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City refuse, the municipal solid wa.,te, considered as a 
nuisance and a major health hazard, can meet a 
significant part ofthe fertilizer requirement and energy 
needs, if properly handled. This potentiality stems 
from three factors: the growing concern over 
environmental pollution, soaring costtile of land in 
and around cities, and the sky-rocketing cost of 
energy. A good deal of literature' '' is available on 
the recycling of urban solid %Nastes. This coin-
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 lanagenicnt of wastes and the 
strategy to be adopted, not only for the present but 
also for the future 20 years or so. 

Aviilalility and ('haracteristics 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 
generated in urban areas depend on various factors, 
primarily the standard of living and occupations ofthe 
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 ma nurial value in tile city 
of Delhi ind on all India basis for the years 1)80-8 1 to 
2000-01 AD are given in Table 1.This marks in 
increase of 36.7",, during iperiod of 20 years. 

The physical and chemical characteristics of city 
refuse fro 33 Indian cities'" are given in Table 2. The 
cities have been grouped into four categories on tile 
basis of popuhltion. Out of these. 20 cities recorded per 
capita value ranging between 0.15 and 0.35 kgidav. 
The maximum per capita value recorded in a city was 
0.481 kg/day in comparison to the average valie of' I.1 
kg/day and 2.4 kg day in Japan and tISi\ 
respectively2'" The total coiipostable portion in 
refuse fron lInd ia 2i rainges bet ween 47 and 75",, (Table 

-Korea 2', Japan2 and those of city compost from 
India 2-, Thailand 2 ', England2 ", Japan-( and 
Belgium"' have been studied by various workers. 
These studies indicate the potential of utilization of 
urban solid waste for energy and fertilizer 
purposes111,3 

2.3.1 

Environmental Polltion Aspects 
At present, a good proportio; -1 the city refuse is 

dumped in low lying areas, ind 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 poilittion. The gases produced duing the 
decomposition of city garbage under anaerobic 
conditions and incineration under aerobic conditions 
result in air pollution. Thus, biodegradation, leaching 
and volatilization of city garbage result in serious land, 
air arid water pollution 

Table I- Production Potential and Manurial Value of City 
Compost in Delhi and on All-India Basis during the Period 

1980 81 - 2000/2001 AD 
Particulars Delhi All-India 

198081 2000/2001 1980,81 200)/2001 
Population xl0' 45.49 62.20 1361.19 1861.21 
Total quantity of 6.64 9.08 198.73 271.74
 
city garbage
 
x 0c1syl.Non-comnpostable,+ 3.98 6.45 119.2.1 163.03 

Compostable 2.o6 3.63 79.49 108.71 
Compos4.1 1.33 1.82 39.75 54.36 
Nutrient content 
and organic matter 
"10' to 
Nitrogen 0.93 1.27 27.83 38.05Phosphorus (P,O,) .80 23.851.09 82.62 
Potassium (K20) 0.67 19.880.91 27.18 
Organic matter 
i(t)) 53.21 72.80 1590.00 2174.40 
*loial quantity of city garbage available G.4 kg,'capita 

10 and 22),,. The chem ical co npositions ofcity refulse "N , .7",_1), , .",,: 
from different countries. such aIsIndia 2 (er-i n\ 24 

Y..JPY,5 I,,- 1 d4 
)JUNC .5,C IL NT IIF IC IN 

' k>- NE,'V ULLhL IN 

K ,O .5"',,:and OM.4"_,,. 

3), wherea.is '11 western C(tliltlies 
22, itrilngCs betvcellt lNon-conipostable :compostable ratio ingarbage, (60:40)3Coinpost obtained : )",, of the con postable material. 
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Table 2 Physical Characteristics and Compostion of 
SOIL COVERMixed City Refuse of India '" , - --. > 

ILNParticulars Population range (in lak h 
GROUND WAITERTABtI] 

2 2-5 5-21) _11 Av. I SPRING 

Moisture, 22.12 25.15 2245 31.18 25.20 JKX c 
pH 8.18 8.1o 's.34 7.08 S.0') ' 11" ---it- . T --- I-PRECIPITATION 

N o n -d c o m p ]S A N D Y Rf lt L IM ON E E ]T E L - RUNOFFs a bl s t " , b ) w e tt %I),vl l[- E S T P E R M E A B L E M I GRAV SURFACE 

Pa erC4L SOLUTION ' SANDSTONE 2AQUIFER .SUBSURFACE 

Non-deco=llposables I-,, h\ w 

Paper -4.76 3.80 7.7 4.(S WIDENED SUVERENC 

Rubber and leathr 0.49 .63 0.62 0,87 0.5 JOINT 

Plastics 157 159 1).81 (.80 0.71 Fig. I Groundwater pollution through leaching of" urban solid
 
Metals 11.51 1.39 1.64 1.03 11.64 wastes
 

Glass (0.29 1).34 11.4-4 1.76 -1(0,4 landfilling' leads to gas production, resulting ill
 
Ash and fine earth 41,60 3997 41.81 31.74 411.03 possible fires, asphyxiation and explo,sions in
 
Total compostable 33.41 39.76 4(0.15 4' 1,9 38.75
 
matter buildings, pollution of aquifers and rat and insect
 

Miscelhileous 15.1)4 19.56 11.73 15.98 15.58 infestation. If landfill soil and solid waste receive
 
('hemical conposliibn enough water to reach their respective field capacities,
 

Organic matter,, 22.1)2 22.51 21.51 27.57 2!1.40 the leachate may begin to be discharged. inder a
 
Carbon, ",, 12.26 12.51 11.95 15.32 13.01 situation where soil or rock strata are impervious, tile
 
Nitrogen, ",, 0.6011 0.61 (.56i 1.58 0.59 leachate may rise and get discharged on the ground
 
Phosphorus 11':),), 1.71 (.72 1.68 1.59 (.68 surface either at tile landfill toc or somewhere down
 
Potash (K 0.71 0.7.4 11.72 0.0,8 0.71
 
C N ratio 2(1.35 2(1.47 21.45 20.23 22.43 tie slopes Il1nllly cases, tile leachte can
 

Energy content (kcal,kg) migrate to tihe underlying ground and possibly
 
Calorific value 801 874 867 11410 92(0 contaminate a subsurfite zone close to or at the top of
 

the groundwater table4 2 . Fig. I illustrates the mode of
 
groundwater pollution through leaching of urban solid
 

Table 3 Physical Composition of Refuse from Different waste 4 ' . The leachate contains dissolved and
 
Cities in India 2, suspended material"a (Table 4).
 

