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KINETIC OF TAPIOCA - STARCH WASTEWATER TREATMENT USING ANAEROBIC CONTACT

Starch wastewater contains such a high content of organics that, unless proper control,
can severely pollute the environment of the receiving-water bodies. In this study, an anaerobic
contact process was used to treat the tapioca-starch wastewater containing COD in the range of
3,000-15,000 mg/L with a series of hydraulic retention times (HRT) of 10, 7, 5, 2.5, and 1 days.
The process operation was found to have the COD removal between 32 — 80% with the maximum
substrate utilization rate coefficient (k) and the half-velocity constant (K) of 2 mg/(mg-d) and
2253mg/L, respectively. Resulting from the degradation of organic complexes, the following
average concentrations of organic acids present in the reactors at various HRT’s were : lactic acid
equi 107.2 £ 92, acetic acid equi 496.8 * 290, propionic acid equi 1639.2 +321, and butyric acid
equi 888.1 407 mg/L.
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sz UAUFIN () TP siwih TP vh00n sz@nENN (%)
(mg/L) (mg/L)
1 119.5 13.7 88.5
2.5 217.9 50.8 76.7
5 88.7 432 51.3
7 53.1 34.8 344
10 54.5 32.5 40.4
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ST UNUND (IN) TKN 1 TKN 1000 sz@nENN (%)
(mg/L) (mg/L)
1 159.3 84.3 47.1
2.5 291.8 82.6 71.7
5 161.2 96.1 40.4
7 77.2 51.9 32.8
10 149.4 83.0 44.5
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SzaZAUAUND | Lactic | Acetic Propionic | Butyric | COD,, COD % def.
W (W) (ppm) | (ppm) | (ppm) (ppm) 339 COD

1 202.8 862.1 1,356.3 186.5 3,528.0 | 7,204.2 51.0

2.5 176.1 587.4 1,248.3 348.2 3,337.1 | 6,144.2 46.0

5 85.6 440.3 1,020.2 525.9 3,061.4 | 3,791.7 19.0

7 24.6 240.1 934.1 632.9 2,847.1 2,750 3.0

10 13.3 198.5 856.2 748.6 2,883.1 | 2,681.6 7.0
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Lactic Acid

CH,CHOHCOOH +30, <« 3CO, + 3H,0
waluana 90 96
Acetic Acid

CH,COOH +20, <> 2CO0, + 2H,0
waluana 60 64

Propionic Acid
7
CH,CH,COOH +~0, <———> 3CO, + 3H,0
2

waluana 74 112

Butyric Acid

C,H,COOH + 50, <——> 4CO, + 4H,0

waluana 88 160
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M99 4.7 AWANRUTUDINTADUNS G1B2AUARBINTEONFIIUN T AATINYAT NG

szeznaUAUAMi COD, (mg/L)
(day) Lactic Acetic Propionic Butyric
1 216.3 919.6 2052.8 339.3
2.5 187.9 626.7 1889.3 633.3
5 91.4 469.7 1544.1 956.2
7 26.4 256.1 1413.9 1150.7
10 14.2 211.7 1296.0 1361.2
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Plot 057 1/U /b 1/S 1iieviiA K, tas k

1.500
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0.500 y = 1118.4x + 0.4963
R’ = 0.8845
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d‘ v o d 1 o
g‘lJTl 4.12 ANUAUNUDTISHIN 1/U NV 1/S
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1 K 1
T = (@‘)ﬂf)
wld
% = adauAdy = 0.4964
K = 1/0.4964 = 20145 mg/(mg-d)
K§
= Slope
k
K, = 1118.2*¥2.0145 = 2252.61 mg/L
Y(S,-S)
X —

k (1+k)
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M99 1.1 3JW]5j@114ﬂiLlﬂTWﬁWﬂQ@@ﬂﬂTﬂIiQQTUQ@ﬁTWﬂﬁill

