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Abstract : Anaerobic mesophilic batch test of several organic wastes were carried out by a graphical statistic analysis (GSA) to
evaluate their ultimate biodegradability and two distinctive decay rates (ki and k») with their corresponding degradable substrate
fractions (S; and S,). Each 3 L batch reactor was operated for more than 100 days at the substrate to inoculum ratio (S/I) of 0.5
as an initial total volatile solids (TVS) mass basis. Their Ultimate biodegradabilities were obtained respectively as follow; 69%
swine waste, 45% dairy cow manure, 66% slaughterhouse waste, 79% food waste, 87% food waste leachate, 68% primary sludge
and 39% waste activated sludge. The readily biodegradable fraction of 89% (Si) of Swine Waste BVS (S,) degraded with in the
initial 31 days with k; of 0.116 day', where as the rest 11% slowly biodegradable fraction (S;) of BVS degraded for more than 100
days with the long term batch reaction rates (k2) of 0.004 day’]. For the Food Waste and Waste Activated Sludge, their readily
biodegradable portions (S;) appeared 89% and 80%, which degrades with ki of 0.195 day™ and 0.054 day™ for an initial 15 days
and 28 days, respectively. Their corresponding long term batch reaction rates (k;) were 0.003 day'1 and 0.002 day’l. Results from
other organic wastes are addressed in this paper. The theoretical hydraulic retention times (HRTs) of anaerobic digesters treating
organic wastes are easily determined by the analysis of multiple decay rate coefficients (k; and k») and their corresponding bio-
degradable substrate fractions (S; and S,).
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Fig. 1. Schematic diagram of anaerobic batch reactor for ultimate
biodegradability test,
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Fig. 3. Readily biodegradable fraction (S1) and slowly biode-
gradable fraction (Sy) of BVS (S,) and their correspon-
ding fast decay rate and slowly decay rate coefficients
(k1 and kg)
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Fig. 4. Theoretical HRT estimated by a graphical technique
isolating multiple degradation rate coefficients ki and ko.
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Table 1. pH, Alkalinity, TS and VS of organic wastes
Alkalinity (mg/L TS~ VS VS/TS

Parameters as CaCOy) %) (%) %)
Swine waste 7.91 10,550 138 083 60.1
Dairy cow manure 7.65 12,120 204 181 887
Slaughterhouse waste 6,43 6,920 205 182 886
Food waste 4,60 770 170 143 841
Food waste leachate 425 625 825 745 903
Primary sludge 6.21 1,020 224 165 737
Waste activated sludge 6,80 860 151 104 689

* Average values (n=3)

Table 2. TCOD, T-N, NH;*-N, T-P, POs-P and TVFA of organic

wastes
Substrates TCOD T-N NH,/-N T-P POs,P (;VF:S
(mgl) (mgl) (mg/l) (mg/L) (mg/L) M9
Co/L)
Swine waste 60,000 7,400 3200 2,000 1230 1,350

Dairy cow manure 285,000 2,720 1,710 1,180 870 735
Slaughterhouse waste 244,890 8,280 890 1,780 1,240 2,880
153,400 5430 2,190 845 220 3,650
103,600 3,340 1370 470 130 2,930
Primary sludge 29,970 790 280 148 60 690
Waste activated sludge 27,530 1,040 330 140 87 670

Food waste

Food waste leachate

* n=8, Average values (n=3)
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Table 3. Elemental analysis of organic wastes

Elements C(%) H(%) O(%) N(%) S(%) C/N
Swine waste 514 66 352 16 - 315
Dairy cow manure 457 6.1 347 20 02 229
Slaughterhouse waste 436 66 358 34 - 129
Food waste 482 73 333 43 01 112

Food waste leachate 515 74 332 41 01 125
450 67 213 53 - 85

403 63 240 62 - 6.5

Primary sludge

Waste activated sludge

* Average values (n=3)
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Fig. 6. BMP Test of food waste and sludge.
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Fig. 10. Multiple decay rate coefficients in anaerobic
batch degradation of food waste,
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Fig. 11. Multiple decay rate coefficients in anaerobic
batch degradation of waste activated sludge.
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Table 5. A summary of batch experiments for multi reaction rate coefficients and their corresponding biodegradable fractions of BVS

(S/1=05)
i First-order decay rates
Substrate biod Um;nag.? 0 ki Duration ke Duration
‘odegradabity () (day™) (from to days) Si/Sol%) (day™) (from to days) Se/So (%)

Swine waste 68.5 0.116 0-31 889 0.004 32-110 111
Dairy cow manure 44 6 0.074 0-29 90.6 0.004 30-100 94
Slaughterhouse waste 656 0.095 0-37 891 0.002 38-105 109
Food waste 786 0.195 0-15 89.1 0.003 16-108 109
Food waste leachate 871 0.184 0-15 929 0.002 16-108 71
Primary sludge 67.6 0.095 0-22 854 0.003 23-111 146
Waste activated sludge 393 0.054 0-28 795 0.002 29-106 205
&2 252 otof] AA WEINA $7]E = Siel 718%7F & Table 6. Theoretical minimum HRT of organic wastes
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Substrate Minimum HRT (days)
Swine waste 30
Dairy cow manure 33
Slaughterhouse waste 37
Food waste 16
Food waste leachate 15
Primary sludge 20
Waste activated sludge 26
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