Accumulation of urban solid waste increases the
 
Item Lucknow Delhi Calcutta Bangahore Ahmedabad sedinent 
 load carried by streans, decreases 

Paper and 1.66 5.88 1.14 1.51) 5.15 groundwater recharge and promotes eutrophication 
cardboard resulting in degradation of' water quality4a . Increase in 

Metals 3.21) 1.59 0.66 0.10 0.80 pH. electrical conductivity, total soluble organic car-
Glass 1,66 0.31 1.24 0.20 1.93 bon and naturally occurring metals like F," and also 
Textiles 2.91 3.56 ((.28 3.10 4.08 in the concentrations of heavy metals and pesticides 
Plastic, -1.20 1.46 1.54 0.90 (.69 like endrin, indane, methoxychlor, toxapane ,4-D 
leather and 
rubber and 2,4,5-TP above the toxic limits in the leachates was 

Wood, hay 11.42 (.20 1.51) observed . Ustilatiol of the concentration of 
and straw 

Bones 11.18 (0.42 11.12 
Siones 5.27 5.')8 10.56 6.90 8.77 Table 4 Rantges of Pollutant Concentrations in Leachate 
Fine earth 1.59 2.. 33.58 12.011 13.86 from Typical Domestic Refuse" 

and ash Pollants on. range
 
)ec mlposable 6 .31 57.71 47.25 75.20 48.95
 

material 1mg litre) 
p 11  24.1-8.5 
Chemicail oXy,gen demand 1011-.511111

During decomposition, organic wastes normally Tolal residue 1000l-45,(00 
produce a liquid tertned as 'leachate'. In landfills, some Hardness (as CaC(0) 2019-5.2511 
of this liquid results from the pressure applied by the Iron 2011-7111 

fill above, sq neezin, out fluid from the garbage. Zinc 1-135 
Nickel 0.01-0.8 

Another principal cImponcnt of the leachale is rain (opper 0.1-9.1) 
water, which, during its passage through the landfill. Sodium 11001-38101 
dissolves a wide range of materials. The leachate may Nitorgen 211-500 
emerge from a landfill with a biological oxygen PIhosphate 5-13(1 
demand of*over 20,(l00 nglitre, which is about 100 Sulphate 25-500 

iI .Ipropertines stronger than that for raw sewage 
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pollutants " in the leachate coming out of city garbage cnloride contens and ('I)". During the percolation 
revealed the presence of I5()), 10 and 2704 of the heachate through soil, it became weaker due toM nI g litre of 

chlorides, sulphates and hardness respectively. I p to plisical. clcnilical and biochernical changes before ile
 
one month Ifrom the time the refuse was exposed to the gisnuitdwaer ol Contamilinatcd. The total hardness.
 
leaching action, the leachate contained! e.\c,.si\'e total dissolvcd solids, chloride, iron and (O)
 
quantities of pollutants. After two months, tile values decreased in well %.atelras the distance from the rfTuse
 
of all other pollutants were much less, while harditess dumping grounds increased. VeIl water down to a
 
continued to gi'e quit higih v;ilues. %lost uf lic distance of 50 I was highl] polluted, but beyond i
 
parameters, except hardnes,,, were within ihc depth ofabout 220 In, tlIe %alue:; rCma iled more or less
 
permissible limits. lh total quantities of chloride,,. unchanged uip to a depth of 45f) t, indicating the
 
sulphates and hardness that were leached ,:uring 4.3 distance up to which tile quality of well w.alr was
 
months fron Nagpur cit\ refuse were 31K04. W278 and affected by tlie leachal. 'Ilcse well waters were
 
9.586 	 kg respectively. " hich were higher tha1n the polluted and riot suitable for drinkini aid don,st ic
 

' 
values reported -rie". Studies Made oil purposes. The chemical qualiti of water in the third 
vertic I migration of nio1c nutrients fromn municipal group of wells was within the chemical standards. 
solid waste showed more rapid movemnent of prescrihed for drinking \%;Iler" . 
polltants through soil wlieil the leachate had lo\k /id .ISI'lilarlT labulill This is a solid waste disposal 
and high concentrations of total organic carbon. facilit, k% lie greatest possibleherein Irefu.eC :s placed at 
soluble Comm11l1oni sals and solic naturally occurring dcnisit, for final tdeposition. No open burning, 11o 
Metals like iron" .. \Vltuu lie lcachale \as used f(It !round and surface waler pollution and daily covering 
growing So'abeali, i ,iiiladculture, it resulted ill all of tihe deposited refuse with earth are some of tlhe 
inbalancc in the propoliron of ruitrienis. causing featlurs oftlhC 1ethod. While tihe chnique of srianitary 
stunted grv Wli o1 planft" Increased levels of /inc, landlilling is almost the santc eerywbere, three 
copper, lead and caditi ii ri vr ofcori are usedr;in aid st variations of refuse placement in the I lnited 
were oi ser\cd ill soil treated wilh ci reis ;, States" the trelch netlhod, he alca nietod and tlhe 

