
CHAPTER 

EVOLUTION OF 
SOLID WASTE 

MANAGEMENT 

Solid bas tes  cornpribc all the w;~stes arising I'rom h u ~ n a n  and ; ~ n i ~ l i ; ~ l  activities that 
~11.c norrll;~lly solid ancl that are discarded a\  ~ l sc lcss  o r  unwantccl. The  term iolirl 
lt.ci.\lr as ~ ~ s e d  in this text is i~ll-inclusive. encompassing the heterogeneous mahs 
ot' thrcnva+vays frorn the ~ l rhan  co l i ln i~~ni ty  as  well as  the I I I O ~ ~ .  l iomogencou\ ; I C ~ L I -  

~nulut inn o f  agricult~~l-al,  indust~.ial. and n ~ i ~ l e r a l  wa\tcs. This  book is t'ocused o n  
thc urh:ln setting. where the accumulation of  solid \vastc\ is a cli~.cct conscclucnce 
of lifc. 

The  p~l rpose  c ~ f  thih chapter is to introduce thc reader to the field 01' solicl 
w.aste management ancl to identify the demands that must he met hy those prac- 
ticing in the lielcl. T h e  material is presented in fi1.e sections: ( I ) solitl w ~ ~ s t c s - a  
conseqnence of life: ( 2 )  wastc generation in a technological socicty: (3)  the e \ o -  
lutinn of solid bas te  rnanagelnent: (4) intcgratcd solid wastc In:lnagernent: and  
( 5 )  solid waste rnanagernent systems. 

1-1 SOLID WASTE-A CONSEQLIENCE 
OF LIFE 

From the days of pr i~ni t i \ ,c  society. humans anti animals ha\,e u\etl thc. r c s o ~ ~ r c c  
of the carth to  support life anci to dibposc of wa\tes. 111 early times. the dispo\al ol' 
human ancl other wastes did not pose a significant p rob lcn~ .  for the population XIS 
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FIGURE 1-1 
Solid waste problems are not new. (By 
permission of Johnny Hart and Cre- 
ators Syndicate, Inc.) 
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rmall and the amount of land available for the assiinilation of wastes was large. 
Although ernphasis is currently being placed on recycling the energy and fertilizer 
values ot's01id w;~stes. the f ~ ~ r n l e r  in ancient times probably made a bolder attempt 
at this. Indications of recycling may still be seen in the primitive, yet sensible, 
agricult~rral practices in many of the developing nations where farmers recycle 
solid wastes for fuel or fertilizer \lalues. 

Problems with the clisposal of wastes can be traced from the time when 
humans first beg~un to congregate in tribes. villages. and conln~unities and the 
accumulation of wastes became a conhequence of life (see Fig. 1 - 1 ) .  Littering of 
food ;und other solid wastes in medieval towns - the practice of throwing wastes 
into the unpaved strccts. roadways, and vacant land-led to the breeding of rats. 
with their attendant fleas carrying bubonic plague. The lack of any plan for the 
management of solid wastes thus led to the epidemic of plague, the Black Death, 
that killed half of the fourteenth-century Europeans and caused many subsequent 
epidemics with high death tolls. It was not until the nineteenth century that public 
health control measures became a vital consideration to public ofticials. who began 
to realize thi~t food wastes had to be collected and disposed of in a sanitary manner 
to control rodents ancl flies. the vectors of disease. 

The relationship between public health and the improper storage. collection, 
and disposal of solid wastes is quite cleal-. Public health authorities have shown 
that rats, flies. and other disease vectors breed in open dumps, as well as in 
poorly constructed or poorly maintained housing. in  food storage facilities, and in 
rnany other places where food and harborage are available for rats and the insects 
associated with them. The U.S. Public Health Service (USPHS) has published the 
results of a study 121 tracing the relationship of 22 human diseases to improper 
sol id \baste nianagerncnt. 

Ecological pheno~nena such as water and air pollution have also been at- 
tributetl to improper management of solicl wastes. FOI- instance. liquid from dumps 
and poorly engineered landfills has contaminated surface waters and groundwa- 
ters. In mining areas the liquid leached from waste clumps may contain toxic 
elements. such as copper, arsenic. and uranium, or i t  may contaminate water sup- 
plies \+ith unwantecl salts of calcium and magnesium. Although nature has the 
capacity to clilutc. disperse. degrade, absorb, or otherwise reduce the impact of 
~lnwantcd rcsidues in the atmosphere, in the waterways. and on the land, ecolog- 
ical imbalance\ have occurred where the natural assimilative capacity has been 
exceeded. 

1-2 WASTE GENERATION 
IN A TECHNOLOGICAL SOCIETY 

The developrncnt of a technological society in the United States can be traced 
to thc bcgin~lings of the Industrial Revolution in Europe; unfortunately, so can 
a 1nqio1. inc.rease in \olid waste disposal problenrs. In fact. in the latter part of 
the nineteenth century, condition., were so bad in England that an urban sanitary 
act \va\ passed in I888 prohibiting the throwing of solid wastes into ditches. rivers. 
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ancl waters. This preceded by aboi~t I I years the enactment of the Rivers and 
I-iarbors Act of 1899 in the United States. which was intended to regulate the 
clunipiny of dchris in na\igable waters and atljacent land\. 

Thu5, aiong with the henetits of technology have also come the problems 
associated with the disposal of the resultant waste\. To understand the nature 
01 '  t h e e  problems. it will he helpful to examine the flow of materials anti the 
associated gcncration of \r.astes in a technological socicty and to cnnsider rhe 
ctircct impact of technological atlvances on the design of solid waste facilities. 

Materials Flow and Waste Generation 

.An indication of how and where solid wastes are genesated in our technological 
\ocicty is shown in the simplified materials flow diagram presented in Fig. 1-2. 
Solici wastcs (debris) are generated at the start of the procc4s. beginning with the 
mining of raw material\. The debris left from strip-mining operations, for example. 
is well kno\vn to everyone. Thereafter. solid wastes are generated at every step in 
the process as raw rnatcrials ;~rc converted to goods for consuniption. 

I t  i ,  appa re~~ t  f ro~n  Fig. 1-2 that one of the best ways to rcduce the amount 
of wlid wastes that must bc disposed of is to liniit the consumption of raw mate- 
rial\ and to increase the rate of recovery ant1 reuse of waste ~ ~ ~ a t e r i a l s .  Although 
the concept i \  simple. effecting this change in a modern technological society 
tias proveti extremely difficult. Therefore, society ha4 ~lntlertaken imprclvcd waste 
~nanagcment and searchetl for new permanent locations in which to place solid 
waste. Unlike water-borne and air-dispersed wastes. solid wabte will not go away. 
Where it  is tliso\vn is where i t  will be found in the future. 

I materials RL 1 - - + Res!dual debris 

7 

- - * Residual waste ,I Manufac.r~% 1- rna,e,al 

I I 
I I 
I I - Raw rnater~als. 

products. and recovered 
materials 

- ---  Waste materials 

FIGURE 1-2 
Materials flow and the generailon of solid wastes in a technological society. 
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The Effects of Technological Advances 

Modcrn tcchnological advances in the packaging of goods crcate a constantly 
changing set of parai~~eters for the designer of solid waste facilities [7] .  Of par- 
ticular significance are the increasing use of plastics and the use of frozen foods, 
which reduce the quantities of food wastes in the home but increase thc quantities 
at agricultural processing plants. The use of packagcd meals. for example. rcsults 
in almost no wastes in the home cxcept for the packaging materials. Thesc con- 
tinuing changes present problems to the facilities designer because engineering 
structures for the processing of solid wastes involves such large capital expen- 
ditures that thcy must be designed to bc functional for approximatcly 25 years. 
Thus. the engineers responsible for the design of solid wastc facilities must be 
aware of trends. even though thcy cannot. of course, predict all the changes in 
techno!ogy that will affect the characteristics of solid wastes. 

