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ABSTRACT 

Solid waste is a global issue. As developing countries strive to improve their 

economic situations and standings in the world community, they face extreme 

underflinding in vital areas of local infrastructure, especially solid waste management As 

populations continue to grow, solid waste and its management will become a very serious 

issue. 

This dissertation addressed the problems of insufficient available data and 

inadequate funding in an urban center in a small developing country with respect to future 

solid waste management. The aim was to develop a quick, simple and cost-effective 

check-list that could be used by decision-makers in developing countries of similar 

characteristics, in dealing with current and future planning for improved solid waste 

management. 

Residential municipal solid waste (RMSW) was analysed from three main 

locations, which where Georgetown, Guyana and Tucson and Sells, Arizona in the United 

States. Due to the lack of data available in Guyana, several other locations were used for 

lesser comparisons. These were Miami, Florida, and the Kaibab-Paiute Indian Reservation 

and Patagonia, Arizona. The waste streams of each were compared, as were the physical, 

social and economic situations of the three main locations. Past and current solid waste 

management practises were also compared. 



Results indicated that RMSW in ail places contained little hazardous component. 

The waste in Georgetown comprised mostly of organic food waste, as has been found in 

other developing nations. Based on reports of foreign consultants, many solutions and 

improvements suggested for solid waste management in Georgetown have not been 

feasible and technologies brought from developed countries have been too high-tech. 

Solutions in developing countries need to be low-tech and those who try to solve 

problems must take into consideration local limiting factors and work within their 

constraints. Since data are seldom available, it is important to communicate with those 

who work in solid waste management as they are an invaluable source of information. 
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CHAPTER ONE 
INTRODUCTION 

1.1 Solid Waste and Population 

Practical solutions to environmental problems today show that the technical 

answer is not always the whole answer. In many situations, this is due partly to 

inadequate detailed technical knowledge and partly to socioeconomic reasons, yet in spite 

of this, decisions still have to be made. Lack of information, be it scientific or social, is a 

common phenomenon in many developing* countries where insufficient funding only 

exacerbates the problem. This dilemma is directly applicable to solid waste management 

(SWM)^ in many developing countries, many of which do not have formal methods of 

'There is no official definition of "developing" and "developed" countries because the meanings of these 
terms are not absolute. Some organisations base their use of these terms on a country's Gross National 
Product or Gross Domestic Product, while others use indicators such as life expectancy and level of 
industrialisation. It should be noted that all of these indicators are mean values and thus, by virtue of their 
nature, hide variability (Baro, 2000). For the purposes of this study, the following United Nations (UN) 
classifications are used: "More developed" (or simply "developed" in this work) regions, comprise all of 
Europe and North America, plus Austria, Japan, and New Z^and. All other regions and countries are 
classified as "less developed" (or simply "developing" in this work). Country regional designations also 
follow UN practise. As a result. North America does not include countries of Latin America classified as 
less developed (Population Reference Bureau, 2000). It should be noted that over time the terms used to 
describe countries of varying socioeconomic levels have changed. The terms "First World" and "Third 
World" were used for developed and developing countries, respectively, for a long time. The adjectives 
"rich" and "poor", and "industrialised" and "unidustrialised" were also often used. Today, the most used 
terms are "more developed" or "developed" and "less developed" or "developing." Holmes (1984) 
described the basic difference between a developed and a developing country by noting that the former 
produces mainly manufactured goods while the latter produces mostly primary products. This 
characterisation still applies today. 

-Solid waste refers to useless, unwanted or discarded materials resulting from society's normal activities. It 
can be solid, liquid, semi-liquid or gaseous in its state. SWM, as defined by the United States 
Environmental Protection Agency (USEPA), is the "supervised handling of waste materials from their 
source through recovery processes to disposal" (2000). Liu (2000) expands this definition by referring to 
SWM as an organised programme and central facilities that have been established for final disposal of 
wastes, as well as for other options of dealing with it, such as recycling, reuse, composting and 
incineration. 



managing their solid wastes and whose SWM systems are often unstructured, inadequate 

and obsolete. It has been estimated that between 30% and 75% of waste in the cities of 

developing countries goes uncollected (Doberstein, 1992). 

In some countries wastes may be buried, burned or simply dumped on vacant land 

or into drains, ditches and other waterways because of inadequate collection or options 

for its disposal. These practises are often made worse by the lack of enforcement of 

minimal existing regulations. 

From the beginning of this century^, rapid global urbanisation has been taking 

place. Urban growth rates were similar in developing and developed countries until the 

I950's, but since then, the growth has increased much more in developing countries and 

studies show that this will continue at a disproportionate rate well into the next 

millennium'^ (Abdullah, 1997). The world population is likely to reach 9 billion by 2050 

(United Nations, 2000). Urban populations are expected to triple between 1990 and 2025 

in developing countries, while rural populations will increase by only 10% (Abdullah, 

1997). According to Miller (1998), by the year 2025, 61% of the world's population will 

be living in urban areas. Unless preventative measures are taken to reduce the impact of 

increased urbanisation, deterioration of the environment will be an unavoidable 

consequence (Abdullah, 1997). With increasing population come many problems, inter 

alia, squalor, poor housing, inadequate sanitation and public services, congestion, 

^This century refers to the one-hundred year period from January 1, 1901 to December 31, 2000. 

-^The next millennium in this study begins on January 1, 2001. 
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pollution, chronic unemployment and, of course, increased amounts of solid waste 

(Holmes, 1984). The necessity for proper SWM grows as authorities and experts 

acknowledge the link between increasing population growth, global urbanisation and the 

deterioration of the environment (Ostergaard, 1997). In a detailed study conducted in 

1997, Abdullah noted that these exact problems could be associated with rapid 

urbanisation in Malaysia, which, after Singapore, has the highest (more than 50%) urban 

population in southeast Asia. An example demonstrating the severity of environmental 

degradation as a consequence of increased industrialisation was discussed in a Fortune 

magazine article in which the author discussed the production of air pollutants, hazardous 

waste and garbage in Asia (Moffat, 1996). The author noted that as the Gross National 

Product rose, there was a decrease in the quality of life, water and air suffered serious 

pollution, the general health of the population was visibly worse and the increased 

municipal waste generation led to the birth of many unsightly landfills. 

Other developing countries are also beginning to see the results of too many years 

of improper SWM practises. The poorer health of their citizens and the degradation of 

the environment are noticeable. As their populations grow in the coming years, it will be 

imperative for developing nations to institute sound SWM in the protection of human 

health and environment. 



1.2 Derinition of Municipal Solid Waste 

Municipal solid waste (MSW) refers to waste generated from residential, 

institutional, commercial and some industrial sources. It includes wastes such as yard 

trimmings, food scraps, containers and packaging, nondurable and durable goods, as well 

as miscellaneous organic wastes. It does not include commercial hazardous wastes nor 

does it include automobile parts, municipal sludge, combustion ash, construction and 

demolition wastes or industrial process wastes (USEPA, 1998). 

Table 1 - Sources of MSW 

Residential single family homes, duplexes, town houses, apartments 

Commercial offices, restaurants, hotels, shopping areas 

Institutional schools, prisons, medical facilities 

Industrial Component packaging, office wastes, lunchroom and 
restroom wastes, but not industrial process wastes 

(Kreith, 1994) 

Other terms are often used interchangeably when referring to MSW, yet 

technically they are all just subsets of the whole. These terms are: 

Garbage - which refers to wet discards, food and animal wastes from homes, hotels, 

restaurants and other places of business, and commercial yard waste (Rathje, 1992); 

Refuse - which can be wet or dry and includes all solid waste from communities and 

some semi-solid wastes not treatable by wastewater treatment plants (Rathje, 1992); 

Rubbish - a term that is even more inclusive than refuse, includes all refuse as well as 

demolition and construction debris (Rathje, 1992); 
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Trash - at least theoretically dry, refers to newspapers, boxes, cans, and so on (Rathje, 

1992). 

Since the term "garbage" is most often used synonymously with the term "solid 

waste", even among solid waste professionals, the terms are also be used interchangeably 

in this study. 

Another component of MSW, very small in comparison by amount to the other 

components, is non-commercial hazardous waste. Household hazardous waste, resulting 

from products that are purchased by the general public for household use, refers to 

products which, because of their quantity, concentration, and biological, chemical or 

infectious characteristics, may pose a potential hazard or significant risk to human health 

and/or the environment when disposed of or treated improperly (Kreith, 1994). Some 

examples of such waste are paint, used automotive oil and antifreeze, acids and bases, 

auto batteries, chlorinated liquids, dry cell batteries, pesticides, soaps and waxes. 

1.3 Historical Qvgrview of SWM 

From the beginning of time, man has created waste in one form or another. Its 

generation is an inevitable consequence of "civilisation." 

For the better part of the last two and a half million years, humans have left their 

garbage where it fell. Populations were small and sparse and because there was so much 

land, this waste ethic caused little impact. When indoor environments became too messy, 

sleeping and activity areas were tidied up. When general living areas became too filthy to 
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be cleaned up, the site was abandoned and a new one was found. This worked well for 

hunters and gatherers who moved on to follow their game, never staying in one place for 

too long. When, however, man became a sedentary animal, things changed. He had to 

move his garbage since he himself was no longer on the move (Rathje, 1992). In the end, 

even primitive man who hunted and gathered millennia ago, did some things no differently 

than "modem" man who still to this day, has to haul his garbage away. 

From prehistoric days, through recorded history and until now, dumping, or 

landfilling as we refer to it today, has been the most prevalent method of dealing with 

garbage. 

The first records of some kind of SWM system were found in the Minoan 

civilisation on the Greek Island of Crete between 3000 and 1000 BC. Solid waste from the 

capital Knossos was disposed of in large pits and was periodically covered up with soil 

(Tammemagi, 1999). 

In ancient Rome, garbage was thrown on the floor of homes and then, was 

periodically covered up with dirt and clay. This went on repeatedly until the ground level 

had grown so much that roofs and doors had to be raised to counteract this "cover-up" 

method (Rathje, 1992). 
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At Troy, most garbage was simply thrown out into the streets. There, roaming 

pigs ate any edible remnants they could fmd. while scavengers^ would sort and carry 

away anything they could, in exchange for the ability of being able to sell it (Rathje, 

1992). 

During the Golden Age, in the fifth century BC, the citizens of ancient Athens 

were required to take their garbage away from the living areas to a location that was one 

mile beyond the city walls. Each household was responsible for collection and 

transportation of the garbage to the disposal site (Rathje, 1992). 

The first established garbage collection service was found in the Roman Empire, 

where citizens threw their waste into the streets (Tammemagi, 1999). The waste was then 

swept up and collected on horse-drawn carts and transported either to the River Tiber 

where it was dumped or to community dumps® (large, open pits) outside of the city 

(Rathje, 1992). 

In fourteenth century London, waste was thrown out into the streets, where 

so-called "rakers" would sweep it away after scavengers had had their go at it. The rakers 

carried the garbage away from the city and dumped it into open pits or threw it into rivers 

and waterways. The streets were not only covered with garbage, but also with the 

^According to Sicular (1989) scavengers are "garbage collectors, junknien, chemical agents that neutralize 
or remove undesired substances, and habitual consumers of refuse." Scavenging, the production of 
commodities from wastes, benefits SWM programmes by reducing the amount of waste requiring disposal. 

^Dumps, as defined by the USEPA (2000), refer to sites used to dispose of solid waste without 
environmental controls. 



excrement of domestic animals that used the streets. These filthy conditions were perfect 

breeding grounds for rodents, especially rats. It was these rats, and fleas, that helped 

carry the Bubonic Plague, popularly called the Black Death, that resulted in the 

eradication of almost half of Europe's population at that time (Theodore, 1996). It can 

thus be noted that the seriousness of solid waste management or in this case, 

mismanagement, and the potential public health problems resulting thereof are not a new 

phenomenon. 

Dumping, slopping of animals in the streets and scavenging were also a normal 

occurrence in the United States and Europe well into the 1800's, as there was still no 

formal method of SWM. Benjamin Franklin appears to be the first visionary of some sort 

of SWM system in the United States as he had servants carry garbage out and away from 

the city of Philadelphia in 1792 (Rathje, 1992). 

In the twentieth century, the management of solid waste, especially in developed 

countries, has gone through several big changes. In response to the sanitation that was 

proving to be necessary if diseases were to be avoided, waste had to be controlled. 

Populations were getting much larger and they were not on the move. Waste was 

accumulating, and without its proper management, diseases caused by unsanitary 

conditions were a serious threat. A hundred years ago, with much smaller and more 

scattered populations, dumping was quite common. As populations rose in the urban 

areas, some sort of waste management became necessary. This simply meant the hauling 

away of mostly domestic garbage to areas distant from homes and public places. The 



garbage would simply be dumped imo open pits. As industrialisation increased, 

companies would dump their wastes in any available location as well, often times into 

ground excavations near rivers or into those remaining after old mining activities. At no 

time was any attention paid to possible environmental or health effects of such 

uncontrolled dumping. 

This was also the case in the United States. In the early 1900's, public health 

awareness increased and this prompted control measures to be taken. In large cities this 

was done, for the most part, by hauling the waste from populated areas to vacant and 

uninhabited areas on the outskirts of cities. For coastal settlements, dumping into the sea 

was also a common practise. Between the First and Second World Wars, the type of 

waste changed from having less cinerary material, animal carcasses and manure to having 

more industrial waste resulting from increased mechanised activities (Alexander, 1993). 

After World War II, landfills^ became the most used solid waste disposal method in the 

United States (Rathje et al., 1992). 

In the 1940's, standards and guidelines were established for municipal sanitary 

landfills in the United States. By 1965, as problems developed with solid waste and its 

management, the government passed the first in a series of solid waste legislation, the 

^Landfills, more specifically sanitary landfills, as defined by the USEPA (2000), refer to disposal sites 
for non-hazardous solid wastes spread in layers, compacted to the smallest practical volume, and covered by 
material applied at the end of each operating day. Kreith (1994) defines sanitary landfills as "engineered 
facilities for the disposal of MSW designed and operated to minimise public health and environmental 
impacts." Since 1993, afler the passing of the liner act, sanitary landfills have been required to use plastic 
and clay liners to prevent leachate fi'om filtering through. They also usually employ leachate and gas 
collection systems. 
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Solid Waste Disposal Act, to ensure proper SWM practises and to protect the 

environment (Theodore, 1996). This was the beginning of SWM in the United States. It 

was not until the 1970's, with the birth of the USEPA (in 1970) and the subsequent 

institution and implementation of laws to protect the environment, that practises such as 

open dumping became illegal. During the 1970's the United States experienced a strong 

environmental movement, with the institution of laws to protect the air, water, and soil, 

as the damage done to the environment over the years became evident. This movement 

slowed down somewhat in the I980's, but once again gained momentum in the 1990's and 

continues today. 

Countless incidents resulting from the careless way garbage has been handled can 

be found. While the horrors of the Bubonic plague in the Middle Ages were mostly the 

result of poor sanitation methods, examples from modem times can have just as grave an 

outcome. The incident of Love Canal, one of the best known Superfiind® sites in the 

United States, deals with industrial waste and is a good example of a serious problem that 

could be prevented in developing countries if proper SWM practises are implemented. 

