
Source and Effect 

DEFINITION 

For practical purposes, the term waste includes any mate- 
rial that enters the waste management system. In this chap- 
ter, the term waste management system includes organized 
programs and central facilities established not only for fi- 
nal disposal of waste but also for recycling, reuse, com- 
posting, and incineration. Materials enter a waste man- 
agement system when no one who has the opportunity to 
retain them wishes to d o  so. 

Generally, the term solid waste refers to all waste ma- 
terials except hazardous waste, liquid waste, and atmos- 
pheric emissions. CII waste refers to wastes generated by 
commercial, industrial, and institutional sources. Although 
most solid waste regulations include hazardous waste 
within their definition of solid waste, solid waste has come 
to mean nonhazardous solid waste and generally excludes 
hazardous waste. 

This section describes the types of waste that are de- 
tailed in this chapter. 

Waste Types Included 
This chapter focuses on two major types of solid waste: 
municipal solid waste (MSW) and bulky waste. LMSW 
comprises small and moderately sized solid waste items 
from homes, businesses, and institutions. For the most 
part, this wastc is picked up by general collection trucks, 
typically compactor trucks, on regular routes. 

Bulky waste consists of larger items of solid waste, such 
as mattresses and appliances, as well as smaller items gen- 
erated in large quantity in a short time, such as roofing 
shingles. In general, regular trash collection crews d o  not 
pick up bulky waste because of its size or weight. 

Bulky waste is frequently referred to as C&D Icon- 
struction and demolition) waste. The majority of hulky 
waste generated in a given area is likely to hc C&D waste. 
In areas where regular trash collection crews take anything 
put out, the majority of bulky waste arriving separatzly at 
disposal facilities is C&D waste. In areas ~vherz the regu- 
lar collection crews are less accommodating, however, sub- 
stantial quantities of other types of bulky waste, such as 
furniture and appliances, arrive at disposal facilities in yep- 
arate loads. 

Waste Types Not Included 
In a broad sense, the majority of northazardous solid waste 
consists of industrial processing wastes such as mine and 
mill tailings, agricultural and food processing waste, coal 
ash, cement kiln dust, and dudges. The waste management 
technologies described in this chapter can he used to man- 
age these wastes; however, this chaptrr focuses on the man- 
agement of MSW and the more common tvpes of bulky 
waste in most local solid waste streams. 

-F. Mack Rugg 



7.2 
SOURCES, QUANTITIES, AND EFFECTS 

T h i ~  section identifies the sources of solid waste, provides 
general informatim on the quantities of solid waste gen- 
erated and disposed of in the United States, and identifies 
the potential effects of solid waste on daily life and the en- 
vironment. 

Sources 
The primary s ~ u r c e  of solid waste is the production of 
commod~tles and byproducts from solid materials. 
Everything that is produced is eventually discarded. A sec- 
ondary sourcr of solid waste is the natural cycle of plant 
growth and decay, which is responsible for the portion of 
the wastc stream referred to as yard waste or vegetative 
waste. 

The amount a product contributes to the waste stream 
is proportional to two principal factors: the number of 
items produced and the size of each item. The number of 
items produced, in turn, is proportional to the useful life 
of the product and the number of items in use a t  any one 
time. Kewspapers are the largest contributor to MSW be- 
cause they are larger than most other items in MSW, they 
are used in Iargc numbers, and they have a useful life of 
only one day. In contrast, pocket knives make up a negli- 
gible portion of htSW brcause relatively few people use 
them, they are small, and they are typically used for years 
before being discarded. 

MSW is char:icterired by products that are relatively 
small, are produced in large numbers, and have short use- 
ful lives. Bulky waste is dominated by products that are 
large but are produced in relatively small numbers and 
have relatively long useful lives. Therefore, a given mass 
of hISK' represents mure discreet acts of discard than the 
same mass of h~ilky waste. For this reason, more data are 
rcquired to characterize bulky waste to within a given level 
of statistical confidence than are required to characterize 
h1SW. 

.\lost XISIY' is grncrated by the routine activities of 
everyday life rather than by special or unusual activities or 
el-ents. On the other hand, activities that deviate from rou- 
tine, such as trying different food or a new recreational 
activity, generate waste at a higher rate than routine ac- 
tivities. Routinely purchased items tend to be used fully, 
while unusual items tend to be discarded without use or 
after only partial use. 