On the other hand. every possible prediction technique must be used in this 
evcr-changing technological society so that flexibility and utility can be designcd 
into the facilities. Ideally, a facility should be functional and efficient over its 
useful life, which should coincide with the maturity of the bonds that were tlonted 
to pay for i t .  But important questions arise: Which elements of society generate the 
grcatcst quantities of solid wastc and what is the nature of these wastes'? How can 
the quantities be minimized? What is the role of resource recovery? Can disposal 
and recovery technology keep up with consumer product technology? 

1-3 THE DEVELOPMENT 
OF SOLID WASTE MANAGEMENT 

Solid ivusrc ttrcitrcigcJtncnr may be defined as the discipline associated with the 
control of generation. storage. collection, transfer and transport, processing. and 
disposal of solid wastes in a manner that is in accord with the best principles of 
public health. econon~ics. engineering. conservation. aesthetics, and other en\,i- 
ronmental considerations. and that is also responsive to public attitudes. In its 
scope. solid waste management includes all administrative, financial. legal. plan- 
ning. and engineering functions involved in solutions to all problems of solid 
wastcs. The solutions may involve complex interdisciplinary relationships among 
such iields as political science. city and regional planning. geography. economics. 
public health, sociology. demography, comn~unications. and conservation, as well 
as engineering and materials science. 

Historical Development 

To describe the characteristics of the different classes of refuse, and to draw attention 
to the fact that, if a imifosm method of nomenclature and record of quantities hwndled 
could be kept by the various cities. then the data obtained and the information 5 0  

gained would be a material advance toward the sanitary disposal of refuse. Such 
uniformity would not put any expense upon cities, and direct comparisons and correct 
conclusions could be maiie for the benefit of others. 161 



This statement of objectives was written in 1906 by H.  de B.  Parsons in 
T 1 1 r  L)i.sl~o.sc~l c!t'hl~r/lic.i/xil K c y i r s r  [6]. which may have been the first book to deal 
solel) with tlie subject of' solid wastes from ii rigorous engineering standpoint. It is 
interesting to note that Inany of the basic principles and methods underlying what 
is known today as the field of solid waste management were well-known even 
then. For example, although the motor truck has replaced the horse-drawn cart 
(sec Fig. 1-3). the basic methods of solid waste collection remain the same: they 
continue to be labor intensive. (The development of uniform data for purposes of 
comparison is still an important need.) 

The   no st commonly recognized  neth hods for the final disposal of solid wastes 
at the turn of the century were (1) dumping on land. (2 )  dumping in water. (3) plow- 
ing into the soil, (4) reeding to hogs, ( 5 )  reduction, and (6) incineration [3, 61. Not 
all these methods were applicable to all types of wastes. Plowing into the soil was 
L I ~  for food wastes and street sweepings. whereas feeding to hogs and reduction 
were used 5pecifically for food wastes [3] .  

Enlightened solid waste management, with emphasis on controlled tipping 
( n o \  known us "sanitary landfilling"), began in the early 1940s in the United 
States and a decacle earlier in the Unitecl Kingdom [4]. New York City. under the 
leadership of Mayor La Guardia. and Fresno, California. with its health-minded 
Director ol' Public Work>, Jean Vincenz, were the pioneers in the sanitary landfill 
n~ethod for large cities. During World War 11, the U.S. Arniy Corps of En&' ~lneers .  
undcr the direction of Jean Vincenz, who then headed its Repairs and Utilities 
Di\,ision in Washington. DC. modernized its solid waste disposal programs to 
4en.e as model landfills for coniniunities of all sizes. The ~nedical Department of 
tlie Army, through Col. W. A .  Hardenbergh of the Sanitary Corps' engineering 
group. took an actiw part in vector control and the prevention of disease by 
I~elping to sponwr the sanitary landfill program. 

But ~nunicipalities did not follow these program\ with consistency. The Cal- 
ifornia Department of Health Services. along with several other progressive state 
health departments. established standards for municipal sanitary landfills and car- 
ried out aggressive campaigns for the elimination of con\.ent~onal dumps. Still. in 
1965, after ;L thorough review of solid waste n1an:igement practices in the United 
States, Congress concluded that 

. . . inefticient and improper methods of disposil of solitl waste result in \cenic 
bliyh~.;. create scrious hazards to public health, including pollution of air and water 
rcsourcc\. accidcn~ hazards. and increase in rodent and insect vectors of disease, 
ha\e  an advel-se cffcct on land v;llues, create public nuisances, otherwise interfere 
with comnlunity life and de\.elopmcnt;. . . t he  failure or inability to sal\,age and 
reu\e such ~iiaterials economicall  re\lilt\ in  the unnecessary wahte ant1 depletion of 
natural resource.;. 1 I I 

Congress also found that the trend of population concentration in metropolitan 
and urban areas had presented these communities with serious financial and 
adniinistr:~tive problenis in the collection. transportation. and dispo5al of solid 
wastes. 
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FIGURE 1-3 
I Evolution of vehicles used for the collection of solid waste: (a) horse-drawn cart, circa 1900; (b)  solid 

tire motor truck, circa 1925; and (c) modern collection vehicle equipped with container-unloading 
mechanism. 
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Functional Elements 
of a Waste Management System 

'The l)rohIcrii\ ~ I S S O C ~ ~ I ~ C ' L I  \v i th  the management o f  solid wastes in tc~k1y.s socie t~ ,  
iu.e coniplex hecause o f  the quantity and diverse nature of the wastes. the de- 
\clop~iic~ir  of' \pr;iu ling urban areas, the funding limitation\ for public service\ 
in m;ln! Ii~rge citic4, tlie irilpacts of technology, and the emerging limitations in  
hotli c r icr~y ilncl r ~ w  ~liatcl.ials. A \  a con\ecluence, if solid waste management i \  
to he i~ccorlipli\hccl in ;in c.fficicnt and orclcrly manner. the fundamental aspects 
anel ~-cl:~tih)ri\li~p\ in\ol\ccl 1 i i ~ 1 4 t  be identifieel, adjusted for unifor-mity of clata. and 
~~n~lc~ ' \ toocl  clcarlj,. 

In tl l ia text. the ;~cti\.itic\ ;~hsoci;~ted with the nianagc~ncnt of \olid wastes 
trom the point of gencrn~ion to linal cli\po\al ha\,c been grouped into the rix func- 
tional clcrllcnts: ( 1 )  w;~atc gcnc~~ation: ( 7 )  waste handling and separation. storage. 
ancl proce\\ing at the \oLrrce: ( 3 )  collection: (4) scl>a~.ation iund processing and 
tran\t'orm;~tion ol' \ulitl \vnstc\: ( 5 )  tran\frr and transport; ant1 (6) disposal. The 
l'1111ctronal elements arc illustratecl pliotngl;~phicall!~ in Fig. 1-4. ant1 the inter- 
rciat~on\t i~p bctueen the elements is idcntilictl i n  Fig. 1-5. By considering each 
l'unction;~i element wparately. it  i \  possit7le i I ) to identify the Uunda~nental aspects 
:uicl ~.el;rtion\liips in\ol\ccl in  each element and ( 2 )  to develop, where possible. 
~l~~;~rititiitble rel;1tion4li1p4 for the purpohes of making engineering comparisons. 
,~n ;~ l !  sea. ;lnd c \  aluations. This \eparation of functional elementa is important 
l ) e ~ ~ a ~ ~ a e  i t  ;11Ioua the clc\~clopnient of a fr;~mework within which to evaluate the 
in~pac't ol prol>o\ccl cliangcs ancl future technological advancements. For exam- 
ple. the I ~ I ~ ; I I I \  01 '  tr;~ri\lx)rt in tlie e~l lec t ion of solid wastes has changed froni the 
~ ~ ~ I ~ ~ c - c I I . ~ I \ ~ I ~  cxrt 10 thc 111otor i,ehiclc ( w e  Fig. 1-3), but the fundnmcnt:rl method 
of c,ollec~ lon-rh:rt i 4 .  tlic riiariual phq'sic~i~l liandlrng recluired --remuins rhc salne 
( \ec  C'll~~l~rcr. S ) .  

