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APISSARA RAKTHAISONG: TREATMENT OF WASTEWATER ODOR
IN PIG FARM USING TRAY BIOFILTER SYSTEM : THESIS ADVISOR :

ASST. PROF. SUDJIT KARUCHIT, Ph.D., 185 PP.

BIOFILTER/TRAY/ODOR/AMMONIA GAS/HYDROGEN SULFIDE GAS/

PIG FARM /WASTE WATER

Many pig farms in Thailand has odor problem caused by hydrogen sulfide (H2S)
and ammonia (NHs), which effects nearby communities. The objectives of this study
were to develop a tray biofilter system capable of treating high air flow rates to reduce
the pig farm odor problem, and to study factors which affect its efficiency.

The result of the tray biofilter system development included a 4 inch air
distribution piping system, a 1.5 hp fan with an inverter, and an automatic water
spraying system. The filter tray had a 0.4 x 0.5 m? surface area. The filter media was
made of a mixture of compost, chopped coconut shell, cow manure, and wastewater
treatment system sludge. The depth of filter media was varied at 0.15 and 0.30 m. and
the empty bed residence time (EBRT) was varied at 0.6, 1.2, and 1.8 seconds. The pH,
temperature and moisture content were in optimum ranges throughout the experiment.
The efficiency study yielded the results of 70-95% for NHz and 27-88% for H.S, with
media settling rates of 0.16-0.43 cm./day. This developed system can be scaled-up for

real operation in small pig farms.
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[ 9
A1519% .1 A pH “lmmaz33@1J?muﬁﬂmawuﬂiaﬂmmammazﬂau—wmmﬁmuizuu

pH

U SILY] naN an
fou | wdl | waw | nou nag mae | deu | wdl | mae
1 6.75 6.73 6.74 6.59 6.60 6.60 6.53 6.45 6.49
2 6.77 6.70 6.73 6.59 6.53 6.56 6.50 6.44 6.47
3 6.81 6.68 6.75 6.63 6.53 6.58 6.47 6.43 6.45
4 6.81 6.73 6.77 6.66 6.58 6.62 6.52 6.37 6.44
5 6.88 6.81 6.84 6.76 6.59 6.68 6.59 6.38 6.48
ﬁﬂng‘ﬁ 1 6 6.81 6.75 6.78 6.58 6.50 6.54 6.49 6.48 6.48
7 | 692 | 683 | 687 6.69 6.56 6.63 6.56 | 645 | 6.50
8 | 679 | 6.76 | 6.78 6.49 6.52 6.50 643 | 640 | 6.41
9 | 677 | 671 | 6.74 6.47 6.37 6.42 6.50 | 6.58 | 6.54
10 | 655 | 660 | 658 6.35 6.32 6.33 630 | 633 | 6.32
11 6.44 6.43 6.44 6.18 6.23 6.21 6.16 6.23 6.20
12 6.42 6.53 6.48 6.26 6.33 6.29 6.23 6.22 6.23
13 6.49 6.44 6.47 6.22 6.24 6.23 6.13 6.20 6.16
14 6.50 6.46 6.48 6.27 6.35 6.31 6.19 6.23 6.21
1 | 674 | 670 | 6.72 6.34 6.36 6.35 619 | 623 | 6.21
2 | 666 | 660 | 6.63 6.39 6.31 6.35 623 | 628 | 6.25
3 | 648 | 643 | 645 6.27 5.95 6.11 620 | 621 | 6.20
4 | 644 | 655 | 649 6.15 6.18 6.17 613 | 6.10 | 6.12
5 | 641 | 657 | 649 6.12 6.26 6.19 6.18 | 620 | 6.19
6 6.43 6.51 6.47 6.16 6.18 6.17 6.05 6.13 6.09
4 7 6.38 6.56 6.47 6.19 6.39 6.29 6.01 6.26 6.13

GERPEATI)

8 6.50 6.52 6.51 6.27 6.31 6.29 6.18 6.26 6.22
9 6.53 6.57 6.55 6.32 6.38 6.35 6.25 6.33 6.29
10 | 649 | 650 | 6.50 6.32 6.33 6.33 628 | 623 | 6.25
11 | 647 | 651 | 649 6.36 6.41 6.38 629 | 633 | 631
12 | 646 | 654 | 650 6.31 6.45 6.38 6.19 | 641 | 630
13 | 650 | 645 | 647 6.32 6.32 6.32 633 | 626 | 630
14 6.55 6.51 6.53 6.26 6.36 6.31 6.30 6.34 6.32
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v 9
A5 9N .1 A pH Glmmazizﬂ‘ummﬁﬂmawuﬂiaﬂmmammazﬂau—wmmﬁmuﬁzuu

(#1)
pH

Tu ST naw aN
fou | wWag mae nou nag mae fou | was mae
1 6.62 6.48 6.55 5.98 5.76 5.87 5.82 5.98 5.90
2 6.63 6.51 6.57 5.88 5.93 5.90 5.83 6.88 6.36
3 6.48 6.40 6.44 5.89 5.87 5.88 5.93 6.29 6.11
4 6.43 6.48 6.45 5.88 5.93 5.91 5.73 5.90 5.82
ﬁﬂn%‘ﬁ 5 6.43 6.54 6.49 6.07 6.18 6.12 5.68 6.05 5.87
3 6 | 656 | 6.59 6.58 6.13 6.29 6.21 588 | 630 | 6.09
7| 653 | 653 6.53 6.19 6.34 6.27 6.08 | 630 | 6.19
8 | 641 | 6.54 6.48 6.09 6.32 6.20 6.11 | 625 6.18
9 | 655 | 653 6.54 6.22 6.34 6.28 612 | 624 | 6.18
10 | 654 | 647 6.50 6.26 6.30 6.28 612 | 627 | 6.19
11 6.45 6.52 6.48 6.29 6.43 6.36 6.20 6.55 6.38
12 6.56 6.68 6.62 6.36 6.47 6.41 6.24 6.53 6.39
13 6.58 6.73 6.65 6.41 6.06 6.24 6.87 6.77 6.82
14 6.51 6.63 6.57 6.26 6.61 6.43 6.40 7.11 6.75
1| 638 | 66l 6.50 5.90 5.97 5.93 597 | 614 | 6.05
2 | 642 | 6.68 6.55 6.12 6.25 6.18 593 | 627 | 6.10
3| 661 | 653 6.57 6.17 6.15 6.16 586 | 628 | 6.07
4 | 648 | 6.48 6.48 5.95 6.21 6.08 587 | 612 | 5.99
5 6.50 6.49 6.49 5.98 6.23 6.10 5.88 6.45 6.16
4 6 6.45 11.35 8.90 6.01 6.24 6.13 5.89 6.25 6.07

annzh

7 6.38 6.48 6.43 6.16 6.23 6.19 6.04 6.30 6.17
‘ 8 6.38 6.48 6.43 6.08 6.23 6.15 5.97 6.30 6.14
9 | 648 | 6.46 6.47 6.24 6.03 6.13 603 | 630 | 6.16
10 | 642 | 6.48 6.45 6.45 6.19 6.32 6.13 | 623 6.18
11| 637 | 643 6.40 6.25 6.30 6.27 6.14 | 627 | 621
12 | 641 | 647 6.44 6.29 6.34 6.32 621 | 631 6.26
13| 646 | 645 6.46 6.30 6.38 6.34 622 | 639 | 630
14 6.38 6.44 6.41 6.25 6.30 6.28 6.18 6.28 6.23
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[ 9
MINA .1 M pH le,ma33zﬂ‘u?muﬁﬂmawuﬂiaﬂmmazﬁmazﬂau—ﬂmmimuimu

