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City refuse, the municipal solid waste, considered as a
nuisance and a major health hazard, can meet a
significant part of the fertilizer requirement and energy
needs, if properly handled. This potentiality stems
from three factors: the growing concern over
environmental pollution, the soaring cost of land in
and around cities, and the sky-rocketing cost of
energy. A good deal of lierature! '* is available on
the recycling of urban solid wastes. This com-
munication presents a critical analysis of the various
facets of the problem, viz. availability and
characteristics of city refuse, recycling of waste for
energy, fertilizer and pollution control, factors
influencing efficient maragement of wastes and the
strategy to be adopted, not only for the present but
also for the future 20 years or so.

Availability and Characteristics of City Refuse

A knowledge of the characteristics of city refuse is
essential to choose the type of disposal technique to be
adopted. The quantity and types of city refuse
gencrated in urban areas depend on various factors.
primarily the standard of living and occupations of the
people and their dietary and climatic habits. It is
estimated that about 20 million tonnes of city refuse
gets generated annually in India. The estimated
production of refuse and its maaurial value in the ity
of Delhi and on all India basis for the years 1980-81 to
2000-01 AD are given in Table 1. This marks an
increase of 36.7", during a period of 20 years.

The physical and chemical characteristics of city
refuse from 33 Indian cities' " are given in Table 2. The
cities have been grouped into four categories on the
basis of population. Out of these. 20 cities recorded per
capita value ranging between 0.15 and 0.35 kg/day.
The maximum per capita value recorded in i city was
0.481 kg/day in comparison to the average value of 1.0
kg/day and 24 kgday in Japan and  USA
respectively*”. The total compostablie portion in
refuse from India®! ranges between 47 and 75”, (Table
3), whereas in western countries®?, it ranges between
10and 22°,,. The chemical compositions of city refuse
from different countries. suchas India* ', Germany >

Korea®*, Japan®® and those of city compost from
India®’, Thailand**, England?®®. Japan®® and
Belgium®' have been studied by various workers.
These studies indicate the potential of utilization of
urban solid waste for energy and fertilizer
purposes®32.33,

i

Environmental Pollution Aspects

At present, a good proportion - { the city refuse is
dumped in low lying areas, and becomes a source of
groundwater pollution. The runoff from the refuse
mass causes pollution of surface waters. The
movement of such water through soil also results in
soil poilution. The gases produced during the
decomposition  of city garbage under anaerobic
conditions and incineration under acrobic conditions
result in air pollution. Thus, biodegradation, leaching
and volatilization of city garbage result in serious land,
air and water pollution?* %

Table 1 —Production Potential and Manurial Value of City
Compost in Delhi and on All-India Basis during the Period
198081 - 2000.2001 AD

Particulars [Felhi All-India
198081 2000,2001 1980:81  2000/2001

Population x 10° 45.49 62.20 1361.19 1861.21

Total quantity of 0.64 9.08 198.73 271.74

city garbage”

x 10% jy

Non-compostablet  3.98 6.45 119.24 163.03

Compostable 2.06 3.63 79.49 108.71

Composit 1.33 1.82 39.75 54.36

Nutrient  content

and organic matter’

x 10* iy

Nitrogen 0.93 1.27 27.83 38.05

Phosphorus (P,0)  0.80 1.09 23.85 82.62

Potassium (K ,0) 0.67 0.91 19.88 27.18

Organic  matter

(OM) 53.20 72.80 1590.00 2174.40)

*Total quantity of ¢ity garbage available o 6.4 Kg/eapita
TNon-compostable : compostable ratio in garbage, (60:40)
+Compost obtained : 30°, of the compostable material,
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Table 2 Physical Characteristics and Compostion of
Mixed City Refuse of India'”

Particulars Population range (in lakh)

2 2.5 520 20 Av.
Moisture, 2202 2508 2245 3118 2520
pH 808 S0 83 7068 S0Y

Non-decomposables (7, by wet wi)
Paper 309 4760 A8 707 468
Rubber and leather 049 063 062 08T 0.65
Plastics 0.57 059 081 086 071
Metals 051 0319 064 L3 0.64
Glass 029 0l 044 076 40,40
Ash and fine carth 40.60 997 J181 0 374 40.03
Total compostable 334D V76 4005 4T Ay 3RTS
matter
Misceliancous 15,04 1956 1173 1598 1558
Chemical composition
Organic matter, ", 22,02 22581 21.51 2757 2340
Carbon, “, 1226 12,50 1195 1532 1301
Nitrogen. 0.60 06l 056 0S8 059
Phosphorus (2,04, ", 670 072 0.68 059 0.68
Potash (K ,0), ", 0.71 0.74 072 0.08 0.71
C:N ratio 20035 2047 2145 2623 2243
Energy content (keal/kg)

Calorific value 801 874 867 1140 920
Table 3 Physical Composition of Refuse from Different

Cities in India*®!

Item Lucknow Delhi Caleutta Bangalore Ahmedabad
Paper and 1.66 S.88 014 1.50 5158
cardboard
Metals 3.20 .59 0.60 0.10 0.80
Glass 0.66 (.31 0,24 0.20 0.93
Textiles 291 1.56 .28 1o 4.08
Plastic, 4.20 1.46 1.54 0.90 0.69
leather and
rubber
Wood, hay 0.42 0.20 1.50
and straw
Bones 0.18 0.42 0.12
Srones .27 S.98 16.56 6.90 8.77
Fine earth 1.59 2285 RRIRT 12.00 13.86
and ash
Decomposable 60,31 5171 47.25 75.20 48.95

maderial

During decomposition, organic wastes normally
produce a liquid termed as “leachate’. [n landfills, some
of this liquid results from the pressure applied by the
fill above. squeezing out fluid from the garbage.
Another principal component of the leachate is rain
water, which, during its passage through the landfill.
dissolves a wide range of materials. The leachate may
emerge from a landfill with a biological oxygen
demand of over 20,000 mg;litre, which is about 100
times stronger than that for raw sewage'® . Improper
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landfilling'* leads 1o gas production, resulting in
possible  fires, asphyxiation and  explusions  in
buildings, pollution of aquifers and rat and insect
mfestation. I landfill soil and solid waste receive
enough water to reach their respective field capacities,
the leachate may begin to be dischurged. Under a
situation where soil or rock strata are impervious, the
leachate may rise and get discharged on the ground
surface cither at the landfill toe or somewhere down
the slopes®™ ' In many cases, the leachate can
migrate to the underlying ground and possibly
contaminate a subsurface zone close to or at the top of
the groundwater table?” . Fig. | illustrates the mode of
groundwater pollution through leaching of urban solid
waste**. The leachate  contains  dissoived  and
suspended material** (Table 4).

