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# # 4070521221 : MAJOR : ENVIRONMENTAL ENGINEERING
KEY WORD : BIOFILTRATION / FILTER MEDIA / SEA SHELLS / WASTEWATER TREATMENT

WACHIRA SANPANAWAT : A DOWNFLOW BIOFILTER USING SEA SHELLS
AS FILTER MEDIA. THESIS ADVISOR : PROF.THONGCHAI PANSWAD,Ph.D.
94 pp. ISBN 974-13-0017-4.

A feasibility study of wastewater treatment by downflow biofilter using sea shells as
filter media was investigated. The experiments were performed on 5-10 mm diameter sea
shells with 2.52 g/cm3 density and a synthetic wastewater with 300 mg/l COD and COD:N:P
controlled ratio of 300:40:10.

The experiments were carried out in five sets. The first and the second sets were to
find out the appropriate media depth to be subsequently tested in the third to fifth sets. The
hydraulic loading rate of the first 2 sets tested at 1.5 and 2.0 m depth was 0.62 m/hr. The
results from these tests showed that a more efficient depth of filter media should be 1.5 m. The
COD removal efficiencies were 97 and 95 percent, respectively. The TKN removal efficiencies
were 96 and 90 percent, respectively, while the TN removal efficiencies were 30 and 28
percent, respectively. The subsequent last 3 sets were tested at 1.5 m media depth and at the
hydraulic loading rates of 1.08, 1.54 and 2 m/hr. The COD removal efficiencies were 95, 88
and 80 percent, respectively. The TKN removal efficiencies were 54, 24 and 19 percent,
respectively, whereas the TN removal efficiencies were 23, 23 and 18 percent, respectively.
This indicates that the increase of organic loading rates from 3 to 10 kgCOD/mS—d did not
much-affect the. system: efficiency-and the process -could -still produce an efficient COD

removal, but the TN reduction rate was clearly reduced.

In conclusion, sea shells can be used as filter media in biofilter reators.

Department of Environmental Engineering Student’s signature
Field of Environmental Engineering Advisor’s signature

Academic year 2000
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Fuf v | theen | dhdh | vheen | tneen wn |ihénefey tdh | ddheen
Wn/a. | wn/a. | wn/a. | wnsa. | wnsas | wnsdu | wngdu
1/4/2543 295 10.6 40 23.2 8.60 23006 21200 7.42 77
2/4/2543 303 124 43 24.5 3.40 18114 17400 7.38 6.98
3/4/2543 292 9.86 41 22.2 2.10 17241 16800 7.47 6.89
4/4/2543 298 16.8 39 26.5 3.60 12256 11500 7.49 6.98
5/4/2543 301 12.5 38 26.0 4.50 20245 19300 7.39 6.79
6/4/2543 296 10.6 38 22.6 2.00 17220 16800 7.35 7.02
71412543 299 13.5 39 38.5 2.60 21746 21200 7.1 7.05
8/4/2543 299 17.6 39 33.2 1.90 13199 12800 7.35 7.05
9/4/2543 301 21.2 41 22.0 2.80 19388 18800 6.96 6.86
10/4/2543 299 18.9 41 19.5 2.10 10941 10500 7.28 7.05
11/4/2543 304 16.6 41 17.6 1.90 15199 14800 7.35 6.91
12/4/2543 309 18.7 41 T2 1.70 16757 16400 7.48 7.08
13/4/2543 296 19.3 39 16.4 1.70 13957 13600 7.43 7.28
14/4/2543 297 17.6 41 18.7 1.60 18936 18600 7.26 713
15/4/2543 302 16.9 40 204 1.70 21257 20900 7.47 6.95
16/4/2543 301 14.5 40 Vel 1.50 17915 17600 7.35 7.1
171412543 308 13.7 39 16.3 1.30 19773 19500 7.45 6.97
18/4/2543 293 17.0 39 19.8 1.40 19694 19400 7.31 6.83
19/4/2543 299 14.2 42 18.0 1.20 19052 18800 7.25 6.82
20/4/2543 302 1515 41 17.6 1.50 18915 18600 7.24 6.84
21/4/2543 292 141 39 17.8 S0 18173 17900 713 7.05
22/4/2543 301 15.2 41 19.3 1.20 18852 18600 7.28 7.04
23/4/2543 302 14.8 41 18.1 1.10 20631 20400 7.37 6.99
24/4/2543 303 14.4 39 17.1 1.20 19652 19400 7.36 6.92
25/4/2543 303 15.5 42 18.7 1.30 18773 18500 7.37 6.99




