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Absbuct: The double-pronged problem of quantity, and disposal of nuste meams jkom a myriad of industries, is 
becoming increasingly acute, the world over. The use of earthworms as a wte treatment technique for such wastes is 
gaining popularity. This method is commonly known as wrmicomposting. Compared to conventional microbial 
composting, vennicomposting produces a product that is more or less homogenous, with desirable aesthetics, with 
reduced levels of contaminants and tends to hold more nutrients over a longer period. without unpacting the environment. 
Ldke in other related Haste trealment techniques, certain parameters need & be established for the design of emient and 
economical vennicomposting systems. Specifcaliy. the focus of this study nus to inwstigate and establish an optimal 
sawking dcnsity and an optimal feeding rate for tiu vermicoqmsting ofbwmlidr. with paper mulch provided as bedding. 
A stocking dcnsity of 1.60 kg-nvnnsld (1 lb-wnnrl3 fe) and a feeding rate of 125 Rg-feedJkg-nvrmiday resulfed in 
the highest bioconversion of the subsfrat) into earthnorm bwmass while the best wnnisomposr nus obtained at the same 
stocking density and a feeding rate of 0.75 kg-feedslkg-wrmJaby. 

INTRODUCTION 

Also. as opposedtoaaditionalmiaobialwasat m-vumicompostmg . resnltsmbioumv~ofthewaste 
streams intotwonsefulproducts: the earthwarm biomass aod ttrev- Tbcformcr product can furtfier be 
proctssed into praeins (caxthwcrm d) ar high-grade k"d ~lolpost GWips, 1988; Sabine, 1988; Fisha. 1988 
EdwardsaadNiedcrcr. 1988). The latm product (v-) is alsocmridaed an arcellent product ske it is 
~ h a s d c s i r a b l e a t s t h e t w ,  hasredpfedlevels0fcooraminantsand&ncktoboldmat~trienrsavcrakmger 
p a i o a w i t h o u t i m p a c t i n g t h e ~  

Although the viability of va"post ing  is uncantestablc only a limited amount of work has been done on the 
actual application This is especially so with respect to some aitical design criteria of vermicomposting Eicilities. The 

-studies presented herein investigated two such important parameters: the stocking density and the feeding rate. 
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EXPERIMENTAL DESIGN AND ANALYSIS 

MATERIALS AND METHODS 

' * were performed in worm-bins measuring 056 m X 0 3 8  m X 0.25 m (Length* Breadth* Depth). 
This p m z O . 2 1  m2 ofexpased top surface. Known weigius ofearthwams (Eisenia foetida). commonly known as red 
wiggie€swereinwduced into each dthe respective similar wam-bins, topmvide the desired stocking densities. To effect 
the four desired stocking densities meptioned above. earthworms live-bianass loading were 0.17 kg 0.26 kg, 0.34 kg, and 
0.42 kg, respectively. Thee replicates for each of the fom stocking dmsities were made. Each of the three replicates for 
every stocking de.nsity, were in turn, respectively, fed at 0.75.1.0 and 125 kg-feeddkg-wdday. 

Mially, all  the systems waefed far two weeks and fixic-m a weeldybasis until the seventh 
w& During the h t  two w#kS. feeds Cansisted of4 parts biosolids to 3 parts paper mu id^, bydry weig&t. The paper 
xxxulchwasusedtoprovidea bedding for the earthwoms as wellas acarbonsupplemest. Therest of the weeklyfeeds 
consisted entirrly ofbiosolids. The expuimtats were conducted in an "amwnt w h 0 S e t e " r e r a n g e d b e l w ~  
25d C. The subsaate material wen "d moist by spraying/- tfre Snrfacewifh warts every two daysusing 
a spray can. 

A t e v e r y ~ b e f d b w h g p r a " w c r e ~  "recaattntofthefeedmaterialpH. thevolatile 
solids and the ashcontmts. Theseanalyses werccarriedout immediatelyafter the samples WQe obtainedand wherenot 
possible. then the samples were refiigerated at 4 OC KI minimize "biological demmpmtion, until the analyses were 
done. 

Solids matter wen detamined as residue on drymg at 80 OC for 23 hours (APHA, 1989). Volatile solids were 
obtained by ashing the dried sample at 550 OC for 8.5 ius (APHA. 1989). Determination of pH was made 
potentiomeuically in a 1 :IO suspension of the Sample in de-ionized water. a modification of the procedure adopted from 
Ehart and Brian (1997). This sospension was placed on a "A shaker at 230 rpm for 30 minutes prior to pH 
measur- In the Ebart and Brian procedure. a 0.01 -M calcium chlaride solntim was used instead of de-ianizad water. 
Determinatims of mtriems (N and P) were made in an i n d e w  laboratory, using a Perkin-lmer total C N. S-aualper. 
Far these demmhatia~~, representative samples were dried at 80 OC far 23 haus (AF'H.4 1989) and thenground to provide 
a homogeneons sample. To obtain water extracts. 4 g of this homogemus sample was placed m 60 cm3 de-ionized water 
and the mixture placed ona "r;ll ' shaketfor30minutes. The"ewasthencentnfugedat4000rpmfarlO"ms 
and the supernatant filtered tbrougha number40 Wharman 6lterpapcr toobtain the water extracts. 

