.72 2.04

% Recovery 95 ± 10 4 ±2.5
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T a b le  E - l  The properties of soil
APPENDIX E

Sample Initial
PCE

(mg/kg-soil)
pH OM

g/100g
Sand
%

Silt
%

Clay
%

Texture Moisture
%

Soil 0 6.25 2.15 85.30 11.60 3.10 Loamy
sand

2.51

T a b le  E - 2  The properties of sludge
Sample Initial PCE 

(mg/kg-soil)
pH OM

g/100g
o c

g/100g
v s s
mg/L

Sludge 0 6.39 0.99 0.58 1.96

Sample analysis Report 
By

Department of Soil Science and Conservation, Faculty of Agriculture, Chiang Mai
University. Tel. 053-944036
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APPENDIX F

T a b le  F - l  D ire c t R eac tio n  o f  Soybean O il,  U sed O il (L a rd  &  U sed  Soybean O il) ,  
M olasses w ith  PCE

Sample Triplicate of PCE Concentration (mg/kg-soil) 
(Average ± S.D.)

0 6 12 18 24
Soybean Oil 113.5 ±0.54 111.1 ± 1.03 109.9 ±0.87 109.7 ±0.93 109.0 ±0.55
Lard 115.8 ±0.43 113.6 ± 0.67 109.9 ±0.54 109.6 ±1.10 109.1 ±0.32
Used Soybean Oil 112.0 ±0.67 111.5 ± 0.98 109.4 ±0.73 108.1 ± 1.06 107.0 ±0.71
Molasses 114.8 ±0.27 113.2 ± 0.37 110.3 ±0.28 109.6 ±0.57 109.5 ±0.48
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Table G -l Effect of sludge on PCE reductive dechlorination

Sample name 
(PCE150 

mg/kg-soil)
Parameters
(average)

Time (days) C/Co (%)
0 6 12 18 24 0 6 12 18 24

1. sludge PCE, mg/kg-soil 140.5 133.54 127.67 114.6 110.44 100 95.05 90.89 81.57 78.60
TCE, mg/kg-soil 0 0.34 3.18 7.45 6.78
DCE, mg/kg-soil 0 0 0 0 0
Gas production, ml 0 0.4 0.9 0.8 0.6
Chloride, mg/kg-soil 0 0.23 1.7 2.6 2.8



Table G-2 Effect of nutrient on PCE reductive dechlorination

Sample name 
(PCE 150 

mg/kg-soil)
Parameters
(average)

Time (days) C/Co (%)
0 6 12 18 24 0 6 12 18 24

1. Nutrient PCE, mg/kg-soil 151.8 149.2 146.9 133.9 125.7 100 98.29 96.77 88.21 82.81
TCE, mg/kg-soil 0 1.34 2.38 4.06 1.39
DCE, mg/kg-soil 0 0 0 0 0
Gas production, ml 0 0.2 0.3 0.4 0.4
Chloride, mg/kg-soil 0 0.50 0.82 1.45 2.56



Table G-3 Effect of sludge and nutrient on PCE reductive dechlorination

Sample name 
(PCE 150 

mg/kg-soil )
Parameters
(average)

Time (days) C/Co (%)
0 6 12 18 24 0 6 12 18 24

1. Sludge and PCE, mg/kg-soil 145.7 105.93 98.52 98.42 84.15 100 72.71 67.62 67.55 57.76
Nutrient TCE, mg/kg-soil 0 2.57 4.21 4.72 3.89

DCE, mg/kg-soil 0 0 0 0 0
Gas production, ml 0 1.2 1.5 1.6 1.4
Chloride, mg/kg-soil 0 7.642 8.215 8.976 9.147



Table G-4 Effect of nothing added on PCE reductive dechlorination

Sample name 
(PCE 150 

mg/kg-soil )
Parameters
(average)

Time (days) C/Co (%)
0 6 12 18 24 0 6 12 18 24

1. Nothing PCE, mg/kg-soil 152.7 152.47 151.84 152.15 152.29 0 99.85 99.44 99.64 99.73
added TCE, mg/kg-soil 0 0 0 0 0

DCE, mg/kg-soil 0 0 0 0 0
Gas production, ml 0 0 0 0 0
Chloride, mg/kg-soil 0 0 0 0 0



Table G-5 Effect of carbon source, sludge and nutrient on PCE reductive dechlorination

Sample name 
(PCE 150 

mg/kg-soil )
Parameters
(average)

Time (days) C/Co (%)
0 6 12 18 24 0 6 12 18 24

1. C-source, PCE, mg/kg-soil 149.6 36.89 16.90 0 24.66 11.30
sludge and TCE, mg/kg-soil 0 15.34 5.68
nutrient DCE, mg/kg-soil 0 0 0

Gas production, ml 0 0.4 0.8
Chloride, mg/kg-soil 0 31.60 65.10
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