In this case, since there were no environmental laws during the time of the Love 

Canal formative years (between 1942 and 1953), Hooker Chemicals of Niagara Falls, New 

8The Superftmd programme, technically called the Comprehensive Environmental Response, 
Compensation and Liability Act (CERCLA) was passed in 1980 by the United States Congress. This law, 
and its subsequent 1986 and 1990 amendments, instituted a $16.3 billion "Superfund" which was financed 
by state and federal governments as well as taxes paid on chemical and petrochemical industries. The aim 
of this programme is to identify and remediate abandoned hazardous waste sites and leaking underground 
storage tanks in the protection of human and environmental well-being. The USEPA is responsible for 
identifying the sites and has the right to sue the polluter if he refuses to pay for the cleanup. If the culprit 
cannot be found, money is drawn from the fund in an effort not to burden the tax payer (Pepper et al., 
1996). 
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York dumped chemical waste sealed in steel drums into an old canal excavation named 

after its builder, William Love. In 1953, having covered the canal with a clay and topsoil 

cap, the company sold the property to the Niagara Falls school board. Over time, 

construction disrupted the cap uncovering the already leaking underground drums and led 

to groundwater contamination. By the mid-1970's nearby residents began to complain of 

foul smells, chemical bums were suffered by children who played in close proximity to 

the canal, and informal health studies indicated an abnormally high incidence of birth 

defects, respiratory, nerve and kidney disorders, miscarriages and assorted cancers in 

people who lived near the canal. The school was closed, many residents were evacuated 

and President Jimmy Carter declared the area a federal disaster zone. The dump was 

covered with a new clay cap and leachate collection was instituted to pipe it to a 

treatment plant. After a 15-year litigation, the company agreed to finance any future 

treatment of waste coming from the site. In 1990, the USEPA declared Love Canal, 

renamed Black Creek Village, a safe area and this once again allowed people to purchase 

homes there (Miller, 1998). Today, the site, deemed "habitable" by the New York 

Department of Health, has been remediated to USEPA's satisfaction and will not require 

any further cleanup. The canal has been contained by an almost 40-acre cap consisting of 

a synthetic liner, a clay liner, topsoil and seed, a combination that makes it look like a golf 

course. The leachate collection system collects the leachate and passes it through a carbon 

filter on site. From there, the leachate is piped underground to the Niagara Falls 

wastewater facility for further treatment. Three hundred and seventy homes which were 
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remodelled are occupied by families living north of the canal, while twelve senior highrises 

are located southwest of the canal (Basile, 2000). 

There are examples of other Superflind sites which have been cleaned up and gone 

on to have productive future uses as public and sometimes, even residential areas. Some 

examples of these are Soldier Field, home of the Chicago Bears football team in Chicago, 

Illinois, Kennedy airport in New York City, New York, and The Kennedy Library in 

Boston. Massachusetts (Alexander, 1993). 

However, mistakes committed with solid waste disposal are not limited to 

examples such as Love Canal and hazardous waste. MSW handling has had its share of 

bad publicity in developed countries as well. A world-known example to those who 

study waste (garbologists^) is that of Fresh Kills in New York. The Fresh Kills landfill, 

located on Staten Island, covers an area of3,000 acres, is 450 feet high (Tammemagi, 

1999) and receives 17,000 tons of New York City's garbage every day (Environmental 

Interest Organisation, 2000). It is one of the largest manmade structures in the world and 

its mighty 2.6 billion cubic foot volume is equivalent to 25 times the volume of the Great 

Pyramid at Giza. It has been in operation since 1948, sits on a tidal flat consisting of salt 

marsh and lacks modem pollution controls. In 1991, due to the lack of pollution controls 

and before a major cleanup, several million gallons of leachate (fondly called "garbage 

juice" by garbologists) flowed into nearby waters and contaminated flora and fauna all 

around (Rathje, 1991). Today, environmental advocates estimate the daily production of 

9The term has been coined by the Garbage Project at the University of Arizona, Tucson (Hughes, 2000). 



leachate at Fresh Kills to be about 1,000,000 gallons and this is discharged into New York 

harbour (Tammemagi, 1999). Legislation was passed in 1998 to ensure the closing of the 

landfill by January 2, 2002 (New York City Council, 2000). Similar problems have 

occurred and continue to do so, in other major cities, such as Paris, Tokyo 'and Mexico 

City (Tammemagi, 1999). 

The story of the Morbo 4000, a barge laden with the garbage from the town of 

Islip, in Long Island, New York is Long Island's infamous contribution to problems with 

MSW disposal. This barge wandered the waterways of Central America, the Caribbean, 

the East Coast and the Gulf of Mexico for almost 2 months in 1987 looking for a resting 

place. Its cargo was finally incinerated and dumped in a New York landfill (Schwartz, 

2000). 

This "gar-barge" example is sadly not the only one of its kind. A similar incident 

that begun in 1986 is not yet over. A barge named the Khian Sea, loaded with almost 

15,000 tons of incinerator ash from Philadelphia set sail for the Bahamas for final 

disposal. The barge and its contents were rejected by the island and so began a 14-year 

voyage of the vessel and its contents from port to port, where each time it was rejected. 

The vessel, which has changed names various times as it has come under the management 

of new companies, has sailed between several continents - Asia, Africa, Europe - as well 

as the Caribbean, in an attempt to off-load its cargo. Some of it was dumped on a beach in 

Haiti, about a quarter of the original amount, before the local officials objected and 

demanded that the ash be reloaded onto the vessel. The vessel left without reloading. In 



1988, the ship's captain confirmed that he had dumped the rest of the cargo-hold into the 

Atlantic and Indian Oceans. This year, after finally returning to Haiti to collect the 

initially dumped ash on the beach, the barge, now named Santa Lucia, is sitting off the 

coast of Florida waiting to see where it can dump its load (Schwartz, 2000). 

1.4 Present Situation 

In the last forty years many developed countries, as a result of their financial 

resources and attributed economic stabilities, have been able to make significant 

technological advancements in the management of their solid wastes. They incorporate 

formal environmental analyses in the processes of future planning and development. The 

same cannot be said for most developing nations, whose main priority remains the feeding 

of their growing populations. Even though the most rudimentary culprit of improper 

SWM is the lack of funding, this problem will have to be overcome if solutions are to be 

found. Lack of funding is an excuse that simply cannot be used ad infinitum. Money and 

resources, no matter how limited, will have to be allocated to facilitate change or else the 

consequences will prove to be even more costly in the long run. If time is taken to invest 

now and simply improve the current situations, this could in itself, result in significant 

savings in the future as it will prevent major mistakes and will save money that would 

have been necessary to correct them. For the many developing nations that do not have 

sound and well-enforced SWM systems, the institution of such would be a good 

opportunity to "do it right the first time." Developed nations can provide examples of 
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"how to" as well as "how not to" proceed with the planning of functional systems. 

Mistakes made and the subsequent lessons learned by developed nations can not only be 

avoided in developing countries, but can also be used as an integral part of their future 

planning. 

Even though Love Canal, or a similar scenario involving industrial/hazardous 

waste could no longer happen in the United States, it can easily occur in many developing 

countries as it did in Guyana in August 1995, when about 825 million gallons of untreated 

cyanide effluent emptied into the country's largest river, the Essequibo. The cyanide from 

a gold-mining operation was being held in open, unlined pits in close proximity to the 

Essequibo. Even though the operation was run by a Canadian firm that was more than 

aware of the North American standards for dealing with hazardous chemical waste, since 

it was in Guyana, it took the cheapest way out, knowing fully well, that there were no 

specific laws and certainly no enforcement. When the dam broke and polluted the river, 

killing thousands of fish, domestic animals and wildlife and rendering unusable the only 

potable water available to the indigenous people living there, the company did not do 

much. Even though the government stated that it would take litigative action, the firm did 

not do any major cleanup (Carson, 2000). The disaster had an eye-opening effect for 

Guyana though and prompted the government to be more careful in the future when 

dealing with hazardous chemicals. Proper environmental laws in developing countries 

would play an important role in preventing such accidents in the future. 
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Decision-makers in many developing nations are faced with serious problems. 

These include limited budgets, competition with social issues, such as hunger, 

unemployment and illiteracy (Bynoe, 1997), limited use of analytical tools, incomplete 

and inappropriate data if any at all and short-term planning for the future. Since there is 

often no long-term planning, when problems do arise, solutions are often ad hoc 

(Ostergaard, 1997). This is especially true in the case of environmental protection and 

specifically of solid waste. While solid waste management practises in developed 

countries are continually changing, as laws become more stringent and there is increased 

pressure to use recycled products, in many developing countries the pace remains much 

more relaxed and is much less technology and convenience driven (Bynoe, 1997). Often, 

due to the limiting factors, things do not change at all and things are done exactly the same 

way they were being done decades ago. 

This is the case in Guyana where municipal SWM is not at a crisis stage, but that 

does not by any means imply that the current system is not without serious problems or 

without need for serious restructuring. Guyana, a low-income country like many 

developing ones, is facing tremendous economic problems and therefore, endeavours to 

improve employment, attract industry and business, obtain foreign exchange, and improve 

the standard of living for its citizens in general. Ergo, it is not difficult to understand why 

with such national conditions, there is not much time or money dedicated to proper SWM 

development. In view of the country's economic situation, national planning, SWM 

included, tends to be short-term rather than long-term. 
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On the small Caribbean island of Trinidad, increased Western-influenced 

consumerism'" has attributed to a rise in the generation of solid waste. As is common in 

many developing nations, much of this waste ends up on the streets having been 

recklessly discarded. The resulting smells and unsightly conditions are a common 

occurrence for pedestrians and motorists alike. On a larger scale, the issue is going to be 

very important as the small island begins to realise that there is not much space for solid 

waste disposal (Small, 1999). 

In Jamaica, uncontrolled dumping has also been a problem in past years. Landfills 

are inadequate and incineration methods are outdated and inefficient, and are further 

worsened by improper maintenance. Hazardous waste from industrial processes often 

ends up in normal "landfills" which are no more than regular dumps (Lafleur, 1997). As in 

Guyana and Trinidad, in Jamaica it is no surprise to see a lot of loose garbage in the cities 

and in the countryside. 

The SWM situation in Denpasar, Bali, Indonesia follows a similar pattern to 

many developing countries. Not quite reflectant of the ideals based on full waste 

collection and disposal that incorporate manual waste collection, transfer to temporary 

is hard to overcome this wasteful way of life as mass media, especially in the Unites States, has been 
key in pushing consumerism. People are almost brainwashed into buying things they "should" want rather 
than what they really need. The increased reliability and misplaced importance of disposable products in 
the fast-paced American society is increasing with unbelievable momentum in many other countries as 
well, especially in the developing world (Chavez, 2000). The issue of consumerism is an important one 
because it brings up the whole concept of "quality of life." It will not be discussed in detail in this study, 
but it should be mentioned that quality of life is a very relative measure of prosperity. While in the United 
States, material possessions may be seriously linked to a higher quality of life, in many developing 
countries, family values and relations, and man's interactions with the environment are the basis of a good 
quality of life. 



storage places and final disposal at available dumps, the reality has been inadequate 

collection and disposal and all of the filth and disease associated with it. Low funding 

results in insufficient waste disposal systems for growing populations, and this in turn 

leads to a decline in service and an increase in environmental impacts (Doberstein, 1992). 

In Bulgaria, many villages still have open landfills while every major city has at 

least one. Nearly all of the country's more than 2,000 landfills are old-fashioned open 

dumps that have no leachate collection systems, gas collection mechanisms or soil cover. 

The problem of increased solid waste is caused by increased consumerism combined with 

increased dependence on disposable products (Institute for Sustainable Communities, 

2000). 

In Manila, Philippines improper SWM leads to desperate measures where, based 

on a 1992 estimate, more than 70,000 cubic feet of daily wastes were thrown into local 

waterways resulting in millions of dollars of annual flood damage (Doberstein, 1992). 

Related public health costs of such improper waste disposal were also undoubtedly high. 

In Brazil, national surveys indicate that about 43% of cities have adequate and 

sanitary methods of SWM, while the rest of the urban and rural areas have mainly open 

dumps (Lafleur, 1997). 
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In the past ten years, the emphasis in many developed nations has shifted from 

both incineration and landfilling to waste prevention and recycling''. There is a movement 

to use a combination of all available technologies and programmes (source reduction, 

reuse, recycling, incineration, treatment and landfilling) in the management of waste 

(Tammemagi, 1999). This concept, which has been well accepted by environmentalists, 

politicians and industry, is called Integrated Waste Management, although, it has not 

always been known by that name (Relis, 1998). It refers to a plan that follows the cradle 

to grave life cycle of consumer products and seeks to maximise the useful life of the 

resources involved (Tammemagi, 1999). 

The future of solid waste is an uncertain one. In developed countries, the costs of 

management are rising as solid waste generation increases. This trend is sure to translate 

to developing countries. In Europe, the European Economic Community member states 

have begun to collaborate on future SWM as they attempt to agree on standards and 

criteria (Lafleur, 1997). While such group efforts may not be practical for developing 

countries, steps need to be taken to improve the current conditions. The most 

advantageous point is the fact that the investment may not need to be large because while 

problems with MSW do occur in developing countries, they are seldom of such magnitude 

• I According to Relis (1998), recycling in the United States has increased from 10% in the I980's to 
about 30% currently. USEPA (1^8) notes that product recovery of materials has increased while the 
percentage of MSW landfilled has generally decreased from about 83% of generation in 1986 to 5S% in 
1997. 
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as the ones occurring in developed countries (e.g. the "gar-barge" examples cited 

previously, which are all very, very costly). 

1.S Studv Rationale. Objectives and Methodoloyv 

The need for proper SWM in developing countries is obvious since the effects on 

the environment and public health can be more profound there. Waterbome diseases and 

the proliferation of disease-carrying vectors associated with garbage only increase due to 

improper sanitation and pollution management, and have resulted in many illnesses and 

deaths in developing countries throughout Asia, Africa and Latin America (Abdullah, 

1997). Therefore, good SWM will help immensely in proper sanitation while solving the 

problem for many citizens of having to deal with waste disposal on their own. Benefits of 

better SWM also include improved environmental conditions and an improved economic 

status with savings in the long-term development of SWM. 

The underlying purpose of this study was to develop a conceptual methodology 

for SWM strategies in developing nations while demonstrating the ability to make sound 

and practical decisions with limited and constrained data in the present and in the future. 

The methodology that was developed is specific in its recommendations to Guyana, yet it 

is generic enough to be modified and applied to any situation in other developing 

countries with similar characteristics. 
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The objectives of this dissertation were: 

• to discuss the cultural, societal, economic, historical, financial and political aspects of 

SWM and to demonstrate their applicability in defining and developing SWM in a 

developing country; 

• to demonstrate the difference in the composition of residential municipal solid waste 

(RMSW) between a developed and a developing country, namely the United States and 

Guyana, respectively; 

• to examine the differences in how these countries manage their RMSW; 

• to provide developing countries with a checklist for decision-making which enables 

future SWM planning that is 

- quick, 

- practical, 

- cost-effective, and 

- environmentally sound 

• to suggest some measures that could be taken by the SWM body in Georgetown 

to improve current practises. 

The study is based on published and unpublished government and private agency 

reports, personal communications, literature reviews and field data - my own, those 

obtained from projects I participated on, as well as others that were obtained from other 

researchers as secondary data. I conducted my own fleldwork in Georgetown, Guyana in 

summer 1997 and in spring 2000, and then, as part of a group, at Sells, Arizona in May 
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1999. Over the period of time that this study was being conducted, I repeatedly used the 

numerous contacts I had made. By virtue of the type of study, within neither the 

fieldwork nor the analysis, have I constrained myself to the traditional approach. The 

scope of this study changed over time until it evolved into a practical and contributing 

work. 

One problem I faced was the lack of data. The manner in which this problem was 

circumvented was by comparing and drawing parallels between similar locations, where if 

not many data were available, at least some were. The areas that were compared were 

Georgetown, Guyana, and Tucson and Sells, Arizona. Minor comparisons were also done 

with other locations to gain a better frame of reference. These locations were Miami, 

Florida, the Kaibab-Paiute Indian Reservation and Patagonia, Arizona. 