('ontalninalionl of ground\%alCr is iriWiihn1inl aieas raprp method. (Certairn paraieters govern tile 
surrounding city refuse dnripin2, siots, note So whetre .'lnstruction of sanitary landfill. 'h lie operational 
dumping is done iili;h\-lying arcas and tile rith of parameters are topography and gcolo)gy of the site, 
percolation through tlhc soil is high. I lie rcsulls ot Covcring inalelial, refusc charactellsics, and 
studies carried out (,i rouiind aterpoliiill y open groundwaler hydrology of the site, arnd cliriultic 
refuse dumrps al laipiur arc presented it [able 5. 'lie features of tlre location. (Componeierts of sallitary 
leachates froin refuse had high concentrations of landfill operalion are tlre site itself, equipnent and 
orgarire carbon, irori and nrarrgairese coupled \vithl high ph.lical plant. A\uxiliary operations irclurdeshredding 
cioncertraiioirs of dissolved solids. 'Ihie leachate frort anrd grinding and volli'ie ieductioln, the linliiting 
trpped refuse "as stroner than sewayc at the time of parilioters being laind availabilily arnd landfill 
forrmatron in terrls of Is nintogen. phosplhaite arid yproducts. 

Table 5 Physicochenlical ( In 	 acteristics of Well Waiter'' 
IReslts are expressed in png, 	 ( i . einprlse sell 2(I-45 iitire, excepi pII anid teiipertr urc. prou1,2 and ,ithin n .t inIr1d 5-6 kn of he 

dumping siltes respecivcl I 

(haracterisrics 	 (iroup I (Group 2 (roip 3 

A' ,('on . iange Al (onc. ranige ionic. range A%. 

Temperature, " 2 .24 22 2i-22 21 211-21 2.5 
pI- 7X-4 M ~s7.2-,. 74, 
Total dissot',wd sotids 115 -21 16 141 6440-12(I i 1511 .2Ii-5 10 .115 
Totat alkalinity is t('(), .180i-12.14 862 27i1-.Sii 375 I 10i-2t0- 157 
Total hardness as ('a( 550 ,ni-91M 765 .11i1-54S .11) 1-11-226 183 
(thride as Ut 36-,,i 50i8 1Sn Wit 20- sii-t.l I 1 
Sutlrlalna e i 

s (, i t.S-2Si 21-4 x4- SI t 12 .I-IlS 5. 
Anmironia niiirogen iis N 0.2-2,0 1 t (111i-i 1 2 ii i 
Nitrate nirrogen ;.s N i. -it 1.1 t ii-III ,5 2-10 6 
Pliosphiale ;I P , 1.0ll 2ii I ) I).1) X 0A i-ti 0 
rnl ais e 	 i.-3.0l 19 i 11-1 i0 II 7 I1 1-1).2 0. 1 

0t )) 	 501-2i0t 125 12-40t 26 0i-s 4 

L'I 
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An important consideratin in the disposal of solid 
waste in a sanitary landfill operation is the ultimate 
fate oflthe disposal si te. Proper use ofa landfill site may 
yield both economic and social benefits: improper useei~ts t) 
ni-iy Lad to serious en vi ronmiental probIcins- . 
Completed sallitar hlidlill sitesarceventuallly Icellcd 

ld used Is r'crcational areas, as most sites ill- filled 
ill I hiaphaMzlrd manner and rlle untsuitable for anv 
other use. For ,gictuiturarl use of landlill site, deep 
lavers of the final cover soil are placed over ,",, 
coimipleted refuse cells. I Ic',vever. r1ijor diff'iculties arc 
m1!with du1in.- percolatioll Ofirriritu Witer into the 
underlying refuse, with conlseltclit leachatc gelle-
ration, and detrimtrral efl'*Lcts of the gases evolved 
from decomposmng wasict l growirg plants s,. The 
founding of' iiportaitl, heav , cxt ensi\c structures 

m'y Iltt tnvr.llllti] pol ttl~ 7 

ovcr decomposing refuse cells is not feasible". 
Therefore onln, light construction can be built On stich 
cotmpletcd sites. 

l'o avoid tle pol lutioi of gron dwater and toxicitv 
of' soil, a material bala rce-slicer needs to be prepared 
for varving rtc,, and frequenicies of application of 
urban waste. No single Method of waste uilizat ion 
provides answrs to vaste management in every 
h ,:ation. The role of cvapo-transpiration iin reducing 
landlill leachatcs has been dlisctssed by ('affrey and 
11am ~ ;and Lurid I,'I/." . while aerobic landfilling has 

1been suggested by lan1ajin1a and Parker and 
Williams " . It is noteworthy that iardfill gas is 
converted into elcctr,city arid supplied to thousands of 
householdsin lSA"' and UK "' . 

Solid Waste as an Energy Source 
City refuse is one of the potenlt:.,l sources of energy.

The heating value of cornposite municipal waste varies 
between 4500 and 6500 Btuilb. 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 fc,rm of 
electricity. steam, gas or oil""' . Some of these 
processes are proprietary in nature and are referred to 
its energy recovery sstems: these include : tile use of 
refuse as af supplemientary fuel, waste heat recovery, 
gas turbine generation of electricity, pyrolysis and 
methane productio i by anaerobic fermentation . 

Solid waiste can be used as a supplementary fuel with 

coal in the generation olfelcctricity, its a heat source in 

tile production of stcai and as a natural gas 

source8 ' "
". The simplest method of'recovering waste 
heat in the form of stean from existing or new 
incinerators is a boiler immediately l'ollowing the 
combustion area of the incineratorH7,H. The CPU-
400 system is designed to recover energy from solid 
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'able 6 Typical Moisture Content and Hearing Value of 
Municipal Rfuse Components' 

(omnponcnt Moisture,",, Btu/Ib 

' iper, cardhoard, cartlns, bags 3 7.660 
,00td craics, boxes, scrap 7 7,825 

Il ush. 1 anchics 17 7,140 
Girass 5050 4,a9s4,8003,820 
;,rhig 75 1,820 

k.. 50 3.470 
G'Cel.s 50 4.070 
I, igs. Clton, linell 10 6,441 

waste as oleclrical power. To recover this energy, the 
waste is burnt in a fluid-bed combustor Ilot gases 
fromin the combustor pass through a gas turbine to run 
ai electrical 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 anaerobic 
digestion, dewvatering and ultimate disposal of the 
resulting residue'" "-

Pyrolysis isessentially tile burning oforganic matter 
iii the absence of air at temperatures in the range 400­
701) (. Since pyrolysis is endotherinic, heat has to be 
provided from outside. Pyrolysis yields it number of 
produltct, gasCoUs aind liquid, carbon monoxide, 
methane, butane, wood tar and a variety of other 
chemical.I, all of which have a very high energy 
content"""' . The yields obtained during the pyrolysis
of nliurnicipi' I Solid waste by Garrett flash pyrolysis 
method"'5 are its follows: char, 20: gas, 30: oil. 40: iand 
water, 10",, (by wt of inconing refuse). 