(#1)
pH

U ST naw aN
nou nag mae | nou nag mae | nou nag mae
1 6.30 6.46 6.38 6.25 6.19 6.22 6.09 6.05 6.07
2 6.37 6.44 6.41 6.06 6.08 6.07 5.95 6.00 5.98
3 6.44 6.40 6.42 6.10 6.05 6.08 5.89 5.99 5.94
4 6.37 6.44 6.40 6.07 6.03 6.05 5.87 5.92 5.89
ﬁﬂn%‘ﬁ 5 6.29 6.42 6.35 6.00 6.07 6.04 5.86 6.03 5.95
5 6 6.44 6.43 6.44 6.22 6.28 6.25 3.13 3.20 3.17
7 6.42 6.53 6.48 6.34 6.35 6.35 6.25 6.30 6.28
8 6.50 6.45 6.48 6.33 6.36 6.35 6.28 6.35 6.32
9 6.46 6.50 6.48 6.33 6.47 6.40 6.29 6.40 6.35
10 | 6.44 6.52 6.48 6.33 6.48 6.41 6.32 6.38 6.35
11 6.33 6.43 6.38 6.31 6.38 6.35 6.25 6.34 6.30
12 6.44 6.48 6.46 6.30 6.41 6.36 6.22 6.34 6.28
13 6.40 6.48 6.44 6.40 6.33 6.37 6.39 6.29 6.34
14 6.43 6.48 6.46 6.32 6.38 6.35 6.27 6.29 6.28
1 6.56 6.45 6.51 6.31 6.31 6.31 6.25 6.10 6.17
2 6.37 6.44 6.41 6.06 6.08 6.07 5.95 6.00 5.98
3 6.44 6.40 6.42 6.10 6.05 6.08 5.89 5.99 5.94
4 6.37 6.44 6.40 6.07 6.03 6.05 5.87 5.92 5.89
5 6.29 6.42 6.35 6.00 6.07 6.04 5.86 6.03 5.95
4 6 6.38 6.43 6.40 5.97 6.02 5.99 5.75 5.96 5.85

annei

7 6.59 6.57 6.58 6.14 6.27 6.20 5.94 6.16 6.05
° 8 6.50 6.49 6.49 6.10 6.21 6.15 6.00 6.10 6.05
9 6.53 6.47 6.50 6.33 6.35 6.34 6.24 6.23 6.24
10 | 655 6.53 6.54 6.23 6.33 6.28 6.14 6.28 6.21
11 | 6.54 6.53 6.53 6.42 6.35 6.38 6.33 6.23 6.28
12 | 647 6.46 6.46 6.30 6.32 6.31 6.27 6.25 6.26
13 | 650 6.53 6.51 6.30 6.40 6.35 6.20 6.36 6.28
14 6.45 6.48 6.47 6.24 6.30 6.27 6.13 6.19 6.16
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H Y 9
A1519% 0. 2 ﬂ1mm5§u“1mmazimummﬁﬂmawuﬂiaﬂuLmazﬁmazﬂau—wmmﬁmu

EAIN
Ay (Jovaz)

U ST naw aN
row | wds | wde | nou nag mae | new | wdy | mde
1 79.33 | 78.33 78.83 80.00 80.00 80.00 80.00 80.00 80.00
2 80.00 | 79.25 79.63 80.00 80.00 80.00 80.00 80.00 80.00
3 79.67 | 79.50 79.58 80.00 80.00 80.00 80.00 | 79.42 79.71
4 79.08 | 78.83 78.96 80.00 80.00 80.00 78.25 78.42 78.33
4 5 78.58 | 74.08 76.33 79.83 79.42 79.63 71.25 71.33 71.29

ORPEAT

6 | 7125 | 7842 | 7483 | 7875 | 79.83 | 79.29 | 79.42 | 79.25 | 79.33
1 7 | 7633 | 7858 | 77.46 | 79.17 | 79.83 | 79.50 | 79.17 | 78.17 | 78.67
8 | 7792 | 7733 | 77.63 | 80.00 | 79.17 | 79.58 | 78.75 | 70.83 | 74.79
9 | 78.58 | 80.00 | 79.29 | 80.00 | 80.00 | 80.00 | 80.00 | 76.08 | 78.04
10 | 79.83 | 80.00 | 79.92 | 79.42 | 80.00 | 79.71 | 80.00 | 77.75 | 78.88
11 80.00 | 80.00 80.00 80.00 80.00 80.00 80.00 80.00 80.00
12 80.00 | 80.00 80.00 80.00 80.00 80.00 80.00 80.00 80.00
13 80.00 | 80.00 80.00 80.00 80.00 80.00 80.00 80.00 80.00
14 80.00 | 80.00 80.00 80.00 80.00 80.00 80.00 80.00 80.00
1 | 78.92 | 80.00 | 79.46 | 79.83 | 80.00 | 79.92 | 80.00 | 80.00 | 80.00
2 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00
3 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00
4 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00
5 80.00 | 80.00 80.00 80.00 80.00 80.00 80.00 80.00 80.00
6 80.00 | 80.00 80.00 80.00 80.00 80.00 80.00 | 75.00 77.50
ﬁmaz‘ﬁ 7 80.00 | 80.00 80.00 80.00 80.00 80.00 80.00 80.00 80.00
2 8 80.00 | 80.00 80.00 80.00 80.00 80.00 80.00 80.00 80.00
9 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00
10 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00
11 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00
12 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00
13 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00
14 80.00 | 80.00 80.00 80.00 80.00 80.00 80.00 80.00 80.00
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H Y 9
A1519% 0. 2 mmm&‘fmGlmmazixﬂummﬁﬂmawuﬂiaﬂmmazﬁmazﬂeu—wmmimu

52U (919)
Ay (Jovaz)