Georgetown, a city in a developing country, and Tucson, a city in a developed 

country, were chosen because they are both significantly large urban areas with relatively 

little industrial waste. The fact that the desert climate in Tucson is hot and arid while that 

in tropical Georgetown is constantly warm and humid was taken into consideration and 

was addressed by including Sells, which is located on the Tohono O'odham Indian 

Reservation in Arizona. Even though it is located on United States federal land and is 

subject to all United States laws, it is a sovereign nation. Socioeconomic conditions do not 

parallel those of the rest of the United States and this is reflected by the SWM situation. 

Hence, for the purpose of this study. Sells, would fall into the category of a developing 

nation (within the geographic confines of a developed country, of course,) with the same 



climate as Tucson. Very good data on MSW and SWM were available both for Sells and 

Tucson, but not for Georgetown. Other reasons for the use of Sells were the similar 

climatic conditions to Tucson and the fact that like Georgetown and Tucson, Sells 

generates little industrial waste. Another common denominator of the three main study 

sites was that they are all surrounded by large, open spaces. 

Miami was used for the lesser comparison because it is a city in a developed 

country and has a humid climate which is similar to that of Georgetown. The Kaibab-

Paiute Indian Reservation was included because it has similar characteristics to Sells, 

while Patagonia represented a small, rural setting in a dry climate in a developed nation. 

Due to its rural nature, Patagonia was considered as more developing than developed. 

Table 2 - Sites To Be Compared 

"Developing" Status "Developed" Status 

Arid Climate Sells, Kaibab, Patagonia Tucson 

Humid Climate Georgetown Miami 

Ultimately, all decisions involving SWM in developing countries will be based 

upon insufficient data and since the technical data may be hard to find, it is very 

important that the choice of the non-technical people whose combined views will enable 

judgements to be made during policy making are picked very carefully. This approach 

was used and information obtained from such persormel were extremely useful and 

invaluable for the purposes of this study. 



1.6 Study Limitations 

The underlying challenge was the lack of information and data. This lack of data, 

however, reflects the real situation in developing countries and the study acknowledges 

that fact and works within the resulting constraints. 

In spite of the fact that there was a plethora of information available on many 

aspects of solid waste, S WM and solid waste planning, most of it was directed toward 

developed nations. The limited information that was available on developing countries 

was not quite relevant or applicable for the aims of this study, as it did not isolate solid 

waste in the proper context. The filtering of all this semi-relevant literature for relevant 

information was a time-consuming and hindersome obstacle. 

While the lack of data constrained the study's qiiantitative element, in view of the 

problem it did not mean that the study would lead to less valuable conclusions because 

many of the factors being dealt with, such as unsanitary ambient, odours and ugly 

surroundings, carmot be described quantitatively. 

The recommendations and conclusions are qualitative and are not absolute. As 

Barker (1993) termed it, the approach was a multi-disciplinary one, using intuitive 

judgement ("the ability to make good decisions with incomplete data"). 

1.7 Dissertarion Structure 

Chapter Two presents background information on solid waste management. This 

includes a comparison of SWM practises in developing and developed countries. 



problems associated with SWM in developing countries, impacts of SWM programmes, 

components of urban SWM programmes, waste generation in selected cities and countries 

around the world and a comparison of various waste disposal techniques. 

Chapter Three provides background geographic, economic, technical and social 

information about the chosen study sites. It also presents an overview of the history of 

SWM at each site as well as present day information. 

Chapter Four describes the methodologies employed in data collection. These 

include waste characterisations, personal interviews, site visits and informal surveys. 

Chapter Five presents and analyses the data obtained and discusses the results 

drawn from these analyses. 

Chapter Six presents a) conclusions of the study; b) a simple checklist that can be 

followed by planners in developing nations in the assessment and improvement of current 

and future SWM planning; and c) recommendations for SWM in Georgetown. 
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CHAPTER TWO 
COMPARATIVE INFORMATION ON SWM 

2.1 Brief Comparison of SWM Practises in Develofiing and Developed Countries 

MSW practises vary greatly between developing and developed countries. When 

inspected closely, several notable differences stand out. These are: 

1) Developed nations tend to have strict environmental laws that are enforceable, 

while developing nations may or may not have such laws. These laws may include limits 

on types of wastes generated, disposal methods, recycling options and citizen 

involvement in the process. In developing countries, even in the presence of laws, 

enforcement is not always possible for a variety of reasons. These include, inter alia, lack 

of fmances, lack of trained personnel, management inefficiency and disinterest on behalf 

of responsible officials to implement changes. The lack of enforceable rules and ensuing 

penalties often results in a lack of public awareness and consciousness, and leads to 

unsightly and unhealthy surroundings. 

2) Pollution Prevention is a well-known and well-implemented principle in 

developed nations. Pollution can be stopped at the source of many industrial, agricultural, 

and other processes. This also applies to the general production and management of solid 

waste. This is often not the case in developing nations, where there are neither controls on 

the substances emitted into environmental media nor alternatives for decreasing or dealing 

with solid waste formally. 



3) The notion that recycling in developing countries is nonexistent is a 

misconception. While recycling in many developed countries is mandatory and is a result 

of much experiment and discussion, a step backward if one really thinks of it, it does also 

take place in developing nations, and its basis is economic necessity. People in developing 

countries use and reuse many things, without a mandate. Holmes (1984) noted this as 

well. Unlike developed nations which have a "throwaway" mentality that causes people 

to simply buy and replace old or broken belongings, in the developing world things are 

repaired and brought back to life over and over again. This includes everything from 

automobiles to appliances. In some places almost everything is recycled in one way or 

another. This recycling is driven by availability and cost of replacements and is without 

question much more efficient than recycling in developed countries in diverting materials 

from the waste stream. 

4) The quantity of MSW in developing nations tends to be much lower than that of 

developed nations. Quantities of waste are lower in developing countries mainly due to 

lower prosperity, lower consumption, scavenging and salvaging by beggars and full-time 

scavengers (Holmes 1984). 

5) Disposal methods between developed and developing countries vary greatly. 

Sometimes the methods and equipment employed in developing countries are 

inappropriate because they have been brought from developed countries. In the United 

States, as well as in many European nations, garbage collection is carried out by a 

house-to-house method, which employs a complex array of vehicles, containers and other 



technologically-intensive equipment. The waste is then transported to specially designed 

sanitary landfills, recycling centers or incinerators. These organised systems can be found 

in both urban and rural settings. All aspects of MSW management are strictly defined and 

documented. In developing countries organised collection is usually only possible in urban 

centers and high-income neighbourhoods because often times, service depends on the 

amount of taxes paid. In low-income areas, where there is usually the greatest need for 

proper sanitation, the services are the worst (Gyandat, 2000). Solid waste collection also 

depends on road access, but for the most part the lack of service in rural areas can be 

attributed to bad planning and infi^tructure. Hence, outside of urban areas a variety of 

methods is applied by citizens. In some countries that could mean animal-drawn or 

hand-pushed carts which are used to haul garbage to local dumps, or burning it in drums in 

the backyards of homes, or simply dumping the waste on vacant or unused lots of land. 

6) Methods of educating the general public about SWM are much more feasible in 

developed countries, which not only have the funding but have the access to a variety of 

media to transfer the knowledge. Television and radio are available to almost all developed 

world households, along with the commimication power of increasing numbers of 

personal computers. In developing nations, even radios are not a giuiranteed luxury in 

many homes. Thus, education in developing nations would be mostly limited to print and 

community outreach programmes. The added problem in the use of print is the fact that 

large numbers of both urban and rural population are illiterate. 
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7) The composition of solid waste in developed countries is very different from 

many developing nations, some of which have just now begun the long road to 

industrialisation. Normally, there can be no or very little industrial component in a 

developing country's waste, while its proportion in the stream of a developed nation may 

be quite significant. Developing country waste consists mainly of putrescible matter, and 

little paper, plastic, glass and packaging material. Also, based on the type of diet, the 

daily preparation of home-cooked meals and the availability of many fresh fruits and 

vegetables in many developing countries, it can be noted that developing nations have a 

high "organic" (food material) content. This organic component refers to mostly non-

edible food waste from vegetable, fruit, poultry, meat and fish. This was found to hold 

true by Holmes (1984) in developing countries such as China, Ethiopia and Uganda. The 

organic component makes the waste in developing countries much more dense. This is not 

so in developed nations, where the organic content is much lower and relatively high 

amounts of packaging reflect the heavy dependence on pre-processed and processed 

foods. 

8) Mortality data, medical records and health data are almost nonexistent in many 

developing nations. Isolated studies may have been conducted, but even so, obtaining 

these data most times proves to be a time-consuming and fruitless task. On the other 

hand, in developed nations, studies and research are constantly being conducted in a quest 

to analyse the relationships of man with many of his activities, as well as responses and 

risks of man's exposure to both natural and anthropogenic chemicals. 
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9) A common phenomenon in many developing countries is the presence of 

scavengers, where scavenging is a rather lucrative way of making a living. In some 

countries, notably Mexico and Indonesia, scavenging operations are discrete, complex, 

well-organised communities composed of a hierarchy of handlers of recovered materials 

and are based on understood rules that govern various sections or sites that each 

individual scavenger may work (Sicular, 1989). According to Doberstein (1992), between 

1% and 2% percent of the populations of cities in developing countries obtain at least 

some portion of their daily incomes from scavenging. Scavenging, which greatly reduces 

the volume of waste, occurs from the point of generation to the final disposal site. At the 

household level where the waste is generated, useful materials may be sorted out by 

household owners or household employees and may possibly be sold. Once the waste is 

put out into the street, before collection, it may be rummaged through by street 

scavengers. Once municipal workers pick it up, they too may go through the waste. When 

the waste gets to its final destination, it may be gone through by the municipal workers 

who are stationed there, as well as scavengers who operate close by. At all points of 

transfer, scavengers may also be present (Doberstein, 1992). 
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Table 3 - Summary of Differences in SWM Practises 

j Developing Countries Developed Countries 

Environmental Laws Maybe few, probably 
unenforced 

Strict laws, enforced 

Pollution Prevention Minimal Present 

Recycling Present, highly efficient Present 

Quantity of Waste Less More 

Disposal Methods Organised in some places Organised everywhere 

Education None, lack of resources Present, good resources 

Waste Composition Little industrial, mostly 
organic 

Much industrial, less 
organic | 

Waste and Health data Some to none Very good | 

Scavenging Common Against the law 

2.2 Components of Anv Urban SWM Proyrammc 

Six main components of urban SWM have been identified (Theodore, 1996). In the 

context of developing countries, these are: 

1. Waste generation - This refers to the generation of waste at the household level after 

materials have been identified as no longer being of value. 

2. Waste handling and separation/storage at source - This differentiates between storage of 

the waste in specific (provided by the municipality ) or nonspecific (provided by each 

individual home) containers (Holmes, 1984) which could also be communal storage bins. 

It also takes into consideration if the waste is sorted in any way prior to disposal and also 

if it is placed near the street for collection by the municipality. 



3. Collection - This deals with the manner in which the waste is collected. It can be either 

human, animal or motor powered. Human and animal powered would refer to the use of 

two or four-wheeled carts that are loaded by the people who push them. Sometimes 

tractors or other vehicles may have these similar carts in tow. Usually a combination of 

these methods is used (Doberstein, 1992). It also includes standard mechanised garbage 

trucks. 

4. Separation and processing - This refers to the stages that the waste may go through 

after it is collected. It may be sorted through by scavengers and beggars or could be taken 

to recycling/sorting facilities. 

5. Transfer and transport - This component deals with the transferring and hauling of the 

waste to a disposal site. The transport can be either direct or indirect. If it is indirect, the 

waste may be taken to a temporary facility for transfer and later transported to the final 

place of deposit. 

6. Disposal - This varies in developing nations, from dumping without compaction or 

burial, which remains as the most prevalent, to the use of some type of landfill where 

there is some form of periodic cover using soil. 

23 Impacts of SWM 

Efficient and adequate SWM systems have direct bearing on the state of the 

environment as well as on public health. Some important advantages are: 



45 

1) The reduced attraction and support of rodent and insect vectors such as rats, 

fleas, ticks, mites, mosquitoes, roaches, and flies, can reduce the incidence of disease. 

Faecally transmitted disease, often originating from dump sites, is the primary cause of 

death in children under five in developing countries, while malaria and dengue fever are 

transmitted by mosquitoes which breed in warm, stagnant waters. Hazards extend to 

other living organisms (Abdullah, 1997). 

2) In better designed landfills and dumps, leachate and methane generation can be 

controlled. In many developing countries improper waste disposal has led to serious 

surface and groundwater contamination by leachate (Abdullah, 1997). Methane evolution, 

a byproduct of the decomposition of vegetable matter, poses a threat of explosion and fire 

if it were to accumulate in large enough quantities. 

3) Less dependence on incineration improves air quality. The incineration of 

garbage can produce noxious gases and particulate matter, which without proper emission 

controls can be dangerous to public health, not only to those close to the incinerator but 

those downwind from it as well. 

4) Proper SWM, especially collection, can visibly improve the aesthetic quality of 

the environment Free litter, odour and debris in vacant lots and road sides are not 

appealing to the eye. 
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The negative impacts of improper SWM can best be presented in the following 

tabular form: 

Table 4 - Impacts of Improper SWM 

Medium/Group Affected Potential Impact 

Air Burning: pollution, noxious gases 
Normal decomposition: odours from gases 
Other: dust, airborne litter, fire hazard 

Water Leachate: surface and groundwater contamination 
Physical hazards: waterway clogging, coastal zone 
degradation 
Other: sedimentation, turbidity 

Land/Soil Aesthetics: blowing waste, loss of arable land 

Plant/Animal Health risks from pollutants 

Human Health risks: infection from physical hazards like 
cuts, disease vector and pathogen growth 
Other: risk to aircraft from birds at dumps, loss of 
aesthetic value, scavengers, noise 

(Based on Doberstein, 1992) 

2.4 Waste Generation and Composirion in Selected Countries and Cities 

As was mentioned earlier in this chapter, developed countries generate more solid 

waste per capita than developing countries. Some examples of waste generation rates are 

cited in Table 5. 
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Table 5 - Typical Waste Generation in Selected Countries 

Developed Pounds per 
person per day | 

Developing Pounds per 
person per day 

Canada 4.2 ! Guyana 1.43 

United States 4.4 1 1 Brazil 1.3 

Switzerland 2.9 i 1 
1 

Ecuador 1.3 

Netherlands 2.6 Peru 1.1 

1 India 0.9 

(Based on Lafleur, 1997 and Cointreau-Levine, 1998) 

The amount of waste generated, in both developing and developed countries, 

depends on several factors. These include location (urban or rural), personal and 

household consumption habits, cultural views of value and income levels. According to 

Sicular (1989) there is a negative correlation between income level and several basic solid 

waste characteristics: the higher the income, the lower the moisture content and density 

of the waste. In wealthier neighbourhoods, the waste consists mainly of paper, plastic, 

glass and metal which reflects the higher dependence on manufactured and packaged 

consumer goods. This can be seen by the data presented in Tables 6 and 7. 
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Table 6 - Typical Waste Composition in Selected Developed Countries (Percent of 
Weight) 

Sweden United States Japan 

Cardboard 44 36 40 

Metal 7.0 9.2 2.5 

Glass 5.0 9. 1.0 

Textile 1 2.1 _ 

Plastic 10 7.2 7 

Organic - 26 1 

Other 34 9.7 49.5 

(Based on Lafleur, 1997) 

Table 7- Typical Waste Composition in Selected Developing Countries (Percent of 
Wei^t) 

Mexico Costa Rica El Salvador India 

Cardboard 20 19 18 2 

Metal 3.2 - 0.8 0.1 

Glass 8.2 2 0.8 1 0.2 

Textile 4.2 - 4.2 3 

Plastic 6.1 11 6.1 1 

Organic 43 58 43 75 

Other 27.1 10 27.1 18.7 

(Based on Lafleur, 1997) 
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2.5 SWM Methods in Developing Countri«?« 

The MSW management practises in developing countries that are most widely 

used are incineration and landfilling. Both of these methods have advantages and 

disadvantages (based on Lafleur, 1997). 