Fhe currently used pyrolysis methods fall into two 
categories: high terperatore and conventional. 
Conventional pyrolysis can be further subdivided into 
gas producing and liquid fuel producing systens, 2. In 
a typical high temperature pyrolysis plant, the refuse is 
charged into a reactor through an air seal. Heated air, 
inttroduced at the bottom ofthe reactor, dries, partially 
volatilizes, oxidizes and finally melts the refuse as it 
descends through the reactor. The molten material is 
collected ii a quenching tank to form a glass-like 
aggregate. [lie gases produced in the reactor are 
removed aind burnt in at secondary combustion 
chamber. I Jere, temperature exceeds I100 C. The hot 
gases fron the afterburner may be utilized to produce 
power and,'or sustain tile 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 1110 C', which is enough to pyrolyze the refuse 

'IA
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into gases and solid residue. Another conventional 
pyrolysis method is designed to produce liquid fulel oil. 
This method is based on flash pyrolysis and isdesigned 
to produce one barrel of'synthetic fucl oil per tonne of 
refuse received. this fuel is a low-sulphur oil with a 
heating, value equivalcn to 75",, of No. 0 oil onl 
volumetric basis. 

FIour blsic criticLl par~|ieters are aSsociated with 
pyrolysis of solid wtstcs: hcating rate"", tempera-' ture x . waste composition and marketability of 
byproducts. 1lh, effect of temperature on the pyroly sis 
process has been studied b, I Ioll'inIliadl Fit/"" aid 
McFarland cl al. ''"' . The yields ofI gases, organic 
liquid., and char at these temperatures '"' are given ill 
Table 7. The pyrolysis temperattre is found to 
influence the quantity and quality of the iscs 
produced and iuheir coniposi :on'" ' (iable 8). 
Variation in pyrol ysis temperatures also afIccl:; the 
char composition. Waiste coniposilion and prepara-
tion method inluenc: the composition of pyrolysis 
byproducts" I In a study on raw municipal refuse, 
Sanncr et a!."'' observed that tis refuse produces 
more aiiloniitni sulphute, gas, tar and liquor, and lcs 
solid residue arid light oil thani inrduIstriAl waste. 

Compost from I rhan "Solid Waste 
Coupo.vtn, '. It is a biologicalprocess process for 

converting solid waste into a stable, Iitamus-like 
I roduct which finds use as a soil conditioner. It is a 
self'-heating, therrrophilic arid aerobic process which 

Table 7 Effect of Pyrolysis Temperature on ProductYieldS,(op 

Product lTemperalure, 1: 

9011 1200 1 17011 
Gases 
Pyroligneous 
acids anid tars 

12.33 
61.ts 

is 64 
5Q. is 

23,9 
59. ,7 

24.3( 
5s 70 

Char 24.7 1 21.S0 17.2.1 17.67 
Mass acc nied fr 9X.2 962 0.59 10,711 

Table 8 Effect of lyrolysis Tempcratture on (Uas 
Composition." 

Constituent Tenpera ure. 1 

9110 1200 1500 1700)
I11 5.56 16.58 28.55 32.48 
CI 2 12.43 15.91 13.73 10.45 
CO 33.50 311.49 3.1.12 35.25 
CO 2 44.77 31.78 20.59 18.31 
C2H. 0.45 2.18 2.24 2.43 
C21-1, 3.03 3.06 11.77 1.07 
Accountability 99.74 100.00 iI00) 99.99 

proceeds naturally in accumulations of biodegradable 
solid organic matter" '''1"' Kecpiig in view the 
bulky nature of city garbage, conposting has become 
accepta ble both environmentally a nd agri­
cultural,, I 2 

A surveyconducted oi various aspects oftgarbage of' 
33 Indial cities revealed that the municipal authorities 
spent ol Ill iveraige about 110",, of their annual budget 
on slid waste malagcenient I . I nider such 
:ircuiistaIIces, composting of r.use is found to yield 
niore revenue than the expendit ire incurred. l)isposal 
of 1irhaki waste in big cities hy conventional 
comfposting is posing a serious problcnm by way of high 
cost, Iora-aivailability of land (f'r coilpo)stilng), labour 
needed for compostinrg operitils (M'hich involve 
contact with filthy arnd ohnoxious material) and 
marketing Of compost. (ity ref'use con tin ues to be 
handled ill an uneconomic and uhiliygiellic rvinner. 
Mechanized conpostirig seenis to be the answer. In big 
cities, i!can be located centrally and in a small coriip;.ct 
area. thus doing away with long haulage and search f'or 
new duiiipiig sites. The ot her advantages of' 
neclianized compostilig are: sanitary control possible 
through the use of odouir-prool devices, ability to work 
in both dry and wet seasons, possibility of' recovering
di.scarded materials like metal, glass and other non­
compostable f'ract ious, arid the superior Cluality 
compost obtained ill a short timrue ' ' ­

C'onpoxhin, s'SwS These can be classificd on the 
basis of' technological approach, oxygen requirement 
arn] teperatire. Tle following 14 types of* 
composting proce::ses ' are inl use: Bangalore (India),ospari (criany). )aro liostabilizer (Europe).ri( er a y Ian Bis biic E r e)Larp-Thomas (Geriany, Switzerland, Italy), 
lairfield-lhardy (USA), Ferrirscreen (England), 
Frazer-[Eweson, Jersey (UK, Thailand), Metrowaste 
(1 i/), Naturiser (tI SA), Riker, T.A. ('rane (Japan), 
Tollemache (Spain, South Rhodesia), Triga (France,
USSR, Argentina), Windrowing( ISA. Israel) and van 
M;a;ieri (U S\. Netherlands). 