Accumulation of urban solid waste increases the
sediment . load  carried by streams,  decreases
groundwater recharge and promotes cutrophication
resulting in degradation of water quality*? . Increase in
pH. clectrical conductivity, total soluble organic car-
bon and naturally occurring metals like Fe*® and also
in the concentrations of heavy metals and pesticides
like endrin, lindane, methoxychlor, toxapane 2,4-D
and 2.4,5-TP above the toxic limits in the leachates was
observed® . Estimation of the concentration of

Table 4 Runges of Pollutant Concentrations in Leachate
from Typical Domestic Refuse™

Conc. range
(myg, litre)

pH 24.0-8.5
100-S1,000

1000-45,000
200-5,250

Pollutants

Chemical oxygen demand
Total residue
Hardness (as CaCQOy)

Iron 200-1700
Zine 1-135
Nickel 0.01-0.%
Copper 0.1-9.0
Sodium 100-3800
Nitorgen 20-500
Phosphate 5-130
Sulphate 25-500
Chloride 100-2400
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pollutants*™ in the leachate coming out of city garbage

revealed the presence of 1500, 10 and 2704 mg, litre of

chlorides, sulphates and hardness respectively. Up to
one month from the time the refuse was exposed to the
leaching action, the leachate contained excessive
quantities of pollutants. Afer two months, the values
of all other pollutants were much less, while hardness
continued to give quite high vilues. Most of (he
parameters,  except  hardness, within  the
permissible mits. The total quantities ot chlorides.
sulphates and hardness that were Teached during 4.3
months from Nagpur city refuse were 3904, 0.278 and
9.586 kg respectively, which were higher than the
vitlues  reported  carlier™™ " 0 Studies made on
vertice ] migration of some nutrients tfrom municipal
solid more  rapid
pollutants through soil when the leachate had low pH
and high concentrations of total organic carbon,
soluble common salts and some naturally occurring
metals ke iron™ . When the leachate was used for
growing sovabeans 1 sand culture, it resulted inan
imbalance in the proportion of nutrients, causing
stunted grovth of plants™  Increased levels of zine.
copper, lead and cadmiun i griin and stover ol corn

were

waste  showed

were observed mosonl treated with ety refuse ™
Contamination of groundwiter is common in areas
surrounding city refuse dumping sites, more so where

dumping is done in lew-lying arcas and the rate of
pereolation through the soil is high. The results of

studies carried out on groundwater pollution by open
refuse dumps at Jaipur are presented in Table 3. The

leachates from refuse had high concentrations of

organic carbonaron and manganese coupled with high
concentrations of dissolved solids. The leachate from

upped refuse was stronger than sewage ai the time of

formation in terms of (s nitrogen, phosphate and

Table 5

movement  of

Physicochemical Characteristics of Well Water”

chloride contents and COD ™ During the percoiation
ol the leachate through soil, it became weaker due to
physical. chemical and biochemical changes before the
groundwiter got contaminated. The totat hardness.,
total iron and COD
decreased mwell water as the distance from the rmefuse
dumping grounds increased. Well water down o a
distance of 50 mwas highlv polluted, but beyond a
depth of about 220 m, the values remained more or fess
unchanged up o a depth of 4350 ., indicating the
distance up to which the quality of well water was
affected by the leachate. These well waters were
polluted and not suitable for drinking and domestic
purposes. The chemical quality of water in the third

dissolved  sohds,  chloride,

group of wells was within the chemical standards,

preseribed for drinking wiater™

Sanitary dandtifl This s o solid waste disposal
facility wherein refuse s placed at the greatest possible
density for final deposition. No open burning, no
ground and surface water pollution and daily covering
of the deposited refuse with carth are some of the
features of the method. While the technique of sanitary
fndfilling 15 almost the sime everywhere, three
variations of refuse placement are used in the United
States™  the trench method, the arca method and the
rajup  method.  Certain - parameters govern  the
anstruction ol sanitary  landfills. The operational
parameters are topography and geology of the site,
covering materil, refuse charactensties, surlace and
groundwater hydrology of the site. and  climatic
features of the location. Components ol sanitiry
landfill operation are the site itsell, equipment and
physical plant. Auxtliary operations include shredding
and grinding and volume reduction, the lmiting
parameters  bemg  land  availability  and  landfill
byproducts.

4

[ Results are expressed in my;litre, except pH and temperature; Groups 1 2and 3comprise wells within 20-45 m, 150-450 m and 5-6 kmof the
dumping sites respectively |

Characteristics Group |

Conce. range

Temperature, C 20.24
pH IR S

A Conc. range Av

Group 2 Group 3

Conc. range As.

Total dissolved solids

1150-21136

Total alkalinity as CaCO), 480-1244
Total hardness as CaC0), S50-980
Chloride as € 1306-080
Sulphate as SO, [48.2%0
Ammont mitrogen as N 0.2-2.0
Nitrate nitrogen s N 0.8-6.0
Phosphate as PO, 1.0-3.0
Iron s be 0.8-3.0
CcoObD 50-200

n 20.22 21 0.21 205
S 7.5-5.0 8 7.2-84 78
16413 640-1260 s 120-5t10 S
R62 270480 175 110-204 157
705 IO-S48 429 140226 183
SUK IR0-IS0 280 SO-1.40 110
ME! S4-1s0 (RN AS-08 hH
11 000 02 0-0) 0
1. 30-10 [ 210 0
20 0008 0.4 0-0 0
1.9 0.3-1.0 07 0.0-0.2 0.1
125 12-40 20 0-5 4
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Animportant consideration in the disposal of solid
witste in o sanitary landfill operation is the ultinate
fate of the disposal site. Proper use of a landfill site may
yield both cconomic and social benefits; improper use
may lead to serious environmental problems®’
Completed sanitary landfill sites are eventually levelled
and used as” rereational arcas, as most sites are filled
in a haphazard manner and are unsuitable for any
other use. For agricuitural use of land(ill site:  deep
layers of the final cover soil are placed over o
completed refuse cells. However, major difficulties are
met with during percolation ofirrigation water into the
undertying refuse. with consequent leachate gene-
ration, and detrimental effeets of the gases evolved
from decomposig wasie on growing plants **°  The
founding of important, heavy, extensive structures
over decomposing refuse cells is not feasible®”
Therefore only light construction can be built on such
completed sites.

Toavoid the pollution of groandwater and toxicity
of soil, o material balance-sheet needs 1o be prepared
for varyimg rates and frequencies of application of
urban wwaste. No single method of waste utilization
provides answers (o waste management in every
lecation. The role of evapo-transpiration in reducing
landfill leachates has been discussed by Caffrey and
Ham ' and Lund eral."?  while acrobic landfilling has
been sugpested by Hanajpma ' and Parker and
Williams™ . It iy noteworthy that iandfill gas is
converted into electricity and supplied to thousands ot
houscholds in USA"* and UK"*.

Solid Waste as an Energy Source

City refuse is one of the potential sources of energy.
The heating value of composite municipal waste varies
between 4500 and 6500 Btu/lb. The moisture contents
and heating values of combustible municipal refuse
components are given in Table 6. Heating value can be
raised by some type of drying process. Several solid
waste processing systems have been developed during
the past years which produce energy in the form of
clectricity, steam, gas or 0il®” " Some of these
processes are proprietary in niature and are referred to
as energy recovery systems; these include @ the use of
refuse as a supplementary fuel, waste heat recovery,
gas turbine generation of clectricity, pyrolysis and
methane production by anaerobic fermentation.

Solid waste can be used as a supplementary fuel with
coalin the generation of electricity, as a heat source in
the production of stcam and as a natural gas
source™ ™ T'he simplest method of recovering waste
heat in the form of steam from existing or new
incinerators is a boiler immediately following the
combustion arca of the incinerator®”** . The CPU-
400 system is designed to recover energy from solid
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Table 6 Typical Moisture Content and Heating Value of

Municipal Refuse Components?