NsNARRINNANsTUsSYNAUN3E 7.40 nn.dlad/au.a-iu

B GG 1e9udeuaiuant o
Fuf v | theen | dhdh | vheen | tneen wn |ihénefey tdh | ddheen
Wn/a. | wn/a. | wn/a. | wnsa. | wnsas | wnsdu | wngdu
26/5/2543 296 34.3 41 31.2 6.40 30720 28800 7.51 7.03
27/5/2543 304 29.6 37 284 6.30 23890 22000 7.42 6.93
28/5/2543 295 26.9 41 24.6 5.60 26480 24800 7.36 7.05
29/5/2543 300 25.7 38 321 2.00 31800 31200 7.44 7.18
30/5/2543 305 25.7 42 28.0 1.60 22080 21600 7.42 718
31/5/2543 288 304 40 29 3.60 24580 23500 7.41 6.97
1/6/2543 286 a7.7 40 28.9 2.40 37920 37200 7.47 7.25
2/6/2543 303 34.9 39 26.0 2.00 28000 27400 7.25 7.08
3/6/2543 291 38.5 41 278 2.00 34200 33600 7.49 7.04
4/6/2543 308 44.2 39 31.3 2.60 23880 23100 7.21 7.10
5/6/2543 305 36.0 41 26.9 1.60 39280 38800 7.36 7.01
6/6/2543 304 35.8 89 2580 3.70 27110 26000 7.32 6.92
7/6/2543 290 354 39 294 14.8 20840 16400 7.31 6.87
8/6/2543 296 38.2 39 2612 104 22720 19600 7.37 7.05
9/6/2543 292 39.3 41 32.4 11.6 27080 23600 7.41 7.03
10/6/2543 292 25.2 40 30.6 11.2 25760 22400 7.25 7.25
11/6/2543 284 325 40 31.8 12.0 27200 23600 7.34 6.97
12/6/2543 303 24.5 39 22.9 6.50 22750 20800 7.36 7.10
13/6/2543 300 16.3 41 294 11.6 26280 22800 7.23 6.96
14/6/2543 305 21.9 39 25.9 11.6 30680 27200 7.26 6.90
15/6/2543 297 26.8 40 31.8 124 24520 20800 7.21 6.99
16/6/2543 301 31.6 41 34.0 9.80 24540 21600 7.45 7.05
17/6/2543 310 40.6 41 35.3 10.8 30440 27200 7.36 7.08
18/6/2543 308 36.7 40 30.6 11.6 26680 23200 7.27 6.88
19/6/2543 308 34.3 40 334 124 28520 24800 7.42 7.25
20/6/2543 304 36.0 40 30.6 104 24320 21200 7.44 7.06
21/6/2543 292 32.3 39 28.3 9.80 30140 27200 7.32 7.07
22/6/2543 307 38.8 39 30.6 1.7 34710 31200 7.40 7.15
23/6/2543 307 37.9 41 30.6 12.6 27780 24000 7.16 7.06
24/6/2543 295 40.0 39 30.2 13.7 26900 22790 7.22 6.97
25/6/2543 291 35.3 39 32.2 12.8 29040 25200 7.20 7.07
26/6/2543 305 36.5 41 30.2 14.2 25845 21600 7.29 6.88
27/6/2543 291 384 41 30.2 14.6 27700 23335 7.33 7.00
28/6/2543 299 36.4 41 29.8 12.9 24800 20930 7.23 6.85




N5NAABITNSTUTINNAUMEE 7.40 nn. Flas/au.u.-3u (sa)

B GG 1a9udeuaiuant o
Fuf v | theen | dhdh | vheen | tneen wn |ihénefey tdh | ddheen
Wn/a. | wn/a. | wn/a. | wnsa. | wnsas | wnsdu | wngdu

29/6/2543 304 384 42 31.6 134 26300 22280 77 6.97
30/6/2543 291 36.4 41 28.6 15.0 25700 21200 7.36 7.16

1/7/2543 303 35.3 41 32.5 14.9 27000 22518 7.34 6.95
2/7/2543 299 35.0 39 29.7 15.6 26700 22029 7.35 7.00
MaNARBINszUssNNAUMEE 9.62 Nn.dles/au o3y

A GG Paudeuaauant Ao
i vdh | theen | thdh | vheen | dheen g [ihénefey tdh | ddheen
wn/a. | wn/a. |oun/a. | wnsa. | ans/a. | Wnsdu | wnsdu