The ma in operational steps in a modern,

mechanized arind automatcd plant 1ire as follows: (i)
 

pre-sorting to remove bulky naterials unsuitable for
composting (salvaging). (ii) shredding the coarser 
componenits. (iii) removing glass and reta fragnenis, 

(iv) composting the organic material at accelerated 
rates in furlly enclosed chambers for I-3 days (including 
partial recirculation f'or seeding purposes) under 
controlled aerobic moisture and temperature
conditions, (v) corIplel irng the maturation in wirnotrows 
for a further period of 3-10 weeks to produce a stable,
odour-free end-product, ard (vi) addition of chemical 
ertilizes as needed, either during or at the end of' the 

process, to obtain the required flertilizer characteris­
tics i 12(. A lot of research work has been done on 
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Fig. 2 Mechanical composting plat at Okhla Processing steps 

the processing steps of mechanized composting and 
suitable modifications have been suggested for 
different conditions 121 127. A broad outline of the 
process adopted by Muni':ipal Corporation of Delhi at 

-' Okhla (Fig. 2) is discussed by Jain . 
Factors a/lecting com/osting of cityi' re/hs. 

Temperature, moisture, aeration, substTate coin-
position and p-I 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 
generally 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' 2 3. 

The optimum moisture content for composting is in 
the range 45-55",, but composting also occurs in the 
range 25-75',,)"'. Aeration efficiency and moisture 
content are inversely related. High moisture 
composting systems need much more air than the 
conventional systems'134 

Oxygen is necessary for the growth of the micro-
organisms. If the oxygen level becomes too low, 
aerobic organisms are replaced by.. anaerobic 
organisms; this r.'ards the process ofcomposting. The 
optimum oxygen requirement of microbes at various 
stages of humification has been determined by several 
workers' '2 The optimum range foi air flow rates 
for windrow composting is0.6-1.8 i' 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 

necessary to enrich it with nitrogenous sources 143.144. 

The most important aspect of successful composting is 
the relationship between carbon-nitrogen ratio and the 
rve of organic matter decomposition. The optimal 

' 
5 46values reported lie between 26 and 351 " 

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 neutral or 
slightly alkaline due to natural buffering of the 

."humus 
TransJfrnatiotl during hunifcation oj" 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 extent of volume reduction increases in 
proportion to the amount of readily decomposable 
material in the waste 41 .The windrows of city garbage 
shrink by 30-50',%, in volume, showing a corresponding 
weight loss ' ) . 

The material undergoing hugnification has a greyish 
green colour after being ground. This colour gradually 
turns to brown or 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. ""'. 

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"' ', 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 byabout 62 ',, 
,over the control '" In Japan2 application of 

compost increased the yields of upland crops by about 
and those of paddy by about 10,, is compared to 

controls. The response of paddy to city compost in 
combination with inorganic N-fertilizer under 
different water regimes in Thailh;nd '"' is evident from 
the data presented in Tabe I1.Because of low nutrient 
content of city compost, its enrichment with chemical 

2"  

25'%/,, 


fertilizers' '". sewage sludge :2 2 
22 and mic-

2 2robial cultures 22' ' i,-suggested lor increasing the 
nutrient availability to crop plants. With the use of 
nitrogen- and phosphorus-enriched products of city 
compost, it would be possible to substitute 25",, 
nitrogen and 50",, phosphorus doses recommended for 
paddy, when applied on nitrogen- and phosphorus-
substitution basis respectively (Fig. 3). 

Pelletized municipal compost was tried as a sourc. 
of nutrients by Hortenstine and Rothwell221; they 
observed an increase. in the uptake of all nutrients, 
except that of manganese. An increase in pbosphorus 
levek ia sorghtm plants with increasing compost rates 
was recorded by Terman and May "' . City compost 

Table It Response of Paddy to City Compost in
 

Combination with Inorganic N-Fertilizer under Different 

Water Regimes at Surin (Thailand)p'o 


Water 
regime 

Treatmentreiekr'a Nitrogen level, k!, ha A v. 
kg/ha 

0 37.5 75.) 112.0 

Undrained Control 
Compost 

2010C o p2 
262t 

2631 2865st 23 7'09h9 
3(17 36) 

2989 26240t30g 
370 3341) 

Average 23(6 285t 3282 3481 2'82 

Drained Control 2019 27014 3236 1522 2870 
Compost 28(0 35-134225 .4320 3725 
Average 2413 3124 3731 3924 32'9s 

GA IN 
STRAW 


0- SUBSTITUTX)N P-SUBSTITUTION 
S7, 


50
 

40 	 /Table 

/All 

.I " . 

5 

0- . .. If i l 

V 	 -0CRn00OUU0;22n , OUUU 
D):) 	 D "DMo a, o 

TREATMENT 

Fig. 3 Effect of en richlme it of garbage ((i) I nt rba ncoi) post (() 
with urea (U)is,iperphosphate {(1) on dry matter of paddy,ield 


(subscripts refer to dosage ot' nutrients in kg,lia) 
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raised the zinc 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 
orglnisms pathogenic and parasitic ---for both 
human beings and animals. With increasing use of 
night soil and sewage sludge in combination with city 
refuse, the significance 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 22" 2"'.The thermal death points of some of 
the common pathogens and parasites "" are given in 
Table 12. Wiley and We';terberg"' 7 studied the 
survival of pathogns in compost and reported that 
only aerobic 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 
obtaini 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 eggs are 
destroyed during conposting of garbage and night 
soil -31 is evident from the data presented in Table 13. 