Component Moisture,”,  Btu/lb
Tiper, cardboard, cartons, bags 3 7.660
veood crates, boxes, scrap 7 7.825
Brush, b-anches 17 7,140
feaves R 4,900
Grass 50 1,820
Guarbage 75 1,820
Cooenostatt 50 3470
Gireens 50 4,070
Rags. corton, linen 10 6,440

waste as electrical power. To recover this energy, ihe
waste is burnt in a fluid-bed combuster Hot gases
from the combustor pass through a gas turbine to run
an clectrical generator™ . Laboratory studies have
indicated the feasibility of natural gas (methane)
production from the anaerobic fermentation of solid
waste. Basically, the system comprises the front end
separation of non-degradables followed by anacrobic
digestion, dewatering and ultimate disposal of the
restulting residuc”” 2.

Pyrolysis is essentially the burning of organic matter
in the absence of air at temperatures in the range 400-
700 C. Since pyrolysis is endothermic, heat has to be
provided from outside. Pyrolysis yields @ number of
products, gascous and liquid, carkon monoxide,
methane, butane, wood tar and a variety of other
chemicals, all of which have a very high cnergy
content”™™ The yields obtained during the pyrolysis
of municipel solid waste by Garrett flash pyrolysis
method”* are as follows: char, 20; gas, 30: oil. 40; and
water, 10", (by wt of incoming refuse).

The currently used pyrolysis methods fall into two
categories:  high temperature  and  conventional,
Conventional pyrolysis can be further subdivided into
gas producing and liquid fuel producing systems*? . In
a typical high temperature pyrolysis plant, the reluse is
charged into a reactor through an air seal. Heated air,
introduced at the bottom of the reactor, dries, partially
volatilizes, oxidizes and finally melts the refuse as it
descends through the reactor. The molten material is
cotlected in o quenching tank to form a glass-like
aggregate. The gases produced in the reactor are
removed and burnt in a secondary combustion
chamber. Here, temperature exceeds 1100 C. The hot
gases from the afterburner may be utilized to produce
power and/or sustain the process.

In the conventional pyrolysis process designed to
optimize gas production, the shredded refuse is
continuously fed into a reactor against the direction of
flow of hot gases. The temperature varies between 815
and 1100 C, which is enough to pyrolyze the refuse

W\



VIMAL & TALASHILKAR: RECYCLING OF URBAN SOLID WASTE

" into gases and selid residue. Another conventional
pyrolysis method is designed to produce liquid fuel oil.
This method is based on flash pyrolysis and is designed

to produce one barrel of synthetic fuel oil per tonne of

refuse received. This fuel is a low-sulphur oil with a
heating velue equivalent 1o 75°, of No. 6 oil on
volumetric basis.

Four basic critical parameters are associated with
pyrolysis of solid wastes: heating rate™ tempera-
ture” %
byproducts. The effect of temperature on the pyrolysis
process has been studied by Hoffman and Fit/?" and
McFarland et ol '™ The yields of gases, organic
hquid.. and char at these temperatures '™ are given in
Table 7. The pyrolysis temperature is found to
influence the quantity and quality of the BdSCS
produced and iheir  composition'"t (Table 8).
Variation mn pyrolysis temperatures also affects the
char composition. Waste composition and prepara-
tion method influence the composition of pyrolysis
byproducts'"* . In a study on raw municipal refuse.
Sanner er al ' observed that this refuse produces
more ammonium sulphate, gas, tarand liquor, and less
solid residue and light oil than industrial waste.

Compost from Urban Solid Waste

Composting process 1 is a biological process for
converting solid waste into a stable, humus-like
froduct which finds use as a soil conditioner. It is a
self-heating, thermophilic and acerobic process which

Table 7 Effect of Pyrolysis Temperature on Product

Yield!"

Product Temperature, |

900 1200 1500 1700
Guases 12.33 1564 23.09 24,30
Pyroligneous 61.08 SUI8 .67 3870

acids and tars

Char 24.71 21.80 17.24 17.67
Mass accounted for YR 12 Y.62 100,59 100,73

Table 8 Effect of  Pyrolysis Temperature on Gas

Composition!"!

Constituent Temperature, |

900 1200 1500) 1700
H, 5.56 16.58 28.55 3248
CH, 12.43 15.91 1373 10.45
CcO 33.50 30.49 312 35.25
CO, 44.77 378 2.59 18.31
C,H, 0.45 218 2.24 2.43
C,H, 303 3.06 0.77 1.07
Accountability 99.74 100.00 100.00 94,99

waste composition and marketability of

proceeds naturally in accumulations of biodegradable
solid organic matter'™ "7 Keeping in view the
bulky niture of city garbage, composting has become
acceptable  both  environmentally  and  agri-
culturally t e

A survey conducted on various aspects of garbage of
33 Indian cities revealed that the municipal authorities
spent on an average about 107 of their annual budget
on solid  waste management' !, Under  such
circumstances, composting of refuse is found to yield
more revenue than the expendit ire incurred. Disposal
of arban waste in big cities by conventional
composting is posing a serious problem by way of high
cost, non-availability of land (for composting), labour
needed for composting operations (which involve
contact with filthy and obnoxious material) and
marketing of compost. City refuse continues to be
handled in an uncconomic and unhygicnic manner.
Mechanized composting seems to be the answer, In hig
cities. it can be located centrally and ina small compe.ct
arcea, thus doing away with long haulage and scarch for

new  dumping  sites. The  other advantages  of

mechanized composting are: sanitary control possible
through the use of odour-proof devices, ability to work
in both dry and wet scasons, possibility of recovering
discarded materials like metal, glass and other non-
compostable fractions, and the superior quality
compost obtained in a short time''* 117,

Composting systems  These can be classified on the
basis of technological approach, oxygen requirement
and temperature. The
composting processes'® are in use: Bangalore (India),
Cospari (Germany), Dano Biostabilizer (Europe),
Earp-Thomas  (Germany,  Switzerland, Italy),
Fairficld-1tardy  (USA), Fermascreen (England),
Frazer-Eweson, Jersey (UK, Thailand), Metrowaste
(USA), Naturiser (UUSA), Riker, T.A. Crane (Japan),
Toliemache (Spain, South Rhodesia), Triga (France,
USSR, Argentina), Windrowing (USA. Israel) and van
Muaanen (USA. Netherlands).

The main operationa! steps in a modern,
mechanized and automated plant are as follows: (i)
pre-sorting to remove bulky materials unsuitable for
composting (salvaging). (i) shredding the coarser
components, (iit) removing glass and metal fragments,
(iv) composting the organic material at aceelerated
rates in fully enclosed chambers for 1-3 days (including
partial recirculation for sceding purposes) under
controlled aerobic  moisture  and temperature
conditions, (v) completing the maturation in windrows
for a turther period of 3-10 weeks to produce & stable,
odour-free end-product, and (vi) addition of chemical
fertilizers as needed, either during or at the end of the
process, Lo obtain the required fertilizer characteris-

ties''™® P20 A Jot of rescarch work has been done on
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the processing steps of mechanized composting and
suitable modifications have been suggested for
different conditions'?' *'?7 . A broad outlirie of the
process adopted by Municipal Corporation of Delhi at
Okhla (Fig. 2) is discussed by Jain'**.