'Tlic i n c l i \  icl~lal fanitional clernent\ ;IW deacribcd in the following discussion. 
Lath o ~ l c  1 4  i o r i \ ~ c l ~ ~ . ~ c l  iri cletail in Part Ill .  The purpose of the fc3llowing discus\ion 
14 to in~:.oclucc. rhc ~.c.;~dcr to the physical aspects of solid waste nianagement and 
to c\tal,li\li a L I ~ C I ' L I I  I's;~~ncwork within which to view the activities associated with 
iiian,~;!imcnt 01' aolicl \L; I \~c\ .  

Waste Generation. 1C'o\to gc~r~c~r.(ltiorl enconipasse4 activities in which materials 
.II.L. ~dcntiiicd ira no longer heing of value ;~nd are either thrcnvn away or gathered 
rogctlicr lor c1141)0\;11. For example, the \v~ '~pping of a candy bur is ~ ~ s u a l l y  con- 
,~tlc~'c'cl to he. 0 1  little' f~rrtlicr value to the owner once the candy is consumed, and 
;Ilr)l.C c:l ' tiri :hat not ~t i 4  ju\t  thrown awa!,. especially outdoors. I t  is important in 
\La\tc ~c~!i 'r,:tion lo note t l i i ~ t  there is an identilication \rep and that t h i 4  step varies 
:\ !!I1 ca:.l, irl t l i \  i t l u ~ ~ l  \\ ;14tc. 

Li':~~,tc gcner:rtion i4. ; ~ t  l>l~4cnt. ;In ;icti\it! 11i~1t i \  not Lery controllable. In 
! I i i  I ' L I ~ L I I . ~ .  I I O \ L C \ C ~ .  11lor~' co~~tr-01 will be cxerci4ed over tlie generation of wastc4. 
11; \t;~te\ \ \ t~e re  \ \ ;~\tc cli\cr\ion f0;1[4 are \ct bj, law. and rnust be met under 
iilrcat of' 'co~rt>luic ~>eualt!. i r  is 1iCcC44iIry to p ~ ~ t  in  place a manik\t  qhteni to 
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FIGURE 1-4 
Views of the functional elements that constitute a solid waste management system: (a) waste 
generation; (b) waste handling and separation, storage, and processing at the source; (c) collection; 
( d )  separation and processing and transformation of solid wastes; (e) transfer and transport; and 
(f ) disposal. 
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Waste 

Waste handl~ng 
separatlon, storage. 

and processing 

at the source 

Separation and 
processng and 

transformation of 

I FlGUREl-5 
Simplified diagram showing the interrela- 
tionships between the functional elements 
In a sol~d waste management system. 

nlonitor waste di\.ersion. Source rccluction, a l t h o u ~ h  not controlled by solid wa5te 
managers. is no\v included in system e\~aluations as a method of limiting the 
cluiuitity of waste generated. 

Waste Handling and Separation, Storage, and Processing at the Source. 
The sccontl of the six f~lnctioni~l elements in the solid u,;rstc Iii;rri;lgelllcnt \ystenl 
1s it'(l.\t(> i t ( ~ ~ ! ( l l i ~ i , q  11t1d  \ ( , / v / t ~ ~ t i o t ~ ,  .\tor(iglJ, (11111 / ) ~ . o ( , ( J , \ . \ ~ I I , ~  11t tltt, so111.c 6,.  Lb'ast~ 
hanclling ,inti sep;u.ation in\ol\cs the activitics associated \sit11 managenlent of 
wastes ~ ~ n t i l  they are pl;~ced in storage containers for collection. Handling al\o 
encompas\cs the mo\ clnent 01' loaded containers to the point of collec~ion. Sep- 
~iration of waste cornponents is a11 important step in the handling and \torJge of  
solid waste at the source. For example. from the stanelpoint of materials specifca- 
tions ancl re\.enues I'rom the sale of recoi'cred materials. the best place to separate 
\\.asre materials for reuse and recycling is at the source of generation. Home- 
owncrx arc becoming more awiu-e of the ilnportuncc of separating newspaper and 
cnrclbo:u-el. bottles. yarcl wastes. aluminum cans. ancl ferrous materials. Currently, 
\ourcc scparnLion of hi~zi~rdous wastes by honieowncr.~ is being discussed widely 
anel implcrncntcd to \,iu-!,ing degrees. 

On-\itc stor;~yc is ol' pl'irni~ry i~iiportance because of public health concerns 
and ;~c \ t l i~ - t~c  con\itlcl;!r~ons. L;risigtitl!, ~ii;~heshit't corit;~iricrs ant1 even open ground 
\torage. I>otli ot \vliicli ;ire untlc\irablc. are often \ern ar many residential and 
~~oni~i iercr i~l  silts. ~I-lic cost of ~>l.o\,idirig stoiage for \olicl wastes at the source is 
lio~rni~lly hornc h) the lio~iicownc~. or apartment nwncr in the case of indi\'iduals, 
01. b!- the nianagcnicnr 0 1  commercial iuld 1nclust1.1al prol>ertie\ Processing at the 
\ource I I ~ \  ol \cs act!\ )tic\ such az  coriipacticln anel !iu.cl waste composting. 

Collection. l 'hc f~:rictional clc~ncnr ot' c.olloc-rio~t, ; I \  u\ccl in this book. inclutlcs 
!iot oill! rhc ;::~rlicring 0 1 '  \ O I I C I  \\,)kt?\ ancl reqclal,lc ~iiatcri,~l\. but also rhc 



transport of these materiais, after collection. to the location where thc collection 
\chicle is emptied. This location may be a materials processing fxility, a transfer 
\tiltion. or ;I landfill disposal site. In small cities, where final disposal sitcs are 
neiuby, the Iiaulinz of wastes is not a serious problem. In large cities. howe\:er. 
where the haul distance to the point of di\posal is often greater than 15 milch. 
rhc ha~11 may ha\re signiticiunt economic implications, Where long c1istanc.e~ are 
in\ol\!ed. transfer and tsanspost fr~cilities are normally used. 

.As shoun in 1 - 1 .  collection accounts for almost 50 percent of the 
t c ~ l  annual cost of urban holid waste manasenlent. This service may cost the 
individual homeowner $20O/yr or more ( I  990). depending on the number of con- 
ta~ners and fsequcncy of collection. Typically, collection is provided undel- various 
~nani~yerne~it arrangements, ranging from municipal services to franchised private 
~ C ~ V I C L ' S  c o n ~ i ~ ~ c t e d  under various forms of contracts. In  several parts of the coun- 
tl-!., large solid waste disposal companies. with contracts in many cities, ow11 and 

TABLE 1-1 
Estimated cost of solid waste collection and disposal in the U.S. 
in 1990 and the year 2000a 

1990 2000 (e~t imated)~ 

Low Medium High Low Medium High 

Solld waste,' tons . IOQyr 

Collected 149 190 238 149 196 257 
Recycledd 15 24 42 50 65 86 - - - - - - 

Total 164 214 280 199 261 343 

Un~t  costs, $/ton 

Collection 

Recycling' 
Disposal 

20 50 200 Future costs will depend 

60 100 400 on legislation and 

15 40 200 technological developments 

Total national costs. '  

1 0 ~ o l l a r s  
Collection 9.500 Future costs will depend 

Recycling 2.400 on  leg~slat ion and 

Disposal 7.600 technological developments 

Total 19,500 

"Adapted in part from Ref. 8. 