In contrast to MS\T1', most bulky waste is generated by 
relatively infrequent oents ,  such as the discard of a sofa 
or retrigerator, the replacement of a roof, the demolition 

of a building, or the resurfacing of a road. Therefore, the 
composition of bulky waste is more mriable than the c i~m-  
position of hlSW. 

In terms of generation sites, the principal sources of 
hlSVI1are homes, businesses, and institutions. Bulky waste 
is also generated at functionin:: homes, busrnesses, alid in- 
stitutions; but the majority of bulky waste is generated at 
construction and demolition sites. ;\t each t>-pe of gener- 
ation site, MSW and bulky waste are genrr~ted under four 
basic circumstances: 

Packaging is removed or emptied and thcn discardrd. This 
waste typically accounts for approxin~atcly 3.5 to 40% 
of MSW prior to recycling. Pxkaging is generally lcss 
abundant in bulky waste. 

The unused portion of a product is discarded. In hlSW', 
this waste accounts for all food waste, a substantial por- 
tion of wood waste, and smaller portions of other waste 
categories. In bulky waste, this waste accounts f i ~ r  the 
majority of construction waste (scraps of lumber, gyp- 
sum board, roofing materials, masonry. and other con- 
struction materials). 

A product is discarded, or a structure demolished, after 
use. This waste typically accouuts for 30 to 3.5% of 
MSW and the majority of bulky wastc. 

Unwanted plant material is discarded. Thls waste is the 
most variable source of h l S V  arid is also a highly \-ari- 
able source of bulky wastc. Yard wastes such as le:ives. 
grass clippings, and shrub and garden trimmings com- 
monly account for as little as 5% or as much as 20'41 
of the MSW generated in a county-sized area on an an- 
nual basis. Plant material can bc a large component of 
bulky waste where trees or woody shrubs are abundant, 
particularly when lots arc cleared for new construction. 

Packaging tends to be concentrated in LISW because 
many packages destined for discard as h1SW contain p r d  
ucts of which the majority is discarded in wastewater or 
enters the atmosphere as gas instcad of being discarded as 
hlSW. Such products include food and beverages, clean- 
ing products, hair- and skin-care products, and pairits and 
other finishes. 

Quantities 
The most important parameter in solid wastc management 
is the quantity to be managed. The quantity derermincs 
the size and number of the facilities and equipment re- 
quired to manage the waste. Also irnportalnt, the fee col- 



lected for each unit quantity of waste delivered to the fa- 
cility (the tipping feel is based on the projected cost of op- 
erating a facility divided by the quantity of waste the fa- 
cility receives. 

The quantin. of solid waste can be expressed in units 
of volume (typically cubic yards or cubic meters) or in units 
of weight (typically short, long, or metric tons). In this 
chapter, the word ton refers to a short ton (2000 ib). 
Although information about both volume and weight are 
important, using weight as the master parameter is gener- 
ally preferable in record keeping and calculations. 

The advantage of measuring quantity in terms of weight 
rather than volume is that weight is fairly constant for a 
given set of discarded objects, whereas volume is highly 
variable. \Taste set out on the curb on a given day in a 
given neighborhood occupies different volumes on the 
curb, in the collection truck, on the tipping floor of a trans- 
fer station or composting facility, in the storage pit of a 
combustion facility, or in a landfill. In addition, the same 
waste can occupy different volumes in different trucks or 
landfills. Similarly, nvo identical demolished houses oc- 
cupy different volumes if one is repeatedly run over with 
a bulldozer and the other is not. As these examples illus- 
trate, the phrases "a cubic yard of MSW" and "a cubic 
yard of bulky waste" have little meaning by themselves; 
the phrases "a ton of M S W  and "a ton of bulky waste" 
are more meaningfnl. 