U ST naw aN
row | wds | wde | nou nag mae | new | wdy | mde
1 | 80.00 | 75.00 | 77.50 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00
2 | 80.00 | 80.00 | 80.00 | 80.00 | 7833 | 79.17 | 80.00 | 37.08 | 58.54
3 | 80.00 | 80.00 | 80.00 | 80.00 | 78.75 | 79.38 | 77.50 | 65.42 | 71.46
4 | 74.00 | 80.00 | 77.00 | 80.00 | 80.00 | 80.00 | 80.00 | 75.83 | 77.92
4| 5 | 8000 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00

ORPEAT

6 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 74.58 | 77.29
’ 7 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 75.42 | 77.71
8 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 78.75 | 79.38
9 | 80.00 | 79.58 | 79.79 | 80.00 | 80.00 | 80.00 | 80.00 | 79.17 | 79.58
10 | 80.00 | 79.58 | 79.79 | 80.00 | 80.00 | 80.00 | 80.00 | 78.33 | 79.17
11 | 80.00 | 79.58 | 79.79 | 80.00 | 77.92 | 78.96 | 80.00 | 54.83 | 67.42
12 | 7958 | 79.58 | 79.58 | 80.00 | 79.58 | 79.79 | 80.00 | 65.00 | 72.50
13 | 80.00 | 77.92 | 78.96 | 80.00 | 69.17 | 74.58 | 80.00 | 37.50 | 58.75
14 | 80.00 | 78.33 | 79.17 | 80.00 | 7692 | 78.46 | 80.00 | 24.17 | 52.08
1 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00
2 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 76.25 | 78.13
3 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 68.75 | 74.38
4 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 77.08 | 78.54
5 | 80.00 | 79.58 | 79.79 | 80.00 | 7833 | 79.17 | 80.00 | 69.00 | 74.50
6 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 76.25 | 78.13
anzf | 7 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 7833 | 67.92 | 73.13
4 8 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 78.75 | 79.38
9 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00
10 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00
11 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 79.17 | 79.58
12 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00
13 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00
14 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00
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H Y 9
A1519% 0. 2 mmm&‘fmGlmmazixﬂummﬁﬂmawuﬂiaﬂmmazﬁmazﬂeu—wmmimu

52U (919)
Ay (Jovaz)

U ST naw aN
row | wds | wde | nou nag mae | new | wdy | mde
1 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00
2 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00
3 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00
4 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00
4| 5 | 8000 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00

ORPEAT

6 | 79.17 | 78.85 | 79.01 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00
’ 7 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00
8 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00
9 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 79.58 | 78.33 | 78.96
10 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00
11 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00
12 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00
13 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 7833 | 77.08 | 77.71
14 | 80.00 | 80.00 | 80.00 | 80.00 | 79.58 | 79.79 | 80.00 | 78.58 | 79.29
1 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 77.08 | 78.54
2 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 77.08 | 78.54
3 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00
4 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00
5 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 7833 | 79.17
6 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00
aned | 7 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 79.17 | 79.58
6 8 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00
9 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 79.58 | 78.33 | 78.96
10 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00
11 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00
12 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00
13 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00
14 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00
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QUNQN (DIFIBRITE)

U ST naw aN
rou | wds | mde | nou nag mae | new | wdy | mde
1 29.21 | 32.33 30.77 30.31 31.64 30.98 30.31 30.94 39.58
2 28.77 | 32.61 30.69 32.11 33.29 32.70 29.10 | 31.90 39.20
3 28.44 | 31.74 30.09 30.57 32.83 31.70 29.50 | 31.71 34.70
4 15.51 16.16 15.84 16.80 17.60 17.20 16.19 16.50 33.80
4 5 15.06 | 16.36 15.71 17.33 18.11 17.72 17.79 17.80 34.86

ORPEAT

6 | 1433 | 2039 | 1736 | 1693 | 22.00 | 1946 | 1571 | 18.97 | 36.18
1 7 | 1890 | 2333 | 21.11 | 19.60 | 24.83 | 2221 | 2039 | 23.10 | 36.46
8 | 21.81 | 26.14 | 2398 | 22.69 | 2576 | 2422 | 2244 | 25.07 | 37.34
9 | 21.86 | 27.76 | 2481 | 2247 | 2743 | 2495 | 21.59 | 28.14 | 38.20
10 25.09 | 28.07 26.58 27.41 29.43 28.42 26.74 | 28.01 38.45
11 25.86 | 29.01 27.44 26.67 29.70 28.19 27.46 | 29.00 38.41
12 25.64 | 2897 27.31 28.19 28.36 28.27 26.90 | 28.83 37.72
13 23.80 | 2491 24.36 27.84 25.39 26.61 26.86 | 24.86 37.18
14 | 2009 | 2547 | 2278 | 2321 | 2604 | 24.63 | 2329 | 2593 | 35.49
1 | 1961 | 2177 | 20.69 | 2031 | 1931 | 19.81 | 20.01 | 2049 | 20.25
2 | 1429 | 2279 | 1854 | 1679 | 2279 | 19.79 | 1657 | 2247 | 19.52
3| 1743 | 2426 | 2084 | 1971 | 2431 | 22.01 | 18.83 | 2420 | 21.51
4 | 1877 | 2494 | 2186 | 23.63 | 2496 | 2429 | 20.79 | 24.93 | 22.86
5 18.61 | 26.81 22.71 21.54 26.79 24.16 20.04 | 27.86 23.95
6 23.39 | 27.67 25.53 24.79 27.54 26.16 23.74 | 28.86 26.30
ﬁmazﬁ 7 23.71 | 26.70 25.21 26.00 26.47 26.24 26.07 | 26.86 26.46
2 8 2493 | 27.03 25.98 26.21 26.94 26.58 25.93 27.71 26.82
9 | 2446 | 2657 | 2551 | 2637 | 2657 | 2647 | 25.10 | 2821 | 26.66
10 | 22.74 | 27.59 | 25.16 | 2489 | 27.64 | 2626 | 2453 | 29.14 | 26.84
11 | 21.69 | 26.76 | 2422 | 23.67 | 27.06 | 2536 | 20.16 | 28.93 | 24.54
12 | 21.13 | 26.66 | 23.89 | 23.11 | 26.86 | 2499 | 2323 | 2939 | 26.31
13 2387 | 27.76 25.81 25.46 27.11 26.29 26.03 29.54 27.79
14 21.79 | 27.29 24.54 24.86 27.69 26.27 24.47 | 29.71 27.09
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(#1)
QUUQN (DIAIERITEN)

U ST naw aN
row | wds | wde | nou nag mae | new | wdy | mde
1 21.69 | 27.07 24.38 23.50 19.40 21.45 22.14 | 26.73 24 .44
2 19.53 | 24.06 21.79 24.79 23.74 24.26 22.67 | 29.09 25.88
3 20.29 | 23.76 22.02 23.66 23.80 23.73 21.93 30.07 26.00
4 20.49 | 25.86 23.17 23.23 25.24 24.24 23.29 | 29.26 26.27
4 5 20.83 | 23.11 21.97 24.33 22.97 23.65 23.80 | 27.47 25.64