Table 12 Thermal t)eah Points of ' Some Common
I'a1th s and Parasitesoge 

Organism 	 Obse vations 

No growth beyond 46 (, death 
within 31) min at 55-60 ( 

Sh elht1/ De, i h nII h ir att565 C 

Sa/monella t./,osa 

sp .	 atht within 

/-scrgwhia coli 	 Most die within t hr at 55 C
 
and within 15-20 inin at 60 C
 

I.'ntap,1a hy.%tolltia Death within a few minutes at 

45 C and within a few seconds 
at 55 C 

If vi,.i/oacrium tuher- )eath within 15-20 minutes at 

Ido.i,k 00 C 
N'cat,,r anwrcanus I)eath within 50 minutes at 45 C 

.1,ar.s hton/rioit eggs 	 I)eath illless than I hr
 
above 501C
 

13 Percentage I)estruction of Ascaris Eggs during 
Conposting of Garbage and Night Soil (5:1)2 

I DIavs after Viable Dead DestructionN Total No 
NNo. 	 Piling of eggs eggs egg.,

observed 
0 322 300 22 6.8 

25 130 5') 71 54.6 
45 t60 2 1641 '1X8 

65 134 1 133 90.*3 
2 0 322 3(10 22 6.8
 

25 150, 0 156 100.0
 

45 245 0 245 100.0 
65 314 0 314 10).0 
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Table 9 -Organisms Involved in Compositing 

Organism No./g of . . . ... . Mo is t c o pos t. mu 

Microflora Bacteria 1ti 10,, 
Actinonycetes I-1 -I1o,
Fungi I()4.1( )

,, 

Algae l0c 
VirusesMicrofauna Protozoa 10(+Mcroflora Ptgi - 1u 

Macrofauna Mites. antis, termites. rmilli-
pedcs, cenlipedes, spiders,
beetles, worms 

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

Many workers have studied the losses in the 
chemical constituents of city garbage as it is subjected 
to microbial degradation. Sugar and starch are nlost 
readily utilized by microbes, resulting in a heavy loss of' 
water soluble materials. Lipids or fats are not very 
resistant to degradation. Cellulo;e and hemicellulose 
are intermediate in resistance, while lignin is the most 
difficultly decomposable component '5. The average 
reduction values of mixed refuse after composting '"' 
are as follows: total matter, 40; volatile matter, 45; 
carbohydrate, 65; lipids. SO: protein. 22, and crude 
fibre, 30",. 

The changes in chemical composition of compost at 
the end ofcomposting ofcity garbage and mechanized 
compost"' are presented in Table 10 Composting
results in an increase in the co, tent ofmjor and minor 
nutrients' "" . Co-composting of city refuse with 
sewage sludge decreases the heavy metal content of 
sludges 4 '2 . 

The result of the composting step is the stabilization 
of the organic matter in the waste. The desired degree 
of stability is one at which the material does not give
rise to nuisances when stored -even if' it is wet. 
Paramneters of' stability of' compost other than 
appearance anld odour""': are final drop in 
temperature '"f, self-heating capacity'',,,,, proportions 
of decomposable and resistant organic matters in the 
material'7 , rise in redox potential ' " ' , oxygen 

, " "uptake ' "" ('I:( of the product"' '' '. carbon-nitrogen ratio tie ratio of' tile carbon in reducing 

sugar to the total carbon, stability ofpfI ' '" . growth of' 
+C~ltwuti graii , starch test 1 5 and toxicity to 

plant roots" " . Spohn. has suggested a laboratory 
test for checking whether materials have reached atestc ge. 

a tur aa /u 
A)gricultural rah of city compost Use of city

compost promotes soil aggregation and stabilizes soil 

structure. This improves the air-water relationship ofsoil, thus increasing the water retention capacity and 
facilitating extensive development of root systems of 

pl n t .. . . F a'r 189 h l eypealuating municipalvv 

compost asan erosion control residue, observed that it 
can be a good substitute for straw and manure overa 7­
year period. The erosion losses fron small plots on a
30',!' slope were reduced from 5.0 to 0.2 in' of soil per
hectare/year, when 60 tonnes of compost was applied 
s mulch.

asmuch 
The release of nutrients during the decomposition of 

urban compost in soil is similar in effect to that of other 
manures. Substantial improvement in f)H J 'o-',
organic matter 1 , ajor 5 secon 
darv ',""' and nlicro-nutrients "' 204 of the soil was 
observed on the application of city compost. The 
application of urban compost increases the biological 
activity ofsoil by acting as food substrate to the native 
soil microllora, as reflected by CO, evolution. 

.nitrification and ammonification 205,2l6 

Garbage compost is used in all areas ofcrop 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 2"7 2 " has been carried out on the 
use of city compost for optimizing agricultural 
production under limited availability of fertilizers. 
1lowcvcr, the information available on the work done 
in India is very meagre 2I1 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 After lumification for 91 