Franklin Associates, Ltd., regularly estimates the quan- 
tity of MSW generated and disposed of in the United States 
under contract to the US. Environmental Protection 
Agency (EPAI. Franklin Associates derives its estimates 
from industrial production data using the material flows 
methodology, based on the general assumption that what 
is produced is eventnally discarded (see "Estimation of 
Waste Quantity" in Section 8.2). Franklin Associates esti- 
mates that 395.7 million tons of ,MSW were generated in 
the United States in 1990. Of this total, an estimated 33.4 
million tons (17.1 %) were recovered through recycling and 
composting, leaving 162.3 million tons for disposal 
(Franklin Associates, Ltd. 1992). 

The quantity of solid waste is oiten expressed in pounds 
per capita per day ( ~ c d )  so that waste streams in different 
areas can be compared. This quantity is typically calcu- 
lated with the following equation: 

pcd = 2000Ti365P 7.2(1) 

where: 

pcd = pounds per capita per day 
T = number of tons of waste generared in a year 
P = population of the area in which the waste is gen- 

erated 

Unless otherwise specified, the tonnage T includes both 
residential and comn~ercial waste. With modification the 
cquation can also calculate pounds per employee per day, 
residential waste per person per day, and so on. 

Franklin Associates's (1992) estimate of MSW gener- 
ated in the United Statcs in 1990, previously noted, equatcs 
to 4.29 lb per person per day. This estimatc is probably 
low for the following reasons: 

Waste material is not included if Franklin Associates can- 
not document the origiml production of the material. 

Franklin's material flows methodology generally docs not 
account for moisture absorbed by materials after they 
are manufactured ( x e  "Combustion Charaiteristics" in 
Section 8.11. 

Table 7.2.1 shows waste quantities reporrcd for anri- 
ous counties and cities in the United Smtes. All quantities 
are given in pcd. Rcports from the locations listed in the 
table indicate an average generation rate for MSW of 5.4 
pcd, approximately 25% higher than thc Franklin 
Associates estimate. Roughly 60% of this waste is gmer- 
aced in residences (residential wastc) while the remaining 
40% is generated in commercial, ind~wrial, and institu- 
tional establishments (CII wastel. The pcrcentage of CII 
waste is usually lower in suhurban arcas without a major 
urban center and higher in urban regional centers. 

Table 7.2.1 also shows generation rates for solid wastc 
other than MSW. The quantity of other waste, most of 
which is bulky waste, is roughly half the quantity of MSW. 
The proportion of bulky and other waste vanes, however, 
and is heavily influenced by the degree to which recycled 
bulky materials are counted as waste. The quantities of 
bulky waste shown for Atlantic and Cape May counties, 
New Jersey, include large amounts of recycled concrete, 
asphalt, and scrap metal. See also "Component Compo- 
sition of Bulky Waste" in Section 8.1. 

Franklin Associates (1992) projects that the total quan- 
tity of MSW generated in the Unitcd States will increase 
by 13.5% between 1990 and 2000 while the populatio~~ 
will increase by only 7.3%. On a per capita basis, there- 
fore, MSW generation is projected to grow 0.56% per 
year. No comparable projections have been developed for 
bulky waste. Table 7.2.2 shows the potential effect of this 
growth rate on MSW generation rates and quantities. 

MSW has the following potential negative effects: 

Promotion of microorganisms that cause diseases 
Attraction and support of disease vrcrors (rodents 
and insects that carry and transmit disease-caus- 
ing microorganisms) . Generation ot noxious odors 
Degradation of the esthetic quality of the mvi- 
ronment . Occupation of space that could he used fur other 
purposes . General pollution of the envin~nment 



CommercinU 
Residentin1 Indurhial Other Total 
Eruction of F~nctron o f  Total Rulkv Solid Solid 
MSW MSW MSW Waste Waste Waste 

Year ( %  (%) ( b d  fDcd1 f0cdP lod l  

Bulky w:iste also has the potential to degrade esthetic 
~al i i rs ,  C I C C I I P ~  valuahlc spacc, and polli~te the environ- 
ment. In addition, bulky waste may pose a fire hazard. 

MSW is a potential source of the following useful ma- 
tcrials: 

Raw materials to produce manufactured goods 
Feed stock for cornposting and rndching processes . Furl 

Bulky waste has the same potential uses except for corn- 
posting feed stock. 

'The fundamental challrnge of solid wastc lnanagelnent 
is NI minimize the potential negative effccts while maxi- 
mizing the recovery of useful materials from the waste a t  
a reasonable cost. 