T h e e q "  were terminated at the end of rhc eighth week after which the wopms were separated from 
v e r m i c o m p t d  total biomass ofthe worms determined. Earthwarm biomassgrowh was takenas theincreasein total 
earthworm biomass collected from vermicmrposted material and the bedding. Valnes were determined as live weight after 
hand saating and removal of all extraneous material. The vexmicosnpost was analyzed for the volatile solids. ash C- 

moisture content, p K  and the rmaientr (N and P) using the methods already described. Vexmicompost in this work refers 
to a mix of the wonns castings, digested as well as undigested biosolids and paper mulch 
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RESULTS AND DISCUSSIONS 

Thcfeedstodrco"tr'paramuasW~indivictuall Y- * (Table1)andthcncambinedona 
weightedbasistoprovideasinglenpresentativefeedstodrparameter.~feedstodrhada~~N~of 
3.67%. a weighted Pumtent of 152%. a weighted pH of 7.47 and a weighted VS of 76%. Water amacts parametas 
frmtheindividaal feedSWs cn"m waealso&tMninediodividnall yand latercambinedoaa weighted basis to 
parametaize the exuiicts. Fur the water extracts, tbeNcantent was 1.03% while t b e P ~ ~ ~ e t ~ w a s O . 1 3 % .  The 
mtrient"ents  were all mdry basis. hall the worm bins, moist are was^ at 76.3fl.6-% (w.b). 

Table 1. Feedstock Components 'parameters 

Companent %N ?&P %VS pH 

Biosolids 6.02 251 70 7.38 

PaperMulch 0.07 0.01 86 7.61 

Bimlid Water Extract 1.69 021 

&per Mulch Water ExUact 0.04 0.00 

However, on the absolute scale. th diffaerrces are perhaps evenmae !mxhcL All tfie stocking densities (cxccpL 
i n t h e ~ o f e a r t h w a n n  1.~3kg-wann~hn'aud ~ . 6 0 i c g - w o a " ? ) a n d f e e d i n g l c v e I s ~ ~ i n s u b s l a n t l a l ~  

biomass. The percent growth in earthworm bmmass kreased with stocking dasitks but dropped sharply at the 2.0 kg- 
womsim2 stocking density. Dam et ai. (1997). investigated & e t  of stocking deDsity at t h e  levels: 1.1 1.1.85. ard 259 
kg-woxm&. of Eudrilus Eugeniue (African Night Crawler) on the vexmicornposting of Municipal Solid Waste (MSW). 
That smdyshoweda general increase in the earthworm biomass but the immSedeCreased With the increaSe in stocking 
density.However. since the feed rate wasalsoa variable. this mahs it diffrcnlt tocompare those stndies with thesmdies 
presented here. Dominguez and Edwards (1 997) also conducted a similar study on Eisenia undrei but on much smaller 
plastic flask digesters. and with pig manure. In their studies. the imease in earthworm biomass increased with stocking 
densii. They attributed this pbenomcnoa to earlier sexual maturityof tbe eartfrwcmnat thhighrr sra%ng densities. Su86ce 
it to saythat tbe stDddng density is an impcnantparameter in the gawthof earthwarm biomass, independent oftbe species. 

. .  

The thrte feed levels iwestigaated all seem to have resulted in a signiscanr growth in earthworm biomass. The 
mean change in earthwann biomasr imeased with increasing kdiq levels. m getmal Crable 3). These resultr suggest that 
a stoclohgdensityof1.~ kg-warnrs/" and a fteding level of 125 tims the stocking density, yields the highest earthwam 
biomass growth It is important to note that at 1 .O kg-feed/kg-wom/day. and 125 kg-feed/kg-warm/day. feedmg levels. 
a substantial amount of substrate that was stil l  intact/undigested was observed at the end of the eXperiment. 

