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Abstract- Indian Municipal solid waste (MSW) consists of 50-55 % of bio degradable organic matter. This typical composition
suggests composting as a suitable option, if source segregation can be adopted. Composting of MSW is proved to be a sustainable
option in many countries as the other methods of disposal pose challenges like demand for land, leachate pollution, gas production,
low calorific value, heterogeneity of combustible materials, air pollution, etc. Composting organic material in MSW will result in
compost, which can be used as soil conditioner in agriculture. With the cost of inorganic fertilizers on the rise in the recent decades,
compost can be a good substitute for farmers. The present paper reports the results of a study wherein the quality of compost
produced by adopting Windrow/aerobic Composting. As a part of above study Windrow/aerobic Composting samples are collected
from different Municipal corporations which are using Windrow/aerobic Composting and the quality of compost is analyzed.
Fertilizing Index and Clean Index are used for assessing the quality of the compost. The indices are categorized into marketable
classes (A, B, C & D) or restricted use class (RU-1, RU-2 & RU-3) based on their fertilizing parameter and Heavy metal content.
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Table-1: Locations and Notations of Samples of MSW

l. INTRODUCTION Composts Collected
Relevan
In the recent years, several municipalities . t
have started using composting as an option to dispose of S. g Mcode  [Location Practice
segregated biodegradable portion. In this context, five S
locations namely, Indore (M.P), Bhopal (M.P), 1 W1  |Indore (M.P)
Mettupalayam(T.N), Himachal Pradesh, Udumalpet (T.N). 2 W2 Bhopal (M.P) TN,
A total of 5 grab windrow/aerobic compost samples of Mettupalayam(T. |Karnata
MSW composts were collected from different municipal 3 W3 N) ka, TS,
corporations in India. The details are shown in Table 1.1 4 W4  |Himachal Pradesh |AP etc.,
Grab sampling method is used for collection of the 5 W5 |[Udumalpet (T.N)
samples. The compost samples collected were specifically
produced from Municipal solid waste. The municipal solid The parameters of moisture content, volatile solids, pH,
waste was either mixed waste, partially segregated or EC, Total organic carbon, plant nutrients such as N, P & K,
Source separated before composting. The information C: N ratio, Carbon respiration and heavy metals were tested
pertaining to type of raw material used and techniques or and are compared with compost guidelines given by FCO
methods involved for composting, was collected from the 1985. The heavy metals in the samples were also compared
Manufacturers of compost. with MSW 2000 (handling) rule, Finland Compost

standards, USA bio solids and EEC organic rule. The results
are discussed here.

The physical and chemical parameters of all the large
scale compost was tested in the laboratory. Parameters such
as Moisture content, volatile solids, pH, EC, Total organic
carbon, plant Nutrients such as N, P, K and C: N ratio,
Carbon respiration and heavy metals. All the parameters
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Were compared with Compost guide lines given by FCO
1985. The heavy metals in the compost samples were also
compared with MSW 2000 (handling) rule, USA bio solids
and EEC organic rule.

1. ASSESSMENT OF COMPOST QUALITY:

The Main objective is to assess the compost quality.
The standards prescribed for parameters such as Moisture
content, pH, EC, Volatile solids, Total Organic carbon,
Total Nitrogen, Total Phosphorus, Total Potassium and
Carbon respiration are the same in every country having
compost quality standards. But there are huge variations in
the permissible limits of Heavy metals in Compost. Most
European countries have their own set of standards
regarding permissible heavy metal limits, while USA has an
entirely different set of standards for permissible limits of
heavy metals in compost. In India MSW handling rules
(1999) prescribes a limit whereas The Fertilizer Control
order 1985 (FCO) quality control prescribes a stricter set of
limits set by MSW handling rules (2000). It can be observed
in the table below that Finland has highest or strictest set of
standards while there is a lot of lenience in USA bio solids
standards with regard to Cu, Cr, Cd and Ni. Indian standards
are neither in the both extremes.

Saha et. Al. (2009) developed indices such as fertilizing
index and clean index to grade the compost and then
determine its quality. It helps to standardize the quality of
compost. And it also can be used to find the method used to
get the best quality of compost from Municipal solid waste.