aau ”“vﬁqmmm% Hie MNIFIY
1. pH - 55-9.0
2. Ao (TDS) mg/l <3000
3. T1IUVIUDDY (Suspended Solids) mg/l <50
4, 1509 (Mercury) mg/l <0.005
5. (1A (Selenium) mg/l <0.02
6. uAALY (Cadmium) mg/l <0.03
7. mﬁ"a (Lead) mg/l <0.2
8. mid'l,cliﬁﬂ (Arsenic) mg/l <0.25
9. STRIGTRY (Barium) mg/l <1.0
10. HiNa (Nickel) mg/l <1.0
11. NoLAN (Copper) mg/1 <2.0
12. danzd (Zinc) mg/1 <5.0
13. uan e (Manganese) mg/1 <5.0
14. | 'l (Sulfide) mg/l <1.0
15. | loenlud (Cyanide) mg/l <0.2
16. | vesiadled mg/l <1.0
17. | esdsznouiuea (Phenols) mg/l <1.0
18. | AAOTUDAIZ (Free Chlorine) mg/l <1.0
19. NG allﬁb'ﬁ, (Pesticide) - 0
20. TKN mg/l <100
21. COD mg/l <120
22. BOD mg/l <60
23. ﬁywﬂ’uuaz"lmﬁu (Oil & Grease) mg/l <5
24, | & - FoaliiluRfesuion
25 | nau - Foaliiluffiesuion
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131ﬁvﬂ'ﬁmm (Influent) ﬁﬁaanmnszuu (Effluent)
St pH Temp COD BOD pH Temp COD BOD

(0 (mg/L) (mg/L) (C) (mg/L) (mg/L)
1 7.02 28.00 8844.88 6330.48 6.96 28.00 2592.00 1525.83
2 7.09 31.40 10067.20 3960.94 6.91 31.30 2516.80 1508.20
3 7.39 24.00 11727.18 7582.29 6.97 30.90 2437.13 1446.80
4 7.06 27.50 15539.20 7050.00 6.89 27.50 2575.00 1418.60
5 7.42 30.40 18722.80 11700.00 6.99 30.30 2726.00 1486.13
6 7.22 28.30 21504.00 12185.70 6.98 28.30 2784.00 1589.58
7 7.67 28.30 9964.00 6572.03 7.11 28.20 2720.00 1454.00
8 7.04 29.40 12834.37 5550.00 6.89 29.30 2564.80 1397.90
9 7.41 29.80 13164.00 2400.00 6.99 27.70 2780.00 1440.00
10 7.24 21.40 12992.24 10650.00 6.89 26.00 2700.00 1400.00
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ﬁﬁvffﬁwu (Influent) ﬁﬁaanmnszuu (Effluent)
St pH Temp COD BOD pH Temp COD BOD

(0 (mg/L) (mg/L) (0 (mg/L) (mg/L)
1 6.92 24.80 6986.40 4900.00 7.03 28.40 2804.40 1766.77
2 7.36 30.10 7831.20 4845.00 7.03 28.50 2610.40 1644.55
3 7.07 28.70 4024.00 3020.40 7.04 27.60 2665.90 1679.52
4 7.44 28.30 5263.30 4089.30 6.98 27.20 2708.30 1706.23
5 6.97 28.30 5040.00 5155.00 6.91 29.10 2850.00 1795.50
6 7.35 25.70 4958.80 5098.20 7.03 27.90 2732.40 1721.41
7 7.04 32.40 7162.80 4802.90 6.97 29.10 2754.00 1735.02
8 7.25 27.10 15000.00 6540.00 6.74 29.20 2672.00 1765.70
9 7.45 28.80 9800.00 8087.60 6.89 29.50 2800.00 1691.80
10 7.33 31.20 5922.50 5357.40 6.94 30.60 2778.00 1711.62
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131ﬁvﬂ'ﬁmm (Influent) ﬁﬁaanmnszuu (Effluent)
St pH Temp COD BOD pH Temp COD BOD