_ _  

..- 

k 
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Table 2: Pacent Change in EarthwaamLive-weight 

EarthwolmDensity FeedLeVels (kg---Earthwd&y) 
org-wonns/m2) 

0.75 1 .o 125 
0.80 -21.18 -1924 138.47 
120  8.63 47.80.41.06 83.02.17424 
1 .60 79.12 50.4 1 109.24 
2.00 -66.80 13.86 9.04 

Table 3. Pair-wise Campansons . : Earthworm Biomass Cbange 
EarthwormDensity MeanEarthwom FeedLevel MeanEarthwm 

(kg-wor"2> - Biomass Change -worm/&y) BiOmaSSCblge 
0.80 32.68' 0.75 -0.06" 
120 
1.60 

1 .o 
1 2  

2227' 
107.75' 

Table 4. VS Reduction (Percent) 
EarthwormDensity 

(lcg-womh?) Feed Levels (kg-feeds/kg-world&y) 

0.75 1 .o 1.25 
11.33 12.18 12.12 

0.80 

1 .M 

1 1.42 14.16 12.32 
10.44 10.10 1024 

12.62 12.33.1053 11 4.12.46 
10.41 12.92.1 1.40 10.07.12.84 
10.81 9.38.10.36 12.68.13.01 

1.60 1221 
1257 
12.08 

12.68 13.32 
13.44 12.92 
13.85 13.76 

2.00 11.19 12.26 9.72 
10.50 13.04 8.46 
10.12 10.13 6.4 1 

_- 
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&dm3 (lK&-WaXll/daY) 
0.80 11.59' 0.75 11.30" 
1 20 
1.60 

11.38' 
12.98b 

1 -0 
1.25 

1 1.82' 
11.48' 

2.00 l o x  
& b f ~  with the sameleaer were not significantlydifkremat d.05 level 

0.75 1 .o 1.25 
6.44 6.79 5.33 

0.80 

1 20 

1.60 

2.00 

6.30 7.17 5.70 
6.40 6.75 6.56 

5.67 5.455.45 5.465.70 
5.78 6.015.11 5.72532 
5.83 5.195.38 5.365.33 

5.82 5.42 
5.75 5 -64 
6.13 5.85 

5.80 
5.63 
5.83 

6.36 6.16 6.19 
6.98 5.94 6.27 
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Table 7. Pair-wise CamparisonS: V- p H 
Earthwa!rmDensity Mean Meall 

(k8-WarmSim2) v-t FcedLevel v-t 
pH M---Wam/daY) PH 

0.80 6.W 0.75 6.1T 
1.20 
1.60 

556b 
5.7ab 

1 .o 
1.25 

6.10- 
5.82' 

Tables 8 and9 su"k tberesulls ofboth thcpercaudaneasehtotal scdids and totalbulk weight *man 
percent decrease in total solids, with respect to both the eartfnvormdcnsilies and the feeding r a t s  ranged ikun 33 to4296 
while the total bulk weight decnase ranged between 22 and 33%. OnanalyLing themans displayed inTable 9 for any 
variation (ANOVA). d y  total soiids (TS) redoctian vasied -y with earthworm density. In general thc petrent 
redncticmmTS k r e a s e d w i t h a n ~ i u a r t h w o m c k n s i t y .  Theserrsal!s are similar to thaseof stndiscandocted by 
Datar et& (1997). m vQmju)QlpostlDg - ofMrmicipalsolidwastc(Msw). Argaably,thstpercenragereducti~inboth 
then  and the bulk weight resalts in substantially lower hadling and "sportcosrs of doe resulting product tban the 
original raw subsaate. 

Table 8. TS and Total Weight Rcducticm (percent) 
EarthwarmDensityorg- . 

W c n " 2 )  FeedLevelsocg-feedsntg -warmMay) 
0.75 1 -0 125 

TS Total wt Ts Total wt Ts Total wt 
0.80 31.48 25.92 34.08 1850 35.77 22.56 

1.20 4056 22.73 32.14 18.91 39.63 25.84 
36.08 25.16 40.87 26.63 

1.60 34.72 28.37 4 1.63 36.79 40.75 29.99 

2.00 41.1 1 34.54 42.1 1 25.98 41.10 34.93 

Table 9. Pair-wise Comparisons: TS and Total Weight Reduction(Percent) 
Earthworm Density Meall% FeedLevel Meall% 

org-wOrmscmZ) RedUCtiOll (kg-feeds/Lg- Rednction 
TS Total wt Warm/daY) 1s Total wt 

0.80 33.78' 22.33' 0.75 36.97" 28.64" 
1 20 39.41'*b 23.67' 1 .o 38.06 25.83" 
1.60 39.03'.b 3 1.72' 1.25 39.47- 28.43' 
2.00 41 .44b 32.82' 

**PscPMeans with the same le- were not significantiy di&rmt at d.05 level. 
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Tables 10 to 13 show t h c c m  ofthennaientF; niaogenandpbosphorns in the v c " p s t  pmkct and 
wattr extracts fim the v-t as well as the respective results of statistical analyses. A statistical ANOVA 
perfarmed on the data showed t h a ~  for nitrogen. it is onlythe soluble N that did not vary signifkmly (at d . 0 5 )  with tbe 
earthwarm density. Far P. ANOVA sbowexino significantvariatianarnmgsteitha thefrrnrstccking dersities oramungst 
the three feeding levels. investigated. 