Factors affecting  composting  of  city  refuse--
Tempeiature, moisture, aeration, substrate com-
position and pH are some of the factors affecting
composting of city refuse.

Temperature has long been recognized as one of the
key factors affecting biological activity. Temperature
gencrally increases from ambient to 50 C within one or
two days after the material has been piled in windrows.
After four days, temperature reaches between 60 and
70°C. A high temperature is maintained from the
centre of the mass to the outer 2-4 in layer until the
readily decomposable refuse has been completely
humified. At this point, the microbi:.l activity begins to
decline and the temperature  drops  off
correspondingly!?? 147,

The optimum moisture content for composting is in
the range 45-55°,, but composting also occurs in the
range 25-75°,'*%. Acration efficiency and moisture
content are inversely related. High moisture
composting systems nced much more air than the
conventional systcms'**,

Oxygen is necessary for the growth of the micro-
organisms. If the oxygen level becomes too low,
acrobic organisms ar¢ replaced by- anacrobic
organisms; this rc¢ *ards the process of composting. The
optimum oxygen requirement of microbes at various
stages of humification has been determined by several
workers'*® '*2_ The optimum range for air flow rates
for windrow composting is 0.6-1.8 m* air/day. Volatile
solids during thermophilic stage decrease progressively
during cooling and maturing.

With the exception of N, all elements needed for
microbial growth are present in requisite con-
centrations in municipal solid waste. Therefore, it is
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necessary to enrich it with nitrogenous sources 43144,

The most important aspect of successful composting is
the relationship between carbon-nitrogen ratio and the
ra‘e of organic matter decomposition. The optimal
values reported lie between 26 and 35'#3:14¢,

Initially, the material is acidic due to cell sap of
plants followed by a further increase in acidity on
account of the presence of acid-forming bacteria
Subsequently, the reaction becomes alkaline due to
ammonia formation, and finally near ncutral or
slightly alkaline due to natural buffering of the
humus'*7.

Transformation  during  humification  of  city
garbage-—A number of factors like volume reduction,
colour change, microbial succession, chemical
composition, amd maturity or degree of stability affect
the agricultural value and hygiene aspects of the
finished product.

The cxtent of volume reduction increases in
proportion to the amount of rcadily decomposable
material in the waste'** . The windrows of city garbage
shrink by 30-50%, in volume, showing a corresponding
weight loss'*”.

The material undergoing humification has a greyish
green colour after being ground. This colour gradually
turns to brown cr brownish-grey; the transition is
generally over within 4 or 5 days after grinding. A
colorimetric method for studying the colour of a
mature compost has been suggested by Sugahara et
al. 150 .

Composting is a dynamic process, representing the
combined activity of a wide succession of mixed
microflora. The types and numbers of organisms
involved in composting'®” are given in Table 9. In
various studies'®' '5* a typical and continual
change in the microfloral population was observed.
Initially, the fungi and acid producing bacteria appear
during the mesophilic stage. As the temperature goes
beyond 40°C, these are replaced by thermophilic
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tonnes/ha resulted in an increase in yield by about 62",
over the control'”® In Japan®'". application of
compost increased the yields of upland crops by about
25% and those of paddy by about 10", 1s compared to
controls. The response of paddy to city compost in
combination with inorganic N-fertilizer under
different water regimes in Thailind'?* is evident from
the data presented in Tabie 11. Because of low nutrient
content of city compost, its enrichment with chemical
fertilizers®2" %%, sewage sludge””*=** and mic-
robial cultures#"2*7 ir suggested for increasing the
nutrient availability to crop plants. With the use of
nitrogen- and phospherus-enriched products of city
compost, it would be possible to substitute 257,
nitrogen and 50", phosphorus doses recommended for
paddy, when applied on nitrogen- and phosphorus-
substitution basis respactively (Fig. 3).

Pellztized municipal compost was tried as a source
of nutrients by Hortenstine and Rothwell***; they
observed uan increase: in the uptake of all nutrients,
except that of manganese. An increase in prosphorus
levels in sorghum plants with increasing conipost rates
was recorded by Terman and May!'®!. City compost

Table 11 Response of Paddy to City Compost in
Combination with Inorganic N-Fertilizer under Different
Water Regimes at Surin (Thailand)'™*

Water Treatment Nitrogen level, kg ha Av.
regime kyesha
0] s 7500 1120
Undrained Control 2000 2631 2865 2989 2024
Compost 2621 3071 1699 31970 3340
Average 236 2851 3282 WMRO 29K2
Drained Control 2019 2704 3236 1522 2870
Compost 2806 3541 4225 4326 3725
Average 2413 3124 3731 3924 1208
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Fig. 3- - Effect of enrichment of garbage (G) and urbin compost (C)

with urea (U)jerperphosphate (P) on dry matter yield of paddy
(subscripts refer 1o dosage of nutrients in kg/ha)
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raised the zine and iron contents of plants from
deficiency to sufficiency levels'?®.

Health aspects  Solid wastes generated in urban
surroundings are contaminated with a wide variety of
orpenisms  pathogenic  and  parasitic ——for  both
human beings and animals. With increasing use of
night soil and sewage sludge in combination with city
refuse, the signiticance of pathogen survival, fly
breeding and their destruction during composting has
increased. The destruction of pathogens and flies
during the thermophilic stage of composting has been
reported??” 24, The thermal death points of some of
the common pathogens and parasites'"* are given in
Table 12. Wiley and Westerberg®*” studied the
survival of pathogzns in compost and reported that
only acrobic composting where a high temperature
profile of 60-70" C is obtained and retained for at least
3 days, could destroy these indicator organisms. To
obtain a clean material from the public health point of
view, care needs to be taken to ensure that all portions
of the windrow are fully exposed to these
temperatures. The extent to which ascaris cggs are
destroyed during composting of garbage and night
soil**" is evident from the data presented in Table 13.

Table 12 Points of Some Common

108

Thermal Death
Pathogens and Parasites

Observations

No growth beyond 46 (', death
within 30 min at 55-60 ¢
Death within | hr at 56 C
Most dic within | hr at 55 C
and within 15-20 min at 60 C
Death within a few minutes at

Organism

Sulmaonella typhosa

Stugella sp.
Fscherichia coli

Entamocha hystolytica

cysley 45 Cand within a few seconds
at 55 C
Mycobacterium tuber- Death within 5-20 minutes at
crfosy 06 C

Death within 50 minutes at 45 C
Death in less than | hr
above 50 €

Necater americanus
Ascarts fumbricoids cpggs

Table 13 Percentage Destruction of Ascaris Eggs during
Composting of Garbage and Night Soil (5:1)* ™

Pile Days after  Total No.  Viable  Dead  Destruction
No. piling of epgs cpps e Y
observed

1 0 KM 300 22 0.8
25 130 59 71 54.6
45 166 2 164 988
05 134 1 133 99,3

2 0 322 300 22 0.8
25 150 0 156 100.0
45 245 0 245 100.0
65 314 0 34 100.0
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Table 9~ Organisms Involved in Compositing '’

No./g of

Orgunism type
e moist compost

Microflora Bacteria 10%-10"
Actinomycetes 10%.10%
Fungi 103100
Algac 10°
Viruses

Microfauna Protozoa 10%-10"

Macroflora Fungi

Macrofauna Mites. ants, termites, milli-

pedes, centipedes, spiders,
beetles, worms

bacteria, actinomycetes and  thermophilic  fungi.
Finally, mesophilic bacteria and fung; reappear as the
temperature falls.