(0 (mg/L) (mg/L) (C) (mg/L) (mg/L)
1 8.51 27.20 15238.80 9448.06 7.82 27.30 4830.60 2898.36
2 8.67 28.50 15540.00 9634.80 7.82 28.30 4851.00 2910.60
3 8.52 28.40 14553.00 9022.86 7.83 29.20 4455.00 2673.00
4 8.63 28.10 14940.00 9262.80 7.52 29.40 4083.60 2450.16
5 7.61 29.30 11880.00 7365.60 7.64 29.80 4257.00 2554.20
6 8.47 30.60 13147.20 8151.26 7.51 30.90 3884.40 2330.64
7 8.74 28.50 14029.60 8698.35 7.64 31.00 3984.00 2390.40
8 7.58 27.20 11600.00 7500.00 7.63 26.80 3854.00 2425.00
9 7.91 31.80 11389.00 7568.00 7.52 30.90 3700.00 2510.00
10 8.04 26.40 10297.40 7516.00 7.63 23.60 3821.00 2512.00
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131ﬁvﬂ'ﬁmm (Influent) ﬁﬁaanmnszuu (Effluent)
St pH Temp COD BOD pH Temp COD BOD

(0 (mg/L) (mg/L) (0 (mg/L) (mg/L)
1 9.20 31.60 22176.00 13508.00 7.25 30.10 6048.00 4717.44
2 8.88 28.00 23423.40 13719.57 6.78 27.50 6286.80 4023.55
3 8.81 28.00 27290.40 14374.80 6.43 26.40 5776.80 4274.83
4 8.10 28.00 18731.20 9524.15 6.97 27.20 5904.40 4251.17
5 8.21 31.60 21242.00 10115.60 6.93 30.10 5631.60 3829.48
6 9.24 32.30 21632.48 10128.00 6.86 31.40 5969.34 3880.05
7 8.45 32.00 20083.20 11648.30 6.95 30.60 6066.80 3882.75
8 9.78 30.80 11012.90 7922.00 6.65 30.00 6161.00 4251.09
9 8.90 31.00 10800.00 7608.00 6.76 30.00 6060.00 4060.20
10 8.16 30.90 10960.00 7763.00 6.51 29.60 6211.50 4302.00
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131ﬁvﬂ'ﬁmm (Influent) ﬁﬁaanmnszuu (Effluent)
St pH Temp COD BOD pH Temp COD BOD

(0 (mg/L) (mg/L) (C) (mg/L) (mg/L)
1 8.03 29.90 17928.00 7543.70 6.06 30.30 7569.60 5234.00
2 8.27 26.20 17700.00 7873.50 6.17 25.80 7700.00 5168.00
3 7.57 28.40 17119.44 7820.00 6.20 28.80 7495.80 4974.65
4 7.81 29.30 16539.12 7794.80 5.96 30.00 7350.72 4862.80
5 7.59 28.20 17312.88 7881.60 6.26 29.50 7350.72 4881.00
6 7.90 30.40 12600.00 7548.00 5.85 31.20 7156.00 4689.00
7 7.73 31.80 14622.40 7968.90 5.79 32.20 7261.80 4753.00
8 7.73 31.80 10920.93 7813.00 6.28 32.20 7261.80 4794.50
9 7.90 30.40 10403.95 7740.00 5.85 31.20 7000.00 4510.53
10 7.81 29.30 10587.17 7706.67 5.77 30.00 7350.72 4926.78
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Y