Qerlved by assunilng a population growth of 1 percent per year. a 1 percent per year increase in the quantity 
of waste generated per person, and that the entire country will achieve a 25 percent diversion goal. 

CMun~clpal solid waste exclusive of wastes from munlclpal servlces treatment plant sludges and ~ndustrlal and 
agricultural wastes 

'Based on recycle rates of 9 11 and 15 percent In 1990 

'Gross cost excluding credits for revenue from the sale of recovered materials 

!Medium value oriiy 

Note: tons r 907.2 = kg 

S ton 0001221 - $ kg 



Transfer and Transport. T1ie l u ~ i c t i o l i ~ ~ l  c ' le~i ient of ~ i . t r r i .? f i , i .  ( i i i t l  ~ t . t i i i \ l ~ o i . ~  in -  
\ ~ ) l \ c \  t \ \ o  \[L,~I\: ( I ) the ~r.;~risI'er ol' \v;~\tc\  1'1.0111 the 41ii;111cr c o l l c ~ ~ t i o n  \ e I ~ i e I c  
to the I ;~rgcr rr,lll\porL cc l i~ i l )~ i i cn t  and ( 2 )  t l ic ~ L I ~ ~ C C I L I C I ~ ~  tr.;~rlbport 0 1 '  the \i;1\te4. 
!I\LI;III! O\CI. l o ~ i y  ~ l i \ ~ ; ~ r i c ~ c \ .  t o  ;I ~ ~ r o c c ~ \ i r i g  o r  cli\pos;~l \ ire, The t r ; ~ ~ i ~ f c r ~  LI\LI- 

;~ll! t;~kch pl;~c~c ;I[ ;I t r ~ ~ ~ i \ t ' c ~ .  \ t ;~ t io l i .  ~ l l t l i o ~ r ~ l i  ~ i i o t o r  \ c l i i c l c  trclri5po~.t i s  l i ) o \ t  

~ ~ o ~ i i r i i o ~ i .  ;.:ti1 L~;II.~, ;11icI I~;II.~C\ ~11.c ;II\o ~ ~ \ c c l  to tr~~ri \por. t  \\,:~\feh. 
I:ol. ~ \ ; ~ ~ n p l e .  iri Illc tit>. o f  S;II~ I:r;~rici\c~o tl ic col lect ion \.cliic,Ic\. ~ \ I i i c l l  ;IIC 

~.cl;~ti\cl!, \111;1Il hcc;~ir\c ol' the II~CCI t o  I~\;IIICLI\CI. ill i ~ i t l ,  \ t l ~ ' c t \ .  haul their Ioucl4 t ~ )  

;I t~ ;~ r i \ ( ' c~ .  ,t;~tiori ;kt ( l ie \ o ~ ~ t I i c ~ . r i  \x)LIII~I;II.!, 0 1 '  ttic tit!, A t  tl ic tt.;~ri\t'er ht;~tioli. f l ic 
\\;1\tc4 i~~i lo ;~eI~*eI  troll1 tl lc c o l l c c t i ~ r i  \c l i ie Ic \  ;II-e ~~cIo;~eIecI i l l to  1~1r.g~ t rC~ctor- t r ;~ i lc r  
[I .LI~~~,\ .rli: Io:~cIc~l  t~.irc!-,\ ilrc tllcri (Iri\cr! !o ;I cli41>0\;11 hitc I o ~ ~ ; ~ t c d  : L ~ O L I ~  60  1il i lc4 
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transported directly to  a landfill site. residual matel-ials from materials recovery 
facilities (MRFs).  residue from the combu.;tion of d i d  wastc. compost .  or  other 
substances from \,arious solid wastc-processing facilities. A modern sanitary land- 
f i l l  is not a dump; it is an engineered facility u s x i  for  disposing of solid wastes on 
land or  within the earth's mantle without creating nuisances o r  h a z a ~ l s  to public 
health or  safcty. such as  the breeding of rats and insects and the cantarnin:~tion of 
g ro~~~ldw; l tc~ . .  

In Inoat citics. planning for waste d i s p ~ ~ i ~ l  ir~volves dei~l ing with city. county. 
or o t l ~ e r  regional planning commissions and agencies. T ~ L I S ,  lan~l-use planning be- 
come\ a p r i~nary  determinant in the selection. d c i g n .  ancl operation ol' pluccssing 
t'ac,ilities and lantltills. Environmental irnpact statements (see Chapter 2 )  are 11- 

quirccl for all neb.  lanclfill site\ to ensure c o r n p l i a n ~ . ~  with public health. aesthetics, 
ant1 future use oi' land. 

1-4 INTEGRATED SOLID WASTE 
MANAGEMENT 

\Vhen all of the functional elements have been evaluated for  use. and all of the 
intcr1':lces and connections between clcrncnts have bee11 niatchctl for cffectivcncss 
and ccononly. the conim~lni ty has dc\,elopccl an integr:~ted waste management sys- 
t u n .  In this context il~tryr-cctcd .soliti ~ : l r . s t ~  rrrltrr~tr,qr~irlc.rlt ( ISWM) can be dclincd 
as the selection ~ i n d  application of suitable techniques. technologies. and inanage- 
~ n e n t  programs to ach ie \e  specific waste rniwagemcnt nbjccti\,es and goals. Be- 
cause numerous stare and federal laws have been aclopted. I S W M  is also cvol \  ing 
in response to the rcgul:~tions de\eloped to implement the various laws 19). T h e  
\ ~ ~ s t c  di\,ersion goals adopted in California ( 2 5  percent by 1995 and SO percent 
by the year 2000)  arc an example.  .4 hierarchy of waste management activities 
Iias also been established by recent regulations. 

Hierarchy of Integrated Solid Waste 
Management 

h hierarchy (arrangement in orcler of rank) in nas te  m:uiagcn1ent can be ~ ~ s c d  to 
rank actions to  implement programs within the coniniunity. T h e  ISWM h i c ~ r r c h y  
adopted by the U.S .  En\,ironrnental Protection Agency (EPA) is composed of the 
following elements: source reduction. ~.ecycl inf .  wastc conibustion. and lanclfill- 
ing (91. 'The I S W M  hierarchy used in this book is s o ~ ~ r c e  reduction, recycling. wastc 
transfc>rrnation, and lanclfilling. T h e  term \~~tr.ste t ~ ~ c t r i . ~ ~ f O r ~ r r r t ~ t i o ~ ~  is substituted for 
the U.S. EPXs tcmi c,oii~hrrstio~r. which is roo limiting. In the broadest interpre- 
tation of the ISWM hierarchy. ISWM prc)gl.am\ and system\ should be clcvelopcd 
in \shich the elements of the hierarchy arc interrelated and are selected to cwni- 
plenient each other. For example,  the separate collection of yard wastes can be 
used to affect positively the operation of a waste-to-energy combustion facility. 