Many workers have studied the losses in the
chemical constituents of city garbage s it is subjected
to microbial degradation. Sugar and starch are most
readily utilized by microbes, resulting ina heavy loss of
water soluble materials. Lipids or fats are not very
resistant to degradation. Cellulose and hemicellulose
are intermediate in resistance. while lignin is the most
difficultly decomposable component'** . The average
reduction values of mixed refuse after composting !¢
are as follows: total matter, 40; volatile matter, 45
carbohydrate, 65; lipids, 86: protein. 22; and crude
fibre, 30", .

The changes in chemical composition of compost at
the end of composting of city parbage and mechanized
compost'*” are presented in Table 10 Composting
results in an increase in the content of major and minor
nutrients'** '°! - Co-composting of city refuse with
sewage sludge decreases the heavy metal content of
SlUdgCS“'l'“’“,

The result of the composting step is the stabilization
of the organic matter in the waste. The desived degree
of stability is one at which the material does not give
risc to nuisances when stored -even if it is wet.
Parameters of stability of compost other than
appearance and  odour'"™* are final drop in
temperature'**, self-heating capacity ' *° , proportions
of decomposable and resistant organic maters in the
material'“", rise in redox potential™¥, oxygen
uptake'*” . CEC of the product'™ '™ carbon-
nitrogen ratio' "* | the ratio of the carbon in reducing
sugar to the total carbon, stability of pl1 ™ growth of
Chaciomium gracifis'™ | starch test'” and toxicity to
plant roots' ™. Spohn' ™" has suggested a laboratory
test for checking whether materials have reached a
mature stage,

Agricultural value of city compost Use of city
compost promotes soil aggregation and stabilizes soil

structure. This improves the air-water relationship of
soil, thus increasing the water retention capacity and
facilitating cxtensive development of root systems of
plants' ™ '™ Har"*’ | while evaluating municipal
compost as an erosion control residue, observed that it
can be a good substitute for straw and manure overa 7-
year period. The erosion losses from small plots on a
307, slope were reduced from 5.0 10 0.2 m* of soil per
hectare/year, when 60 tonnes of compost was applied
as mulch.

The release of nutrients during the decomposition of
urban compost in soil is similar in effect to that of other
manures.  Substantial improvement in pH!?0191
organic  matter'”? ' mgjor!?%1Y  gecon-
dary'""""* and micro-nutrients '’ 2% of the soil was
observed on the application of city compost. The
application of urban compost increases the biological
activity of soil by acting as food substrate to the native
soil microflora, as reflected by CO, ecvolution,
nitrification and ammonification 295290 |

Garbage compost is used in all areas of crop growing
and soil amelioration in crop farming, grassland,
farming, horticulture, forestry and land reclamation
and also for landscaping. It not only improves the
physical health of soils, but also provides nutrients to
the crops, resulting in improved crop productivity, A
good deal of work*®” ' has been carried out on the
usc of city compost for optimizing agricultural
production under limited availability of fertilizers.
However, the information available on the work done
in India is very meagre?'® 2'® At Jumla in Nepal,
application of mechanized compost at the rate of 20

Table 10 - Change in Chemical Properties of City Garbage
and Mechanized Compost Afler Humification for 91

Days!'s’
Property City garbage Mechanized
compost

Initial  Final  Initial  Fina

Electrical conductivity, 10.77 448 10.07 4.52
mmhos.cm
Organic carbon, 27.03 1237 18.56 12.45
Nitrogen, ”,, 0.65 (.73 0.71 0.76
C:N ratio 41.37 160,88 26.34 16.36
NUHJ - N ppm 7990 150.30 R0.60 15010
NO, - N, ppm 19.41 .76 18.67 39.76
Phosphorus as PO, ", 0.46 (.50 0.50 0.52
C:P ratio C 13525 57.55 809 55.58
Potassium as K ,0. ", 0.51 0.80 0,72 0.80
Calcium, 0.28 .60 0.31 .50
Magnesium, ©, 0.14 .23 0.13 0.25
Zine, ppm 246 403 255 412
Manganese, ppm .0 717 43.0 81.0
Copper, ppm 152 217 162 233
Iron, ppm 4433 8500 5200 8833
71
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Factors Influencing Efficient Management of Solid
Waste

Improper solid waste disposal is a health hazard.
Open dumping of refuse results in serious land, air and
water pollution. To solve these problems, it is essentiai
to recycle urban wastes in an efficient and safe manner,

but resource recovery is beset with a number of

constraints. This is illustrated by the role of non-
compostable components. e.g. metals can be cacily
recycled from industrial scrap, tuat the present
methods of making steel can tolerate only limited scrap
input and thus the scrap recovered has low market
value. Glass is casy to reprocess and can be used in
many ways, but the raw materials for glass are
available so abundantly that there does not seeni to be

any gain through recycling. Although the residues of

pyrolysis --combustiblz gas, tar and charcoul have
cconomic value, yet these products have not found
wide acceptance commercially. Most of the gas is used
in supplying cnergy for the process itself. The tar is full

of water and must be retined. The charcoal is full of

glass and metals, which have to be separated prior to
its use. This separation makes the charcoal too
expenstve compitred to wood charcoal,

Because of the horizontal growth of cities, no land is
available in big cities for dumping of refuse (even by
sanitary landfill  methods).
agricultural land in the vicinity of cities increases the
cost of transportation of compost to the field. Local
and traditionai needs for FYM and farm compost limit
the use of the compost prepared from city solid waste
due to the influence of social customs and taboos:
excreta have been regarded as something very
obnoxious and highly polluting. It is true that their
biodegradation can be a source of discases and health
problems, but right attitude to their potential value as
a source of nutrients can help in devising methods (o
derive full benefits from them. The poor nutrient
content and the non-uniformity of refuse limit its use
for composting,

The high cost of mechanical composting plants and
the non-utilization of byproducts are among  the
factors which make the process an uncconomic

proposition. The most critical link in the process of

composting is the segregation operation. Hand-sorting
of garbage at the compost plant is tedious, expensive
and insanitary. Detailed investigations are needed to

evolve better separation methods. 1t is telt that if

separation of non-compostiables could be achicved
cconomically, composting could hecome an atiractive
method for resource recovery. Supply of compost at
subsidized rates and its free transportation to farms
may help to popularize this product. There is need for
co-ordination between the civie bodies charged with
solid waste management in cities and  research

Non-availability of

Table 14 - Factors Influencing Management of Urban Solid
Waste

Material factors
Non-uniformity of refuse
High moisture content
High content of non-compostables
Poor nutrient content
L.ow energy content
Presence of pathogens and foul smell
Local factors
Non-availability of land for dumping
No agricultural land ncarby
Localstraditional needs
Social factors
Traditionalism, taboos and superstitions
Technu-cconomic factors
Level of technology available
Processing cosy
Degree of recyceling
Economie use of by products
Fiscal factors
Policy of incentives subsidy and controls
Organisational factors
Level of co-ordination between civic bodies and research
organizations

organizations for the efficient recycling of wastes. The
various factors affecting the management of solid
wastes are summarized in Table 14,

Strategies

An ideal approach would be to 1ind out a suitable
method for separating glass, metals, paper, wood,
plastics and other non-compostables from the
putrescible compostable fraction. Glass and metal
scrap can be recovered in original form. Material
having high heating value, such as paper, wood and
plastics, should be pyrolysed for recovering energy,
while the putrescible organic material should be
processed through the mechanical composting plant
for conversion into fertilizer.