2.1.1 Fertilizing Index:

Each analytical data affecting the fertilizing value
(responsible for improving soil productivity) of compost,
like total C, N, P and K contents as well as C:N ratio and
respiration activity, are assigned to a ‘score’ value as per the
category given in Table 2 While assigning score values,
analytical values of these fertilizing parameters obtained for
source separated biogenic waste composts are considered.
The minimum values of above fertilizing parameter
obtained for such composts were placed under score value
‘3’. Higher value of any fertilizing parameters were
assigned higher score value. On the basis of scientific
knowledge on their role in improving soil productivity, each
of these fertility parameters was assigned a ‘weighing
factor’.

The ‘Fertilizing index’ of the MSW composts is computed
using the formula

Fertilizing mndex =270, 54 2 W ---(1)

Where ‘Si’ is score value of analytical data and ‘Wi’ is
weighing factor. The values of Si and WI for fertilizing
index are given in table 2.

2.1.2 ‘Clean index’

Value was calculated by the following formula. Higher
score is ascribed for less heavy metal content and thus,
composts with less heavy metal contents attain higher value
of ‘Clean index’.

Clean index =YW, S/ T W ---(2)

Where ‘Sj’ is score value of analytical data and ‘WI’ is

weighing fagt(_)r of the ‘j’th heavy metal. (Saha et al 2009)
S S
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In large scale Windrow/aerobic composts, the
amount of total organic carbon (TOC), ranged from 17.7 —
48.6 % dm. Windrow/aerobic(WC) composts had Total N,
P, K contents ranging from 0.50 — 1.81 % dm, from 0.01 to
0.10 % dm, from 0.13 — 0.34 % dm respectively. Samples
of C:N ratio ranged from 14.8 — 97.20 as the table 1.2
which is higher than the permissible limit. The compost
respiration for Windrow/aerobic composts ranged from 0.6
-15C02-ClgVsSd.

WC had heavy metals ranging between 81.80 — 658
mg/Kg for Zn, between 21.50 — 367 mg/kg for Cu, between
1.10 — 3.20 mg/kg for Cd, between 5.70 — 1000 mg/kg for
Pb, between 5.70 — 51.20 mg/kg for Ni, between 7.70 —
67.90 mg/kg for Cr. The WC samples W1 & W2 had lead
(Pb) limits higher than the permitted limit.

The Fertilizing Index and Clean Index were calculated

B < - e ; using equations 1 and 2. The score values are given in
B : Tables 1.3&1.4 and Graph1.2

Figl: Municipal Solid Waste shredder, compost Samples W1& W2 were classified as Ru-3 as it had Fl

piles. above 3.0 but at least one heavy metal (Pb) as the table 2.1

was above the permitted limit. The samples W3 and W4
were classified as Class D as they had FI between 3.1- 3.5
and ClI between 3.1 and 4.0. W5 was classified as Class C as
it had a FI above 3.5 and CI between 3.1 and 4.0.As shown
table 1.5the compost use in different areas is mentioned in

111. RESULTS AND DISCUSSION

The physical and chemical parameters of all the large
scale compost was tested in the laboratory and presented

3 : Table 1.5.
table 2. Parameters such as Moisture content, volatile : — T —
solids, pH, EC, Total organic carbon, plant Nutrients such O il e A A L A LS g S L P
as N, P&K, C: N ratio, Carbon respiration and heavy P i PR PR FYVR PPy ey PRy vy peray s ey o oA
metals. All the parameters were compared with Compost [ o o e o T e T
guide lines given by FCO 1985. The heavy metals in the —= T T VTR U B I
compost samples were also compared with MSW 2000 T YR PR P VI Y Py EEPI Peva Ers Eru E Fo N
(handling) rule, USA bio solids and EEC organic rule. P 5N [ PP PR PYPI FER I PRER [SPRN P PR A R PN
Results of Windrow/aerobic Composts are shown in Table o [tew Juam Jos Jos o5 |12 |15 |ms |wa |wa |wa |wa A
1 . 2 7 Total P Yodmm, 0014 |0.013 0.037 | 0.097 0.061 =0.22 NA NA NA NA NA
g Total K odm, 031 0.34 0.14 0.13 02 =0.83 NA NA NA NA NA
It is important for the survival of microorganism which G i S s
- - Carbon. A - -
decomposes the organic matter; the optimum value of R P L O S e e i el el Rl B
moisture content in a compost sample must be 20 — 30% —
Haavy.
(FCO 1985). The compost should not be too dry or too b :
. - AN - - .
C|umpyl The WC Samp|es had moisture content ranging 1 eI meke [638 |60 (818 100|921 (921 |<1000 |73 | 2800 |200 210-4000
from 5.10 — 40.7 %..The samples had volatile solids |G o L e o s loe las lan = o 1o s
. 4 mEke I 182 i) pal . [ s
ranging from 31.90 — 87.50 % dm..The EC value ranged st |7
rom Z. — /. . e 0 e samples snowe 13 meke |32 |22 |16 |13 |11 |1l < |07 |3 |07 07110
f 2.65 — 7.18 dS/M.. The pH of th ples showed C’Ej“‘
very less variation and all the samples had pH within the T
Optimum range | e 6 5to 8 5 14 P mgke 1000|872 [467 |37 03 (205 <100 |63 300 |43 70-1000
15 im‘ﬁ meke (512|468 [133 |57 05 (205 (=50 |10 (420 |23 20-200
16 ihgﬁ"m meke (679 |46 (47 |17 w2 |0 |00 |so moe [0 |02w
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b e, w1 w2 w3 w4 W3
In Cu Cd*10 Pb Ni Cr