1M W32 (Influent) Vnfieanszul (Effluent) UszANTMN(%)
1 2 3 Aunde 1 2 3 Aunde

pH 7.04 7.41 7.24 7.23 6.89 6.99 6.89 6.92 -

Temperature(OC) 29.40 29.80 21.40 26.87 29.30 27.70 26.00 27.67 -

BOD (mg/L) 5550.00 5286.40 10650.00 7162.13 1397.90 1440.00 1400.00 1412.63 80.28
COD (mg/L) 12834.37 13164.00 12992.24 12996.87 2564.80 2780.00 2700.00 2681.60 79.36
TKN (mg/L) 141.40 118.44 188.40 149.41 84.28 70.28 94.36 82.97 44.47
TP (mg/L) 41.03 47.53 74.93 54.50 24.58 32.12 40.68 32.46 40.44
TS (mg/L) 8752.00 7532.00 10912.00 9065.33 4889.60 4643.20 4646.40 4726.40 47.86
SS (mg/L) 4920.00 4900.00 4920.00 4908.65 1060.00 984.00 1000.00 1014.67 79.33
TVS (mg/L) 5502.00 5164.00 8728.50 6464.83 2612.00 2792.00 2928.00 2777.33 57.04
VSS (mg/L) 3036.00 2220.00 3576.00 2944.00 1056.00 900.00 1024.00 993.33 66.26
50,” (mg/L) 831.00 796.50 824.00 817.17 483.00 367.60 387.00 412.53 49.52
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Y

183 W32 (Influent) Vnfieanszul (Effluent) UszANTMN(%)
1 2 3 Aunde 1 2 3 Aunde

pH 7.25 7.45 7.33 7.34 6.74 6.89 6.94 6.86 -

Temperature(OC) 27.10 28.80 31.20 29.03 29.20 29.50 30.60 29.77 -

BOD (mg/L) 6540.00 8087.60 5357.40 6661.67 1765.70 1691.80 1711.62 1723.04 74.14
COD (mg/L) 15000.00 9800.00 5922.50 10240.83 2672.00 2800.00 2778.00 2750.00 73.15
TKN (mg/L) 104.20 67.71 59.56 77.16 49.61 49.43 56.62 51.89 32.75
TP (mg/L) 64.93 45.07 49.18 53.06 33.42 27.26 43.70 34.79 34.43
TS (mg/L) 7804.00 6536.00 6912.00 7084.00 4416.04 4072.52 4177.61 4222.06 40.40
SS (mg/L) 5472.00 4260.00 4370.00 4700.67 1380.80 1355.61 1252.56 1329.66 71.71
TVS (mg/L) 4896.00 5740.00 5210.00 5282.00 1732.00 2624.00 2118.00 2158.00 59.14
VSS (mg/L) 2760.00 2244.00 2528.00 2510.67 868.00 868.00 1036.00 924.00 63.20
50,” (mg/L) 921.98 982.05 898.93 934.32 737.59 742.04 662.99 714.21 23.56
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183 W32 (Influent) Vnfieanszul (Effluent) UszANTMN(%)
1 2 3 Aunde 1 2 3 Aunde

pH 7.58 10.91 9.04 9.18 7.63 7.52 7.63 7.59 -

Temperature(OC) 27.20 31.80 26.40 28.47 26.80 30.90 23.60 27.10 -

BOD (mg/L) 7500.00 7568.00 7516.00 7528.00 2425.00 2510.00 2512.00 2482.33 68.15
COD (mg/L) 11600.00 11389.00 10297.40 11095.47 3854.00 3700.00 3821.00 3791.67 65.83
TKN (mg/L) 171.92 160.72 151.08 161.24 101.08 92.40 94.92 96.13 40.38
TP (mg/L) 100.55 83.42 82.05 88.68 43.15 43.84 42.47 43.15 51.34
TS (mg/L) 14730.00 15070.00 14960.00 14920.00 9576.00 9770.40 99568.80 9638.40 35.40
SS (mg/L) 5390.96 5280.00 2520.00 4330.32 1075.97 1309.00 1358.20 1248.72 71.16
TVS (mg/L) 8570.00 8600.00 8700.00 8623.33 3880.00 3980.00 3853.33 3904.44 54.72
VSS (mg/L) 5270.00 5110.00 2100.00 4160.00 906.67 124431 1220.00 1123.66 72.99
SO42- (mg/L) 971.38 1201.87 1094.62 1089.29 625.63 691.49 658.36 658.49 39.55
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1M W32 (Influent) Vnfieanszul (Effluent) UszANTMN(%)
1 2 3 Aunde 1 2 3 Aunde

