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1. Intro duc tion

The man age ment of municipal solid wastes (MSW) may cre-

ate seri ous envi ron men tal and eco nomic prob lems. In the devel-

oped coun tries, the trend is to divert a large part of urban refuse 

away from land fills to con trolled bio re ac tors, pro vid ing improved 

con trol over oper at ing con di tions and allow ing the pro cess to be 

manip u lated to achieve more effi cient diges tion of waste. The 

con cerns on the long term man age ment issues of land fills favor 

bio re ac tor prac tices, which pro mote short sta bil iza tion times and 

min i mize envi ron men tal impact (Chugh et al., 1999; O’Kee fe and 

Chy no weth, 2000).

Organic frac tion of MSW has high energy con tent. Due to its 

com po si tion, organic frac tion of MSW can also be con sid ered as 

an opti mal sub strate for aci do genic fer men ta tion (Trav er so et al., 

2000). In gen eral, the ben e fi cial prod uct for ma tion through anaer-

o bic diges tion (AD) has been focused on meth ane only, which is 

the final prod uct in the meth a no gen ic anaer o bic pro cess (Hwang 

et al., 2004). How ever, AD must not be seen solely as a bio gas pro-

duc tion pro cess. In addi tion to bio gas, AD may gen er ate other 

inter me di ary and valu able prod ucts, such as sol vents and  vol a tile 

fatty acids (VFAs), which can be mar keted along with meth ane. 

Fur ther more, ear lier reports indi cated that con ver sion of the 

MSW can be achieved as VFA pro duc tion by aci do genic step of AD. 

The VFA would be extracted and con verted to prod ucts, such as 

methyl or ethyl esters for com mer cial pur poses (Ten Brumm el er 

et al., 1991; D’Adda rio et al., 1993). The aim would be to obtain the 

max i mum con cen tra tion of VFA in the liquid phase (Ar ge lier et al., 

1998). Using organic frac tion of MSW aci do genic fer men ta tion, the 

yields obtain able in terms of VFA and light alco hols, are up to the 

40% of the influ ent total chem i cal oxy gen demand (tCOD) which is 

a prom is ing result (Trav er so et al., 2000).

Leach ing bed reac tors (LBRs) were designed mainly to treat 

the high-sol ids organic wastes and to recover bio gas at high rates. 

LBRs also con sti tute a prom is ing option for dry AD of organic frac-

tion of MSW. The results of the organic frac tion of MSW stud ies 

resulted in the devel op ment of two-phase pro cesses includ ing 

LBRs (Ghosh, 1985; Chugh et al., 1999; Viei tez et al., 2000). The 

con cept of an LBR (also known as per co lat ing anaer o bic or dry AD) 

is basi cally a one-stage col umn reac tor oper ated in batch mode, 

through which leach ate (or liquor) is col lected at the bot tom of the 

reac tor. The sol u bili sa tion of com plex solid-state organic wastes 

to sim ple organic com pounds (known as liq ue fac tion/hydro ly sis) 

by hydro lytic micro or gan isms and their acid i fi cat ion to VFAs and 

alco hols effi ciently by acid o gens take place in LBRs.

The con cept of a two-stage leach ing bed and meth a no gen ic 

reac tor has been used effec tively for AD of organic frac tion of MSW 

(Chugh et al., 1999; Viei tez et al., 2000), fruit and veg e ta ble wastes 

(Mtz-Vi tur tia et al., 1995), food wastes (Ghanem et al., 2001; Han 

et al., 2002), ani mal manure (De mir er and Chen, 2008) as well as 

bio hy dro gen pro duc tion by anaer o bic fer men ta tion of food waste 

(Han and Shin, 2004). How ever, to the author’s best knowl edge no 

study is cited in the lit er a ture for the hydro ly sis/acid i fi cat ion of 
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organic frac tion of MSW using LBRs in order to pro duce organic 

acids and alco hols. Com pared with other bio log i cal tech nol o gies, 

LBRs have advan ta ges, includ ing sim ple oper a tion, low water, 

energy, and tem per a ture require ments, as well as bio en er gy and 

bio prod uct for ma tion.