W Fertilizingindex| 3.2 3.2 3 3.5 36

Heavy metals

m Clean index 17 19 38 4 3.8

Fig2: Percentage of heavy metals present in

each large scale WC sample Fig3: Windrow compost large scale Sample Vs.

Table 3: Fertilizing Index of Large scale ScorgaalLe OT ndices

WC sample o
Table 5: Classification of WC sample
Fertilizing P‘arammcrs Y\-’I (Si) | W2(8i) \,W(Si) W4 (S) \7l-"5(51‘) Wi based On SCOI’e V8.|Ue
Total Organic carbon 5 § 5 4 5
Total N 3 ’ 2 ! 3 SNo Sla'“ FI |Cl |Class |Quality |Remarks
Total P 1 1 1 1 1 3 P
Restricted use. Should not be allowed to
Total K 2 2 1 1 2 1 market. Can be used only for developing
C:N Ratio 1 1 1 4 B 3 1 wi [32 |17 [Rus S::‘”““d lawns/gardens (with single
Carbon Respirmion 5 . 5 5 . ” ia:v:éncmm)xchablhmnm of degraded
Fertilizing Index =l., 5 1 6 " oo Shonid mo oo alowed
o . 3.2 3 3 3 3 estricted use. Should not be allowed to
TWisi ¥ wi Restricteq | Market: Can be used only for developing
W2 |32 1.9 | Ru-3 lawns/gardens (with single
vse application),rehabilitation  of  degraded
land
Table 4: Clean Index of Large scale WC : S —
3 wa |3 18 |D Medium Mecdium Fertilizing Potential complying
Samp|es Quality | for all beavy metal paraseters
’ Heavy Metals WI(S) | W2(S) | W3S | WA(S) | WS(S) | Wi 4 Wiss 4D éfff.“: ?ff:?ﬁ;fiﬁfiﬂiﬁﬂf sl
Zine as Zn2+ 2 2 5 5 5 1
Good High fertilizing ential and medium
Copper as Cuz+ 2 2 4 5 1 2 s |wsfss fasle [N |y mecoet
Cadmium as Cd2+ 1 1 2 2 2 5
[Tead as P2+ 0 0 5 5 I's 3
Nickelas Nir ; 3 1 5 5 i 1V. CONCLUSIONS
Chromiumas Cr3+ | 4 5 5 5 5 3 The compost produced by adopting windrow/aerobic
S\i?'“s »-TL\T-“ =17 Lo 15 s 15 composting is assed and reported in this work. This will
S gives the suitability application of municipal waste
produced compost. The important physical and chemical
All the WCs had a Fl of 3.3 and Cl of W1 & W2 was characteristics of the compost produced indicates good
below 2, W3 and W5 were 3.8 while only W4 was 4. quality of compost especially in terms of MC, TC, N, P, K

and C: N. The results suggest windrow/aerobic can be
suitable option as it reduces burden on landfills and is
much cheaper option than incineration. Also it is suitable,
clean option when compared with incineration. In terms of
Cl &FI also the windrow/aerobic from WI&W2 is
restricted use; it can be used only for developing lawns
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/gardens, means low fertilizing Potential but it should not
be allowed to market due to low fertilizing potential.
However, these can be used as soil conditioner. W3&W4
Medium Quality Medium fertilizing potential and low
heavy metal content and w5 is good quality means high
fertilizing potential and medium heavy metal content.
Efforts can be made to find the cause for poor quality of
composts. This finding the CI &FI will gives the suitability
application of produced compost where we supposed use to
minimize the land pollution consumable pollution.
Considering the existing conditions is still a challenge in
adopting composting in addition to marketing the compost.
A revenue model needs to be evolved to makes this a
suitable practice which loading the large quantities of
MSW