17/7/2543 324 30.3 40 31.0 ST 50108 39500 7.50 6.95
18/7/2543 316 81.1 42 33.3 16.4 36396 30000 7.45 6.95
19/7/2543 310 83.4 41 36.0 21.6 38924 30500 7.47 6.85
20/7/2543 329 56.2 43 34.4 224 43736 35000 7.25 6.75
21/7/2543 307 421 40 29.0 17.2 37708 31000 7.45 712
22/7/2543 328 63.2 41 32 % 24.8 44172 34500 7.38 7.07
23/7/2543 296 571 39 Ll mril 23.0 41470 32500 7.24 6.76
24/7/2543 303 42.6 41 24.4 17.8 44442 37500 7.32 6.95
25/7/2543 278 52.5 42 28.8 20.5 39995 32000 7.36 7.06
26/7/2543 301 67.4 42 29.3 (li585 32545 26500 714 7.05
27/7/2543 307 [13.5 39 36.0 21.0 37190 29000 7.29 6.97
28/7/2543 315 68.0 38 31.6 13.8 43632 38250 7.31 6.97
29/7/2543 290 64.0 39 31.7 10.0 28400 24500 7.47 6.97
30/7/2543 306 58.0 41 30.0 18.8 36832 29500 7.24 7.18
31/7/2543 296 594 40 26.3 15.9 33800 27599 7.24 6.77

1/8/2543 294 66.8 39 34.0 12.0 35600 30920 7.26 6.95
2/8/2543 308 61.5 39 31.4 13.2 30648 25500 7.21 6.80
3/8/2543 292 61.3 38 31.9 21.2 33800 25532 7.33 7.06
4/8/2543 300 58.5 39 345 16.9 29000 22409 7.36 7.01
5/8/2543 317 57.5 40 32.3 23.2 32200 23152 7.43 712
6/8/2543 301 62.7 40 33.3 211 31300 23071 7.32 7.26
7/8/2543 293 58.3 39 31.6 18.1 29700 22641 7.36 7.20
8/8/2543 293 59.2 38 31.7 19.9 30800 23039 7.23 7.34
9/8/2543 296 63.0 39 30.7 15.9 28500 22299 7.24 7.10
10/8/2543 293 60.0 38 31.5 18.0 29900 22880 7.20 7.25
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A a e o A o
NIINARNNNITEUTINNAUNTE 2.22 ﬂﬂ.aﬁi'ﬂﬂ/f‘lu.“.-qu

Tulassf | Tusen ALeu iloh SNVt FleATmumianugaresianges Wia
i NO-2 | NO-3 [ whudn | theen | vindn | vheen | dhean findsdier] s sw | 215w [ 1esu | 15w [ 065u [ 045u | 0w | wdn | veen

an/a. | wnsa. | wnsa. | wnsa. | wnsa | wnsa. | ownsa. | wn/du | wngdu | wnsas | wnsa. | wnsa. | wnsas | wnsas | wnoa.
15/1/2542| 0.006 281 40 1.98 309 8.40 28.6 13000 16432 61.3 48.8 38.2 24.4 16.3 8.40 7.29 6.86
16/1/2542| 0.014 27.0 42 1.62 321 8.00 20.2 12900 15324 65.0 52.0 37.6 31.1 15.8 8.00 7.23 7.01
17/1/2542( 0.010 224 39 1.36 287 10.50 291 11000 14492 68.4 51.7 32.2 241 16.1 10.5 7.28 6.85
18/1/2542( 0.010 26.1 41 1.65 293 8.05 14.5 12000 13740 66.5 46.9 30.7 241 16.1 8.05 7.22 7.08
19/1/2542| 0.006 27.8 40 1.38 287 9.60 221 12700 16352 72.4 48.3 40.2 241 16.1 9.60 7.40 7.05
20/1/2542| 0.004 24.3 39 1.65 297 8.14 27.3 11200 14476 63.7 38.0 26.6 211 16.3 8.14 7.34 7.00
21/1/2542| 0.008 28.8 39 1.22 311 8.14 17.6 12200 14312 64.3 46.0 32.5 250 16.3 8.14 7.31 6.86
nMsnAResiinnszLssNaWE 2.96 nn.dlaR/au.u.-Tu