The annual MSW gen er a tion in Tur key is sig nifi  cant which was 

16.4 Mt in 2004 account ing for 65.5% of MSW (TURK STAT, 2006). 

There fore, this study was con ducted con sid er ing the need for an 

effec tive MSW man age ment option in terms of both envi ron men-

tal and eco nom i cal con cerns, and the lack of infor ma tion on acid-

i fi cat ion of organic frac tion of MSW in the LBRs. The objec tives 

were set as to eval u ate the per for mance of LBR for the hydro ly sis/

liq ue fac tion and acid i fi cat ion of organic frac tion of MSW and to 

attain high-rate anaer o bic bio deg ra da tion of high-sol ids (25–30%) 

organic frac tion of MSW. Besides, the indi vid ual VFA pro duc tion 

was spe cifi  cally inves ti gated for the potential recov ery of these 

bio-prod ucts. The fea si bil ity of using LBR in order to recover max-

i mum total VFA (tVFA) as a result of acid i fi cat ion (fer men ta tion) 

of high-sol ids organic frac tion of MSW was the main objec tive of 

this study.

2. Mate ri als and meth ods

2.1. Organic frac tion of MSW and aci do genic seed cul ture

The organic frac tion of solid waste free of glass, plas tic mate-

ri als and other inor ganic mate ri als was col lected from the houses 

of stu dents and super mar kets and stored at 4 °C prior to use. To 

ensure min i mal vari a tions, the col lected organic frac tion of MSW 

used in the LBR was appor tioned from a total of 6 kg of solid waste 

that was mainly com posed of fruit, veg e ta ble and kitchen wastes 

(3:2:1 by weight, respec tively). The col lected organic frac tion of 

MSW was coarsely shred ded by meat mincer to an aver age par ti cle 

size of about 4 mm and well mixed man u ally. The char ac ter is tics of 

organic frac tion of MSW that was used as feed stock in the LBR are 

pre sented in Table 1. The param e ters used in the char ac ter iza tion of 

the organic frac tion of MSW were ana lyzed in three rep li cates and 

reported as mean ± stan dard devi a tion of three rep li cates. When 

the stan dard devi a tion val ues obtained are con sid ered (Table 1), it 

is seen that the range of stan dard devi a tion val ues were 0.8–1.5%. 

This range can be con sid ered to be accept able espe cially due to the 

het er o ge neous nature of the sub strate.

Aci do genic cul ture was used as seed in the LBR. The mixed 

anaer o bic cul ture fed with alk alo noid waste wa ter at a hydrau lic 

reten tion time and sol ids reten tion time of 2 d in a 2 L fed-batch 

reac tor was ini tially dis carded and main tained on aci do genic cul-

ture devel op ment study in a con tin u ous reac tor. Glu cose was used 

as sub strate and reac tor pH was main tained at 5–5.5 by a pH-con-

trol ler for 25 d. The devel oped cul tures were peri od i cally sam pled 

for max i mum spe cific aci do genic activ ity anal y ses (data not shown) 

(Soto et al., 1993; Pun al et al., 1999). At the end of 25 d, the devel-

oped cul tures dis played max i mum spe cific aci do genic activ ity of 

22.6 g COD d¡1 g¡1 VSS, which was com pa ra ble to the lit er a ture val-

ues stated as 24 g COD d¡1 g¡1 VSS (Soto et al., 1993) and 38.1 g COD 

d¡1 g¡1 VSS (Pun al et al., 1999). The devel oped aci do genic cul tures 

were then con cen trated by set tling before being used as inoc u lum 

in the LBR. The sus pended sol ids (SS) and vol a tile sus pended sol-

ids (VSS) con cen tra tions of the con cen trated seed cul tures were 

4230 ± 141 mg L¡1 and 3680 ± 165 mg L¡1, respec tively.

2.2. Exper i men tal set-up

Exper i ments were con ducted in a lab o ra tory-scale LBR made 

of cylin dri cal PVC col umn with a vol ume of 5 L. A sprin kler was 

placed at the top of the LBR in order to dis trib ute the water hom-

og e nous ly over the bed. A stain less steel mesh (screen) with a pore 

size of 155 lm was placed at the bot tom of the LBR over the leach-

ate col lec tion sys tem (with con i cal shape) to pre vent the mix ing of 

organic solid waste par tic u lates to the leach ate. The vol ume of the 

sprin kler and the leach ate col lec tion sys tem at the bot tom of the 

LBR pro vided an effec tive vol ume of 4 L. The cor re spond ing inner 

diam e ter and height were 12.4 cm and 33 cm, respec tively.