Variations in the composition of city refuse as well
as in its moisture content result in significant
difterences inits heating value (Table 7). It s, therefore,
neeessary to pyrolyse the constituents of municipal
waste individually and to determine the overall yield
by additive process and 1o standardize the pyrolysis
and gasification steps under Indian conditions.

The traditional method of urban composting s
highly unscientific. Care is not taken to provide a
balanced foed and optimum environmental conditions
for the microbes to convert the wastes rapidly into
good quality compost and to minimize leaching and
volatilization losses. This calls for investigations on
various aspects of  the  composting process  in
mechanical composting plants so as to handle in the

73









{

N
=3

99

100

10

102

103

104
105

106
107

108
109
110
11
112

—

114

115

116

17

HEy
119

120

124
125
126
127
128

129

76

J. SCIENT. IND. RES., VOL. 43, FEBRUARY 1984

American Public Works Association Spectal Report No 29,
1964, 37.

Solid Waste Disposal Seminar, Umon Elecirie Company, St
Louis, Missouri, 26-27 October 1972,

Hoffman D A & Fitz R AL Encoon Ser Technol, 211 (1968)
1023

McFarland J M. et al. Comprehense: e siwdios of solid waste
management, NERC Contract No 2 ROE-EC.00260-01, Ser
Report No 72- 3 EPAC Muy 1072 107

Hoffman D A & bty R AL Encron Sor Lechnol, 21010 (1968)
1023

Buss TV, The lundsvard svstem for resowrce recorery and solid

Paper presented at the third  anoual
environmental engineerimg & science conference. Universits
of Lousville. Lowsville, March 1973,

Sanner W S, Ortugho C.Walters JG & Wolton D E, Conersion
of municipal and indwstrial refuse mto wseful maierials by
pyrofysis (US Bureau of Mines), August 1970,

Bell R G. Comp Sei, 140) (1974y 24

Gotaas H B, Compostny, sanitary disposal and reclamation of

(World  Health

waste disposal

organic wastes, WHO  Monogiaph
Orgamzation. Geneva). 1956,

Golueke C G, Comp Ser, 1603 (1975 o

Stonchouse B, Bivlogical Hushandry A scientitic approuch to
organic furming (Butterworths & Co Ltd, London), 1981,
352

Acharyia C N, Tndian Fig, % 3) (1948) 125

Besley H B & Reed CHLJenciron Qual, 101y (1972) 78,

Goldstem J, Comp Sei, 1S3 (1974) 0.

Sean C L, Comp Sci, 1S4 (1974 24

Hauck VW, Organic muaterials and sod producticity in the near
cast, A0 Soils Bull Noo 45, 1982, 10,

Bhide A D, Titus § K. Alone B Z, Dixit R ¢, Bhoyar RV,
Mothghare LM, Gautam § S & Patid A D, Indian J environ
Hith, 133 (1975) 13

Attarwala VAL Proceedine
management by recvelmg, Part b, National Dairy Rescarch
Institute (1CAR) Aarey Mtk Colony, Bombay, 1970, 79,

Borkar 1. P, Procecdings Summer institute on waste management
by recyeling, Part 1, Natonal Dairy Rescarch Institute
(ICAR), Aarey Mtk Colony, Bombay, 1976, 143,

Siddhu S S, Proc India 4O Nord senunar on the decolopment
of the complementary wse of mineral fertilizers and organie
matertals - Indiac (Ministry of Agriculture, New Delhiy,
1478, 248

Dhar B K., Compost Fechuology, Project Field Document No 13
(Food and Agriculture Organization, Rome), 1980, 166,

Vimal O P W Sei News, 10D (1973) d0

Diaz L V. Savage G M & Trezek G Comp Sci Land Crnd, 201)
(1979 la

Titus S K. Olaniya M S & Bhide A DL Iudian J enciron 1l
2203) (1980) 207,

Lpawa L Organte materals as feradizers, FAO Soids Buil No. 27,
{075, 253

De Bertoldi M, Vallint G, Pera A & Zuccom. Biocyvele, 2X2)
(19¥2) 45,

Harada Y, Inoko A, Tadaki M & Laawa T, Sodd Sei Pl Nwir,
2703) (1981) 357

Jongejan A, Biocvele, 2X3) (1982) 50

Golueke C G, Comp Sci, L) (1973) 7.

Gray K R & Biddlestone A ). Process Biochem, 66) (1971) 32,

Gregory C, “omp Sci, 14(1973) 26,

Jain R COCompost Fechnology, Project Freld Document No. 13,
FAQ, Rome (1980 171,

Wyley J S, Progress report on high rare composting studies, Proc
of the 12th industrial waste conference, Series No 44 (1957).

Swurmimer  pistittite on waste

130
131
132
133
134
135
136

137
138
139
140

141
142
143

144
145

[BIN
147
148
149
150
151
152
153
154
IS5

156

[N

-~

158

159

160

161

162

163

161

1os

166

167

168

169

170
171

Shulze K L, Comp Sei, 2 (1961) 32,

Jeris J S & Regan R W, Comp Sei, 141) (1973) 10.

Crombic G, Comp Sei Land Urnil, 20(4) (1979) 21.

Poincelot R P, Budl Connt agrie Exp S, 727 (1972) 38.

Chesnin L. Biocyele, 231 (1982) 27.

Shulze K L. Comp Sei. 1.(1960y 36.

Popel . International Rescarch Group on Refuse Disposal
Information Bull, 13 (1961).

Lossin R DY, Comp Sci 12 (1971 31

Pressel & Biddhngmaier W, Biocvele, 255) (1981) 50.

Regan R W & Jeris J S, Comp Sei, 11(1970) 17.

Disgupta A, Nemerow N L, Faroog S, Daly E L, Sengupta S,
Gernsh T P& Wong K FO(1981, Bioevele, 202y (1951) 34,

Cappaert L Verdonck O & De Boodt M. Comp Sci, 1N45(1976) 6.

Kane B E & Mullins J T Comp Seic 1H6) (1973 6.

Wiilson G B, Parr J 1, Taylor I M & Sikora L J, Biocyele, 2X1)
(1982) 37.

Bell R G, Pos 1. & Lyon R ), Comp Ser, 142) (1973) 5.

McGauhey P UL Fech Bull No Y, Santary Enginecring Rescarch
Project No 89 (Uniyersity of California, Berkeley), 1953,

Gaur A C Compost technology, Project Field Docunient No. 13
(Food & Agriculture Organization, Rome), 1980, 7.

Jeris 1S & Regan R W, Camp Sei, 143 (1973) 6.