Incineration 

Pluses: 

- allows for up to 90% reduction in volume 

- allows for reduction of up to 30% of original weight, mostly due to loss of 

moisture content 

Minuses: 

-requires a high initial capital and may have high operating costs 

- requires skilled personnel for operation 

- may require complex maintenance and operation 

- could be fuel intensive and cost of fuel may be high 

- may have costly emission controls, higher yet if fitted with waste-to-energy 

technology 

Landfills 

Pluses: 

- initial costs are lower than incineration 

- have low operating and maintenance costs 

- do not require as skilled a labour force as incineration 
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- could be located close to urban areas to decrease transportation costs, since 

emissions are not an issue 

Minuses: 

- require constant supervision 

- must meet height restrictions for stability purposes 

- require daily coverage and material for the coverage 

- require some sort of compaction 

- require leachate control mechanisms 

- land acquisition may be a problem 

- produce methane and other combustible gases for twenty years and more, after 

closure, hence future monitoring will have to be addressed 

2.6 SWM in the United States 

The United States produces 33% of the world's solid waste even though it has 

only 4% of the world's population. The annual per capita generation rate is about 1600 

pounds or 4.4 pounds per person per day. This amount is about 2 to 3 times higher than 

the equivalent for people in other developed countries and many times higher than that in 

developing countries (Miller, 1998). In I960, the annual waste generated in the United 

States was 88 million tons and this rose to 217 million tons in 1997. This, more than 

doubled increase in volume, has been attributed to increased economic activity, acute 

consumerism and a never-ending quest for more convenience (USEPA, 1998). 
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In the 1960's and early 1970's a large part of MSW in the United States was 

incinerated. Very little was recycled. Landfilling was basically open dumping 

accompanied by some burning to reduce the volume of the waste (USEPA, 1998). In rural 

areas, backyard burning was a common practise. In the mid-1980's incineration declined, 

siting of new landfills became difficult and waste generation continued to rise. This added 

an increased burden on operating landfills (USEPA, 1998). Today, according to 

Tammemagi (1999), 21% of MSW is recycled, 18% is incinerated with 75% generating 

energy, and the rest (62%) is landfilled in the 2300 landfills around the country. A similar 

landfilling percentage, 65%, was suggested by Relis (1998). According to the USEPA 

(2000), 27% of MSW is recycled, recovered or composted, 17% is incinerated and 55% 

is landfilled. The following table represents the composition of MSW in the United 

States. 

Table 8 - Average Composition of MSW in the United States 

Material Percent of Weight 

Paper 38.1 

Yard Waste 13.4 

1 Food Waste 10.4 

1 Other 9.9 

Plastic 9.4 

Metals 7.7 

Glass 5.9 

Wood 5.2 

(USEPA, 2000) 
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CHAPTER THREE 
SITE DESCRIPTIONS 

This chapter provides information about the three main sites that were compared 

in this study. Geographic locations, climatic conditions, economic and social issues, and 

solid waste management practises, past and present, are discussed. 

3.1 Georgetown and Guyana 

3.1.1 Geography and Climate 

Guyana, slightly smaller than the state of Idaho (Central Intelligence Agency, 

1999), covers an area of approximately 83,000 square miles and is located on the northern 

coast of South America. On the north, it is bordered by the Atlantic Ocean, on the east by 

Suriname, on the west by Venezuela and on the south by Brazil (Appendix A). The 

average annual rainfall is 87 inches and is characterised by two rainy seasons: May to 

July and November to January (Cambridge Fact Finder, 1993). The terrain comprises 

mostly of rolling highlands, a low coastal plain, savannah in the south and dense tropical 

forest (Lafleur, 1997). 

Georgetown, the capital and chief port, is on the east bank of the mouth of the 

Demerara River. The equatorial climate experienced here and in the lowlands provides hot, 

constant, high humidity which is moderated by the northeast trade winds. The mean 

temperature is 81° F. The city, which is 6 feet below sea level and straddles the ocean, is 
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built on a grid plan, with wide tree-lined streets, drainage canals and a protective seawall 

as defence from the Atlantic Ocean (Island Connoisseur, 2000). 

The level of the water table in Georgetown is very high, in certain places no more 

than 4 feet below ground. According to Cointreau-Levine (1998), more than 90% of the 

water supplied to the coastal region comes from groundwater that is pumped from wells 

at depths of 600 to 1350 feet below sea level from sandy aquifers. These wells are all 

very close to the coast or larger rivers, but the northeast groundwater flow is strong 

enough relative to current pumping that no salt water intrusion from the Atlantic Ocean 

has been recorded. 

3.1.2 Population 

The 1999 population estimate of Guyana was 705,156 (Central Intelligence 

Agency, 1999) with an average annual growth rate of -0.32%. Most of the population, 

about 90%, is concentrated along the rich alluvial soil of the 40-mile wide flat coastal plain 

bordering the Atlantic Ocean. The population of metropolitan Georgetown is estimated at 

254,000 (World Almanac, 1999). 

3.1.3 Economics 

Guyana, which has been cited as one of the poorest countries in the Western 

Hemisphere (Cointreau-Levine, 1998), has been suffering from serious economic 

problems for almost 30 years. Guyana gained independence from Great Britain in 1966. 

While being a colony, all high level management was run by expatriots, so when the 



country became an independent state, local personnel had not been formally trained to 

take over and a downward spiral began. Mismanagement, personal gain and general 

disinterest by politicians, planners and administrators alike, have been the reason for 

many problems. In 1997, Guyana reported the sixth straight year of economic growth rate 

of 5% or more which had resulted from profits from sugar cultivation and gold and bauxite 

mining operations, from favourable growth factors in the expansion of important 

agricultural and mining sectors, and from a more realistic foreign exchange rate. In 1998, 

following political turmoil of the 1997 election and a severe drought, things changed, 

reflected by a negative growth rate. Things have not improved much since. The future 

does not look any better as serious underlying economic problems continue for the 

current economy which is based primarily on the export of rice, sugar, and bauxite 

(Central Intelligence Agency, 1999). 

The country's infrastructure is very run down.The electricity is erratic and in 

short supply and blackouts, lasting anywhere from a few minutes to several days if 

equipment is in need of repair, are a normal occurrence. This problem is a major barrier to 

future gains in national output. In spite of significant write-offs in the massive foreign 

debt of about US$1.8 billion, the government is having grave problems in reducing its 

debts and extending privatisation (Island Connoisseur, 2000). Wages are very low, annual 

per capita income being about USS720 (World Bank, 1999) and many people therefore, 

have to depend upon overseas remittances or "parallel market" activities to survive 

(Island Connoisseur, 2000). In 1989, studies indicated that 67.75% of the population was 
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earning below the poverty level (Government of Guyana, 1994). In 1993, the percentage 

dropped significantly to 27%. Twenty-one percent of Georgetown was included in this, 

but for the Amerindians, the largest ethnic group living mostly in the interior, the 

percentage was as high as 85% (Cointreau-Levine, 1998). 

While many foreign goods are readily available, the country is basically 

self-sufficient for its food supply. The costs of imported capital goods are increasing. In 

Georgetown, basic facilities such as running water, electricity and garbage collection are 

available, but outside Georgetown, they may or may not be. 

3.1.4 History of SWM 

At the beginning of the twentieth centuiy, collection of solid waste in the city of 

Georgetown was done by donkey and horse-drawn carts. The waste that was collected 

was taken to dumps in and around the city. The collection by animal-drawn carts 

continued until the I950's, when the first mechanised vehicles were introduced. The city 

acquired tractors and trailers for garbage collection in 1969. The only method of SWM 

until then was dumping (It should be noted that "landfilling" is used synonymously with 

"dumping" in Guyana and does not refer to "landfilling" as based on USEPA definitions). 

This lasted until 1953 when an incinerator was constructed. When the incinerator became 

operational, the landfilling option was temporarily discontinued and the waste was 

incinerated. Following a strike in 1958 and the subsequent build up of waste, the 

incinerator was overloaded, suffered mechanical damage and was rendered nonfunctional. 
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This prompted a return to the landfilling option. The incinerator was repaired, but was 

not functioning to capacity, so the main method of disposing of the city's solid waste 

once again became landfilling. Over the years, several retired landfills have been reopened 

and because of the settling of old waste and resulting creation of space, were refilled with 

new waste (Lafieur, 1997). 

After independence, mechanised vehicles for solid waste transport and disposal 

were received as gifts from foreign governments. Many of these vehicles were not suitable 

for SWM in Georgetown. Not only were they too large and heavy as they damaged roads, 

pipe lines and water mains, but their loading mechanisation was not appropriate and 

could not be effectively used on the local bins and drums into which waste was discarded 

(Lafleur, 1997). 

In 1988, contracting to private companies for solid waste collection was begun 

because the municipality was unable to keep up with the collection and management of 

the waste. Many of the rear-loading vehicles that were employed in collection were 

imported fi-om overseas, not new but reconditioned (Cointreau-Levine, 1998). These 

vehicles were smaller and did not do as much damage to the city roads as the earlier 

trucks. 

3.1.5 SWM Today 

The country's failing infrastructure has led to insufficient economic and social 

platforms for many basic services, among which is SWM. The SWM system in 



Georgetown has suffered from years of under-funding, improper planning and 

mismanagement. It has experienced and continues to have problems with inadequate 

collection and disposal of MSW. There is SWM in the city, and several other large urban 

areas, but these services do not extend into the rural areas along the inhabited coastal plain 

or into the interior of the country because there is no comprehensive national plan. This 

leads to unmanaged burning, dumping and burying of the garbage by the rural populations. 

The practises of solid waste disposal have not kept pace with the demands posed 

by increases in the urban population and subsequent increases in waste generation of the 

past few decades. The results have been delayed payment to workers, contractors, and all 

alike, infrequent waste pickup, obsolete and malfunctioning equipment and a litter-filled 

city, which is ironically named "The Garden City." 

The Cleansing Department, which falls under the office of the Mayor and the City 

Council, is in charge of all aspects of solid waste: collection, management, disposal and 

education. The Cleansing Department is supervised by the Medical Officer of Health and 

since it is only one of his many responsibilities, it does not always receive the priority 

and emphasis that it needs to ensure optimal operation (Thomas, 1989). The Cleansing 

Department works in conjunction with the Office of the City Engineer who is in charge of 

the maintenance of all equipment dealing with solid waste. 

The biggest drawback that the Cleansing Department faces is its lack of 

autonomy, hence its inability to enforce or formulate new laws. It does not have control 

over future SWM planning or monetary allocation and is limited to only being able to 
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present an annual budget for the programme (Walker, 2000). The funding it receives from 

the government, some of which results from general municipal revenues, half of which 

originate from property taxes based on rental properties' values, is minimal and totally 

inadequate to provide proper SWM (Lafleur, 1997). About one percent of Georgetown's 

households live in squatting conditions and they are not required to pay property taxes, 

even though they receive city services (Cointreau-Levine, 1998). 

There are no costs to users, such as license fees, collection fees, tipping fees at the 

landfill, environmental taxes, special sanctions against contractors or customers, to 

recover charges (Cointreau-Levine, 1998). 

Data from the Cleansing Department indicate that Georgetown generates 

approximately 50 tons of solid waste per day (Walker, 2000). The value fumished by the 

InterAmerican Development Bank (2000) is 120 tons per day. 

Due to the lack of funding of the municipality and its inability to pay contractor 

fees, contractors often interrupt the waste collection services. The vehicles that they 

employ include closed or semi-open garbage trucks, and open trailers towed by trucks or 

tractors. Because of this unreliable collection service, a common occurrence throughout 

the city, as well as the rest of the country, is the dumping of garbage in vacant lots, 

nearby public areas (Appendix B, Figure I), established mini dumps or existing narrow 

and shallow drains (Appendix B, Figure 2) immediately outside homes rather than at 

official dump sites. Some of these wastes overstress the drainage systems and increase 

localised flooding from even low level rainfall (Thomas, 1989). Loose litter, open 
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decomposition, dirty water in city drains and canals and the stench that goes along with 

such dumping are a daily occurrence in the life of a Guyanese living in Georgetown 

(Ministry of Finance, 2000). Due to insufficient funds, the Cleansing Department is 

unable to perform the function of providing adequate numbers of litter receptacles 

throughout the city. 

Collection is a very inefficient process. While bins, drums, barrels, boxes or other 

containers with waste should be placed on the curbside to facilitate pick up by waste 

collectors (called "garbage men" in Guyana), frequently much time is wasted as they must 

either enter yards to bring the bins outside, or wait for gates to yards to be unlocked. In 

places where no containers are used, the waste is simply thrown on the side of the road in 

front of homes, sometimes by several households. The garbage men have to use pitch 

forks and shovels to pick the garbage up and throw it into the trucks (Appendix B, Figure 

3). These problems make collection a tedious and inefficient process. Even though there 

are specific requirements that waste receptacles should follow (Appendix C, By-law 3), 

due to the lack of enforcement, these laws are not complied with. Dumping waste in the 

street or any other public area is also against the law (Appendix C, By-laws 9 and 10). 

Other laws regarding solid waste in the city that are also not being enforced include the 

fact that homeowners are supposed to keep their drains clean (Appendix C, By-law 25) 

and that contravention of these laws could lead to fines and even symbolic incarceration 

(Appendix C, By-law 29). These by-laws have not been revised since they were 

approved in November 1981, so that in itself, speaks about their perceived importance. 
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While most of the collection is done by private contractors, some is done by the 

municipality with the few functional trucks that it does have. The reason for this state of 

truck disrepair is the lack of communication between the Cleansing Department and the 

Office of the City Engineer under whose power the maintenance of the vehicles falls 

(Thomas, 1989). 

In Georgetown, there are two ways of disposing of solid waste - landfllling and 

incineration. The first method, landfilling, is the most common way of MSW disposal. 

Since the finances are not sufficient to have proper, sanitary landfills that are lined and 

have controls for leachate and methane generation, MSW is simply dumped into 

temporary, poorly designed, unlined, unmonitored holes in the ground. These makeshift 

urban landfills are nothing more than shallow excavated trenches, back-filled with solid 

waste, and covered with soil by bulldozers once filled to capacity. There is no 

compaction of the waste, except for natural settling and that resulting from the weight of 

the bulldozers that spread the waste. Since there is no daily covering of waste, the results 

are foul odours and windblown waste in the near vicinity. The current Mandela Avenue 

landfill (named so because it is located on Mandela Avenue) was opened in 1993 and was 

supposed to have been a temporary solution for landfilling, having a proposed closing 

date of 1995. As predicted, it was full to capacity in 1995, but since no permanent landfill 

site was found, the location continued being used and is still in operation today. The 

average elevation of the landfill land is 12 feet (Joao, 2000). The Ministry of Finance 

(1996) suggested that the leachate produced may be entering the high water table 
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underlying the city. The soil in the city, including that under the landfill, is clay. This 

relatively young coastal plain, formed by a rise in sea levels and the resulting deposition 

of marine sediments during the latest inter- and postglacial transgressions of the Holocene 

(Steele, 1982), is composed of soft blue and grey clays, occasionally intercalated by sands 

and lenses of silt (Boston, 1981). 