The LBR was packed with a mix ture of aci do genic seed cul ture, 

organic frac tion of MSW and tap water with vol umes of 250, 2500 

and 1200 mL, respec tively. For the first two d of the oper a tion, 

tap water was not added to the LBR, except for the ini tially added 

water amount of 1200 mL and no leach ate was col lected from the 

LBR to achieve sat u ra tion of the waste and its full con tact with 

water. After the first 2 d, oper a tion of LBR was per formed by daily 

addi tion of tap water to the LBR through the sprin kler by using 

a peri stal tic pump and daily col lec tion of the pro duced leach ate 

through out 80 d. Dur ing the oper a tion time, the vol ume of water in 

the LBR was kept at a level of 1.2 L by keep ing the water level above 

the bed at a con stant value via man u ally con trol. No digested feed-

stock was removed from the LBR dur ing the oper a tion period. LBR 

was main tained in a con stant room tem per a ture at 35 ± 2 °C.

The vol ume of the leach ate pro duced was mon i tored daily and 

ana lyzed for its tCOD and sol u ble oxy gen demand (sCOD), TS and 

vol a tile sol ids (VS), VFA con tents and pH val ues.

2.3. Ana lyt i cal meth ods

TS, VS and pH anal y ses of leach ate were per formed as described 

in Stan dard Meth ods 2540B, 2540E and 4500H, respec tively 

(APHA, 1995). All tCOD and sCOD anal y ses of leach ate were car ried 

out using the spec tro quant anal y sis sys tem, on Aqu a lyt ic PC Mul-

ti di rect Auto test pho tom e ter and Aqu a lyt ic PC COD vials for COD 

0–15 000 ppm (for high medium range – COD val ues) and COD 

0–1500 ppm (for low medium range – COD val ues). The leach ate 

sam ples were fil tered from 0.45 lm Mil li pore fil ter papers before 

sCOD anal y sis.

TS and VS anal y ses of solid waste were per formed as described 

in Stan dard Meth ods 2540B and 2540E and TP and TKN anal y ses 

of solid waste were mea sured using Stan dard Meth ods 4500-P 

B-E and 4500-Norg B, respec tively. SS and VSS val ues of seed cul-

ture were deter mined by using Stan dard Meth ods 2540 D-E  

(APHA, 1995).

VFAs were deter mined by a Trace Gas Chro mato graph (GC) 

Ultra (Thermo Co.) device with a flame ion i sa tion detec tor (FID) 

fit ted with a Ze bron ZB-FFAP col umn, with a length of 30 m, inter-

nal diam e ter of 0.32 mm and film thick ness of 0.25 lm. Oper at ing 

con di tions were: injec tor tem per a ture, 250 °C; FID tem per a ture, 

350 °C; oven tem per a ture pro gram: 100–250 °C (8 °C min¡1); dura-

tion, 2 min. Helium was used as a car rier gas. The leach ate sam-

ples were ini tially cen tri fuged for 10 min at 4000 rpm and then 

they were stored fro zen at a tem per a ture of about ¡20 °C till the 

GC anal y ses. Before the anal y ses, sam ples were fil tered through 

Table 1

Char ac ter is tics of organic frac tion of MSW.

Param e ter Valuea

Real den sity (kg m¡3) 1084 ± 9

Bulk den sity (kg m¡3) 938 ± 5

Poros ity (%) 13.5 ± 0.5

Total sol ids (g kg¡1) 248 ± 4

Vol a tile sol ids (g kg¡1) 212 ± 4

Total COD (g kg¡1) 97 ± 2

Total N (g kg¡1) 2 ± 0.1

Total P (g kg¡1) 3 ± 0.2

pH 3.85–4.05

 a Val ues were expressed in terms of mean ± stan dard devi a tion of three 

 rep li cates.
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