Tulassf | luman MALeu ik NI MG Fladfiwisnugeresianges Ao

i NO-2 | NO-3 | whudn | tiheen | dndn | theen | vheen pindreder] e | 165w | 1150 [ 065w [ 015u | om | vhdn | sheen

wnsa. | wnsa. | wnsa. | wngas | wnsas | wnsacf wnsa | wn/du | wnsdu | wngas | wnsa. | wnga | wnda. | wnsa.
16/3/2543| 0.037 234 39 3.85 284 141 117 11000 12402 45.8 33.7 28.2 16.1 141 7.22 6.87
17/3/2543| 0.046 247 39 3.60 296 143 12.2 12000 13468 43.0 35.3 29.2 17.9 14.3 7.19 6.97
18/3/2543| 0.034 22.8 38 4.25 292 14.3 8.22 11500 12486 50.2 34.2 29.4 12.6 14.3 7.26 7.07
19/3/2543| 0.029 26.4 40 3.74 324 16.6 16.6 12500 14492 50.4 31.4 27.2 20.0 16.6 7.32 6.91
20/3/2543| 0.025 26.3 42 3.68 311 15.1 8.90 10900 11968 44.5 34.0 28.0 171 151 7.37 7.14
21/3/2543| 0.038 27.2 40 4.36 304 13.0 15.9 10900 12813 40.0 32.5 33.8 18.1 13.0 7.28 7.08
22/3/2543| 0.026 22.2 41 4.13 302 16.0 20.9 11500 14009 46.0 35.3 32.8 18.7 16.0 7.33 6.97




A a e o A o
NIINARNNNITEUTINNAUNTE 5.18 ﬂﬂ.aﬁi'ﬂﬂ/f‘lu.“.-qu

Tulassf | Tusen ALeu ik SNVt FleATmumianugaresianges Wia
i NO-2 | NO-3 [ whudn | vheen | vindn | vheen | sdhean findsdier] s | 165 [ 1150 | 065w [ 015u | 0w | dudn | doeen
wnsa. | wnsa. | wnsa. | wngas | wnsas | wnsa. | oenses | sngdu | wnsdu | wnsas | wnsa. | wnga. | wnda. | wnsa.
6/5/2543 | 0.375 124 38 18.6 295 15.6 1.18 18500 18748 65.7 42.5 32.5 17.6 15.6 7.22 6.94
7/5/2543 | 0.407 10.8 42 18.3 283 13.3 1.44 17800 18103 71.0 41.5 30.0 20.0 13.3 7.35 7.03
8/5/2543 | 0.395 13.2 38 18.1 294 14.6 1.25 18100 18362 73.7 46.2 33.0 20.0 14.6 7.25 7.08
9/5/2543 | 0.454 11.0 39 17.0 306 155 1.36 20200 | 20486 81.3 38.8 29.8 16.5 1565 7.29 6.88
10/5/2543( 0.383 111 39 17.5 309 16.9 1.16 19700 19943 75.0 44.0 36.0 20.0 16.9 7.7 6.99
11/5/2543( 0.388 12.9 42 18.3 309 13.9 1.07 19800 | 20024 72.0 42.0 38.6 21.3 13.9 7.29 7.01
12/5/2543( 0.423 11.3 38 18.3 316 14.4 1.25 17400 17662 74.4 43.0 37.9 16.0 14.4 7.29 6.92

a a e o o o
NIINAANNNITEUTINNAUNTE 7.40 ﬂﬂ.aﬁi'ﬂﬂ/f‘lu.“.-qu

Tulassf | luman MALeu ik AL MG AR ATIANUMUIAINEITBTINgE Aot

Jun NO-2 NO-3 | #dn | ween | ddn | wieen | Wieen pihdneded]  sau 1658, | 1154, | 0651, | 0154, | ow. 141 | Wieen

un./a. un./a. un./a. un./a. un./a. un./a. un./a. NN/ | Wn/Au un./a. un./a. un./a. un./a. un./a.