I t  is iniportant to note that the U.S.  EF?4 does  not makc n distinction bc- 
tween waste transformation (combustion) and landlilling; both are viewecl as  \ j i -  

able components of an integrated wastc management progsam. Nc\,erthelcss. some 



\tate\ mcl organization4 lia\,e ueloptecl a more reatricti\e interpretation of the ISWM 
li~erarch!,. In the Inore ~'catricti\,e interpretation. rcc>cling c~arl only be con41d- 
crcci ,~fter all that 'an he clone to ~,cducc the qlr:~ntitj, of \~;14te ; ~ t  the 4c)urcc tiaa 
hcacn clone. Si~llil~u-I!'. \Laate tranafor~n:~tio~i i 4  conaiclc~.cd onl! aftel- the ~n;lsimuni 
i111io~11it 01 I-ecycling ha4 hcen uch~e~ec l .  A ciiatinction i4  made herween tran\t'or- 
111,1ticui ;111cl tli\po\al i l l  C';~lif'ornia ;111cl other 4tatc4. I~ltc~.prcli~tion 01' tilt‘ ISLYhl 
I I I C I - ~ I I - L . ~ ~ !  \\ i l l .  1n04t likcl!. c.ontinl~c to \ ;~r! b!, \ t i l t < .  

S o u r c e  Reduction.  Tllc, Iliyhc4t rank of' !tic lSWhl hierarchy. 4o~1rce rccluc.tion. 
i11\01\'4 ~.c.ducing the ; L I ~ O L I I ~ ~  ;111(i/or to\icit!, of'ttle \\'a\te\ that are no\\> ycncratccl. 
S O L I ~ C ~  I-ecluc~tion i 4  lir4t ill tlic liicl;~rcli! hcc~:tu4c i t  i 4  tlic 1no4t ci'l'ecti\c wa!, to 
~ ~ e c l u ~ c  the qu;ultitjr ol' \\;14te. the co4t a44ociatccl with i t 4  h;~nciliny, and its envi- 
I-onnlcnt;rl irnpac.t\. U'i~\tc. ~.ctluctio~i 11i;ly OI.C,LI~ t t i ro~~yh the cle4icn. nianufacturc. 
and puck;~ping 01' produCt4 \\ i t t i  mi~iimu~ii  to\ic content. n l in i t~l l~~l i  volume of In:(- 
t e r i ~ ~ l .  01 ; I  lonycr L I ~ C ' I ' L I I  lilt, W;14te recl~~ction niay ;1140 occiIr ;lt the hou4ehold. 
comlnt.rci;rl. or in~l~14lri;ll 1';1cilit!. thro~~gl i  4clcc~ti\.c bu!ing p~lttcrna and the reuse 
01' ~>roclllct\ ;Illel lll;llc~ri;ll4 19 1 .  

Recycling. The \c~.ond highcat rank ill the Iiic~.;~rcli! i 4  ~ . ( l c ~ . ( ~ l i i ~ , y ,  which in\ ol\ea 
I I ) the \t.p;w;~tion ; ~ n ~ l  ~~ollcc,tion of wa\re 111ateri;1l4: (7 )  tlic prcpiuation 01' these 
1liateriaI4 1.0:- reLl\c. ~-cproc,c\\ing. ~ ~ n d  renlnnul'i~ct~~re: and (3)  the reu4c. rcpro- 
cc4aing. ancl r c ~ ~ l ; u l u l ' a ~ ~ ~ ~ ~ r c  01' thew m;~rcri;~l\. Kcc!cling is an important factor 
in helping to rcclucc thC dc.lll;~nd o n  I.e\ourc-c\ ;lnd rhc amount of \\;~stc requiring 
dihpo4;1l h! landlilling. 

Waste  Transformation.  l'lic t1ii1.cl rank in the lSWhl I i ic~~rchy.  \t.ti.\tc tt-titr.\- 

l o t ! ! ~ c l ~ i o i ~ .  in \o l \c \  tllc ~Iij'4ic;1l, ~ I i c ~ l l i ~ i ~ I .  or biological ;~ltcr;~tio~i o f  waatc4. 
I?.pic;~ll!.. tlic ~>Ii!\ic;~l. clicln~cal. ancl biological triunaforniationa 1h;ll be ap- 
~)liccl to 91S?\' ~11.c u4ccl i I ) to rrllpro\c llic cl'licicncj 0 1 '  aolicl w;~ate n l ; ~ n ; ~ g e ~ i i ~ n t  
opc~.;~tic)~i\ ; ~ n c l  4!4:cnl\. ( 2 )  to reco\er reuaitble :~nd rcc.yclablc rn;rtcriala. and ( 3 )  
!O ICL'O\ 'L*I  ;on\cr4ion p~.ocluct\ ( c .2 . .  compo4t) ancl energy in lhc form of heat 
,tncl ~ ~ c ~ ~ ~ i h ~ ~ a t ~ l > l c  hiog;14. The tran4l'o1.matio11 of w;14tc materials ~ ~ a ~ ~ a l l !  r e \ ~ ~ l t \  
in the ~ . c ~ c l u c ~ ~ c l  u\c 01 '  I;ulcllill c;~p;~cit\,. Tlic rccluction in waste \ olume t h r o ~ ~ g h  
ic)1ilh~15tio1l is ;I u ~ c I I - ~ I I o \ \  I I  c\;unplc. 

Landfilling. I'ltim:rtcl!. 401iicthinp must he done with ( I ! the aolicl wilateb that 
Lanllot 13' ~.cc~!~.l~xl ;rnd ;we of' I IO  I '~~rther use: (2 )  the rcaidual matter reninin- 
~t ig  :1t't21. \olicl \\,14tca I I I I \ C  t>ec~i ae~~;~r;~tecI at u mate~.ialx I.c.co\'ery fi~cility: ;uicl 
(.3) the ~.c\iclua! Iliatlcl' ~.c~ii;ti~iing after the reco\,cry of ~ o n \ ~ c r s i o n  product'\ or 
energ!,. There ; I I ~  onl! l\ro ;1ltc1.11;1ti\e4 a\ailablc for ttie long-tern1 handling o f  
4olicl \r;14tc'4 ~ 1 1 1 ~ 1  rC4id~l;~l 111;1ttc1.: di4po4;11 011 or i n  the earth'.; mantle. ancl dia[>o4al 
at tllc hotto~ri 01' tllc. oci>;111. L;~ncltilli~lg. tlic fourtti ra~ik ot' the ISWM hierarc~hy. 
in\,oI\c4 t l i c  co~l~~.ollccl (li41>04;11 01' \\;15tc\ 0 1 1  or i n  the ~ i ~ r t t i ' \  mantle. ant1 it i 4  h) 
far rlic rilo\t colnl!lon nlctllod 0 1 '  ulri~n;~tt. tl~apo>;~l for \ \ i~>tc  reaitli1a14. Landlilling 
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I \  the Io\s.c\t 'rnk in tlic ISLirM hiel-nrcli! bcca~lsc i t  represent\ the least cicsirahle 
Illcans ot'de;~litiy with aocicty'y waste\. 

Planning for Integrated Waste Management 

[Ic\~clo!~i~iy ant1 tiiiplC~nc~itinf ;In ISLi'M plan i h  essentially a local nctivitj, that 
ili\ol\.c>\ the \clCcliol; of tlic ~,so}'c.~- mi of altcrnati\ch a~ id  technologich to nicct 
sli,\nyillg Ioc,;rl wa\tc ~ii ;~~i;~ye~iic ' i l t  1ic~cc1~ \4hilc ~iicctiiig Ic'gi\l;~ti\,c ~ila~iclatch 
1.'. S. 01. Thc proper l i i i \  01' tcchnolofics. Hertihilit!. in mecling future ch:rnges. 
; ~ n t i  tlic nc,c,ti fol- ri~onitori~lg :~ncl c\-:~luarion ;(re co~i\ i~icrcd hi.icll!, in the follo\ring 
ili\c.u\\~oti ;~ri t l  are con\idcrccl in  iiiorc clc.t;ril tlirouyliout this text. 