ORPEAT

6 | 1890 | 2331 | 21.11 | 22.00 | 22.57 | 2229 | 2143 | 26.14 | 23.79
’ 7 | 1896 | 2331 | 21.14 | 21.14 | 22.64 | 21.89 | 20.96 | 26.04 | 23.50
8 | 19.64 | 25.13 | 2239 | 2146 | 2501 | 2324 | 22.01 | 31.64 | 26.83
9 | 2077 | 2536 | 23.06 | 22.79 | 24.76 | 23.77 | 23.07 | 28.99 | 26.03
10 | 2430 | 26.14 | 2522 | 25.14 | 2521 | 25.18 | 25.64 | 27.83 | 26.74
11 26.11 | 26.74 26.43 27.54 26.79 27.16 27.26 | 28.10 27.68
12 25.74 | 27.93 26.84 26.77 27.90 27.34 27.07 31.86 29.46
13 25.90 | 27.31 26.61 27.64 27.93 27.79 27.26 32.71 29.99
14 25.50 | 27.26 26.38 27.61 27.94 27.78 27.20 | 32.96 30.08
1 | 2741 | 2791 | 27.66 | 2799 | 2824 | 28.11 | 2929 | 3029 | 29.79
2 | 2657 | 2780 | 27.19 | 2690 | 27.83 | 27.36 | 27.40 | 30.00 | 28.70
3 | 2524 | 28.06 | 2665 | 2607 | 28.64 | 2736 | 2696 | 32.66 | 29.81
4 | 2413 | 2843 | 2628 | 25.14 | 29.04 | 27.09 | 25.89 | 31.36 | 28.62
5 25.61 | 29.03 27.32 23.16 29.66 26.41 27.00 | 34.36 30.68
6 26.10 | 28.54 27.32 27.32 29.00 28.16 29.09 31.81 30.45
ﬁmaz‘ﬁ 7 25.16 | 27.26 26.21 26.26 27.53 26.89 27.07 | 28.04 27.56
4 8 2524 | 27.54 26.39 26.41 28.23 27.32 27.47 30.83 29.15
9 | 2536 | 2764 | 2650 | 2629 | 28.16 | 2722 | 3171 | 30.79 | 31.25
10 | 2546 | 27.93 | 26.69 | 2629 | 28.61 | 2745 | 27.87 | 31.97 | 29.92
11 | 2524 | 2823 | 26.74 | 2629 | 28.67 | 2748 | 27.16 | 30.90 | 29.03
12 | 2543 | 2856 | 2699 | 2631 | 29.11 | 2771 | 27.07 | 31.01 | 29.04
13 | 2577 | 2837 | 27.07 | 2657 | 29.06 | 2781 | 27.69 | 30.97 | 29.33
14 24.84 | 29.03 26.94 25.71 29.74 27.73 26.71 31.21 28.96
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(#1)
QUUQN (DIAIERITEN)

U ST naw aN
row | wds | wde | nou nag mae | new | wdy | mde
1 28.43 17.43 22.93 28.17 17.36 22.77 27.33 28.33 27.83
2 2421 | 27.77 25.99 25.33 28.07 26.70 25.73 29.59 27.66
3 23.57 | 27.40 25.49 24.71 27.93 26.32 2499 | 28.97 26.98
4 24.57 | 27.44 26.01 25.61 27.31 26.46 26.39 | 28.11 27.25
4 5 23.79 | 26.81 25.30 24.99 26.86 25.92 25.24 | 27.47 26.36

ORPEAT

6 | 27.16 | 2517 | 26.16 | 27.80 | 25.13 | 2646 | 29.04 | 2529 | 27.16
’ 7 | 2593 | 26.17 | 26.05 | 2637 | 2637 | 2637 | 27.53 | 26.66 | 27.09
8 | 2604 | 28.07 | 27.06 | 2676 | 28.14 | 2745 | 2791 | 28.97 | 28.44
9 | 26.80 | 28.03 | 2741 | 27.79 | 28.11 | 27.95 | 2834 | 29.60 | 28.97
10 | 26.14 | 28.80 | 2747 | 27.19 | 2896 | 28.07 | 28.11 | 30.39 | 29.25
11 25.84 | 28.36 27.10 27.09 29.21 28.15 28.00 | 30.71 29.36
12 2547 | 29.64 27.56 26.51 30.10 28.31 27.43 31.50 29.46
13 26.60 | 29.36 27.98 27.36 30.04 28.70 28.11 31.26 29.69
14 26.67 | 30.59 28.63 31.87 27.49 29.68 28.36 33.33 30.84
1 | 2729 | 29.00 | 28.14 | 27.86 | 29.41 | 28.64 | 29.04 | 30.54 | 29.79
2 | 2727 | 2954 | 2841 | 2853 | 3021 | 2937 | 30.00 | 31.51 | 30.76
3 | 2741 | 2897 | 28.19 | 28.62 | 29.56 | 29.09 | 30.09 | 30.74 | 30.41
4 | 2747 | 3209 | 2978 | 2861 | 29.79 | 2920 | 29.79 | 33.99 | 31.89
5 28.03 | 29.34 28.69 28.79 29.00 28.89 30.74 | 30.29 30.51
6 27.56 | 29.01 28.29 29.14 29.03 29.09 30.39 30.50 30.44
ﬁmaz‘ﬁ 7 27.06 | 30.53 28.79 28.52 30.76 29.64 30.10 | 32.83 31.46
6 8 27.84 | 27.83 27.84 29.30 28.16 28.73 30.07 | 28.87 29.47
9 | 2764 | 3127 | 2946 | 28.76 | 3133 | 30.04 | 29.81 | 31.73 | 30.77
10 | 28.19 | 30.60 | 2939 | 29.57 | 30.83 | 3020 | 30.90 | 31.30 | 31.10
11 | 26.79 | 31.01 | 2890 | 2839 | 27.75 | 28.07 | 30.01 | 3230 | 31.16
12 | 28.63 | 30.71 | 29.67 | 30.01 | 3221 | 31.11 | 31.17 | 3247 | 31.82
13 | 27.81 | 30.51 | 29.16 | 29.40 | 31.93 | 30.66 | 30.60 | 33.10 | 31.85
14 27.83 | 32.50 30.16 28.91 33.61 31.26 30.41 34.36 32.39