10/7/2543( 0.010 0.84 38 30.7 316 36.3 13.8 22000 | 26149 130 98.1 67.2 38.9 36.3 7.23 7.10
11/7/2543( 0.010 0.91 38 28.5 314 426 14.4 24000 | 28320 132 103 75.6 35.6 42.6 7.30 7.00
12/7/2543| 0.004 0.79 40 30.7 303 37.4 13.3 23500 | 27499 141 96.0 68.3 42.6 37.4 7.7 7.01
13/7/2543( 0.003 0.96 38 29.8 311 34.8 13.8 21700 | 25837 131 103 75.0 37.9 34.8 7.28 6.97
14/7/2543( 0.018 0.99 40 29.5 297 40.0 14.6 20900 | 25292 138 98.9 68.0 46.3 40.0 7.31 7.06
15/7/2543| 0.004 0.80 41 28.8 305 39.2 15.3 20300 | 24887 139 99.6 70.6 46.3 39.2 7.33 7.12

16/7/2543( 0.013 0.85 42 31.2 307 37.4 14.2 21000 | 25274 136 102 73.3 42.7 37.4 7.28 7.01




A a A o A o
NIINARNNNITEUTINNAUNTE 9.62 ﬂﬂ.sﬁi’ﬂﬂ/f‘lu.“.-qu

Tulassf | Tusen MALeu ik SNVt Tl ANAIUMINAINEIBITINTDY Wia

Jun NO-2 NO-3 | #dn | ween | dndn | swieen | wieen pindneded]  gou 1658, | 1154, | 0651, | 0154, | ow. 141 | Wieen

un./a. un./a. un./a. un./a. un./a. un./a. un./a. NN/ | un/Au an./a. an./a. un./a. un./a. un./a.

15/8/2543( 0.060 0.108 39 33 291 57.4 i 23000 | 31210 160 118 80.5 62.1 57.4 7.31 7.19
16/8/2543| 0.084 | 0.1208 39 33.4 297 57.3 18.9 22300 | 29655 167 113 81.3 63.2 57.3 7.34 7.09
17/8/2543( 0.092 0.106 40 32.4 294 61.8 23.3 23500 | 32568 155 110 89.4 66.8 61.8 7.41 7.25
18/8/2543| 0.077 | 0.1094 42 33.1 296 59.5 20.4 22600 | 30572 167 111 84.0 71.0 59.5 7.3 7.11
19/8/2543| 0.064 | 0.1135 40 32.8 308 61.6 18.6 22100 | 29354 161 117 83.3 66.5 61.6 7.34 7.06
20/8/2543| 0.064 | 0.1066 41 31.5 296 60.5 14.4 23600 | 29212 155 117 80.9 63.8 60.5 7.36 7.12

21/8/2543| 0.073 | 0.1075 41 31.2 304 61.3 17.3 21900 | 28639 154 117 81.2 66.0 61.3 7.29 7.15
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ANNAudaLALazss ALl unall

U o

INseniszAUANNGITUAINGIN 2 WAT 1.5 LNAS

ANGITUAINAN 2 LURT

ANEITURAINANT 1.5 AT

wan(dalag) | Avusugada.) [ seaun() [ wan@alug) | Amnusugi@ds ) | seauin(m.)

0.17 18 228 0.12 15.5 178
1.17 19 229 1.35 24.5 187
1.97 20 230 2.25 21.5 184
3.08 19 229 3.33 21.5 184
4.22 18.5 228.5 3.67 255 188
5.00 19 229 4.47 26.5 189
6.00 19.5 229.5 5.53 27 189.5
7.00 21.5 234 6.50 27 189.5
9.17 21 231 8.00 29 191.5
10.00 22 232 15.40 325 195
11.58 22.5 232.5 06.55 315 194
12.13 24 234 17.28 325 195
13.00 25 235 18.03 33 1955
14.12 24 234 18.77 33 195.5
15.03 25 235 20.42 33 1955
16.02 25 235 21.50 33 1955
17.02 25 235 22.05 33 195.5
18.03 24.5 234.5 22.50 33 195.5
20.13 26.5 236.5 22.92 33 1955
20.55 27.5 2 I 24.00 33 195.5
20.75 27 etk 26.00 35 197.5
21.02 28.5 238.5 28.00 36 198.5
21.38 29.5 239.5 30.00 36 198.5
21.55 29.5 239.5 32.00 40 202.5
22.03 31.5 241.5 34.00 42 204.5
22.65 30.5 240.5 36.00 43 205.5
23.07 32 242 38.00 44 206.5
24.05 31.5 241.5 40.00 50 212.5
25.02 30.5 240.5 41.00 58 220.5
26.00 31.5 241.5 42.00 77 239.5
27.03 32.5 242.5 42.50 92 254.5
28.05 33.5 243.5 43.00 107 269.5
29.03 35 245 43.50 122.5 285
30.02 39.5 249.5

30.55 42 252

30.93 55.5 265.5

31.02 58 268

31.05 58.5 268.5

31.10 60 270

31.30 70 280

31.50 75 285
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