
Chapter 6 
 
Solid Waste 
 
Solid wastes other than hazardous and radioactive materials are considered 
in this chapter.  
 
Such solid wastes are often called municipal solid waste (MSW) and 
consist of all the solid and semisolid materials discarded by a community.  
 
MSW mainly consists of: 

1. food wastes 
2. plastics 
3. aluminum cans 
4. glass 
5. tin cans 
6. paper 
7. trash, including larger items like tree limbs, old appliances, and pallets  

 
The relationship between solid waste and human disease is intuitively 
obvious but difficult to prove. 
 
More than 20 human diseases associated with solid waste disposal sites. 
 
The two most important disease vectors related to solid wastes are rats and 
flies.  
 
Public health is also threatened by infiltration of leachate from MSW 
disposal into groundwater, and particularly into drinking water supplies.  
 
Leachate is formed when rainwater collects in landfills, pits, waste ponds, or 
waste lagoons, and stays in contact with waste material long enough to leach 
out and dissolve some of its chemical and biochemical constituents.  
 
Leachate may be a major groundwater and surface water contaminant, 
particularly where there is heavy rainfall and rapid percolation through the 
soil. 
 



In this chapter, the quantities and composition of MSW are discussed, and a 
brief introduction is given to disposal options and the specific problems of 
litter.  
 
QUANTITIES OF MUNICIPAL SOLID WASTE 
 

The quantities of MSW generated in a community may be estimated by one 
of three techniques: input analysis, secondary data analysis, or output 
analysis.  
 
Input analysis estimates MSW based on use of a number of products. For 
example, if 100,000 cans of cola are sold each week in a particular 
community, the MSW can be expected to include 100,000 aluminum cans 
per week.  
 
The estimation technique is highly inaccurate except in small and isolated 
communities. 
 
Secondary data may be used to estimate solid waste production by some 
empirical relationship.  
 
For example, one study (Shell and Shure 1972) concluded that solid waste 
generation could be predicted as: 
 
W = 0.01795S - 0.00376F - 0.00322D + 0.0071P - 0.0002I + 44.7 
 
where 
W = waste generated (tons), 
S = number of stops made by the MSW pickup truck, 
F = number of families served, 
D = number of single family dwellings, 
P = population, and 
I = adjusted income per dwelling unit (dollars). 
 
Models like this one are inherently inaccurate and may have no general 
application. 
 
When possible, solid waste generation should be measured by output 
analysis, that is, by weighing the refuse dumped at the disposal site, either 
with truck scales or with portable wheeled scales.  



Refuse must generally be weighed in any case, because fees for use of the 
dump depend on weight dumped. 
 
Daily weight of refuse varies with the day of the week and the week of the 
year. 
 
Weather conditions also affect refuse weight, since moisture content can 
vary between 15 and 30%.  
 
If every truck load cannot be weighed, statistical methods must be used to 
estimate the total quantity from sample truckload weights.  
 
Characteristics of Municipal Solid Waste  
 
Refuse management depends on both the characteristics of the site and the 
characteristics of the MSW itself: gross composition, moisture content, 
particle size, chemical composition, and density.  
 
Gross composition may be the most important characteristic affecting MSW 
disposal, or the recovery of materials and energy from refuse.  
 
Composition varies from one community to another, as well as with time in 
any one community. 
 
Refuse composition is expressed either “as generated” or “as disposed,” 
since moisture transfer takes place during the disposal process and thereby 
changes the weights of the various fractions of refuse.  
 
Table 1 shows typical components of average U.S. refuse.  

 
 
 
 
 
 
 
 
 
 
 



Table 1. Average Annual Composition of MSW in the United States 
 

 
 
The numbers in Table 1 are useful only as guidelines; each community has 
characteristics that influence its solid waste production and composition. 
 
The moisture content of MSW may vary between 15 and 30%, and is usually 
about 20%.  
 
Moisture is measured by drying a sample at 77°C (170°F) for 24 h, 
weighing, and calculating as 

 
where 
M = moisture content, percent, 
w = initial, wet weight of sample, and 
d = final, dry weight of sample. 
 