Proper Mix of Alternatives and Technologies. A \4,i(lc \;lrict!. ot  altc.rnati\c 
psog!-;11:1\ .tllci tcch~iologic'~ arc no\\ , I \  aili~hlc I'or the miuiiigc~i~ent of solid \,aatcs. 
Sc\ct-;~l L I L I ~ \ I ~ ~ I I ~  k~i-ihe l'ro~ii t l i i \  \;tl.ict!: L i ' l i i ~ t  i \  the p~.opcr i i i i \  17ct\\ce11 i I )  tlic 
'imount 0 1  \\.;~\tc \cp;u.atccl lor r e ~ ~ \ e  ant1 rc~,!-cling. ( 2 )  th:: amount ol' kvahtc that 
1s c ' c~~! i~~~\ t cc l .  ( 3 )  the aliiount of \\:~\tc t l i ; r t  i \  colnhu\tccl. ancl i 4 )  the amount of 
\\,isre to be cli~1~osccI o i  ill I;~nellill\'? Wll;~t t c ~ ~ l i ~ i ~ l o g ! ~  should he 115ed for c01Iccting 
\ \ ; l \ t C \  \c*l,;u.atccI at the \o~~l.c.c. for \cpat.i~ting \a \ tc  ~.oriiponent\ at h1RFi. I'or 
~x>~~ipo\ t i l ig  tlic o r y ; ~ ~ \ i ~ ,  I'l-:~~~tiori 0 1 '  h'lSLi-. i~ i i t l  1.01- co11i11itc~iiig w~15teh at ;I l:~ndfill'! 
LLIiar i ,  the proper tinlin; li)r the application o f  \ ;~ r iou \  tcc~llnoloyics in an ISh'M 
s!\t~>t~i i ~ t i c i  l io~\, \Ii<)~ild ~ lcc i \ io~ i \  I ~ c  iii:~~Ic'! 

Bc.c~au\c ol'tlic \\iclc rilnyc or j)iLsric.ipants in [tic decision-!n;~I\itig procc\s for- 
i l i ~  i~ii l~l~rn~.t i t ;~rion oI'\oli~l \\.;l\tc matiagcnictit \ystc'lilh. the ~ c l e c t ~ o i i  of the proper 
mi\ of ;~ltcrnnti\cx and tech~ic~logic~ for the cffec.ti\c management ol' \vahteh has 
h c ~ , o ~ i ~ c  ;I tlil'liculr. if not inlpo\\ihle. task. The dc\.elopmcnt of cff~>cti\.c 1SWX.I 
s!\tcm\ hill dcpcticl on the :~\ailabilit!, of reliable d;lta on tlic charactcri\tics 
of the :vaslc stream. ~~cl.formanc'cc spcciticationx for altc~.nativc technologic\. iuicl 

adcqu;~re c.o\~ infol.matjoii. 

Flexibility in Meeting Future Changes. The ability lo aclapt waste ~iiiuiagemcnt 
~x;~c.ticc-h to changing condition\ i.s ol' c~'itical importilncc in the clcvclopment of 
an ISD'hl \\.stern. Some iniportant factor5 to con.siJer incluclc ( I )  changes in the 
quiuntit~ch ~uid co~nl)o\itior~ ol' the wuhte \trcarii. ( 2 )  changes in the hpccification\ 
and market5 for rec!clahlc materiala. and ( 3 )  rapid de\lelopmcnth in technology. 
it' the ISU'RI hlhtcrn i h  pl~uincd anti clchigncd on the b::ih of a cletailcd analysi4 
of the ranye of ~>ossihlc outcome> rcl;~ted to thehe l'i~ctor\. the local cotiimunity 
\s i l l  I7c protected from ~~nc\pcnelcd change\ in local. regional. and larget.-\cale 
c'ontlitionh 19 1 .  

Monitoring and Evaluation. Integrated solid waslc management i h  an ongoing 
acti~it! that rccluitrs conrinual nionitoring and c\.alu;~tion to dctcl-mint. i l '  prograin 
ol~jcc.ti\c\ and go:~l.; ( c . g . .  waste eli\.crsion 2 0 ~ 1 s )  arc being nlct ( S C ~  ; I I ~ o  Section 
1-31. Only I7y tlc\cloping iuicl  implciiicriting ongoing monitoring and evaluation 



prograliis can timely change\ he made to the ISWM system that reflect changes in 
\ ~ a \ t c  chaructcristics. changing specilicationx and markets for recovered materials. 
;mil nc\4 m d  imp-o\,erl wa\te management technologies. 

1-5 OPERATION OF SOLID WASTE 
MANAGEMENT SYSTEMS 

'l'he facilities that ~x)lnpo\c a solid waste management system are often identified as 
. \ol i t /  \~.ir\tcj iirtrirtrgcjiiic,trf .\!'.sfottl 1117ii.\. The planning and engineering of solid waste 
rn;ui~~gcnient units include social, political, and technical factors. The combination 
O I  all of tlic\c f;~cto~-s 1'01.111s ;I wries of issues that must be addressed by community 
~lccision 111:thcrs. Some contcmpor;\r!, solid waste managenient i\sues ~u id  future 
ch;~llcngc\ ;unit opport~~rii t lc.~ arc introil~~ccd in the f)llowing disc~lssion: these 
\~ll?iect\ \ \ i l l  ;~lso be ;~ildrcsseci i l l  greitter iletail later in the text. 

Management Issues 

In ;~dtlitiori to mcc'tiri~: the rcclui~.'nlents ~~ssociatcd with ISWM, a number of other 
m:lnagcmcnt i\sucs mu\t he atltlrcsxed in the operation of ISWM sy\tcms. The 
solid u,astc pl.;~ctitioncr riiust acknowlcd~e these management issues or face a high 
1.i.k of' f';~ilurc in  thc i~iil,lcmentatio~i of solid \va\te managenient prognums. 

Setting Workable but Protective Regulatory Standards. Solid waste man- 
~ ~ ~ c r i i c n t  unit\ ~11.c' \uhject to LIII increasing number of regulations. The attcntion 
i \  ,iustilicd ;uitl timcl!. hut \trict ;~dherencc. to \.el.! pl.otecti\.c rcgulntory standard.; 
ol'tcn cau\c%\ I';~ilurc' ol' the proce\ies b!. u.Iiich \ Y ~ I \ ~ c  ~ ~ ~ ; ~ n ~ ~ g e ~ i i e n t  ~111its ;~rc  put in 
!31Llc'e, 

hluliic.ip:~l \oliil \va\tc mnnagcriient is caught i l l  the backlash of understanci- 
; I I > I c  ~ L I I > I I ~  c~o~iccr~i  O\.C'I. I I ;IZ~II.~~OLI\ waste riian~~gement. Regulator\. agencies. in 
\ctting \tanil;ll.tl\ 1'01- const~.uction. operation. ant1 monitoring of units. are beset 
I,! I;tu,!,el \ :in(! cn\~irolirnent;~l groups rccer~tly urnled with scientilic data derived 
t'roni expc~.i~iicnts \\ i t l i  ma.;si\.e dose\ of toxic compounds. Municipal waste docs 
110t contaln m;~ \ \ i \ c  clu;uititics of toxics. hut i t  doei  contain the small amounts 
fount\ in the \4;1stc\ from normal Iio~lschol(l acti\itic\. An  unworkable regulation 
i \  onc' th;~t ignore\ ~.calit!- and tieals only with certain technical data. 