[ 9
ATNN 0. 4 NTOARIVOITUNTDINOULAZHAUAUTZ UV TULAaz AN1E

149

AMIOAA2 AINMITOAA AINITOAA
3 - aNz - ORREY -
| Tz (FUAINT) (IBUALIAT) (IFUAIAT)
new | mds | mde wda | wae | ma wda | mde | ma
1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2 0.00 0.00 0.00 0.00 0.00 0.00 0.07 0.08 0.08
3 0.00 0.00 0.00 0.84 1.27 1.05 0.09 0.11 0.10
4 1.47 1.67 1.57 1.68 1.93 1.80 0.18 0.28 0.23
5 1.73 | 1.90 | 1.82 2.10 | 249 | 230 024 | 028 | 0.26
6 201 | 218 | 2.10 263 | 292 | 2.77 030 | 037 | 033
7 235 | 247 | 241 3.05 | 3.43 | 3.24 041 | 051 | 0.46
8 : 250 | 2.63 | 2.57 ’ 341 | 3.72 | 3.6 ’ 0.68 | 0.77 | 0.72
9 268 | 2.85 | 2.77 370 | 3.95 | 3.83 0.83 | 1.08 | 0.96
10 3.50 3.98 3.74 3.78 4.02 3.90 1.12 1.24 1.18
11 4.08 4.26 4.17 4.10 4.33 4.22 1.43 1.62 1.53
12 4.49 4.61 4.55 4.43 4.71 4.57 1.81 1.98 1.89
13 4.80 4.99 4.90 5.03 5.34 5.18 2.05 2.16 2.10
14 515 | 542 | 528 518 | 5.53 | 5.36 2.18 | 243 | 230
1 0.00 | 0.00 | 0.00 0.00 | 0.00 | 0.00 0.00 | 0.00 | 0.00
2 0.00 | 0.00 | 0.00 0.56 | 0.63 | 0.59 0.00 | 0.00 | 0.00
3 258 | 2.60 | 2.59 0.66 | 0.87 | 0.77 0.16 | 021 | 0.18
4 3.05 3.24 3.15 1.03 1.24 1.14 0.25 0.31 0.28
5 3.43 3.73 3.58 1.37 1.59 1.48 0.37 0.40 0.38
6 4.00 4.30 4.15 1.78 2.04 1.91 0.48 0.59 0.54
7 4.34 4.57 4.45 2.05 2.18 2.12 0.80 0.88 0.84
8 ’ 461 | 478 | 4.69 * 220 | 233 | 227 ° 0.82 | 097 | 0.89
9 496 | 495 | 495 243 | 257 | 250 118 | 123 | 1.20
10 508 | 525 | 5.16 261 | 272 | 2.67 131 | 144 | 1.38
11 527 | 538 | 532 2.75 | 2.85 | 2.80 148 | 154 | 151
12 5.39 5.53 5.46 2.88 3.02 2.95 1.76 1.92 1.84
13 5.50 5.59 5.55 3.08 3.22 3.15 1.97 2.12 2.04
14 6.01 6.05 6.03 332 3.57 3.45 2.21 2.27 2.24
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mes'laTasiudald mesuion Tuiile
o AR 1 00 sgansmmw 11 GGl Usgansmn
(ppm) | (ppm) (Govaz) (ppm) (ppm) (Govaz)

1 30.00 5.00 81.25 - -

2 30.00 5.00 83.33 - -

3 35.00 5.00 85.42 - -

4 20.00 5.00 75.00 - -

5 25.00 5.00 79.17 - -

6 50.00 5.00 90.00 - -

7 45.00 2.50 95.00 - -

8 ! 45.00 2.50 95.00 7.46 1.48 80.17
9 40.00 2.50 95.83 10.43 2.85 72.87
10 70.00 7.50 89.58 8.66 1.52 82.05
11 65.00 7.50 88.69 3.62 0.97 71.98
12 40.00 2.50 95.00 8.91 1.22 85.25
13 55.00 5.00 90.83 5.10 0.97 78.75
14 40.00 2.50 95.00 7.03 0.90 86.81
1 25.00 7.50 70.83 7.50 4.92 34.43
2 35.00 5.00 85.42 15.52 5.08 67.30
3 25.00 2.50 91.67 5.97 2.79 53.18
4 45.00 7.50 83.75 10.13 4.03 60.32
5 35.00 5.00 87.50 7.47 2.59 65.27
6 35.00 7.50 79.17 6.54 2.10 66.33
7 55.00 12.50 77.50 5.02 1.31 77.40
8 ’ 70.00 10.00 84.44 - -

9 40.00 5.00 91.67 - -

10 45.00 5.00 90.00 - -

11 60.00 10.00 82.86 - -

12 55.00 7.50 86.61 . :

13 55.00 7.50 86.61 . :

14 45.00 5.00 92.86 . -
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mes'laTasiudald mesuion Tuiile
o AR 1 00 sgansmmw 11 GGl Usgansmn
(ppm) | (ppm) (Govaz) (ppm) (ppm) (Govaz)

1 40.00 10.00 73.33 - -

2 45.00 10.00 77.50 - -

3 35.00 7.50 79.17 - -

4 45.00 7.50 83.75 - -

5 40.00 7.50 79.17 - -

6 40.00 7.50 81.67 - -

7 3 60.00 12.50 79.29 - -

8 40.00 5.00 86.67 433 0.94 74.72
9 75.00 15.00 80.56 4.04 0.94 76.64
10 65.00 10.00 84.52 5.29 1.33 74.34
11 50.00 7.50 84.52 6.45 1.71 73.45
12 70.00 12.50 81.67 429 1.76 59.00
13 60.00 10.00 82.86 23.03 5.18 77.13
14 50.00 7.50 85.42 8.14 1.65 79.72
1 40.00 7.50 79.17 8.89 6.07 27.73
2 40.00 10.00 73.33 6.95 3.85 39.83
3 65.00 10.00 84.52 8.14 3.05 61.13
4 45.00 7.50 83.75 7.96 1.42 82.13
5 55.00 10.00 81.67 5.68 1.01 82.48
6 45.00 10.00 76.79 4.92 1.03 78.96
7 45.00 10.00 77.50 7.78 0.88 88.99
8 * 50.00 10.00 80.95 - -

9 65.00 12.50 82.64 - -

10 40.00 7.50 79.17 - -

11 50.00 7.50 84.52 - -

12 45.00 7.50 80.36 . :

13 30.00 7.50 75.00 . :

14 75.00 12.50 83.33 . :
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mes'laTasiudald mesuion Tuiile
o AR 1 00 sgansmmw 11 GGl Usgansmn
(ppm) | (ppm) (Govaz) (ppm) (ppm) (Govaz)