The second method of SWM is incineration. The old incinerator is used primarily 

for the disposal of pathological and chemical hospital wastes, such as old clothing from 

mortuaries and funeral homes, animal carcasses, offal from the city abattoir and expired 

drugs (Walker, 2000). The hospital wastes also include wastes from private clinics. In 

accordance with new laws, all needles are collected in "bore-proof containers which are 

then collected separately and are taken to the incinerator. Private hospitals pay a nominal 

fee for incineration of their wastes, while public hospitals and the city abattoir pay none 

(Cointreau-Levine, 1998). 

The incinerator is forty-seven years old and currently operates at only 10% of 

capacity. Even though it is sometimes fueled with wood (Cointreau-Levine, 1998), many 

times double-burning has to be performed in order to bum the waste to completion. 

Because of the location of the incinerator with respect to the city, as well as the high 

costs of potential rehabilitation, the incinerator may have to be abandoned and the site 

used simply as a transfer station (Ministry of Finance, 1996). The ramp that was used to 

drive the waste to an upper level where it would be thrown into the fiimace through 

circular openings has been declared unsafe and is no longer used. Consequently, the waste 



is all hand-fed by the use of shovels on the lower level through small iron gates that 

should be used for ash removal (Appendix B, Figure 4). The stack has been dismantled 

and there are no pollution controls. A study done by Thomas in 1989 recommended that 

the incinerator be shut down immediately due to its inefficient output'". 

Ail of the problems that the SWM system is faced with in Georgetown are only 

exacerbated by the lack of trained personnel. This includes workers in all ranks, from the 

administrators to the garbage men. There are no formal training programmes and 

communication is poor. 

Over the years, numerous studies have been done. Their conclusions have all been 

similar in agreeing that there are definite problems with SWM in Georgetown, that 

funding is lacking and planning and coordination very inadequate. Many recommendations 

have been submitted, yet as is plainly visible, the situation has not changed and the 

recommendations have not been utilised. 

•^Inefficient incinerators are a very common phenomenon in many developing countries. They have 
low operational temperatures, low performance and may have high emissions. Based on studies conducted 
in the 1980's, the following are percentages of incinerators that were functioning poorly or not at all: 
Argentina - 78%, Brazil - 57% and Peru - 92% (Basel Action Network, 2000). 
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3.2.1 Geography and Climate 

Arizona, with an area of 114,006 square miles, is located in southwestern United 

States. It is bordered on the west by California, on the north by Utah, on the east by New 

Mexico and on the south by Mexico. The climate varies from heavy winter snows in the 

high central regions to clear and dry in the northern plateau and in the southern regions. 

The topography rages from the Colorado plateau in the north containing the Grand 

Canyon to Mexican highlands running diagonally northwest to southeast, to the Sonoran 

Desert in the southwest (World Almanac, 1999). 

The City of Tucson, located in the southeast comer of the state at an elevation of 

2398 feet above sea level, covers an area of about 196 square miles and is the second 

largest city after the state capital. Phoenix. The city valley is nestled between the Rincon 

mountains to the east, the Tortolita mountains to the northwest, the Santa Catalina 

mountains to the north, the Santa Rita mountains to the south and southeast and the 

Tucson Mountains to the west. Temperatures range from freezing in the winter to the 

120's° F in the summer. The desert landscape is replenished by two rainy seasons which 

bring high humidity, while the rest of the year is dry (City of Tucson, 2000). The summer 

monsoons cause thunderstorms that bring torrential rains which fill all of the city's 

washes and river beds in minutes. 
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3.2.2 Population 

The population of Arizona, based on the Arizona Department of Economic 

Security's estimate is 4,924,000 (2000). The current population of metropolitan Tucson 

is 845,775 (Arizona Department of Economic Security, 2000) with a growth rate of 9.1% 

(World Almanac, 1999). Most of Arizona's population can be found in the two largest 

cities. Phoenix and Tucson. The rest is distributed among the Native American Lands, 

smaller towns and the rural areas. 

3.2.3 Economics 

Tucson was the 45^' largest city in 1980, the 34'*' largest in 1990, and the 31®^ 

largest in 1996 in the United States. Between 1980-90, it grew by 22.6% in population 

and 61% in area. Tucson's growth was the 53"^ fastest between 1990-94 in percent and 

22"'^ fastest in absolute change of the Nation's 219 largest cities (having a population of 

more than 100,000). With the institution of the North American Free Trade Agreement 

(NAFTA) and the support of the peso, Tucson is due for an expanding role as a gateway 

to Mexico, Latin America, and the Pacific Rim. The current annual per capita income 

estimate is $23,478 (City of Tucson, 2000). 

3.2.4 History ofSWM 

The historical management of solid waste has not been very well recorded in 

Tucson. Most of the information that can be obtained has been passed down verbally 



from older operators, managers and administrators. Prior to the I950's, waste was hauled 

to small dump areas by a municipal service operated by the City of Tucson. The waste in 

the dump was frequently burned to decrease the volume. The dump sites, often old gravel 

pits, to which the waste was taken were run by "sanitary districts." While there was no 

fee to the individual citizens, there were provisions made by the City and the districts for 

some sort of compensation to offset the costs of running the dumps. Individuals were 

also able to dispose of waste at the dump sites. In the late 1950's and early 1960's, there 

was an improvement at the dump sites and a basic form of landfilling was adopted, where 

the waste was at least periodically covered. Some burning still occurred. Before solid 

waste laws were enacted in the 1960's, many private citizens buried and mostly burned 

their waste in their backyards to prevent the odour, flies and overall unsightly conditions 

(Cawein, 2000). 

3.2.5 SWM Today 

The management and disposal of solid waste in the United States are regulated at 

the highest level by the government - the USEPA. The regulations for MSW fall under 

Subtitle D of the Resource Conservation and Recovery Act (RCRA) which has been 

amended numerous times since it was enacted in 1976 (Kreith, 1994). RCRA sets the 

criteria and classifies solid waste disposal facilities and siting of MSW landfills. Subtitle D 

employs a combination of performance standards and designs to regulate MSW landfills. 

It creates a framework of federal, state and local government cooperation. While criteria 
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set by the USEPA establish minimum technical national standards for the protection of 

human health and environment, the implementation is left largely to the individual states, 

and local and tribal governments (USEPA, 1998). In some states, such as Illinois and 

Minnesota, MSW legislation is revised and possibly amended annually, while in some 

states, it is revised much less frequently (Kreith, 1994). 

The responsibility of SWM in Tucson is divided between two governing bodies, 

the City of Tucson and Pima County, the county in which Tucson is located. The 

jurisdictions within which these bodies operate are decided by local governing boards and 

politicians. The City is responsible for waste collection within the city limits. Outside of 

the city, but within the county limits, homeowners must contract private haulers to 

remove their waste. The County does not do any type of waste collection. The City 

operates one active landfill, while the county operates four. The County does not charge 

individuals a tipping fee at its landfills, but it does charge commercial vehicles. The City 

charges both private individuals and commercial vehicles a tipping fee. The waste that is 

received at both City and County landfills includes waste from the Tucson Metropolitan 

area, not just the City. 

As is common in the United States, there is a higher percentage of hazardous 

waste in domestic garbage than in developing countries. While the numbers are not very 

high in Tucson, the city does stand out in the way it is deals with it. Tucson has one of 

the nation's best examples of a programme that has been implemented to ensure the safe 

disposal of household hazardous waste (HHW). The HHW programme, a 



community-based and volunteer-supported programme, is a joint effort by Pima County 

and the City of Tucson, both of which contribute to its operating costs. The programme 

is operated by the Pima County Department of Environmental Quality and provides 

collection services for household hazardous materials for recycling, reuse and 

redistribution. It also maintains collection and social services for hazardous wastes from 

qualified small businesses and participants in southern Arizona counties and disseminates 

information on environmentally sound practises for household hazardous material to the 

public (City of Tucson/Pima County, 1999). The programme provides several collection 

opportunities: 1) a main site that is open two days a week in Tucson; 2) monthly 

outreaches on the first Saturday of every month in Tucson to allow citizens to bring their 

hazardous waste; 3) auxiliary collections that are conducted periodically in outlying 

communities; 4) landfill sites which allow citizens to drop off their hazardous waste when 

they go to the landfill; 5) regional collections scheduled regularly in other counties; and 6) 

small business waste assistance where businesses make scheduled drop-offs at the main 

facility. The programme also offers the "Drop and Swap" project, which allows citizens 

to come and take any of the materials that are on display at the main facility free of 

charge. In this way the programme is supporting reuse of the products it collects. Most 

of the taken materials include latex paint and garden chemicals. In the 1999/2000 fiscal 

year a total of more than one million pounds of hazardous materials were diverted from 

landfills (Uthe, 2000). 
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The City of Tucson operates a recycling programme, begun in 1992, which is 

flinded entirely by the general fund and taxes. The programme includes curbside recycling 

for single family homes, duplexes, triplexes, quadruplexes, serviceable condominiums, 

mobile homes and townhomes within the city limits. For those who do not have curbside 

recycling, fifteen drop-off sites throughout the city are available. The materials that are 

accepted include glass from food containers, newspapers, brown paper shopping bags, 

magazines, corrugated cardboard, tin and aluminium cans, aluminium foil, and # 1 (PET -

polyethylene terephthalate) and #2 (HDPE - high density polyethylene) plastics. The 

curbside recycling programme also accepts #6 plastic (polystyrene) and used motor oil. 

Between 1988 and 1996 the City organised a monthly neighbourhood outreach, similar to 

that of the HHW programme, where citizens could bring their recyclable materials on the 

first Saturday of each month for drop-off (Gibson, 2000). 

Pima County also provides recycling opportunities, free of charge, to the citizens 

of Tucson by running drop-off sites at its landfills. The materials that are accepted 

include newspapers, #1 and #2 plastic, cardboard, aluminium, scrap metal, automotive 

batteries and antifreeze, oils and paints. When funding permits, green waste is ground up 

and used as mulch to cover landfills instead of dirt (Stein, 2000) 

There are also other private commercial firms in Tucson that accept mostly office 

materials for recycling. 

It should be noted that for those Tucsonans who have access to curbside recycling 

while there is no charge for the service, there is also no incentive or reward for 
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participating in the programme. For citizens who live outside of the city limits and 

contract with private waste haulers, there is an extra fee that is assessed to have the 

recycling service. 

According to Rathje (2000), Tucson generates 12,000 tons of edible food in its 

garbage each year. This includes perfectly good fruits, vegetables and meats and is 

apparently enough to feed all of Canada. 

3.3 Stllst Ariggna 

3.3.1 History, Geography and Climate 

The Tohono O'odham, formerly known as the Papago, are members of the Piman 

family. At the time of the first European visit, the Papago homeland, called Papagueria, 

extended from the Gulf of California to the San Pedro River and into northern Mexico. 

The O'odham dialects, still spoken in a majority of O'odham homes, are classified with 

the Pima-Papago division of the Piman language which is a subdivision of the Uto-Aztec 

hnguistic stock (Jackson, 1992). 

The capital, Sells, is located on the Tohono O'odham Indian Reservation in the 

Sonoran Desert in south central Arizona (Appendix D). The reservation, about the size of 

the state of Connecticut, has an area of 4,352 square miles and covers portions of three 

counties. These are Maricopa, Pinal and Pima. It is the second largest reservation in land 

area in the United States (Sonora Environmental Research Institute, 1999). The 

topography of the Nation ranges from a height of 1,3*78 feet on the northern boundary to 
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7,730 feet on the eastern boundary. The vegetation is that of a typical desert, 

characterised mainly by various cacti and creosote bush. Washes and lowlands are 

predominantly colonised by mesquite, annual gramas and salt bush, while in the foothills 

and mountainous areas, perennial grama grasses and curly mesquite, indicative of higher 

rainfall, can be found. Sells, which is at an elevation of 2,360 feet, has an average mean 

temperature of 68° F, with a range of 16° F to 116° F and an average mean precipitation of 

11.4 inches per annum. On the reservation the average rainfall varies from 20 inches per 

annum on the eastern side to only 6 inches per annum on the northern and western sides. 

Occasionally there may be some snowfall on the higher mountains between January and 

mid-April, but it normally melts within a few days. Generally, humidity is low, except 

during the months of July and August when the summer rainy season is experienced. 

There are no naturally occurring bodies of water on the reservation (Jackson, 1992). 

3.3.2 Population 

It is very difficult to estimate the population of the Nation because of the 

transient nature of the residents. A large number of the residents remain in Sells during the 

week, while maintaining residences in the outlying villages. An estimate of the Nation's 

population is about 9633 (Olsen, 2000). 



3.3.3 Economics 

Tribal, state and federal government agencies are the largest employers on the 

reservation. The second major economic sector comprises of cattle ranching and related 

activities. Some employment is provided to tribal members by industrial enterprises such 

as the Papago Egg Farm and the Cyprus Grande Copper Mine (Jackson, 1992). The 

annual per capita income based on 1990 census data, as calculated by the Nation's 

Housing Department is S8,347 (Prezelski, 2000). 

3.3.4 History ofSWM 

SWM practises have not been formally documented on the Nation's lands until 

the last several decades with the advent of federal solid waste laws. Prior to that, and 

dating back to the early days of the tribe, waste was hardly an issue as the Native Indians 

lived in harmony with nature. They used mainly natural materials in their daily lives and 

their waste was not much. Also, because they were not very wealthy, they could not 

afford to be wasteful with what little they had. 

In the twentieth century, from about the 1930's, informal records indicate that the 

method that was employed to deal with waste was open burning. Trenches or "pits" were 

dug in villages and waste was put into them. The waste was then burned not only to 

reduce its volume and decrease windblown litter, but also to reduce disease vectors. This 

burning, especially with the idea to reduce pestilence, was apparently a method that was 

supported by the federal government. Individual homes occasionally also had pits in the 



backyards where garbage was burned. Initially, decades ago, the village pits were 

hand-dug. As time went by, especially in the last three decades, the Nation also fell prey 

to increasing consumerism. Modernisation increased, vehicles provided access to many 

modem conveniences and the amount of solid waste began to rise. Some of the 

convenience products that started being used include packaged food, common household 

cleaners, automotive products, pesticides and paint-related products. Because of the 

increased volume of waste, village pits were no longer hand-dug. Backhoes were used to 

dig bigger trenches and when these were not big enough, bulldozers were used to dig even 

bigger, deeper ones. When the pits were full, mostly of metal, glass and material that 

could no longer be decreased in volume by burning, they would be covered up and new 

ones would be dug. This continued well into the 1990's (Olsen, 2000). 

The Indian Health Services San Xavier Office was awarded a S60,000 grant by the 

USEPA in 1991. Its purpose was to develop a Solid Waste Management Code for the 

Tohono O'odham Nation. In 1996, most of the districts approved it and in February 

1997, the Legislative Council enacted the Tohono O'odham Solid Waste Management 

Code (Sonora Environmental Research Institute, 1999). The "Code" addresses the 

Nation's desire to manage and regulate the storage, collection, transportation and disposal 

of solid waste and certain hazardous waste on lands within the boundaries of the Nation 

while trying to protect the Nation's environment, natural resources, political integrity, 

economic security, and health, safety and welfare of its members. The creation of this 

legislation indicated that the Tohono O'odham had voluntarily decided to bring the Nation 



into compliance with the federal Solid Waste Disposal Act, as amended by RCRA (Olsen, 

2000). 

In 1993, the Indian Lands Open Dump Cleanup Act was passed, and this 

outlawed open dumping and burning on all tribal lands in the United States and Alaska. It 

specifically stated that all RCRA regulations had to be followed. Even though the law was 

passed in 1993, The Tohono O'odham Nation was allowed a grace period of up to 

October 1997 to comply with it fully. Because the laws that govern SWM fall under the 

Solid Waste Management Code of the Nation, it was able to amend the final closing date 

to April 1998 since there was not enough time to close all of the dumps (Olsen, 2000). 