Singley M E, Comip Sei, 145 (1973) 18,

Poincelot R P & Day PR, Comp Ser, 13y (1973) 23

Sugahura K. Harada Y & Inoko AL Soil Sci PUNwr, 25 (1979)
197,

Lacey ), in Acunomycetales . Characteristics and pracrical
importance, edited by G Skyes & F A Skinner (Academic
Press Inc, New York), 1980, 231

Finstein M S, Comp Sei Land Uil, 21(4) (1980) 25.

Sadasivam K V., Compost technology, Project Field Document
No 13 Food & Agriculture Organization, Rome) (1980) 63.

Finstein M S & Morris M L, Adi appl Microbiol, 19 (1975) 113.

Poincelot R P, Bull Conn agric xp Stn, 754 (1975) 15,

Stone G E & Wiles C G, in Large scale composting (Noyes Data
Corp), 1974, 167.

Talashilkar S C, Preparation of enriched compost from eity solid
wastes and its wtilization for plant growth, Ph D thesis, IARI,
New Delhi, [983

Dhar N R & Gupta V P Proc nats Acad Sei India, 31A (1961)
240.

Bhoyar RV, Olapiya M S & Bhide A 1D, Indian J environ Hith,
210h 11979y 23,

Golueke C G, Lafrens D, Chaser B & Diaz L 1, Comp Sei Land
Cird, 215 (1980) 42

Dt EEFTreseh GET & Sivage G MO Compostng - Theory &
practice for cuv, dusiry and farm (1 G Press, Emmaus),
1981, 249,

Carlson C W & Menzies J D Bioscience, 21 (1971) S6t.

Parr ) FoEpstem F. Chaney R L& Woillson G B, Proc National
conterence on treaiment and disposal ol industrial waste
waters and residues, 26-28 April 1977

Golueke O Gy Comp Ser, IR (1977 4

Stichelberper D Oreanic marertals as tertidizers, FAQ Soils Bull
Noo 2TiFood & Agriculture Organtzation, Rome), 1975, 394,

Niese Go uternational Researcht Group on Refuse Disposal,
Informanion Bul! No. 17 (1963

Rolle G & Orsanic E. international Research Group on Refuse
Disposal. fnjormanon Bull Moo 21 (196.4)

Moller V. International Researcl Group on Refuse Disposal,
Informanon Bull No.o 32 (1908)

Chrometzka P, tnternational - Research Group on Rejuse
Disposal, Information Bull No 3% (1968},

Harada Y & Inoko A, Soil Sci PLNuer, 26000 (1980) 127,

arada Y & Inoko A, Sail Ser PUNutr, 2603) (1980) 353,


http:hararhh'ri.ia

172
173
174

175
176

177
178

179
180
181
182
183
184
185
186
187

18

o

189
190
191
192
193
194

195

196

197
198

199
20

=

20t
202

204
205
200

207

VIMAL & TALASHILKAR: RECYCLING OF URBAN SOLID WASTE

Poincelot R P, Comp Sci, 153) (1974) 24.

Jann G J, Comp Sei, 1(3) (1960) 31.

Obrist W, futernational Research Group on Refuse Disposal,
Information Bull No. 24 (1965).

Lossin R D, Comp Sei, 12(1971) 31,

Zucconi F, Forte M, Monaco A & de Berieldi M, Biocyele,
24) (1981) 27.

Spohn 1 E. Comp Ser, 182) (1977) 25, 193 (1Y78) 26.

Bosse I, Organic marserialy and sod producti: ity, Soils Bull No 35
tFood & Agriculture Organization, Rome), (1969) 119,
Mays D AL Terman G L & Duggan J C, J eniviron Qual, A1)

(1973) 8.

Moruachan Y B, Moldenhauer W ¢ & Larson W L, Avron J,
O04H2) (1972) 19y

Terman G L, Soileau J M & Allen S E, J eniaron Qual. A1)
(1973) 8.4

Bengtson G W & Cornette J ), J environ Qual, AN (1972) 441,

Wolf R, Comp Sci. §3) (1974 18,

Banse H 5, Oreanic materials as fertitizers, Soils Bull No 27
(Food & Agriculture Organization, Rome), (1961) 211.
Scunton D H, Duggan C & Bean S 1D, Comp Sci, Y1) {1973y 4.

Webber L R, J environ Qual, 7(3) (1978) 397.

Pagliai M. Guidi G, Lamarca M., Giachetti M & Lucamante G,
Jenviron Qual, 1(4) (1981) 556.

Gupta R P, Teelt Repori of 1CAR co-ordinated project on
improcement of physical conditions of soil for, increasing
agricultural productior (Indion Council of Agricultural
Research, New Delhi, (1950).

Hart S A, US Hlth Edn and Welf Publ 1HiE Ser No 1826, (1968)
40.

Tarjan A C, Citrus Veg Mag. 4(6) (1977) 44,

Terman G L & Mays D A, Comp Sci, 141) (1973) 18.

Brinton W F, Comp Sci Land Util, 20(5) (1979) 38,

Bunerjee S K. Chakraborty A & Gupta S K., J Indian Soc Soil
Sei, 27(1) (1979) 73,

Maung M. Organic recveling i Asie, Soifs Bull No. 36 (Food &
Agriculture Organization, Ro ae), 1978, 4i7.

Jugsijinda A, Glacwiggram S & Takahashi J, Organic recycling
in Asia, Soils Bull No. 36 (Food & Agriculture Organization,
Rome), 1978, 239,

Khan G, Gupta SK & Banerjee S K. J Indian Soc Svil Sei, 2% 1)
(1981) 120,

Hortenstine C C & Rothwell D I, Comp Sei, H2) (1968) 23.

Hortenstine C C & Rothwell D F, J enriron Qual, 14 (1972)
415.

Goldstein J. Comp Sei, 143) (1973) 9.

King L D, Rudgers I. A & Webber L R, J eniiron Quai, ¥4)
(1974) 361.

Mortvedt J J & Giordano P M. J enciron Qual. 4 (1975) 170

Mista R V. Valwe of organic materials as o source of
micronutrients. Paper presented at India/FAQ/NORD
Seminar on micronutrients in agriculture held at New Delhi,
(1979) 8.

Day A D, Thompson R K & Tucker T ¢, Biocyele, 22 (1982)
42.

Katyal J C & Sharma B D, Fertil News, 239) (1979) 33,

Rothweill D I' & Hortenstine C C, Agron J, 61(6) (1969) 837,

Miyashita K, Kato I & Tauro S. Soil Sei 21 Nurr, 28(3) (198.2)
303,

Tietjen C, Organic materialy as fertilizers, Soils Bull No. 27
(Food & Agriculture Organization, Rome), 1975, 211.

208
209
210

King L 1> & Morris H, Georgia agric Res, 10(3) (1969) 10,

Tietjan C & Hart S A, J sanit Engng, (1969) 269,

Terman G L, Utilization andjor dispasul of urban waste compost
on agricultural lund. Joint Industry;Gort Tusk Loree on
Eutrophication. (National Fertilizer Development Centre,
Muscle Shoals, Alabama) 1970,

Giordano P M, Mortvedt J J & Mays D AL S environ Qual, 4
(1975) 394.

Giordano P M, Mortvedt & mays D A, 'l U8 patn tech Inform
Sere 266649, (1977) 7.