pH 9.78 8.90 8.16 8.95 6.65 6.76 6.51 6.64 -

Temperature(OC) 30.80 31.00 30.90 30.90 30.00 30.00 29.60 29.87 -

BOD (mg/L) 7922.00 7608.00 7763.00 7764.33 4251.00 4060.20 4302.00 4204.40 45.85
COD (mg/L) 11012.90 10800.00 10960.00 10924.30 6161.00 6060.00 6211.50 6144.17 43.76
TKN (mg/L) 283.36 294.56 297.36 291.76 78.40 79.80 89.60 82.60 71.69
TP (mg/L) 205.34 213.56 234.79 217.90 40.60 50.68 60.96 50.75 76.71
TS (mg/L) 15020.00 15325.00 15270.00 15205.00 10500.00 10465.00 10735.00 10566.67 30.51
SS (mg/L) 7810.00 7200.00 7110.00 7373.33 2111.50 2220.30 2507.50 2279.43 69.09
TVS (mg/L) 8750.00 9220.00 9150.00 9040.00 5290.00 5605.00 5785.00 5560.00 38.50
VSS (mg/L) 6750.00 6050.00 6170.00 6323.33 1190.00 1240.00 1540.00 1323.33 79.07
50,” (mg/L) 1432.76 1468.00 1699.32 1533.36 749.70 666.40 773.00 729.70 52.41
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ﬂ'li'lﬂﬁ V.10 Naﬂ1§V]ﬂaﬂﬂlﬁﬂﬁﬂ}lﬁjigﬁﬂﬁﬂ1W§$UHﬁ§$ﬂ$L3a1lﬂUﬂﬂ 19U

v
Y

1M W32 u (Influent) V¥nfieanszul (Effluent) UszANTMN(%)
1 2 3 AR 1 2 3 Aunde

pH 7.73 7.90 7.81 7.81 6.28 5.85 5.77 5.97 -

Temperature(OC) 31.80 30.40 29.30 30.50 32.20 31.20 30.00 31.13 -

BOD (mg/L) 7813.00 7740.00 7567.00 7706.67 4794.50 4510.53 4926.78 4743.94 38.44
COD (mg/L) 10920.93 10403.95 10436.63 10587.17 7261.80 7000.00 7350.72 7204.17 31.95
TKN (mg/L) 148.40 166.88 162.60 159.29 84.40 82.52 86.08 84.33 47.06
TP (mg/L) 152.60 123.84 82.19 119.54 13.70 13.70 13.70 13.70 88.54
TS (mg/L) 11730.00 11715.00 11710.00 11718.33 6190.00 6025.00 6145.00 6120.00 47.77
SS (mg/L) 6350.00 5220.00 5950.00 5840.00 2720.00 3170.00 2640.00 2843.33 51.31
TVS (mg/L) 10360.00 10375.00 10305.00 10346.67 4415.00 4225.00 4375.00 4338.33 58.07
VSS (mg/L) 6080.00 5020.00 5690.00 5596.67 2360.00 2980.00 2460.00 2600.00 53.54
SO42- (mg/L) 1271.68 1189.74 1544.52 1335.31 836.38 784.00 973.49 864.62 35.25
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F1EMIMN NS SZUZIAUNUNDN
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pH 5.97 6.64 7.59 6.86 6.92
Temperature(OC) 31.13 29.87 27.10 29.77 27.67
BOD (mg/L) 4743.94 4204.40 2482.33 1723.04 1412.63
COD (mg/L) 7204.17 6144.17 3791.67 2750.00 2681.60
BOD/COD 0.66 0.68 0.66 0.63 0.53
TKN (mg/L) 84.33 82.60 96.13 51.89 82.97
TP (mg/L) 13.7 50.75 43.15 34.79 32.46
Organic acids