Nol>ocl! \v;tnts u ' ~ ~ \ t c s .  Solid waste cannot be wished away or hidden by 
the p;~pcr 01' rcgul;~tions. In 1987 the attention of the U.S. public, news media. 
I-cgulatol.! ;~gencics. ;~ncl Cony-css wai fi>cu\ed o n  :I garbage barge from New 
)'ark. 'rlic. cl)i\ocle slartcii when :I regulation forced wastes from a landlill when 
t1icl.c. \\.:I\ no ci:hcr place to I , L I ~  3000 tons of waste. The waste was loaded o n  a 
1>:1rgc for \liil-rment 131 \c ' ;~  to ;I place where i t  would be accepted. The barge wa:, 
~.cjectcci I,!. nllmerou\ statex iuitl  folrign countries. After three nionths afloat the 
hargc \va\ unlourletl where i t  started from-in Neml York. 

Improving Scientific Methods for Interpretation of Data. The neecl to know 
;~ho~l t  h;l /~rds i n  the en\~ironnlc~it ~ L I S  gcnel-atctl large amounts of data on toxics. 



B ~ l l i o ~ r \  01 '  clollar\ l ia \c h c c ~ i  i l l \c \ rct l  in anul!zrical cc l~~ipl i ienr .  I i~hor;~toric\.  a11d 
i lat;~ i ~ c c u ~ i i ~ ~ l a ~ i o n  \iricc lhc pa\\agc 01' ttic C ' o r r ~ ~ ~ r ~ r l ~ r ~ i . \ i ~ ~ ~ ~  f i i ~ . i ~ . o ~ l i r l ~ ~ r , ( I I  K ( J -  
\/VJII\( C'orrr/~c~ii\trtio~r t r r l t l  f.itrhilit\. /\c.t (CERCLA)  ( w e  Chapter 2 ) .  E\,r.rl wi th all 
the clata. I~o \ \c \ ,c~ . .  11ic1.c i x  a lack o f  a un i f o r~ i i  ha\i \  for  di~t;) intc~.pretatio~i. Ana- 
I! ticill ccluipmenl and Ii~horator!~ technique\ ~ , r o ~ l ~ ~ c c  dirta o f  accurac! in  p x t x  per 
hill ion or p i~ r t \  1""  rilli ion. Wl ia l  cloe\ \uc,li a ~ ictcct ion accuracy Iiie:ui to ;I \olicl 
\vaste ~iianngement unit'! If the co~i iponcnl  detected at a solid wabte management 
\! \ten1  nit i\ on u ~.cg~~l;~tor! '  l i \ t  o f  c i~nce r - c ;~~~ \ i ng  agent\. the    nit may be xliut 
el(>\\ n . 

The goill i \  to ~~nc l c r \ t a~ id  the ci't'ectx o f  \.cry sniall cluantiticx 01 '  toxic coni- 
I)onent\ on th' en\ i~.oni i lcnt. In the meantime. hou  much ciata xhould be prewnted 
to the 1>~1hIic'! U ' l i c~ l  xl10~1Icl ~ l i ~ t ; ~  I>e deli \elud to thc public? H o w  does the I>LII>I~c 
!>al.tic~parc ill clata gat l~c l . i~ lg  ;111(1 i~ l tcr [ ) rct ;~t io~i ' i  

Identification of Hazardous and Toxic Consumer Products Requiring Spe- 
cial Waste Management Units. hTunicipal \()lid u ;~ \ tc  i \  ;I hctcrogencou\ nlaxs 
lnaclc up o f  e \c r>  cIi\e;~rcI l'ro11i I io~i iex. h ~ ~ \ i n e \ \ c \ .  ;11ld inxtitutionx. A l t l i o ~ ~ g h  
\~li:rll in c l~~a~ i l i l ! .  \ o ~ i i c  cl~\c;rrcl\ arc I~;IL;I~C~OLI\. ;I\ ~cler l t~t icd 011 tlie product c o ~ i -  
taint!-. t : \ i~~i i l ' lc\ arc I ~ l e i ~ ~ ~ h .  clC;lning Iluicl\. i~iaccliciclc.\. ;uncl ga\olinc. 

.l'lic i \ \uc I\ \\ 11ctlic1. I io~~\cI ioIcI  I~~Iz;I~cIOLI\ \\a\tc co~i ta~i i inate\  tlie municipal 
\\a\tc ~ i i a n : ~ y c ~ i l c ~ i l  unit i~ncl \\Iicthc~.. hccau\c oi' tlic largc liuicl ;u.cux in Iiuicili l l\. 
CCII;III~ I io~~xcl io lc l  U.;I\IC\ \IIOLIICI he ~ ~ c ~ i i o \ ~ c c l  from tlie g;ul3age can thr cii\poxal 
111 \I~~.IIIcI.. Iiiglrl! ~ o ~ l t ~ . o l l c c l  \ \ i ~ \ t c  ~ i l ; ~ ~ i a g e ~ i i c ~ i t  uni t \ .  W h ~ c l i  product\ are mo\t  
I~~I /~ I I~( I~LI \ ' . '  tlo\\. \\,III tlic c o r i \ ~ ~ ~ i i c ~  \tore l i i ~ z i ~ r c i o ~ ~ \  cli\carci\ ul i t i l  t l~c! b ~ r c  picked 
111) or cIc.li\ creel to the \pccial nianagel?icnt unit'.' \Vho a i l l  \ct LIIT m c i  operate 
\l)ciial \ \ i ~ \ t c  Iiiunngeliicnt ~ ~ l i i t \  ;I\ \LICII  nit\ \\il l he detincd I>!, trgulatol.\ :I\ 

I i ; l ra~.t io~~\ \\ a\tc unr I>'.' 

Paying for Improved Waste Management Units. Solicl waxte ~i i iunagc~iicnl 
ha\ a rratlitioli 01'  lo\\ co\t.  Tl ic i ~ i i p r o \ c n ~ c ~ ~ i t \  tlc~l~;~nclccl h! i t  concernecl public 
;u.c niorc co\tl! t l i i ~n  pa\t ~ ~ ~ ~ c t i c c \  ( \cc Fig. 1 6 ) .  The incrca\ecl cox[\ r i i u ~ t  be 
i ~ ; ~ i c l  h! \\a\tc ;c~icr;~lor\. Thix i\xuc i n \ o l \ e \  cllanging tlie manner in  which a 
~,on\ui i icr t l i inL\ ; ~ l s o ~ ~ r  p,~! 111g VOI. \\ ;~\tc cl i \posi~l. Ho\4 i \ the coat ol'uaate cli\pox;rl 
~ x c \ c ~ i t c J  to 1 1 1 ~  ~ o I ~ \ I I I ~ ~ c I ' . '  \ \ ' I ~ c I ~  i \  the COII\LIIIIC'I. ;I\LccI 10 Pily-ilt tlie timc o f  
~) roc I~ l~ , l  IJIII.L.II;I\C 01. \\IICII tlie ~I .OC~LICI  i x  eIi\~;~rcIed'! Since \oIic1 U';I\IC eieci~!,\ \el.>, 
\lo\\ I!. \\ 110 pa! \ 1.01. 1011;-term ~iiaintcnuncc o f  land di\po\:~l wuxle ma~i ;~gen ie~ i t  
u~ i i ta - - -~ I ic  ~cl ic l .ator  at tllc time 0 1 '  di\curci or futu1.c LI\CI.\ ;I> ~ i i ; ~ i n ~ c ~ i ; ~ ~ i c c  co\t\  
;l1.Lt l l l~~~lrrcc l ' . '  

Designating Land Disposal Units at or near Large Urban Centers. M';~\tc 
nianaycnicnl unit\  arc d ~ f f i c ~ ~ ~ l t  to ~I:ICC ill ;11i urhi111 en\ irori~i ient. A \ L I \ P ~ C ~ ~ L I \  

~ x ~ h l i ~  \ i t \\> tlicxc unit\  ;I\ ope11 clu~iip\ ancl littereel tranxl'er \tation4 \er \cd b!, 
ocloro~~>, dripping g a r h a ~ c  collection tr~rckh. k t  i t  i\ \+'ithin urban centers t l i i ~ t  the 
grc;~tc\t cl~~iuit i t !  o f  holicl \\ ;~\ te i s  generated. Clrban lancl u\c planning i x  facing a 
\c\c.rc> c l i i ~ l l c n y ~  to pro\ idc clc.\igrii~tecl \va\tc managenlent unitx. e\pecially land 
~ll\[2o\;ll ~ l l l l l \ .  