Conformance with simple, standard procedures for the 
storage and handling of MSW largely prevents the pro- 
motion of disease-causing microorganisms and the attrac- 

TABLE 7.2.2 PIIOJECI'EI) CKNFRATION OF MSW IN THE U N m D  STKITS IN THE YEAR 2000 

Average 
hlSW QuanIi?v Per Capita Annual Per Capita hlSW Quantify 
Project~d b Genrmtion Cmwth of Generation Rased on 
Franklin Based on I'm Capita Based on Average in 

I'opulution ilssociates Franklirr Generation Average in 7hbk 7.2.1 
(in (,nillions Associates Represented Table 7.2.1 (millions 

Year millionsl of tonri ( Ib l ' f 'Z~)  (%I ilbl'f'Z~) of tons) 

S < , U , C ~  l h r a  h , n  1 ra,,kI., A S S O C , ~ Y ,  1-td., 1992, C ~ I I I I Y L ~ Z ~ I I U ~  o/rnunmpai solid waste rn the United States: 1992 ilpdolr IEi'AISiO~R~Y2~019, hllS PB92- 
207166,  11.S W A l .  

Note: Dmrcd bum Table 72.1 



tion and support of disease vectors. Preventing the re- 
maining potential negative effects of solid waste remains 
a substantial challenge. 

Solid ware  can degrade the esthetic quality of the en- 
vironment in hvo fundamental ways. First, waste materi- 
als that are not properly isolited from the environment 
(c.g., strcet littcr and debris on a vacant lot) are generally 
u~isightly. Second, solid waste management facilities are 
often considered unattractive, especially when they stand 
out f r m  surrounding physical features. This characteris- 
tic is particularly true of landfills on flat terrain and com- 
bustion facilities in nonindustrial areas. 

Solid waste landfills occupy substantial quantities of 
space. Waste reduction, recycling, composting, and com- 
bustion all reduce the volume of landfill space required 
lsec Sections 9.1 to 10.61. 

Land on which solid waste has been deposited is diffi- 
cult to use for other purposes. Landfills that receive un- 
processed bISW typically remain spongy and continue to 
scttlc for decades. Such landfills generate methane, a com- 
burtibie gas, and other gases for twenty years or more af- 
ter they cease receiving waste. Whether the waste in a land- 
fill is processed or unprocessed, the landfill generally 
cannot be reforested. Tree roots damage the impermeable 
cap applied to a closed landfill to reduce the production 
of leachate. 

Solid waste generates odors as microorganisms metab- 
olize organic matter in the waste, causing the organic mat- 
ter to decompose. The most acute odor problems gener- 
ally occur when waste decomposes rapidly, consuming 
available oxygen and inducing anaerobic (oxygen defi- 
cient) conditions. Bulky waste generally does not cause 
odor problems because it typically contains little material 
that decomposes rapidly. MSW, on the other hand, typi- 
cally causes objectionable odors even when covered with 
dirt in a landfill (see Section 10.5). 

Combustion facilities prevent odor problems by incin- 
erating the odorous compounds and the microorganisms 
and organic matter from which the odorous compounds 
are derived (see Section 10.1). Composting preserves or- 
ganic matter while reducing its to generate odors. 
However, the composting process requires careful engi- 
neering to minimize odor generation during composting 
(see Section 10.6). 

In addition to odors, solid waste can cause other forms 
of pollution. Landfill leachate contaitis toxic substances 
that must be prevented from contaminating groundwater 
and surface water (see Section 10.5). Toxic and corrosive 
products of solid waste combustion must he prevented 
from entering the atmosphere (see Section 10.1). The use 

of solid waste compost must be regulated so that the soil 
is not contaminated (see Section 10.6). 

While avoiding the potential negative effects of solid 
waste, a solid waste management program should also seek 
to derive benefits from the waste. hlethods for deriving 
benefits from solid waste include recycling (Section 9.2), 
composting (Section 10.61, direct combustion with energy 
recovery [Section l9.1), processing waste to produce fuel 
(Sections 9.3 and 10.4), and recovery of landfill gas for 
use as a fuel (Section 10.5). 

- F. Mack Rugg 
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