213 Tietjen C, Comp Sci, 16(4) (1975) 6.

216
217

223
224

225

214 Duggan J C & Wiles C C, Comp Sci, 17(5) ( 1976) 24,

Hesse PR & Misra RV, Mineral or Organic Project Field
Document No 14(1Food & Agriculture Organization, Rome),
1980, 114,

Singh A, Indian Fing, 2X1) (1973) 9.

Barooah S R, Proc FAIFAO on optimising agricultural
production under limited availability of fertilizers (Food &
Agriculture Organization, Rome), 1975, 495.

8 Prasad B, J Indian Soc Soil Sei, 29(1) (1981) 132,

Shimizu T, Organic recyeling in Asia, FAOQ Soils Bull No 30,
(Food & Agriculture Organization, Rome), (1978) 79.

Volk V V. in Land application of waste materials Svil Consere
Soc of Amer Ankeny, fowa, (1976) 313.

Flaig W, Nagar B, Sochtig 1 & Tietjen C, Organic materials and
soil_productivity, soils Bull No 35 (Food & Agriculture
Organization, Rome), (1977) 119,

China: Recyeling of organic viastes in agriculture, Soils Bull No.
40 (I'ood & Agriculture Organization, Rome), 1978, 107.

Venkateswarlu J & Spratt E D, Fertil News, 2212) (1977) 39.

Singley M E, Comp Sci, 145) (1973) i8.

Parr J F, Management of organic recveling, Project Field
Document No. 16 (Food & Agric ‘ture Organization,
Rome), 1981, 221.

Gaur A C, Compost technology, Project Field Document No 13
(IF'ood & Agriculture Organization, Rome), 1980, 214.
Mahdi S S & Khande'wal K C, Organic recyeling in Asia,
Project Field Docuanent No. 20 (Food & Agriculture

Organization, Rome), 1981, 63.

Hortenstine C C & Rothwell D F, J environ Qual, A3) (1973)
343

Acharya CN & Krishna Rao K S, Indian Jagric Sei, 15(1945)
318.

Scott J C, Health and Agriculture in China, London, (1952).

Bhide A D, Titus S K, Alone BB Z, Dixit R C, Bhoyar R V,
Mothghare L M, Gautam S S & Patil A D, Indian J environ
Hith, 17(2) (1975) 147.

Anonymous, Comp Sci Land Util, 18(2) (1977) 22.

3 Cooper R C & Golueke C G, Comp Sci Land Ui, 2002) (1979)

29
De Bertoldi M, Citernes U & Griselli M., Comp Sci Land Util,
21(1) (1980) 32,

235 Shantaram MV, Compost technology, Project Frold Document

236

237

234
239

No. 13 {Food & Agriculture Organization, Rome), 1980, 15.

Nandakishore T G, Studies on urban solid waste composting, M
Sc thesis, University of Agricultural Sciences, Bangalore,
1980), 1606,

Wiley B B & Westerberg S €, Appliances Microbiol, 186) (1969)
994,

Anonymous, Comp Sci Land Util, 18(2) (1977 22.

Vimal O P & Talashilkar S C, J scient ind Res, 42 (1983) 118.

77



Journal of Scientitic and Industrial Research
Vol. 43, February 1984, pp. 78-87

Production Mechanism of Hard X-Rays in Solar Flares—A Recview

P N KHOSA, K L MOZA®, R R RAUSARIA & SUNIL PESHIN
Physics Department, Regional Engineering College, Srinagar 190006

During the explosive phase of a flare, there is sudden
release of about 10** clectrons, pessibly in various
directions. Sometimes the particles (clectrons and
protons) attain cnergies of scveral MceV or even
higher'. Some of the clectrons which move downwards
are trapped by the magnetic field of the aciuie region
located ab »ve sunspots and having an electron acnsiiy
several times the coronal density. The accelerated
electrons  produce impulsive burst at  centimetre
wavelength by synchrotron mechanism and the high
energy X-ray burst by bremsstrahlung process. The
distribution of energetic clectrons and their total
energy are deduced from hard X-ray observations.
Hard X-ray spectra at the peak of the impulsive
emission have been reported by Hoyng ¢r wl.? and
Kane and Anderson®. The observational characteris-
tics of solar hard N-ray bursts, generally referred to as
small flares or sub-tlares. have been analysed in detail
by difTerent workers® *. Hard X-ray bursts occur
during the flash phase and peak usually 6.5-3 min
before the flare maximum observed in H, light. The
increascs and decreases in the X-ray flux at 40 keV are
roughly exponential with e-folding rise time of 2-5 sec
and similar or slightly lower e-folding decay times. For
larger flares, the X-ray time profile consists of many
spikes of the order of | min duration: short hived spikes
ol the order of 1 sec duration are superimposed on top
of them". The peak X-ray at the carth above 10 keV s
found to be usually in the range (0210
s ' Further, the X-ray spectrum is of the power law

erps em

form: (F)~Iv ~(photonsem -~ PkeV Hwith

e
d (/)
5= S S 5 (medium = <L6) i the range 10-80 ke Voat
the maxumum flux: above about 80 keV. the spectrum
becomes much steeper. Spectral indiees larger than 7
are very rare and hird to determine because of the pile-
up effect™ they almost never become smaller than

2.5% The spectruin s hardest near  the flux
Cmaximum®

Once measurements of the energy of solar hard X-
rays becanie avalable, 1t wis possible to deduee the

*Physics Department. 5P College. Srinagar 190001
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number and energy spectra of the accelerated
clectrons'®. Electrons with power law energy spectra
can produce the usually observed power law photon
speetra: this fact was regarded as cvidence for the
non-thermal origin of the solar hard X-rays'' '
However, power law spectra of hard X-rays can also be
duc to multi-temperature  plasma'*'®. Because
thermal and non-thermal interpretations require quite
different flare models, it is very important to deterniine
the nature of solar flare hard X-rays.

Accelerated clectrons having 10 keV energy can
produce hard X-rays with cnergy = 10 keV. Protons
and heavy nuclei produce narrow gamma-ray lines in
MeV range. In addition, synchrotron radiation due to
the motion of relativistic electrons in magnetic field,
inverse Compton scattering of relativistic clectrons
with thermal sclar photons'® and bremsstrahlung due
to collision of accelerated electron with the ambient
protons'” can produce hard X-rays.

We shall, to start with, briefly discuss the favourable
conditions for the gencration of hard X-rays in a flare
by cach one of the three mechanisms referred to above
and thereby show that inverse Compton scattering and
synchrotron mechanism are not important under
normal conditions. We shall then proceed to discuss at
greater depth the generation of hard X-rays by
bremsstrahlung  of  accelerated  electrons.  The
characteristic features of the clectron-electron and
clectron-ion  bremsstrahlung X-rays shall also be
reviewed and discussed.

Syachrotron Radiation

When  a o charged  particle traverses a  region
contaiming a magnetic field, it undergoes acceleration
and enmits photons. This emission is called cyclotron
radiation or magnetic bremsstrahlung, Further, when
the clectron speeds he in the relativistic range, the
radiation  acquires  certin characteristic features
different [rom those of the normal cyclotron radiaion,
This emitted radiation s known as synchrotron
radiation and is ilustrated in Fipo B Since for a given
particle energy the energy loss by this process s
reduced by the squitic of the particle mass, we shall