3.3.5 SWM Today 

The governing body that regulates SWM is the Solid Waste Regulatory Office 

(SWRO) that was established within the Executive Branch of the Nation. The SWRO is 

completely responsible for dealing with all laws and their enforcement on the Nation 

Lands. The tribal law that deals with SWM, the Code, references federal laws and adopts 

the same standards and creates a collection system for nine of the eleven districts within 

the Nation's boundaries. In some cases, the standards of the Code are more strict than 

federal ones. In the last year, there has been considerable improvement in enforcement 

procedures, especially in trying to deal with high levels of so-called "wildcat" dumping, 

which refers to illegal dumping in the vast open spaces of the Nation (Olsen, 2000). 
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Solid waste dumpsters, either four or six cubic foot capacity, have been placed 

throughout Sells and all villages of the Nation for the collection of all MSW by the 

SWRO. This programme is responsible for all logistical aspects of solid waste collection, 

management and disposal. The waste is collected from the dumpsters in top-loading 

garbage trucks once a week in residential areas and is then, hauled off Nation Land to 

permanent landfills in the cities of Tucson and Casa Grande, which are 35 miles from the 

Nation's eastern boundary and 6 miles from the Nation's northern boundary, 

respectively. Approximately 90% of the waste goes to Casa Grande and the rest goes to 

Tucson (Sonora Envirorunental Research Institute, 1999). The current monthly average of 

waste collected is 400 tons (Olsen, 2000). 

Today, there exist 113 dumps on the Nation Lands. They have been officially 

closed, but occasionally illegal dumping may occur (Olsen, 2000). The exact number of 

wildcat dumps has not been determined. Surveys of some of the known sites indicate the 

presence of large amounts of glass, metal, paper and plastic. Pesticides, automotive oil, 

household cleaners, car batteries and tyres were also found (Sonora Environmental 

Research Institute, 1999). The SWRO is currently looking into recycling options as well 

as programmes to deal with HHW. 



3.4 Miami. Florida 

The city of Miami, having an area of 34.3 square miles is located in south Florida. 

The 1996 population estimate was 365,127 and the 1992 annual per capita income was 

estimated to be $17,124 (Time Almanac, 1999). The topography varies between flat lands 

and rolling plains (World Almanac, 1999). The weather that the city experiences is 

tropical. The principal economic activities are tourism, agriculture, manufacturing, 

services, construction and international trade (World Almanac, 1999). 

3.S Kaibab-Paiute Indian Reservation. Arizona 

The Kaibab-Paiute Indian Reservation lands are located on Kanab Creek on the 

Arizona Strip in northern Arizona adjacent to the Utah border. The reservation covers an 

area of 120,413 acres and its landscape, which varies from rolling grasslands to mesas, 

ranges from 5,500 to 6,000 feet in elevation. The Kaibab-Paiute belong to the Southern 

Paiute Nation and they speak a type of Uto-Aztecan language along with English. The 

reservation communities are made up of five villages. The principal economic activities are 

livestock rearing and tourism. Agriculture is expected to expand in the near future. The 

1998 population estimate of the Nation lands was 244 (Arizona Department of 

Commerce, 2000). 
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3.6 Patagonia. Arizona 

The town of Patagonia, at an elevation of4,044 feet, is located 18 miles from the 

Mexican border in southern Arizona. It lies in a narrow valley which is surrounded by the 

Patagonia mountains to the south and the Santa Rita mountains to the north. The 

principal economic activities are wholesale and retail trade and services. The 1998 

population estimate of this rural town was 950. The average temperature ranges from 

27°F in the winter to 93°F in the summer with an average annual precipitation of 15 

inches (Arizona Department of Commerce, 2000). 
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CHAPTER FOUR 
METHODOLCXJY 

A variety of methcxls was employed in data acquisition. This included original 

data collection from Georgetown and Sells, as well as secondary data from the Garbage 

Project'"' for Tucson. Other secondary data, for the purposes of more comparison, were 

also acquired from Miami, Florida, the Kaibab-Paiute Indian Reservation and Patagonia, 

Arizona. Interviews were conducted with SWM professionals, administrators, politicians, 

members of academia, other technical personnel, SWM workers, as well as with members 

of the public. In comparison to other studies where empirical data are either easy to locate 

and access or generate, for this study, this was not the case. SWM data for Guyana are 

almost nonexistent. No waste characterisation has ever been formally done and waste 

generation rates that have been proposed by foreign consultants were generated from 

averages and data from other developing countries. 

The main focus of the methodology, apart from conducting waste generation 

analyses, concentrated on interviewing and communicating with as many people involved 

in SWM as possible, especially in Georgetown, who could furnish important data. The 

rationale behind this was that the information that could be obtained from all of these 

>^The Garbage Project, which is housed in the Bureau of Applied Research in Anthropology at the 
University of Arizona in Tucson, was officially started in 1973 and can be credited with the development of 
a methodology to systematically analyse modem waste. Apan from Tucson, other sample sites where the 
so-called garbage "sorts" were performed include Canada, Mexico, and Argentina (Hu^es, 2000). 
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people would prove to be an invaluable and crucial resource in understanding how the 

system actually works. 

4.1 Data Collection in Georgetown 

4.1.1 Waste Generation Analysis 

4.1.1.1 Summer 2000. An informal analysis was carried out during a one week 

period in July 2000. Most households that had participated in a 1997 waste 

characterisation analysis were revisited repeatedly and a "spot check" of their garbage 

was done. No waste was taken away for formal analysis, but the on-site visits to the 

households were very productive in providing information on the type and amount of 

waste generated. This was done by observation of the contents of waste containers of 

each household. 

4.1.1.2 Summer 1997. A waste generation study was conducted in Georgetown in 

August 1997 to determine the amount and type of waste generated in selected 

households. The study group comprised of twenty-six households (Appendix E) chosen 

on the basis of being in the same socioeconomic stratum, the middle class. The choice of 

this societal stratum was made, so that it would be consistent with the type of 

households that had been used in similar studies in Tucson and was made by the 

researcher based on personal experience from having lived in Georgetown. This choice 

also proved to be effective in the safety factors for the researcher. The three main societal 

strata of Georgetown are upper, middle and lower class, with each stratum being further 
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subdivided into its own upper, middle and lower layers. The study was based on a 

combination of the middle and upper subdivisions of the middle class. Two other 

important factors that were considered in the choice of the study group were: 1) the 

upper class does not truly reflect the SWM of the large part of Georgetown's population 

as it is able to afford some sort of SWM, even if it is private and not consistent or 

law-abiding with operations of the municipality; and 2) the lower class, especially the 

lower lower class, which includes many of the squatting areas and slums of Georgetown, 

is known for its involvement in illicit drug operations. Sorting through the waste of such 

areas could have posed potential danger, since evidence of drug dealing could have been 

found. 

The study was carried out for one week, seven consecutive days. The waste from 

each previous day was collected by the researcher on the following morning and was 

sorted later that day with the help of two aides. The waste was collected in 13 gallon 

bags that were given to each household prior to the beginning of the study. Caution was 

taken when handling the bags, which were kept at arm's length and were never allowed to 

touch the body, in order to reduce the risk of sharp object contact. Everyone wore 

protective plastic and heavy work gloves. The work area comprised of a covered garage 

and patio at the researcher's home. The ground under the work table was protected with 

old newspapers. After the weight and volume of each labeled bag were recorded, the bags 

were torn open for a composition analysis. The waste was categorised into ten groups: 

food, yard wastes, aluminium cans, tin cans, glass, corrugated cardboard, plastic. 
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hazardous, paper, and other (which consisted of everything else that could not be 

classified into the preceding categories). 

4.1.2 Interviews 

4.1.2.1 Summer 2000. Formal interviews were conducted with the Chief 

Cleansing Officer Mr. Maurice Walker, the Deputy Cleansing Officer Mr. Rufus Lewis, 

the Senior Environmental Health Officer Mr. Weldon Harper, and the Medical Officer of 

Health Dr. Vibart Shury. Information was obtained on the current state of the SWM 

system, the current problems, future plans and the overall situation of the service 

provided. Informal interviews were conducted with several garbage men, bulldozer 

operators at the Mandela Avenue landfill and incinerator worlanen. 

4.1.2.2 Summer 1997. Informal interviews were conducted with the head of each 

household that participated in the waste characterisation in order to get data about the 

number of members in the home and the household's waste habits. Information was also 

gathered from other family members within each household about their attitudes towards 

waste management and factors that contributed to the specific waste streams coming from 

their homes. 

The Mayor of Georgetown, Mr. Hamilton Green, who was the head of the 

municipality and oversaw the SWM Department from one of the higher levels, was 

interviewed. He was asked to comment on the current service provided, especially the 
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problems that the municipality faced, future plans for improvement of service and the 

financial status of the system. 

Carlton Joao was interviewed because he was a civil engineer who was very 

knowledgeable about the Mandela Avenue landfill. While he was not formally employed 

with any section of the SWM body, by virtue of his profession and the fact that 

Georgetown is so small, his expertise was a use^l resource. 

Interviews were also conducted with the garbage truck drivers and garbage men 

who worked within the city limits. 

4.1.3 Site Visits 

4.1.3.1 Summer 2000. Site visits were arranged to the incinerator and the Mandela 

Avenue landfill with members of the Cleansing Department. These visits provided a 

follow-up opportunity for observation of the way things were done at these terminal 

facilities three years after the initial visit. 

Observation of some main city dumpsters located close to the two biggest markets 

in the city was done. Information was also gathered on the roles of transients and 

scavengers. 

4.1.3.2 Summer 1997. The site visits and observations performed in summer 1997 

were exactly like those that had been done in summer 2000. 
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4.1.4 Other Information 

In summer 2000 several reports that had relevant information to this study were 

located. The two most important ones were projects done by students at the University 

of Guyana. Both reports, quite recent, dealt with SWM in Guyana and were able to 

provide some statistical information. The other reports found were at least ten years old, 

had been written by foreign organisations and were not helpful in providing any statistical 

information relevant to this study. 

4.2 Data Collecrion in Tucson 

4.2.1 Waste Generation Analysis 

The results from solid waste sorts conducted in Tucson by the Garbage Project 

were obtained from the Project. The data were results from a waste generation study 

conducted in Tucson in fall 1994 and spring 1995. 

Garbage samples for the study had been collected from single family dwellings 

from several Tucson neighbourhoods of similar socioeconomic status - the middle class. 

The project collected garbage and curbside recycling set-outs that represented one week of 

waste generation. 
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4.2.2 Interviews 

Interviews were conducted with regulatory personnel at the Pima County Solid 

Waste Department, the USEPA, and the City of Tucson Department of Solid Waste 

during 1997 and 2000. 

4.2.3 Site Visits 

4.2.3.1 October 2000. A site visit to the Los Reales landfill was conducted in the 

presence of the Operations' Supervisor. 

4.2.3.2 Mav 1998. Site visits to the Los Reales city landfill and the Tangerine 

Road county landfill were completed in the presence of the person in charge of each 

location in May 1998. Being accompanied by someone who worked on site made the 

visits even more productive in that all questions asked were replied to in detail and with 

precise information. Several other visits were made by the researcher while the study was 

being conducted for observation purposed only. 

4.3 Data Collection in Sells 

4.3.1 Waste Generation Analysis 

A waste characterisation was performed in Sells in May 1999, where one week's 

worth of garbage was collected from selected residential waste streams. The waste was 

sorted into forty-one categories based on a list (Appendices F and G) provided by the 

Garbage Project. The results from the forty-one categories were then condensed into ten 



general groups, like those used in Georgetown - paper, plastic, glass, tin cans, aluminium 

cans, food, yard waste, corrugated cardboard, hazardous material and other. 

Prior to the characterisation, a reconnaissance drive was performed. The researcher 

accompanied the garbage trucks on ail their routes on the Nation Lands in order to be able 

to pick out dumpsters for sampling that would make the sample a representative one. To 

keep with the criteria used in the Georgetown and Tucson sample sets, the socioeconomic 

status of each sample set taken was the main consideration. The middle class rank was 

once again identified. 

The waste sort was conducted over a five-day period at the maintenance yard for 

the garbage trucks. The selected dumpsters, either four or six cubic feet in size (Appendix 

B, Figure 5), were delivered to the maintenance yard by the Solid Waste Management 

Programme (SWMP). This waste was brought to the yard at the end of each working day, 

so the garbage sorted daily had been collected on the previous day. 

Each morning, before sorting began, a health and safety meeting was conducted, 

even though most workers were trained prior to the beginning of the project. The team 

was composed mostly of the employees of the Sonora Environmental Research Institute 

(SERI)'^ including the researcher, as well as several members of the SWMP. At any given 

time, there were eight to ten workers sorting waste and recording data. 

i-*SERI is a private, nonprofit environmental organisation in Tucson, Arizona that in part financed and 
performed the waste characterisation at Sells. At the time of this waste characterisation, I, the researcher, 
was employed with SERl as an intern. I was very involved in the preliminary planning of the 
characterisation by doing all of the reconnaissance trips, selecting the representative dumpsters, setting up 
and arranging the work site, as well as running of the operation. 



One dumpster was sorted at a time. It was first tipped over by a small backhoe 

onto a tarpaulin (Appendix B, Figure 5). The waste was then picked up either in bags if it 

had been bagged for disposal or put into small plastic bins if it was loose and was then, 

transferred onto sorting tables (Appendix B, Figure 6). The material flowed in one 

direction only and went through two types of sorts - primary and secondary. At the 

primary sorting tables, crews sorted the materials into several major categories - glass, 

plastic, paper, food, metal, yard waste, wood, construction and demolition, durables, 

diapers, textiles, other mixed organic and other mixed inorganic. These sorted materials 

were then passed on to the secondary sorting crews which further separated the materials 

into the detailed categories outlined by the Garbage Project sorting sheet. All materials 

were sorted into 5 or 32 gallon plastic containers. In these containers, the materials were 

weighed and their volume noted. 

A number of important considerations that were taken into account were: 

1. Samples were taken from an entire week's worth of garbage in order to acquire a 

representative sample of the population. 

2. Garbage was collected on regular collection days and was not compacted to facilitate 

examination. 

3. Care was taken to keep the samples separate from each other to prevent contamination. 

4. Care was taken not to hold bags of waste close to the body to reduce the risk of injury. 

5. Bags of garbage were torn open and sorters were careful not to reach blindly into bags. 



6. Residents were not informed about the study, so this prevented them from changing 

their consumption patterns or giving them the opportunity not to put all of their waste 

into the dumpsters. 

4.3.2 Interviews 

Several interviews were done with the Manager of the SWMP, Mr. Gary Olsen, 

during the period of May 1999 and September 2000. 

4.3.3 Site Visits 

Four site visits were performed in early May 1999 prior to the waste 

characterisation study. 

4.4 Other Data Collected 

Waste characterisation data were also obtained from the following: Miami, the 

Kaibab-Paiute Indian Reservation and Patagonia. The Miami data were obtained from the 

Miami-Dade County Department of Solid Waste Management. The Department was 

contacted by the researcher and the data were faxed. The Kaibab-Paiute Indian 

Reservation and Patagonia data were obtained from the Garbage Project. The researcher 

had been present and had aided the Garbage Project on the Patagonia waste 

characterisation in early May 1999. 
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CHAPTER FIVX 
RESULTS AND DISCUSSION 

S.l Georgetown 

5.1.1 Waste Characterisation 

Preliminary background data from literature reviews of other studies indicated that 

the waste would consist mostly of food waste, except in the homes that had some type of 

pet or compost alternative in effect. This was confirmed by the waste characterisation 

that was conducted in summer 1997. 