Days 

Property 
y 1 

City garbage lcchanized 

compost 

Initial Final Initial Finai 
ELiectrical conductivity, 111.77 10.074.48 4.52
Organic carbon.1111h1oscm " 27.03 12.37 18.56 12.45 
Nitrogen. ",, (0.65 0.73 ((.71 (0.76 
(:N ratio 41.37 16.88 20.34 16(.36 
NII - N. ppin 79.90 1511.30 81.60 151.110 
No, --N. ppm 19.41 39.76 I8.67 39.76Phslbtorus as 0.46 (0.50)i:rratio I'2O, 0 0.50 ((.52135.25 57.55 80.29 55.55 
potassium as K 1). 0(.51 0.80 1.72 0.80 
('alcium. 0 0(.61(.28 0.31 0(.56 
Magniesium, 0.14 ((.23 ((.13 0.25 
Zinc, ppm 24(6 41)3 255 412Manganese, ppm 39.0 77.7 43.0( 81.0 
Copper, ppm 152 217 162 233 
Iron, ppm 4433 8500 5200 8833 
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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 withia number of 
constraints. This is illustrated by the role of non-
compostable components. e.g. metals call be ea'ily 
recycled fron industrial scrap, Lt the present 
methods ofmaking steel can tolerate only limited scrap 
input and thus the scrap recovered has low market 
value. Glass is easy to reprocess and can be used in 
many ways, but the raw materials for glass are 
available so abundantly that there does not seem! to be 

inany gain through recycling. Although the residues of 
pyrolysis --combustible gas, tar and charcoal have 
economic value, yet these products have not found 
wide acceptance commercially. Most of tle gas is used 
in supplying energy for the process itself. The tar is full 
of water and must be refined. The charcoal is full of 
glass and metals, which have to be separated prior to 
its use. This separation makes tile charcoal too 

expensive compared to wood charcoal. 

Because of the horizontal growth of cities, no land is 
available in big cities for dumping of refuse (even fly 
sanitary landfill methods). Non-availability of' 
agricultural land in the vicinity of cities increases tie 
cost of transportation of compost to the field. Local 
and traditional needs for iYM and fartn compost limit 
the use of the compost prepared fron city solid waste 
due to tile influence of social customs and taboo:' 
excreta have been regarded as something very 
obnoxious and highly polluting. It is true that their 
biodegradation cart be a source of diseases and health 
problems, but right attitude to their potential value as 
a source of nutrients can help in devising methods to 
derive full benefits from the-. The poor nutrient 
content and tile inotn-uniforrnity of refuse limit its use 
for composting. 

The high cost of techanical compostinig plants and 
the non-uti lization of' byproducts are along the 
factors which make the process aiin uneconomic 
proposition. The most critical link in the process of 
coniposting is the segregalion operation. I land-sorting 
of garbage at the compost plant is tediotus, expensive 
and insanitary . I)etailed investigatiots arc needed to 
evolve better septration tmethods. It is efet that tif 
separation of non-compostables could be achieved 
economically, coimposling could become atn attractive 
method for resource recovery. Supply of' compost at 
subsidized rates and its free transportation to farns 
may help to popularize this product There is need for' 
co-ordination between tile civic bodies charged with 
solid waste matiagement in cities and research 

Table 14 - Factors Influencing Management of Urban Solid 
Waste 

Material factrs 

Non-uniformity of refuse 
Iligh moisture content 
I ligh content of non-compostables 
Poor utrien contentI owy energy content 

Presence of patiogens and foul smell
 

Ii,,cal factors
 
Non-availability of land for dumping
 

No agricultural land nearby 
Local'tradigional needs 

Social factors 

Traditionalism, taboos and superstitions 
Tchno-,economic fattorsof technolo available
 

Processing cost
 

Degree of recycling 

EConomic use of l).products 

IFiscal factors 

Policy of incentives subsidy and controls 
()rgarrisaiional factors 

Level of co-ordination between civic bodies and research 

organizatins 

organizations for the efficient recycling of wastes. The 
various factors affecting the mani-igement of solid 
wastes are summarized in Table I . 

Strategies 
An ideal approach would be to tind 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 forl. Material 
having high heating value, such as paper, wood and 
plastics, should be pyrolysed for recovering energy, 
while the putrescible organic tmaterial should be 
processed through the lechanical conposting plant 
for conversion into fertilizer. 

Variations in tie cotmposition of city refuse as well 
as in its moisture content result in significant 
differences in its heating va lic (Table 7). It is, therefore, 
necessary to pyrolyse the constituents of municipal 
waste individually and to determine the overall yield 
by additive process and to itandatrdize tile pyrolysis 
and gasification steps under Indian conditions. 

The traditional metihod of urban composting is 
highly unscietific. ('are is not taken to provide a 
balanced food and optinttui environmental conditions 
for the microbes to convert tile wastes rapidly into 
good quality compost and to tiininmize leaching and 
volatilizatioi losses. This calls for investigations on 
various aspects of' the colposting process ill 
mechanical composting plants soitas to handle in the 
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shortest possible time huge heaps of refuse gathered 
everyday in the cities. The quality of the final product 
should be enriched with mineral fertilizers and 
microbial cultures, so as to make the setting up of 
mechanical composting plants economically viable. 
The high investment on complete mechanization of the 
compost plant coupled with the costs of repair and 
servicing emphasizes the need for setting up mini-

mechanical compost plants which would be more 
appropriate under the socio-economic conditions 
prevailing in India. 

Where it is not possible to recycle the whole quantity 
of refuse efficiently for energy and fertilizers, part of it 
can be disposed of around the cities through the use of 
sanitary landfill methods, 

A number of other organic wastes are available in 
India from animal sheds, farms, fish and marine 
sources. These neglected materials, if exploited

could significantly help to meet the energy,
efficiently, 

fertilizer and material needs of the country, of course, 

with adequate attention to the overcoming of pollution 

hazards2 39 .
 

Urban solid wastes are a major source of land, water 
and air pollution ifexploited inefficiently. Use of these 
biodegradable materials as sources of energy and
fertilizer could help to meet the growing needs,ld toferil zerel co me t t e 

4 Davis AG,Municipal composting (Faber & Faber, London), 
1961, 203. 

5 Decision imakers' guide in solid waste managenwnt (Office of
Solid Waste Management Programme, US Envircrnmental 
Soi A gen t Porme U58.Protection Agency), 1978, 158. 

6 Flintoff F, Management ofsolid wastes indeveloping countries 
(WHO Regional Publications, WHO, New Delhi), 1976, 
242. 

7 Golueke C G,Composting : Astudy of the process and its
principles(Rodale Press, Emmaus, Penna), 1972, 110. 

8 -lenstockME,The recyclinganddisposalofsolid was, eProc:of 
a course organised by the Department oYMetallurgy and 
Materials Science, University of Nottingham (Pergamon 
Press, New York), 1974, 226. 