- Lactic acid (ppm) 202.856 176.142 85.670 24.663 13.348

- Acetic acid (ppm) 862.138 587.490 440.333 240.135 198.510

- Propionic acid (ppm)| 856.267 934.157 1020.266 1248.326 1356.337

- Butyric acid (ppm) 186.556 348.268 525.958 632.943 748.650
uﬁ”ﬁ%amw (L/d) 193.3 157.60 146.51 129.03 105.38
Llﬁvﬁﬁl‘ﬁu (%) 55 58.00 64.00 66.00 70.00
szansnimnisiiia 31.95 43.76 65.83 73.15 79.36
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Time dt AgNO, | NaCLC |Ci=C/C;| Ci*dt |ti* Ci*dti| ti2*Ci*dti
(min) (min) (mL) (mg/L)
0 0 0.90 16.495 0.002 0.000 0.000 0.000

10 10 1.20 41.237 0.004 0.041 0.412 4.124
40 10 6.10 445.362 0.045 0.445 17.814 712.579
50 10 8.00 602.063 0.060 0.602 30.103 | 1505.158
60 10 9.00 684.538 0.068 0.685 41.072 | 2464.336
70 10 9.50 725.775 0.073 0.726 50.804 | 3556.297
80 10 9.80 750.517 0.075 0.751 60.041 | 4803.311
120 10 13.30 1039.178 0.104 1.039 124.701 |[14964.160
140 10 10.30 791.755 0.079 0.792 110.846 |15518.388
150 10 8.10 610.311 0.061 0.610 91.547 [13731.991
160 10 7.90 593.816 0.059 0.594 95.011 |15201.687
170 10 6.80 503.094 0.050 0.503 85.526 |[14539.417
180 10 6.50 478.352 0.048 0.478 86.103 [ 15498.595
190 10 5.50 395.877 0.040 0.396 75.217 |14291.167
200 10 5.40 387.630 0.039 0.388 77.526 |15505.192
210 10 5.10 362.888 0.036 0.363 76.206 |16003.339
220 10 4.50 313.403 0.031 0.313 68.949 |15168.696
230 10 4.20 288.661 0.029 0.289 66.392 |15270.140
240 10 4.00 272.166 0.027 0.272 65.320 |15676.739
250 10 3.80 255.671 0.026 0.256 63.918 |[15979.419
260 10 3.50 230.928 0.023 0.231 60.041 |15610.760
270 10 3.30 214.434 0.021 0.214 57.897 |15632.202
280 10 3.00 189.691 0.019 0.190 53.114 | 14871.790
290 10 2.70 164.949 0.016 0.165 47.835 |13872.202
300 10 2.60 156.701 0.016 0.157 47.010 |14103.126
310 10 2.60 156.701 0.016 0.157 48.577 | 15058.966
320 10 2.50 148.454 0.015 0.148 47.505 |15201.690
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Time dt AgNO,; | NaCLC | Ci=C/C;| Ci*dt |ti* Ci*dti| ti2*Ci*dti

(min) (min) (mL) (mg/L)
330 10 2.50 148.454 0.015 0.148 48.990 |16166.641
340 10 2.10 115.464 0.012 0.115 39.258 [13347.638
350 10 2.10 115.464 0.012 0.115 40.412 | 14144.340
360 10 2.00 107.217 0.011 0.107 38.598 |13895.297
370 10 1.90 98.969 0.010 0.099 36.619 | 13548.856
380 10 1.80 90.722 0.009 0.091 34.474 [13100.242
390 10 1.70 82.474 0.008 0.082 32.165 |12544.356
400 10 1.60 74.227 0.007 0.074 29.691 |11876.320
410 10 1.50 65.980 0.007 0.066 27.052 |11091.154
420 10 1.50 65.980 0.007 0.066 27.712 | 11638.872
430 10 1.40 57.732 0.006 0.058 24.825 |10674.665
440 10 1.30 49.485 0.005 0.049 21.773 | 9580.238

450 10 1.20 41.237 0.004 0.041 18.557 | 8350.533

460 10 1.20 41.237 0.004 0.041 18.969 | 8725.749

470 10 1.10 32.990 0.003 0.033 15.505 | 7287.447

480 10 1.10 32.990 0.003 0.033 15.835 | 7600.896

490 10 1.10 32.990 0.003 0.033 16.165 | 7920.899
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