A total of 733 pounds of residential waste was sorted. Based on these data, a 

daily generation rate of 1.2 pounds per person per day (ppd) was calculated. The data 

collected confirmed what was anticipated. 

Food waste was by far the most abundant component at almost 73% of the total 

weight, followed by paper waste at 12.1%. The amounts of plastic, ferrous cans, glass 

and other (miscellaneous waste such as clothing and small appliances, etc.) were all 

relatively similar, ranging between 3.2 and 3.7%. The amount of hazardous material was 

not very significant as only traces were found (0.4%). Cardboard, yard waste and 

aluminium amounts were recorded between 0.3 and 0.5%. 
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Table 9 - Components (by percent of weight) of RMSW in Georgetown - 1997 

Material % of Total Weight 

Food 72.8 

Paper 12.1 

Other 3.7 

Plastic 3.3 

Ferrous Cans 3.2 

Glass 3.2 

Cardboard 0.5 

Yard Waste 0.5 

Hazardous 0.4 

Aluminium 0.3 

As has been noted in other developing countries, the food component in 

Georgetown's RMSW was also the highest. It consisted mainly of useless parts of fruits 

and vegetables such as skins and seeds, as well as of scraps associated with the 

preparation of meat, such as skin, bone and fat. The paper component was significant 

with respect to the other components and this can be explained by its limited reuse 

options. While many people who purchase newspapers, after having read them, use them 

for various functions such as waste bin liners, wrapping material and fire starters in 

outdoor kitchens, by and large, the rest of the paper from packaging is not used. Luckily, 

junk mail is not found in Guyana, so the rest of the paper in the waste stream comes from 

regular mail, packaging and household use. Recyclable materials were also found, but not 
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in large quantities. This can also be explained by the waste ethic in Guyana: containers 

that can be reused for storing things are saved. The thought of buying new containers 

especially for storage is unheard of Food containers are reused to store food and other 

containers are used similarly. This includes glass bottles, ferrous and nonferrous cans, 

plastic bottles and containers, paperboard and cardboard boxes. 

Containers of pesticides, household cleaning products and any other potentially 

dangerous substances, such as motor vehicle products and paints, were found in minute 

quantities. This can be directly attributed to the different way of life in Guyana. Due to 

the economic conditions of the country, waste is not a common phenomenon. When such 

expensive products are bought, they are either consumed, shared, or stored until future 

use. Barely-used and half-full containers of any kind, be it with hazardous or 

nonhazardous contents, are far from the norm in Guyana. Nothing that can be used or is 

of value is thrown away. 

The volume and amount of garbage varied between households mostly as a result 

of the number of members in each household. From day to day, each household's 

generation rate was quite constant. In the few homes that had pets, mainly dogs and some 

birds and turtles, the food component was slightly lower. 

Informal visits in July 2000 to some of the households that had participated in the 

1997 waste characterisation yielded similar results. Even though the waste was not sorted 

and weighed, an examination indicated that the waste composition had not changed much. 



The most abundant component was food waste, followed by paper. Small quantities of 

recyclable material were found and hazardous substances were almost nonexistent. 

5.1.2 Interviews 

Interviews were conducted in 2000 and 1997 with members of the households 

whose wastes were used in the characterisation study, as well as with numerous other 

residents of Georgetown, about the status of solid waste in the city. The results yielded 

similar positions - people were not particularly bothered about solid waste and its 

management. They mentioned the aesthetic loss from the unsightly conditions resulting 

from inadequate collection, but no one expressed concern about health. This can be 

explained by the fact that loose litter and garbage in the streets are a normal part of daily 

life. Since it has always been there, no one really cares about it and life goes on. Many 

people suggested that one way to improve the litter situation in the city would be by 

making more garbage bins available to the public. Almost everyone agreed that they would 

like to see an improvement in SWM and indicated that they may be willing to pay some 

sort of nominal fee if it were to guarantee changes. This, of course, is not something that 

can actually be relied upon. It is very easy for people to indicate a willingness to pay for 

SWM services, but putting it into action by seeing if people would follow through is a 

different matter entirely. The question of equity plays a very important role. If people 

were unable to pay even this nominal fee were it to be instituted in the city, would they 
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still receive the service? How would other paying customers react to this? Given the 

attitudes about public services and fees assessed, this option may not be practical. 

Members of the households were also asked about their "recycling" practises. No 

percentages could be obtained for this, but as was discussed previously, all households 

did recycle. This included many plastic and glass containers and bottles, packaging that 

could be reused and basically any other materials for which some use could be found. 

The following are condensed notes from interviews with various key sources in 

SWM. 

Summer 2000 - Chief Cleansing Officer. Mr. Walker. Repeated interviews with 

Mr. Walker indicated that the most basic problem associated with the SWM programme 

is the lack of funding. This is a direct result of the fact that the Cleansing Department 

lacks autonomy. Since the Department is run by a higher authority it has no power over 

any final decisions whether they are related to funding, planning or enforcement. This is a 

crippling factor in the progress of the Department. This also affects the persotmel 

employed as the Department does not have the authority to train its workers. It is 

therefore not surprising that even the Cleansing Department does not have reliable data 

about the most basic aspects of Georgetown's solid waste, such as daily generation and 

makeup of the waste. 

There is a 10% tax on all plastic containers sold, mainly beverage containers, yet 

none of this goes to the city council. There seems to be no accountability on wnere this 
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funding actually ends up. It should technically be reinvested into the SWM programme, 

and even though it is not a significant sum, it could still be used for minor improvements. 

There have been several sites proposed as locations for new landfills. There has 

been much discussion and large amounts of money have been spent on site assessments. 

Unfortunately, this money has only been spent on consultants thus far. Suggestions have 

been made about siting a new landfill in the town of Linden about 60 miles fi-om 

Georgetown. Apart from the obvious transportation problem, the big issue would be the 

fact that the direction of groundwater flow would be going directly through the new 

landfill towards Georgetown. Since the landfill will most likely only have a clay liner, this 

may not be a viable option. Another site suggested is one in the village of Grove, about 10 

miles from Georgetown on the way to Linden. This idea has met with opposition from 

the residents of the village and in terms of transportation, it still does have significant 

costs. The third suggestion is a location in the village of Eccles, about 4 miles from 

Georgetown, on the way to Linden, before Grove. This proposition has two major flaws -

the landfill would be situated upwind of most of the residential areas and it would be 

close to many of the water wells. All of these suggestions have been made in the past 

several years by the planning sections of the Mayor and City Council. The interim plan is 

to expand the old Mandela Avenue landfill into the public cemetery next to which it is 

located. The Le Repentir Cemetery is the largest public cemetery in Georgetown. Much 

of its peripheral land is still unused, and it is onto this land that the landfill will expand. 
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In an attempt to improve the operation of the Mandela Avenue landfill, in 1999, 

the City Council decided to use an alternative access road, instead of the busy road that 

runs right in front of the landfill. The new access is through the Le Repentir cemetery. 

There are no plans for retiring the incinerator. While the Cleansing Department is 

well aware of the incinerator's inefficiencies, it has no plans to shut it down or attempt to 

replace it. The City will continue to incinerate what it does now. It will double-bum the 

waste to improve efficiency and will landfill the ashes. 

The question of public health was brought up with respect to the locations of the 

landfill and the incinerator. There has been no serious indication of adverse effects on 

people living nearby and the issue is not one that has been a major worry for anyone in 

the municipal system. 

In summer 1997, resulting from methane ignition, there was a two-week fire at the 

Mandela Avenue landfill. Luckily, there was no explosion and no one was injured. 

Summer 2000 - Medical Officer of Health. Dr. Shurv Apart from the collection 

that is performed by the city, there are five private contractors all of whom use 

rear-loading vehicles. These contractors are paid by the municipality. 

There is a composting project that was begun five years ago in the hopes of 

identifying if this would be one possible method of dealing with MSW. The person in 

charge was overseas during the interview and no information on this project was available. 

Collection in residential areas of Georgetown is done twice a week. On the 

outskirts of the city where the municipality does collect waste, it is picked up once a 



week. In the commercial areas it is done daily, Monday through Saturday, with the 

exception of the most busy areas, where it is done twice a day, e g., at the main City 

markets. 

Summer 2000 - Senior Environmental Health Officer. Mr. Harper. The main 

limiting factor stressed by Mr. Harper was the lack of funding. He also noted that health 

is not a priority with respect to SWM planning. His section, which is very understaffed 

having nine employees in total, himself included, is attempting to use and incorporate the 

SWM laws of the islands of St. Lucia and Trinidad and Tobago into Guyanese laws for a 

national plan. This is because their laws are much more recent and take into account 

problems such as littering, which are not addressed in Georgetown. 

Summer 2000 - SWM Personnel. Interviews were conducted with workers at the 

Mandela Avenue land^ll and the incinerator, as well as with the garbage truck drivers and 

while some workers complained about the inadequate attire they were provided for their 

jobs, no one expressed any concern about health. Some individuals mentioned that due to 

the lack of protective gear, they had to exercise caution when dealing with the waste, but 

apart from that, they were not overly concerned. 

Summer 1997 - Mr. Joao. The site of the Mandela Avenue landfill had been 

chosen by the city council because it was out of the central city and was basically a large 

piece of vacant land. The depth at which the landfill was begun was only about 9 feet. 

The height of the landfill was fifteen feet and the anticipated height before its closing was 



supposed to be 100 feet: The landfill followed no specific design, had no liner and had no 

leachate or gas collection mechanisms. No groundwater monitoring was being conducted. 

Summer 1997 - Citv Mavor. Mr. Green. The biggest problem faced by the City 

Council was the lack of funding, all of which comes from the government. This was a 

serious constraint that prevented improvement of the current services and expansion for 

the future. 

At the time of the interview, the collection schedule in Georgetown was not fixed 

and service was erratic. While in some areas there was collection once a week, in others it 

was twice or thrice. Collection was being done by both the municipality and private 

contractors. 

All municipal waste was being disposed of at the Mandela Avenue landfill. 

The institution of recycling had never been pursued because the current 

infrastructure simply could not support it. 

There were no enforceable regulations about health and safety of the solid waste 

workers. Gloves and/or boots were worn if available. 

A significant problem was caused by garbage being brought in from contiguous 

areas and dumped in the city. People who lived outside of the city tended to bring their 

waste "to town" because they had limited or no options of disposing of it. 

In 1997, seven million Guyana dollars were appropriated to extend the life of the 

Mandela Avenue landfill until a new site was found. 
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Another serious consequence of the lack of funding was the absence of public 

relations programmes without which it was almost impossible to educate the public about 

SWM. 

With respect to health risks from the landfill and the incinerator, it was stated that 

"experts" said that the clay upon which the dump is situated provides a good enough 

barrier to prevent groundwater contamination and is able to absorb significant quantities 

of heavy metals. The experts also stated that the incinerator did not pose a threat to 

public health. 

Summer 1997 - SWM Personnel. The attitudes and feelings recorded from the 

men who collected and handled the garbage were almost ones of complacence and 

indifference. The job had to be done. They had the job and were going to do it under the 

given conditions. They were not worried about the lack of safety and protection. 

5.1.3 Site Visits 

The most constant observation that was noted during the years that the study was 

being conducted was the presence of garbage and loose litter, and dumping of waste all 

around Georgetown. 

Summer 2000. Site visits to the Mandela Avenue landfill and the incinerator were 

conducted in the presence of Mr. Rufus Lewis, Deputy Cleansing Officer. Mr. Lewis 

arranged for the researcher to be able to ride on one of the bulldozers that was being used 

to handle the waste. Mr. Rufus stated that until the final go-ahead is given on the 
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expansion of the landfill into the cemetery, the landfill will be reused. This is already 

being done on the northeast comer of the landfill. This is the older part of the landfill 

ergo, this is where the waste is most settled. Trenches are being dug on the top of the 

landfill and they are then, backfilled with fresh waste. This should extend the life of this 

currently 15 foot high facility for another two years. 

The current method of handling the waste at the landfill is simple. Garbage trucks 

and other vehicles drive to the dump through an access road that runs through the 

cemetery (Appendix B, Figure 7). At the end of the road, the waste is dumped at the foot 

of the landfill (Appendix B, Figure 8). From there, several bulldozers push the waste up a 

makeshift access road onto the top of the landfill (Appendix B, Figure 9). They push the 

waste all the way across the landfill to the newly excavated trenches. In pushing the 

waste across, the bulldozers also act as compaction vehicles. Unfortunately, when 

compared to the vehicles that are used in the United States, the bulldozers do a very poor 

job of moving and compacting the waste. This is because of the weight distribution of the 

bulldozer and the belts it runs on. Since the belts have a big surface area, the force per unit 

area is very low, hence compaction is inefficient, unlike the compaction machines in the 

United States, where the heavy machines run on belts that have studded protrusions 

(Appendix B, Figure 10) which can greatly increase force per unit area and hence, be more 

efficient at compaction. The inability to compact properly results in an uneven landfill 

surface and this was noted by the very bumpy and at times, somewhat dangerous ride on 

the bulldozer. 
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Several hundred feet from the entrance to the landfill, along the side of the access 

road, scavengers were noticed (Appendix B, Figure 11). They were sorting out glass and 

plastic material. According to Mr. Lewis, these are permanent stations for the scavengers. 

The drains and canals surrounding the landfill were all clogged with waste. 

As was confirmed by the workmen at the landfill, access during rainy weather is 

difficult and messy. This is not only a result of the fact that the equipment that is used at 

the landfill is not well-suited for the job, but also because there is no daily coverage of the 

waste. This leads to a lot of windblown litter. Without daily coverage the landfill surface 

is not level and also, does not evenly retain water. 

The two materials that stood out in the composition of the waste while on the top 

of the landfill were old tyres and black plastic shopping bags. 

There is no burning of the waste at the landfill. The reason for this is that such 

fires could not be contained mainly due to the constant wind which could result in a fire 

getting out of control very easily. 

A visit to the incinerator confirmed that the facility is indeed operating in a state 

of major disrepair. Since the ramp is no longer operational, it cannot be used to drive 

waste up onto platforms off of which it used to be swept directly into the lit incinerator 

cells. Instead, similar to the technique employed at the landfill, waste is brought to the 

back of the incinerator to the access door on the ground level where it is dumped. From 

there it is shoveled into the furnace. Because this technique does not provide a controlled 

environment like the upper level platforms, there is a lot of windblown waste scattered all 



around. This is far from ideal, because as was mentioned previously, this waste contains 

medical components and other biological and chemical hazards. Also, because the waste 

has to be shoveled into the small doors, it is hard to spread the waste and control the 

burning as workers cannot reach far inside the cells. This greatly decreases the efficiency 

of this already inefficient method. 

April 1999 and January 1998. Repeated monitoring of temporary holding 

dumpsters at the market places in Georgetown (Appendix B, Figure 12), yielded 

observations that indicated that once food waste from the market was discarded into the 

bins, the only people who had direct contact with it, apart from garbage men, were 

beggars and the mentally ill. Both of these groups normally dig through dumpsters located 

at market places in search of food and any other useful items. Most of the beggars and the 

mentally ill are homeless because there are no social programmes to help feed and clothe 

them, hence they wander the streets and rummage through dumpsters near the markets 

and other commercial areas where they can find food. 