Although, the percentconcenaationofN (wirhrespecttoTS) remabed the same in the vermicmpst as in the 
feedstock the totalabsaluaaumntdecreased mparaIIel with the dearase intk?s  chtring thep~ocess. On tkotberhd,  
the CaDCentration of P imeased inthevermicampost bybetweea 14% and39%, india iq  tha4 the absolute amount of P 
did not substantially change dunng the v-ting. These results saggest that N ardnMP, was either takennp and 
held in the w o n "  tissues or volatized A look at the soluble portions of the two nutriaus indicate that, soluble N was 

from N in the v&ompost was substanrially alleviated 
reduced by 35 to 50%. WhiIe the SohblePremainedapprmimatdythe same. In thiscase, tk potential e"mt impact 

CONCLUSIONS 

For the bioconversion of biosolids into earthworm biomass. a stocking density of 1.60 kg-wormh? at a feeding 
rate of 1.25 kg-feed/kg-warm/day seems the optimal combination while for the production of v d o m p o s t  the same 
stocking density at a ked@ rate of 0.75 kg-feedlkg-wdday resulted in completely digested vermicampost Far all the 
stocking densities and feeding levels investigated in this study. substantial duction of both the TS and total bulk weights 
w e e  obtained, ranging fiom 22 to 42%. This translates into reduced hardkg and transport costs of the result@ product 

pr-t but also substaufhlly reduced the soluble portion, thus mitigating its impact on the enviro"% However. even 
after 8 we& into the process, thereduction in VS was still low (at approximately 12%). "kgthatthematerial was still 
not stable and continued treapnent was perhaps desirable. 

as opposed to the original raw subsaate. The v e r m i c w l i n g  process not anlymaintained thepercentN<OllteUtinthe 

Table 10. Total N and Total P in Vexmicompost 

org- w0m/m2) Feed Levels (Icg-feedsAcg-wdday) 
Earthworm Density 

0.75 1 .o 125  
N P N P N P 

0.80 3.99 2.13 3.84 2.16 3.44 1.99 
4.10 1.60 3.62 1.60 3.88 0.94 

1.20 3.89 1.81 3.60.3.61 1.97.1.73 3523.94 2.183.11 
3.49 2.12 356.3.11 1.95.1.80 3.64.3.83 2.07.1.98 

1.60 3.74 2.24 3.99 227 3.78 222  
4.00 2.00 3.64 1.94 3 -24 2.03 

2.00 3.72 2.1 1 3.80 2.03 3.58 2.09 
4.20 2.12 3.30 1 .a4 3.31 1.95 
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Table 11. pair-wise CamparisanS: Total N and Total P in Vermicompost (P-) 
Earthwarm MeanPacen! FeedLevel M ~ p a c c n t  

N P N P &-f=ds&- Density 
o r g - W a r " 7 )  

0.80 3.81' I .74' 0.75 3.89" 2.02' 
120 356b 1.9lr 1 -0 3.63e 1.93' 

2.00 3.65Lb 2.02' 
1.60 3.73"b 2.12Lb 1.25 3 S D  1.95' 

* b L L ~ ~  with the ~ a m e  iencr -not significantlydi&rmtat d . 0 5  ltve~ 

Table 12. Soluble Nitrogen and Phosp h a  invermicolnpost (Paenti 
EalthwormDensily 

(kg-WCnms/m2) Feed Levels (kg-feeds/kg-worm/day) 
0.75 1 .o 125 

N P N P N P 

1.80 0.72 0.13 0.51 0.17 0.55 0.14 

1.20 059 0.13 0.49 0.14 0.39 0.08 
0.40 0.17 0.60 0.15 

1 .60 0.69 0.17 0.65 0.13 0.48 0.17 

2.00 0.63 0.21 0.57 0.14 032 0.15 

. Table 13. Pair-wise Comparisans: SoIubIe N and P in Vermicompost (percent) 
EarthwmmDensity MeanPtrcuu Feedbel MeanPurent 

N P 
(kg-WarmS/m2) 0 r g - q -  

N P worm/day) 

0.80 0 9  0.15' 0.75 0.66" 0.16- 
1.20 051' 0.14' 1 .o 0.54" 0.15" 
1.60 0.61' 0.16' 1.25 0.52O 0.14' 
2.00 0.57' 0.17' 

'.bf*%eam with the same letter were not s i g " l y  different at 4 . 0 5  level. 
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