FIGURE 1-6 
Landfill liner system under construction. A geomembrane liner has been placed over a compacted 
clay layer in the upper portion of the landfill, while the rest of the site is being prepared (back- 
ground). Note: modern landfills are equipped with geomembrane liner systems for the protection 
of groundwater and to control the migration of landfill gases. 

The issues are ,identifying environmentally acceptable land areas for land 
disposal units and then preserving lands for the intended use. Who will set a 
standard for "environmentally acceptable"? Will different standards apply for urban 
and rural areas? Can a scientific basis be identified that will satisfy a suspicious 
public regarding the safety of land disposal units? 

Establishing and Maintaining More Qualified Managers to Develop and 
Operate Waste Management Units. Solid waste management units are increas- 
ing in quantity and complexity. In response, a set of managers must be trained and 
put in the appropriate positions to develop and operate expanded and improved 
management units. 

The goal is to develop the human resources needed to develop and operate 
waste management units. Who will train the managers? How will the cost of train- 
ing be paid? What standards will apply during the interim period while managers 
receive training? 

Future Challenges and Opportunities 

The multibillion-dollar industry of solid waste management can be supported only 
by the public, which is responsible for the generation of the vast tonnage of wastes 
(see Table 1-1). Public attitudes must be modified to reduce the environmental 
and economic burden placed on society for the disposal of solid waste. National 
concern must transcend the question of cost in an attempt to implement whatever 
individual or societal action is necessary. 

Unfortunately, the standard of living in the United States is inevitably tied 
to the generation of solid wastes-the squandering of natural resources from 
this country and abroad, the one-time use of materials of so many types, and the 
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philo>ophy of wastefulness anti lapid obsolescence of products. It is reasor~ahlc 
ro assulnc that ;I clcp;u-turc from thih philosophy of w a s t e f ~ ~ l n e s s  will reduce the 
1onn;Igc of wastes to he managed. This concept inevitably leads to the neccl for  
source reduction ;lntl the rcusc and recycling of recovered niatcrials. 

Changing Consumption Habits in Society. Product consumption is a natural 
nc~ti\iiy. Society changes a st;uid;~rti of living by changing the quantity and quality 
of r)~.orlucts il c'ori\irlncs. Solid w3a\tcs, the discards of product consumption. vary 
In clu;~ntit!. and qualit!, a \  changes occur in the standard of living. Consumption 
h~lhits must he changecl if rhc clui~ntity of solid wastes from consurnins activities 
is lo Ilt. rcducc.cl. T h e  c*hallcngc is to  change consumption habits that have been 
c\t;thlishc>tl over Inany yt.;rrs. a s  ;I rcs~11t i ~ d \ e r t i s i r ~ g  pressure thi~t   glamorize‘^ 
incrc;~sc~l  c o n i u ~ n p t i o n .  

Reducing the Volume of Waste at ihe Source. Efforts niust be n~acie to re- 
cluc,c the cluaritit! of ~n :~ tc r i ;~ l s  ~rseci in both pirckaging and obsolescent goods and 
to b8:yin the ~ x o c t ~ s  01' rcc.!,cling at the \ourcc--the h o ~ n c .  ofticc. o r  i';~ctory-so 
rli,ct ~ L ' M C I .  ~ i i ;~ te r i ;~ l \  ivill become p;u-t of the di\pos;.~ble solid wastes of a c o ~ n n l u -  
nit!. S o ~ ~ r c c  r.cduc.tion i \  :In ultcrnati\,c that will conscr\i. resources and 3140 has 
ccorici~nrc \ i;thilit!. 

Making Landfills Safer. I.i~ncltill\ will alw:1>3 bc the, tin;ll ciispos;11 1 7 l i 1 ~ t '  for 
ua\ t iX\  that canriot hc reco\erec!. For this r.cason. ever! effort must he macitl to  
~rcl~rcc' thC tnuicit! of the waste4 that will ultimately be placed iri landfills. ' rhe 
dc\igti of I;uidlill\ 11111~1 ;11\o irlil7ro\c to p~.oi.icIe the s:ifcst possible location for  tlic 
Iong-:crrll \ tor;~gc of Uilsli' ~i l ;~tcr i ;~ls .  'I'Iic data hi~\ t '  li>r existing la~itltills is expand- 
ing a \  iriipr.o\~cd construction and operations are iniplemcnred at new facilities. 
With d n  cxpa~idcd  data base colnes the opportunity to understilnd how lantltills 
fu~ic,tio~i i~ricl ho\v to 1nan;lgc the vra\tcs placed in I;untltills marc et'fccti\eljp. 

Development of New Technologies. There arc nuriicn)us opporrunitics to in- 
rroduL~c I I C U  I C c I ~ ~ ~ o I o y i c s  into the solid u i ~ s t e  mnnugcmcnt s!'xtem. The  challenge 
1s to cncoul-nrc the clt.vclopmcnt o t  t echnolog~es  that arc niost co~lse r \a t ive  of 
r l , l t ~ ~ r ~ ~ l  reso~~rc,cs  (111d that arc cost-etl'ccti\c. Bc'ci~ust' Inany unprocen technolo- 
gic\ ji;~\,c hecn solrl to ~rns~rspcct ing cities. it m'ly be i1ecess;lry to write l a b s  to 
r t ' g~~l .~ tc  the ~ r s c  of' ~c'cl l r i~logy.  The  tcst i~ig arid iniplerncnting of ncu  technologies 
ui l l  1~ a11 i ~ ~ ~ p o r t ; ~ n t  P;IFI ()I' ISWM iri the 1~rt~11.c. 
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Fin~rn l i i\tci~.ical ~.ecord\. ~ l c \ c l o l >  ;I hr ic t  chronc~log! ol '  ~ l i c  clispo\:~l method\ ~r\c.d 
i l l  !our i t > r n l n ~ ~ n i ~ !  clul.in2 thc pa\[ 50  !'cal-\. Idcn~if!'. \vhc~.e 11o\\il?lc. the rnaicl~ 
e\c l l r \  1l1;lt lc l l  Iil the ;~ I? ;~~~c l c~n~ncn t  ot'cinc ? ) \ e n  ~nc th~ )c l  in F;I\~Iu o f  aiiolhc'r. 

I n  ! O L I ~  cq)inion. \\.li:~t cftec.~ t lo the o \ \ n c r \ l i i l ~  2nd opc~.atici~l of' landti l l  t l i \p~>\a l  
\ i ~ c \  h! 1)1-i\ ; I I~ 'cilillac~!ol-\ (;I\ L~OIIIJ~~II-CCI to p i ~ h l i c  agcnc.ic\) ha \c  OII ~ l i c  ccc)no~nic\. 
cflicicnc.!. :111cl cn \  1101l111cntal .I\pect\ 0 1 '  opc~.atiiin'.' 
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