1 35.00 7.50 79.17 - -

2 35.00 7.50 79.17 - -

3 30.00 7.50 75.00 - -

4 35.00 7.50 79.17 - -

5 40.00 10.00 75.00 - -

6 35.00 10.00 70.83 427 1.91 55.18
7 5 40.00 5.00 86.67 4.95 0.92 81.98
8 35.00 5.00 85.42 7.24 1.33 80.99
9 60.00 12.50 79.29 6.90 1.18 82.61
10 35.00 7.50 79.17 7.04 1.67 76.22
11 55.00 10.00 80.36 7.43 111 85.22
12 40.00 7.50 79.17 8.36 1.68 77.41
13 40.00 7.50 81.67 - -

14 55.00 10.00 81.67 - -

1 35.00 10.00 70.83 - -

2 45.00 12.50 72.50 12.48 434 65.26
3 45.00 10.00 77.50 4.11 2.64 32.35
4 45.00 12.50 72.50 451 1.86 4522
5 50.00 12.50 75.00 3.86 1.41 61.59
6 55.00 10.00 83.04 4.02 1.42 64.84
7 6 70.00 15.00 77.50 3.85 1.26 50.81
8 50.00 10.00 81.25 5.68 1.09 75.61
9 65.00 12.50 79.17 - -

10 40.00 7.50 81.67 - -

11 45.00 10.00 77.50 - -

12 70.00 12.50 82.29 . :

13 55.00 10.00 82.29 . :

14 45.00 7.50 83.75 . :
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CONSTRUCTION
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OPTION

THE DIRECTION OF ROTATION CAN BE
CLOCKWISE(RD) AND ANTICLOCKWISE(LG)
COUNTERFLANGES IN CIRCLE OR SQUARE
DISCHARGE POSITION CAN ADJUST ANGLE
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STAINLESS STEEL VERSION

PLEASE SEE BELT DRIVEN CATALOGUE
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AN VBINADY
Hz V(M/8)gepitn @ 15 em V(/8)geptn@ 30 em
5 0 0
10 0.836 0.906
15 1.249 1.434
20 1.893 2.075
15 2.329 2.568
30 3.047 3.127
35 3.556 3.641
40 4.297 4313
45 4.853 4.815
50 5.450 5.309

@ =) <
*“rﬁﬂt’llfﬁ@; NAANNAINLIITOU 2,950 RPM
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EBRT | Ao | Depthie | Vi | Quesion | Quesion | At Viesan | Voperate | Qoperate | EBRT e
(s) (m’) | (m) (m’) | (m%s) | (m”/m) | (m’) (m/s) | (m/s) | (m/s) | (s)
0.6 0.2 0.15 0.03 | 0.050 3 0.00785 | 1.953 | 5.450 | 0.043 0.7
1.2 0.2 0.15 0.03 | 0.025 1.5 0.00785 | 097 | (V) | (0,.) | (EBRT,)
1.8 0.2 0.15 0.03 | 0.017 | 1.02 | 0.00785 | 0.66
0.6 0.2 0.30 0.06 | 0.100 6 0.00785 | 3.906 | 5.309 | 0.040 1.5
1.2 0.2 0.30 0.06 | 0.050 3 0.00785 | 1.953 | (V) | (0.0 | (EBRT,)
1.8 0.2 0.30 0.06 | 0.033 | 1.98 | 0.00785 | 1.28
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day runl run2 run3 run4 run5 run6

1 6.608 6.426 6.104 6.329 6.225 6.161

2 6.588 6.411 6.276 6.150 6.150 6.277

3 6.589 6.257 6.144 6.146 6.146 6.267

4 6.608 6.258 6.059 6.113 6.113 6.183

5 6.667 6.289 6.159 6.113 6.111 6.254

6 6.600 6.245 6.293 6.083 6.283 7.031

7 6.667 6.298 6.328 6.278 6.365 6.264

8 6.564 6.341 6.287 6.233 6.378 6.238

9 6.565 6.395 6.333 6.361 6.408 6.256

10 6.408 6.357 6.326 6.342 6.412 6.315
11 6.281 6.394 6.406 6.397 6.340 6.293

12 6.331 6.394 6.474 6.345 6.365 6.340
13 6.287 6.363 6.567 6.382 6.382 6.367
14 6.334 6.387 6.586 6.298 6.362 6.306
AVG 6.507 6.344 6.310 6.255 6.289 6.325
MAX 6.667 6.426 6.586 6.397 6.412 7.031
MIN 6.281 6.245 6.059 6.083 6.111 6.161
STDEV 0.144 0.063 0.161 0.113 0.115 0.210

Variance, s | 0.020832 0.003929 0.02594 0.0126625 0.013217 0.044249
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MINARBIANIZ i (AUNAY = y;)

1 2 3 4 5 6
NINAABDIANIG j 6.506914 6.343819 6.310119 6.288562 6.288562 6.265626

1 - - - - - -
2 0.163094 - - - - -
3 *0.196795 0.0337 - - - -
4 *0.218352 | 0.055258 0.021558 - - --
5 *0.218352 | 0.055258 0.021558 0 - -
6 *0.241288 | 0.078193 0.044493 0.022935 0.022935 -

MUNOIHA * AURTY ¥, — ¥, NUANULANANY

NA1 ANUAONU (1- 0)100% AIANVUANANIEHINAURGY (7, — ¥; ) VOIUA 82AN1IE AD

NNINAADI k=6, v =70

91791NA15199 20.3 (Berthouex and brown, 2002) 1861 ¢, 4 /2Spoor = 4.5066

2
Spool

(M1—1)s2+(ny—1)s2+(n3—1)s2+(n,—1)s2

nitnz+nz+ngtng +TL6—k

(13-1)(0.020)+(13-1)(0.0039)+(13-1)(0.026)+(13-1)(0.0126)+(13—-1)(0.013)+(13-1)(0.044)

NTUMT

v 9
FNBMYMIMUIUANAANANRTY (7, - ;) A9 anz s mMIeInunIMuA
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Spool

Spool

yi—yit 72

14+14+14+14+14+14-14

1.57

70
0.02244

0.149799

ka,a/z

V2

4.5066

MANULANAIIRTBRYIUEI  §; — §; + ——— 0.149

1 1
_+_
14 14

~1.80 < 7; — 7, < 0.180
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b The 4* International Symposium on Engineering, Energy and Environment
8-10 November 2015, Thammasat University, Pattaya Campus, Thailand

Development of Tray Biofilter for Treating
Wastewater Odor from Pig Farm

Rakthaisong, A.*, Karuchit, S.**, and Potivichayanon, S.°

“Schoo! of Environmental Engineering, Suranaree University of Technolagy, Nakhon Ratchasima 30006, Thailand
*Schaol of Environmental Health, Suranaree University of Technology, Nakhan Ratchasima 30000, Thailand

Abstract

Pig farms in Thailand often cause disurbing odor which effect the communities around them. This paper
present a pilot-scale design of a tray biofilter which could be an optimum solution to the problem, and its
preliminary results. The filter media used were & mixture of (1) compost, {2) wood chips (choppead coconut
shell}, (3) cow manure, and (4) wastewater treatmentsysizm sludge, in the ratio of 60:20:10:10. The filter
media bed area was 0.4 x 0.5 m?, with 0.30 m. bed height and 0.6 sec. empty bed residence time (EBRT).
The inlet H:8 gas was collected from a wastewater pit of a pig educational farm in Suranares
University of Technology, Thailand. A 2-HPfan with inverter for varving speed were installed and used
to push the gas through the screen upward the media bed. Media humidity were controlled using an
automatic water spraying system. Inlet and opiler gases were measured using a poriable gas analyser,
along with pH, humidity values, and media settling rate. Early results showed promising HiS treatment
efficiency of 72.43% with the media settling rate of (.40 cmuiday.