9 Henstock M E & Braddulph MW,Solid waste as a resource, 
Proc of the coiference on recycling &disposal of solid wastes 
held in Duhronik, 1975 (Pergamon Press, Oxford), 1975, 
170. 

10 Krishna Murthy R, Amanual on compost and other organic 
nanures (Today & Tommorrow's Printers & Publishers, 
New Delhi), 1978, 169. 

I Mantell C L,Solid ivastes : Origin, collection, processing & 
disposal (John Wiley & Sons, New York), 1975, 1127. 

12 PavoniJ L,HeerJ E(Jr)&HagertyDJlandbookofsolidwaste 
disposal, inaterials and energy, recovery (Van Nostrand 
Reinhold Co, New York), 1975, 549. 

13 Porteous A, Recycling resources refuse (Longman inc, New 
York), 1977, 118. 

14 Rodale J 1, The complete book ofcomposting (Rodale Press Inc,Emmaus, Penna), 1960, 

15 Satriana M J,Large scale compostin: (Noyes Data Corp), 1974, 
269. 

16 Solid waste management - A technology assessment by Generalrow ng nee sElectric Co (Van Nostrand Reinhold Co, New York), 1975, 
consistent with the maintenance of health and sanitary 
conditions. But the whole problem is beset with a 
number of limitations-local, material, technological, 
economic, organizational and fiscal. This paper 
analyses the magnitude of the problem and the 
alternative disposal/utilization systems and in this 

context the criteria for formulation of strategies which 
are not only desirable but also feasible. 
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Production Mechanism of Hard X-Rays in Solar Flares-A Review 
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During the explosive phase of'a flare, there is sudden number and energy spectra of the accelerated 
.release of about 10" electrons, possibly in various electrons"' Electrons with power law energy spectra 

directions. Sometimes the particles (electrons and can produce the usually observed power law photon 
protons) attain energies of several MeV or even spectra: this fItct was regarded as evidence for the 
higher'. Some of the electrons which move downwards non-thermal origin of the solar hard X-rays'' 
are trapped by the magnetic field of the acii',e region Itowever, power law spectra ofhard X-rays can also be 
located ab ve sunspots and having an electron G,'nsihy due to multi-temperature plasma",.5 Because 
several times the coronal density. The accelerated thermal and non-thermal interpretations require quite 
electrons producc impulsive burst at centimetre differcnt flare models, it is very important to determine 
wavelength by synchrotron mechanism and the high the nature of solar flare hard X-rays. 
energy X-ray burst by bremsstrahilung process. The Accelerated electrons having 10 keV energy can 
distribution of energetic electrons and their total produce hard X-rays with energy - 10 keV. Protons 
energy are deduced from hard X-ray observations, and heavy nuclei produce narrow gamma-ray lines in 

Hard X-ray spectra at the peak of the impulsive MeV range. In addition, synchrotron radiation due to 
emission have been reported by loyng ,ta!.2 and the motion of relativistic electrons in magnetic field, 
Kane and Anderson3 . 'Ihe observational characteris- inverse Compton scattering of relativistic electrons 
tics of solar hard X-ray bursts, generally referred to as with thermal solar photons '" and bremsstrahlung due 
small flares or sub-flares, have becn analysed in detail to collision of accelerated electron with the ambient 
by different workers3 '. Hard X-ray bursts occur protons'" can produce hard X-rays. 
during the flash phase and peak usually 0.5-3 inIn We shall, to start with, briefly discuss the f'avourable 
before the flare maximum observed in II, light. The conditions for the generation of hard X-rays in a flare 
increases and decreases in tie X-ray flux at 40 keV are 1y each one of the three mechanisms referred to above 
roughly exponential with c-folding rise time of 2-5 sec and tliercby show that inverse Compton scattering and 
and similar or slightly lower e-fOlding decay times. IFor synchrotron inechanisin are not important under 
larger flares, the '-ray lime profile consists of'many normal conditions. We shall then proceed to discuss at 
spikes of the order of'I min duration: short lived spikes greater depth the generation of hard X-rays by 
of tie order of I see dur'llion are superimposed on top brensstrahltng of accelerated electrons. The 
of thcm". The peak N-ray al ite 10 ke V is features the andearth above characteristic of electron-electron 
found to be usually intihe nite II "-I} " erg,,, en : electron-ion brenisstrahlhung X-rays shall also be 
s '. Further, the X-ray scct ilrun is'tle pow'er law reviewed and discussed. 
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for n: t ,)I -hi phohiscni IV '(wih Synchrotron Radiation 

.5'": 5.5(riiediin ;' - - 6)in tgeiarc I0-,( ke" at \V hcn a charged particle traverses a region 
the naximtum ltux: above about 801 keCV. the ')ceCtruii co1laiturg a magrictic field, it tndergoes acceleration 
becomes iuch stceper. Spectral indices larger than 7 and emits photons. This emission is called cyclotron 
ar-c very rare alnd hard to determine beca,c of the pile- radiati',t) or ria!,iietic hrcrisstralilhg. Further, when 

1Cviliost C theup effct' they never come siliallcr tdari electr, m speeds lie in the relativistic range, tie 
2.51'" . lhe spectrum is hardest iar the flux radiaition a[Ccluires cerlain chrractcristic features 

-.  dnTaximurnifercIt [irothose o 'thc IIor Ilcyclotron riIation.I 
solar hard This knowniOnce rncasurenilrts ofl tIe ,ieriv ofl, N- emitted radiation is ;is synchrotron 

rays became availahle, it was possile to deduce tile radiation arid is illustrated ill Fig. I Since for ai givern 
particle energy the energy loss hy this process is 

*l1hysics Departmnt..S I'. ('ollcgc. Srinigar 19iun001, reduced by the stlUiC of the particle r1m ls, we shall 
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