REFERENCES

[1] Bremner, J.M., Mulvaney, C.S.,(1982). Nitrogen —
total. In: Page, A.L., Miller, R.H.,Keeney, D.R. (Eds.),
Methods of Soil Analysis, Part 2. Chemical and
Microbiological Properties. Agronomy Monograph No.
9. ASA-SSSA, Madison,Wisconsin, USA, pp. 595-624

[2] Kumar, S., Bhattacharyya, J.K., Vaidya, A.N.,
Chakrabarti, T., Devotta, S., Akolkar, A.B., 20009.
Assessment of the status of municipal solid waste
management in metro cities, state capitals, class | cities,
and class Il towns in India: an insight. Waste
Management 29, 883-895.

[3] Burau, R.G., 1982. Lead. In: Page, A.L., Miller, R.H.,
Keeney, D.R. (Eds.), Methods of Soil Analysis, Part 2.
Chemical and Microbiological Properties. Agronomy
Monograph No. 9. ASA-SSSA, Madison, Wisconsin,
USA, pp. 347-365.

[4] Andy Bary, Craig Cogger and Dan Sullivan. What
Does Compost Analysis Tell You About Your
Compost? , Lab report, Washington State University.

[5] Annepu.R.K ., (2012)Sustainable  Solid  Waste
Management in India. Thesis reportColumbia University

[6] Cristina Lazcano , Maria Gdmez-Brandén, Jorge
Dominguez (2008)., Comparison of the effectiveness of
composting and vermicompostingfor the biological
stabilization of cattle manure Chemosphere vol 72 , pgs
1013-1019

[71 Dominguez. J, C. A. Edwards and S. Subler (1997) A
comparison of vermicomposting and
composting,Biocycle, Pgs 57-99

[8] FAI, 2007. The Fertiliser (Control) Order 1985. The
Fertiliser Association of India, 10, Shaheed Jit Singh
Marg, New Delhi, India

[9] Frank Keith, George Tchobanoglous. (2002)
Handbook of Solid Waste Management, McGraw-Hill
publications.

[10] Leege, P.B., Thompson, W.H.,(1997). Test Methods
for the Examination ofComposting and Composts. US
Composting Council, Amherst, Ohio.
<http://www.edaphos.com> (accessed 15.09.12.)

[11]Olsen, S.R., Sommers, L.E.,(1982). Phosphorus. In:
Page, A.L., Miller, R.H., Keeney, D.R.(Eds.), Methods
of Soil Analysis, Part 2. Chemical and Microbiological
Properties. Agronomy Monograph No. 9, ASA-SSSA,
Madison, Wisconsin, USA, pp. 403-430

[12] Peter B. Woodbury, Boyce Thompson (1993)
Potential effects of heavy metals in municipal solid
waste composts on plants and the environment. Cornell
University <https://Cornell university.edu/solid waste
compost.html> (accesed 13.10.12)

[13]Rajeev Pratap Singha,l, PoojaSingha, Ademir S.F.
Araujoc,*, M. Hakimilbrahima, Othman
Sulaimanb.,(2011).Management of urban solid waste:
Vermicomposting a sustainable option, Resources,
Conservation and Recycling vol 55 pgs 719-729

[14]Saha, J.K, N. Panwar, M. V. Singh(2010)An
Assessment of Municipal Solid Waste Compost Quality
Produced in Different Cities of India with the
Perspective of Developing Quality Control Indices,
Waste Management, Vol. 30.Pgs192-201

[15]Sharma, et al (2005) Potentiality of Earthworms for
Waste Management. The Journal of American Science,
uti 1(1)

[16] Sharholy, M., Ahmad, K., Mahmood, G., Trivedi,
R.C., (2008). Municipal solid waste management in
Indian cities — a review. Waste Management 28, 459—
467

[17]Singh, M. (Ed.),(2004.) Proceeding of the National
Seminar on ‘‘Standards and Technology for
Rural/Urban Compost”, January, 17th, 2004. Indian
Institute of Soil Science, Bhopal, M.P., India

[18] Briton, W.F., (2000). Compost Quality Standards and
Guidelines. Final Report. WoodsEnd Research
Laboratory, Inc., USA.
<http://compost.css.cornell.edu/Brinton.pdf> (accessed
26.11.12)).

All Rights Reserved © 2017 IJSEM 34