Keywaords: Biofileer; Tray; Cdor; Fig Farin; Wastewarer

1. Introduction

Pig farms in Thailand are notorious for its disturbing odor which effect the communities
around them. The main source df odor is the animal waste — manure and urine — which is
collected in the form of wastewater and most commonly treated by a stabilization pond system.
Two odorous gases responsible for the strong smell are hydrogen sulfide (H:S) and ammonia
(NHs). They are products of anaerobic biological reactions by microorganism in the waste at
various stages, Significant emission sources of odor in a pig farm are the farmhouse where pigs
are raiged, and the wastewater treatment system. Recently, the closed-system wastewater
treatment such as covered lagoons has gained popularity because it can minimize the odor and
also yield the benefit of biogas. Nevertheless, there is still no common practice for controlling
farmhouses emission. There is neither monetary benefit for the farm owner nor governmental
standards which regulate H:S or NH; emissions.

Although various odor treatment options for pig farms were available, one should carefully
consider the pros and cons i such aspects as efficiency, technical complexity, operation and

* Corresponding auther, Tel: +6681-725-304D ; Fax: +6644-224-606
E-mail address: sudfit@saun.ac.th
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maintenance requirement, cost, and appropriateness for users. Treatment with a biofilter system
is one of the suitable choices. Its benefits include low cost, easy operation and maintenance,
and minimal requirement for technical knowledge [1]. Moreover, most filter media can be
obtained and prepared within the farm and the spent media can subsequently be used as
fertilizer. The downside of this system is that its efficiency could vary widely depending on the
design, typically 50-90% were reported in the literature [2]. Teng-Teeh Lim et al. (2012) used
wood chips as media in a tray-type biofilter for treating vented air from a pig farmhouse and
achieved 45.8% and 42.2% of NH; and H,S reduction, respectively [3]. On the other hand,
Punapaamporn (2008) and Rattanamuk (2006) reported near 100% reduction of these two gases
using column-type biofilters [4, 5].

This research focused on developing a simple tray-type biofilter for treatment of high
volume, low concentration gases emitted from pig farmhouses in Thailand. The design and
construction of the pilot-scale biofilter and the preliminary results of H,S treatment are
presented in this paper.

2. Methodology

The steps taken in this study were as follows: (1) review and selection of design parameters,
(2) system design, (3) system construction and set-up, and (4) system operation and evaluation.
The first step included the review of literatures regarding various types of biofilter system and
the selection of design and operation parameters used in this study. Table | summarizes some
relevant biofilter designs and efficiencies. Table 2 presents the recommended values for
parameters in biofilter design and operation.

Characteristics of materials used in biofilter media were reviewed, as shown in Table 3. For
this study, the important factors considered in'material selection process include low cost, ease
of operation, and adequate nutrient and porosity, Consequently, the materials selected were
compost:wood chips:manure:sludge at 60:20:10: 10 ratio [4].

Table 1. Review of relevant biofilter designs and efficiencies.

Pollutant Media Bed Depth  EBRT (s) Efficiency Reference

Treated =+~ Composition {em.) (%)
; b Yo 127 0.3 18-43
NHs, H:S »\996 chips 254 0.6 3.4 [3]
compost, wood,
NH: manure, and 150 30-60 =60 [4]
sludge
compost , coconut
HaS husk, manure, and 150 4575 =60 [5]
sludge
soil, manure, and
> : . 222
e chemical agents e % (6]
] manure, sludge, =
Siyrene and straw i ) 54 7]
I\cl:i: ;ﬁg’ pine nuggets and z N NH: = 58 i8]
z lava rock £ HaS = 88
NOx
. ) 127 95.2-97.9
NHg, H:S wood bark 254 1.6-3.1 95 8100 [91
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Table 2. Recommended criteria for biofilter design and operating
parameters [4]

Parameter Recommended Values
Media depth 0.5-25m
Moisture content S0%-65%
Temperature 2500 <40=C (37:C)
pH f.5-83
Aeration rate air: pollution gas is 100 1
Nulrient NPKof 04015 015%WW
Pressure drop Not exceed 100 mmb:0
EBRT 3-5 sec for live stock

Table 3. Characteristics of materials used in biofilter media [10, 11]

Maisture Nutrient  Useful

Material Porosity Capacity  Capacity Life Comments

Peat Average Good Giood Good

sl Poor Good Good Good  Giood

(heavy loam) %\ a microarganism

. Compost Average Good Ciood Good gources

{vard waste) 5, e A\

Wood Chips Giood Average Average  Average  Good additions
Straw Ciood Ayerage ) Poor - Poor for porosity

The design of tray biofilter unitinclude & filter media box with a screen plate as the bottom
of the box. The bed area was (1.4 x (.5 m", and the box height was 0.3 m. Two values of bed
height were experimented: 0.15 and 0.30 m., which resulted in the bed volume of 0.03 and 0.08
nv’, respectively. These bed height values were lower than most of those in the literature
because they were intended to fit the tray-type configuration.

The empty bed residence time (EBRT} values and bed volume subsequently defined the
required gas flow rate of the system, Their relationship is as follows:

_ Veea )

Q= EERT (1

where: EBRT
Vied

¢

In this study, the EBRT values were selected as 0.3 and 0.6 seconds, therefore, the flow rates
needed were in the range of 0.017 - 0.100 m’/s, Again, the selection was based on the intention
that the system should be able to handle large flow. The gas velocity through the filter bed -
the filtration veloeity — was then caleulated from the flow rate over the bed area. It was in the
range of (1.0B3 — 0.500 m/s. Table 4 summarizes the designed operating conditions planned for
this research.