Particle size distribution is particularly important in refuse processing for 
resource recovery. 
 
The chemical composition of typical refuse is shown in Table 2.  
 



Table 2. Proximate and Ultimate Chemical Analysis of MSW 

 
 
The density of MSW varies depending upon location, season, humidity, and 
so on. Table 3 shows some typical MSW densities. 
 

Table 3. Refuse Densities 

 
 
COLLECTION 
 
In most industrialized countries, solid waste is collected by trucks.  
 
These are usually packers, trucks that carry hydraulic rams to compact the 
refuse to reduce its volume and can thus carry larger loads.  
 
Collections are facilitated by the use of containers that are emptied into the 
truck with a mechanical or hydraulic mechanism.  
 
Commercial and industrial containers, either are emptied into the truck or 
are carried by truck to the disposal site (Fig. 1). 



 

 
Figure 1 Containerized collection system. 



Collection is an expensive part of waste management, and many new 
devices and methods have been proposed in order to cut costs. 
 
Garbage grinders reduce the amount of garbage in refuse. If all homes had 
garbage grinders, the frequency of collection could be decreased.  
 
In most communities garbage collection is needed only once a week. 
 
Garbage grinders put an extra load on the wastewater treatment plant, but 
sewage is relatively dilute and ground garbage can be accommodated easily 
both in sewers and in treatment plants. 
 
Pneumatic pipes have been installed in some small communities, mostly in 
Sweden and Japan. The refuse is ground at the residence and sucked through 
underground lines. 
 
Walt Disney World in Florida also has a pneumatic pipe system in which the 
collection stations scattered throughout the park receive the refuse and 
pneumatic pipes deliver the waste to a central processing plant (Fig. 2).  

 
Figure 2. Solid waste collection system at Disney World. 



 
Kitchen garbage compactors can reduce collection and MSW disposal costs 
and thus reduce local taxes, but only if every household has one.  
 
Transfer stations are part of many urban refuse collection systems. 
 
A typical system, as shown in Fig. 3, includes several stations, located at 
various points in a city, to which collection trucks bring the refuse. The drive 
to each transfer station is relatively short, so that workers spend more time 
collecting and less time traveling.  
 

 
Figure 3. Transfer station method of solid waste collection 

 
At the transfer station, bulldozers pack the refuse into large containers that 
are trucked to the landfill or other disposal facility.  
 
Alternatively, the refuse may also be baled before disposal. 
 
Cans on wheels are widely used for transfer of refuse from the household to 
the collection truck. As shown in Fig. 4, the cans are pushed to the curb by 
the householder and emptied into the truck by a hydraulic lift.  
 
This system saves money and has reduced occupational injuries 
dramatically. 
 



 
Figure 4. The “green can” system of solid waste collection. 

 
DISPOSAL OPTIONS 
 
Ever since the Romans invented city dumps, municipal refuse has been 
disposed of outside the city walls.  
 
As cities and suburbs grew, and metropolitan areas grew contiguous, and as 
the use of “throwaway” packages and containers increased, finding a place 
for MSW disposal became a critical problem.  
 
Many cities in the United States encouraged “backyard burning” of trash, in 
order to reduce MSW volume and disposal cost.  
 
Building codes in many cities mandate the installation of garbage grinders 
in new homes. Cities like Miami, FL, which has no landfill sites at all, built 
MSW incinerators. 
 



Increasing urban air pollution has resulted in prohibition of backyard 
burning, even of leaves and grass clippings, and de-emphasis of municipal 
incineration.  
 
The sanitary landfill has become the most common method of disposal, 
because it is reasonably inexpensive and is considered relatively 
environmentally sound. 
 
Unfortunately, landfilling is not the ultimate solution to the solid waste 
disposal problem.  
 
Although modern landfills are constructed so as to minimize adverse effects 
on the environment, experience has shown that they are not fail-safe.  
 
Moreover, the cost of landfilling is increasing rapidly, as land becomes 
scarce and refuse must be transported further and further from where it is 
generated. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