The input gases were collected from a covered pit which received wastewater from a 300-
pig housing in the farm in Suranaree University of Technology, Thailand. The gas was
considered a representative of the gas from typical pig farmhouses. The average wastewater
flow was 21 m¥/d. A system of collection pipes were designed to carry the gas from the pit to
the bottom part of the biofilter. The main pipe under the media bed had 3 lateral pipes designed

empty bed residence time (s)
bed volume (m”)
gas flow rate (m'/s)
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Table 2. Recommended criteria for biofilter design and operating
parameters [4]

Parameter Recommended Values
Media depth 0.5-25m
Moisture content S0%-65%
Temperature 250C <40=C {37:C)
pll 6.5-8.5
Aeration rate air: pollution gas is 100 1
Nutrient NPKof04d 015 015%WW
Pressure drop Not excead 100 mml0
EBRT 3-5 gac for live stock

Table 3. Characteristics of materials used in biofilter media [10, 1]

Maisture Nutrient  Useful

Material Porosity Capacity _ Capacity Life Comments

Peat Average Good Ciood Good

L sal Poor Good Good - Good  Good

(heavy loam) \ % microorganism

. Conpogt Average Good Ciood Good jouces

{vard wastz) " e A

Wood Chips Good Awerage  Average  Average  Good additions
Straw Good Avesage  “Poor - Poor fot porosity

The design of tray biofilter unit include a filter media box with a screen plate as the bottom
of the box. The bed area was 0.4 x 0.5 m°, and the box height was 0.3 m. Two values of bed
height were experimented: 0.15 and 0.30 m., which resulted in the bed volume of 0.03 and 0.06
m’, respectively. These bed height values were lower than most of those in the literature
because they were intended to fit the tray-type contiguration,

The empty bed residence time (EBRT) values and bed volume subsequently defined the
required gas flow rate of the system, Their relationship is as follows:

LT )
Q= EBRT (1)

where: ESRT = empty bed residence time (s)
Viee = hed volume (m%)
) gas flow rate (m'/s)

In this study, the EBRT values were selected as 0.3 and 0.6 seconds, therefore, the flow rates
needed were in the range of 0.017 - 0.100 m’/s, Again, the selection was based on the intention
that the system should be able to handle large flow. The gas velocity through the filter bed -
the filtration velocity — was then calculated from the flow rate over the bed area. It was in the
range of (.083 — 0.500 m/s. Table 4 summarizes the designed operating conditions planned for
this research.

The input gases were collected from a covered pit which received wastewater from a 300-
pig housing in the farm in Suranaree University of Technology, Thailand. The gas was
considered a representative of the gas from typical pig farmhouses. The average wastewater
flow was 21 m*/d. A system of collection pipes were designed to carry the gas from the pit to
the bottom part of the biofilter. The main pipe under the media bed had 3 lateral pipes designed
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to evenly distribute the gas flow upward to the media area. In addition, an automatic water
feeding system was attached under the filter's roof to control media bed moisture.

Calculation of the fan size needed move the gas through system started after the system
composition and layout were done. The total pressure loss of the system was 56.4 mm.H,0,
and a 2-HP, 1.5 kW fan with inverter for varying speed were selected. During the experimental
run, key parameters were monitored at the inlet, media, and outlet location. Measurement
methods and sampling locations are presented in Table 5.

Table 4. The designed operating condition planned for this research

N L

(m%) (m.) (m*) (m?/s) (m/s)
I 0.2 0.13 0.03 0.6 0.050 0250
2 02 0.15 0.03 1.2 0.025 0.125
3 02 0.15 0.03 1.8 0.017 0.082
4 02 0.3 0.06 0.6 0.100 0.500
S 0.2 0.3 0.06 12 0.050 0.250
6 02 03 0.06 1.8 0.033 0.167

Table 5. Parameter sampling Iocations and measurement methods

Parameter Sampling Location Measurement Method
Air flow rate Measurement box Flow meter
NH:

: (ias absorption and titration
concentration

Inlet: measurement box
Gias analyser

conc:_];:’a i Qutlet: top of filter media (COMBIMASS?
X version 2013-05
Humidity+" | -, . -Filter media layer Humidity probe
Temperature ' Filter media layer Thermometer
CRR g ¥ Filter media layer Measurement tape
filter media
pH Filter media layer pH probe

3. Results and Discussion
3.1. System construction and set-up

The tray biofilter and its system was constructed and set-up near the wastewater pit area in
the pig farm (Figure 1). The filter media were prepared and mixed according to the designed
ratio. Chopped coconut shell was used as wood chips since it has similar characteristics and
was readily available. Water was added to the mixture to make 50%-65% moisture content and
the media was kept for 2 weeks before use. Figure 2 shows the 4 types of medium, and Figure
3 shows the mixture of media on the first day and after 2 weeks' time.
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Fig. 1. The system which include a covered pit, a fan, a piping system, and a
biofilter unit (a), and the close-up of the inlet side of tray biofilter, with the
automatic water spraying system on the left (b).

catig

Fig. 2. Composition of the filter media (from left to right): (a) compost, (b)
chopped coconut shell, (¢) dried cow manure, and (d) dried sludge from a
wastewater treatmient plant.

Fig. 3. Filter media right after mixing (a), and after 2 weeks (b)
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3.2. Svstem operation and evaluation

The results presented in this paper were from the experimental run number 6, which had the
highest bed depth and longest residence time. The system was operated at 17 rpm of fan speed,
which produced 0.033 m¥s flow rate and 1.8 s EBRT.

Figure 4 show the sampling location of inlet and outlet concentration. The H.,S
concentration, as well as other parameters, were measured hourly during day time period 9:00
am - 4:00 pm. The media temperature was in the range of 27-33 °C. The average pH was 6.67
and in the range of 6.2 - 7.0. The media moisture was in the range of 65% — 80%. The settling
rate of the media was (.40 cm. per day on average.

S
Fig. 4. The gas analyzer at the inlet sampling box (a), sampling at the top
of the bed of tray biofilter {b).

The efficiency results.of the first' 30 sample values were presented in Figure 5. The 6-hr
moving average were used to reduce the noise and show the trend of the data. It can be seen
that the efficiency fluctuate with the inlet.concentration. The variation of H,S concentration in
the inlet gas was due to dilution effect from the farm activities and rain. Nevertheless, the mean
efficiency of 72.43% was achieved, with standard deviation of 16.57%. It was expected that
other runs with long'er‘\EBRT would yield a better efficiency level.

120

2 &8 B
©
Efficiency (%)

H

X
X

Input Cone. of H2S (ppm)

0 5 10 15 20 25 30
Sample No.

----- Ciin (6-hr MA) % Cdn  ——EIL (6-hr MA) ¢ Em

Fig, 5. Inlet concentration and efficiency of the tray biofilter
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4. Conclusion

A pilot-scale tray-type biofilter was design, constructed, and evaluated in this study with the
inlet H,S gas from a wastewater pit of a pig farm. The emphasis was on simple design and use
of commonly available materials as its media. It was also designed to handle relatively large
flow rates. Using bed volume 0.06 m* and EBRT 1.8 sec., the system was able to achieve H,S
treatment efficiency of 72.43% on average.
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