Summer 1997. Visits to the landfill in July of 1997 revealed that the garbage that 

was brought to the landfill was simply dumped at the entrance of the road leading into the 

landfill by the garbage trucks. This road was directly off of Mandela Avenue, which is a 

busy public road. Once the garbage had been dumped, bulldozers pushed it back into the 

landfill and spread it as evenly as possible. Workers armed with pitchforks aided the 

bulldozers in the pushing back of the waste. These workers wore no special protective 

clothing. Their most basic protection was the use of rubber high boots. Workers mostly 
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wore loose clothing, m^y times even shorts and no shirts. There was no daily coverage 

of the waste. 

At the time of the visit to the incinerator, the ramp was functional. Garbage trucks 

would drive up the ramp to platforms where they would dump the waste. Workers on 

these platforms would use pitchforks to push the waste into circular openings in the 

platforms into lit cells. These cells were as deep as the ground level, approximately 

twenty feet. The smoke was emitted directly through a smoke stack. 

5.1.4 Information from Other Studies 

During background research in Guyana in summer 2000 several reports which 

pertained to SWM in Georgetown were found. These included reports by foreign agencies 

such as the InterAmerican Development Bank (IDB) and the Pan American Health 

Organisation (PAHO). The two best pieces of information that were found were studies 

performed by University of Guyana students in the last several years. 

The InterAmerican Development Bank Report. Cointreau-Levine (1998), based 

on values of other nations, estimated a waste generation rate of 1.43 pounds per person 

per day (ppd) in Georgetown. This value was based solely on secondary data from other 

developing countries and was not supported by empirical numbers. This number was 

however, very close to the generation rate that was generated by this study (1.2 ppd). 
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The Pan American Health Organisation Renort. An extensive report done by 

PAHO (1988) acknowledged that lack of funding was a serious problem for the Cleansing 

Department, but noted that the lack of cooperation between some key players at the 

higher levels may have also resulted in the deterioration of the services, e.g., improper 

communication between the Cleansing Officers and the City Engineers. Lack of trained 

personnel, insufficient managerial capability and poor coordination were cited as serious 

problems plaguing the SWM system. The report also noted that some of the mechanised 

equipment that the City Council was using may have been too sophisticated, which, 

because of the lack of trained personnel, may have been used erroneously and ultimately 

ended up in disrepair. A further observation made was that bookkeeping of the current 

programme could not provide exact amounts of waste collected, fuel consumed, efficiency 

of services, percentages of population served, composition of waste collected, possible 

pollutants, and so on. In short, recorded data about any daily operations were 

nonexistent. Based on all of the observation conducted and information obtained in this 

study, all of these problems are still present. 

The Solid Waste Equipment. Co. Inc.. Report. The recurring mistake of improper 

technology transfer was found in the suggestions of a study presented to the City of 

Georgetown by Solid Waste Equipment, Co. Inc., in 1998. Their assessment of the solid 

waste situation in Georgetown suggested an integrated approach to the solution of SWM 

problems. The report provided three methods that could be used to deal with solid waste. 
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Even though the recommendations were very good, the financial part was almost 

completely unrealistic. The landfill and balefill (a method which refers to the carving of 

the landscape into a rectangular pit and filling it in with previously compacted bales of 

garbage in a brick pattern) options based on construction following United States' design, 

would require between US $3 and $5 million, and this did not include the cost of permits 

or heavy machinery necessary for the balefilling option. The incineration option, which 

boasted an ability "to reduce waste volume to 7% of its original mass" would cost the 

local authority between US S17 and $18 million! Clearly, such a system would not even 

be a consideration for Georgetown since even GSI8 million (the current exchange rate is 

about US$1 = GS18S) is a sum that the municipality simply does not have at its disposal. 

The Gvandat Study. A study was conducted by Gyandat (2000), a University of 

Guyana student, on solid waste management awareness and attitude, and disposal 

practises of households in two neighbouring communities in Guyana. These communities 

were Hope and Enterprise, both of which are located along the coast of Demerara county, 

about 8 miles east of Georgetown. Gyandat collected most of her data by the 

administration of questioimaires to 76 chosen households in the two communities under 

study. The questionnaires were administered face-to-face to ensure a high response. She 

noted in her report that responses to the questionnaire could have been influenced by 

what people thought they should put down rather than what they actually believed. Prior 

to the administration of the questionnaires she conducted site visits to the two 
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communities, which enabled her to note the current status of the surroundings in terms of 

levels of prosperity, environmental degradation and effects of waste dumping. This visual 

comparison also enabled her to be confident that the two communities were similar 

enough to be compared. 

Results indicated that citizens in both communities (more than 80%) agreed that 

there was a solid waste disposal problem. Since there was no municipal piclcup in either 

community, the households employed any combination of burning, burying and dumping, 

to manage their wastes. These methods were employed either on the household premises, 

designated community dumps, nearby trenches or the roadside. Disposal of waste varied 

from daily to weekly between households. This depended on the amount of waste 

generated. Almost 50% of the households reported that they stored their waste in some 

sort of covered container until there was enough to be disposed of The rest used bins, 

barrels and drums without covers, plastic bags, old boxes or simply left the waste on a 

heap in the open. A summary of the various disposal methods is presented below. 

Table 10 - Survey Results of Waste Disposal Methods Employed 

Disposal Method Enterprise Hope 

On the premises 52.7% 37.5% 

On the parapets 13.9% 22.5% 

At various dump sites 30.6% 37.5% 

In trenches 2.8% 2.5% 
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In her questionnaires, Gyandat asked households to approximate percentages of 

the components of their waste streams. The results were: 

Table 11 - Survey Results of Waste Stream Components 

Component Enterprise Hope 

Plastic 22.2% 17.5% 

Paper 8.3% 15% 

Yard waste 16.6% 7.5% 

Food Waste 22.4% 60% 

Other 30.5% -

Even though these two communities were located next to each other and were 

similar in terms of standards of living and hence, waste generation, the results obtained 

showed quite a bit of variability. The sample sizes were quite similar, with 36 houses 

being sampled in Enterprise and 40 in Hope. The resulting variability is not surprising as 

it was the households that approximated these values. The large discrepancies, especially 

in the percentages of the "food waste" and "other" categories, may be explained by the 

fact that the people filling the surveys may have answered what they thought was 

expected rather than what they actually did. 

The households in each community were also asked about their recycling habits. 

These data were collected by Gyandat during interviews. The results are presented in 

Table 12. 
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Table 12 - Survey Results of Recycling Habits 

Enterprise j Hope 

Did not recycle at all 80.6% i 65% 
i 

Recycled plastic bags, 
plastic bottles, paper bags 

and glass bottles 

19.4% 35% 

The above percentages show less variability than the previous table. This could be 

attributed to the fact that their calculation was based on a simple tally of households that 

responded either positively or negatively after having been asked if they recycled or not. 

In her study, the researcher probed for answers to questions about what people 

thought were the biggest problems with SWM. She concluded that they were lack of 

available facilities and lack of environmental education. Other factors included poverty, 

ignorance and lack of public involvement on behalf of the local community council. 

The Lafleur Studv. A study conducted by Lafleur (1997), another University of 

Guyana student, evaluated landfills and incineration in the realm of SWM in Georgetown. 

Apart from general background information, literature reviews and personal 

communications, her study included meteorological data from the meteorological 

department as well as groundwater samples. She also performed quality analyses of the 

ground and surface water at the Mandela Avenue landfill. 
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Reference points were chosen across Mandela Avenue and test points were 

chosen right beside the landfill. Heavy metal tests were not available and due to the lack 

of baseline data and problems with testing equipment, data from iron and manganese 

sampling were deemed to be inaccurate. The turbidity values were high for the ground 

water both at the test and reference points and these were explained by the mixing of the 

water with clay. 

Dissolved oxygen (DO) values at the surface water test points were low, 

indicating increased levels of aerobic aquatic organisms. Higher levels were found at the 

reference point. This can be attributed to the increased amounts of "food" materials found 

in the water near the landfill. Levels of DO in the groundwater at both reference and test 

points were higher than those of the surface water. This makes sense, as higher levels of 

landfill runoff would be found in the surface waters providing much more substrate for 

aerobic activity. 

Information from questionnaires and interviews conducted with people living near 

the landfill and the incinerator revealed that citizens were concerned about these facilities 

and suggested their closure and relocation. Education and public consultation and 

involvement was strongly supported by all. Interviews with waste handlers also indicated 

that they were concerned about their inadequate attire. According to interviews, people 

living near the landfill and the incinerator complained about smells and worried about the 

possible threat of disease. They also said that they were willing to help in improving the 

situation. These comments were very uncharacteristic of Guyanese and were probably 
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just symbolic and did not reflect the true attitudes of the people interviewed. They 

probably gave these responses because they thought they were appropriate. 

The waste workers informed the researcher that they did remove items from the 

waste that they considered of value and could sell. They noted that this was at least a 

little perk since their salaries were so low. Scavengers who were also interviewed did not 

show concern about health risks related to their way of life. The one common 

denominator among all those interviewed was that everyone agreed that the SWM 

programme in Georgetown was not functioning optimally and was in need of major 

restructuring and improvement 

In summary, Lafleur's study concluded that the current methods of handling solid 

waste in the city of Georgetown were inadequate and she even hinted that there may be 

reason to believe that the landfilling option was resulting in both surface and groundwater 

contamination by leachate. 

5.1.5 Discussion 

The residential solid waste stream in Georgetown is similar to documented waste 

streams in other developing countries, in that the largest component by percent of weight 

is food. This waste, while compostable, is not useful for any kind of human consumption 

as it contains only useless parts of fruits, vegetables and meat. Paper, while having the 

second highest percentage, is found in a much smaller quantity. All other materials are 

found in even smaller quantities and this was explained by the waste ethic that exists in 
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Guyana, where nothing that is potentially useful is discarded. Since the food component 

is almost 73% of the total waste stream, the composting potential of this, combined with 

a radical impact on the decreased amount of waste that would have to be landfilled, is 

undeniable. 

As was stated previously, the solid waste situation in Georgetown is not at a 

crisis level. There are serious problems with the way things have been done and are still 

being done, but there is no extreme urgency, as there have been no deaths, serious diseases 

or ecological disasters. Of course, there are risks associated with the current methods and 

they need to be addressed. Hazardous materials are encountered in the smallest quantities 

and hence, do not pose a significant threat. 

The most notable problem is the loss of aesthetic value because of all the litter and 

garbage in and around the city, in the gutters and drains and canals, along the streets and in 

alleyways, on the parapets and in the vegetation, on vacant lots and on public land 

between private lots. While it may not be a serious health problem, it simply does not 

look nice. This is a result of the way Guyanese think about garbage. Since there is no 

enforcement of littering laws, it is a common phenomenon for someone to be walking 

down the street and simply tossing food wrappers or drink containers along the pavement 

or road. The same happens with garbage that is generated in moving vehicles. It is simply 

thrown out of vehicles into the road. The same attitude is taken by many home-dwellers. 

They have very clean yards, but all that they do with the garbage is dump it outside of 
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their yard and onto public land. Once it is on the public land, they no longer feel 

responsible for it and assume that someone else will remove it. 

With respect to RMSW, several populations have a higher exposure to risk, both 

chemical and physical. These are the people who handle the waste, such as the men who 

actually load the garbage trucks, who many times double as drivers, and the workers at 

the landfill. Sometimes, they wear gloves and boots, but these are often made of rubber, 

so they do not offer much protection from sharp objectives that can easily penetrate this 

material. The biggest risk would result from the injury of sharp objects, broken glass and 

metal. These may not pose such a large health hazard, but if any of the objects that cause 

the puncture wounds are contaminated with disease-causing organisms, a bigger health 

hazard will result, especially, if they are hypodermic needles. The potential for these to 

be drug-related cannot be discounted. With the same token, because of improper 

protective gear, the workers' potential exposure to chemical hazards is increased. 

The landfilling option can lead to contamination of soil and water. With respect to 

the landfill in Georgetown, air contamination is not a pressing issue. The landfill is very 

small, approximately 1200 ft by 1400 ft (Joao, 2000) in comparison to those found in the 

United States, and the quantities of gases evolved from decaying garbage, while possibly 

annoying to people living close by because of the foul smells, are not large enough to 

cause serious problems. Even when a fire broke out in 1997 because of gas ignition, the 

fire did not pose a threat to nearby neighbourhoods as it was possible to contain it. The 

soil and water contamination however, could be potentially significant. Since the landfill is 
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unlined, all of the leachate moves through the waste and into the soil. There is a 

possibility of leachate seeping into the potable groundwater and causing contamination. 

Depending on the levels of toxicity of this leachate, serious effects can result. This can 

affect human health, and flora and fauna. Contaminated soil can also affect the nearby 

residents, their animals, their gardens and vegetable patches. 

The incineration option, on the other hand, lends itself more to the problems of air 

pollution. Air pollution, unlike soil and water pollution, tends to be much less localised, 

and hence, can lead to adverse effects relatively far away from the source. It is logical to 

say that most of these effects will be found downwind of the facility. Of course, 

vegetation and wildlife close to the facility can also be affected. Since there are currently 

no emission controls on the incinerator all expulsions are discharged directly into the 

atmosphere. In spite of these possible problems, the most important reason that reduces 

the risks is the fact that the incinerator is functioning only at 10% of the normal capacity. 

This limits the total amounts of materials incinerated and decreases the risks of air 

pollutant generation. Also, as the components of the waste going into the incinerator are 

not that toxic, the emissions should not be that worrisome. 

In the case of Georgetown, there is another group of individuals that needs to be 

mentioned with respect to immediate exposure to the waste. This group, relatively small 

in number, is made up of the city's homeless and mentally retarded who are able to 

rummage through the garbage even before it is collected. They are at risk from physical 
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and chemical hazards, even though it should be noted that they concentrate mostly on 

sorting through dumpsters near to markets because of the presence of food. 

5.1.6 Latest Developments 

In June 2000, the Mayor and City Council of Georgetown signed an agreement 

with the InterAmerican Development Bank for the disbursement of US 5900,000 toward 

solid waste management for the city. Of this sum, US $200,000 are supposed to go 

towards public awareness and the rest for upgrading the interim Mandela Avenue landfill. 

The upgrade is to include extension of the current site into Le Repentir Cemetery, 

improvement of the access road, construction of a shed for litter-pickers and 

environmental controls, such as improved drainage and control enabling compaction 

(Stabroek News, 2000). It can only be hoped that this money will be spent wisely on 

solid waste issues and is not squandered on consultants or misappropriated. In my 

opinion however, I think that the appropriation of US 5200,000 may be too high for 

public awareness at this point. More of that money could be used to improve collection 

and disposal services. Public awareness is a very new concept and due a high degree of 

inflexibility and skepticism on the part of local citizens, it needs to be approached slowly 

and cautiously. Too much initial pressure could have negative results and make things 

worse for the future. 
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5.2.1 Waste Characterisation 

Data were obtained from the Garbage Project. They were collected from single 

family dwellings in fall 1994 and spring 1995. The data were a combination of one week 

of garbage and recyclables put out by a total of 144 households. The data were taken from 

4 different neighbourhoods of similar socioeconomic status. Of the 144 households, 108 

were also active in curbside recycling. The households also had an opportunity to set out 

yard waste, which was collected weekly for composting. The value for the hazardous 

component used was an average calculated by the Garbage Project from ten years' 

(1985-1995) worth of data (Garbage Project, 1596). 

The paper component was the largest of the solid waste stream at 31.5%, 

followed by yard waste at almost 20%. Food waste and other (rubber, wood, textile, etc.) 

were the next most abundant at 14.7% and 14.1%, respectively. Glass and plastic were 

close at about 7%, followed by ferrous cans at 2.8% and cardboard at 2.2%. Aluminium 

measured in at less than 1% and hazardous waste was only 0.3%. 
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Table 13 - Components (by percent of weight) of RMS W in Tucson - 1994/95 

Material % of Total Weight 

Paper 31.5 

Yard Waste 19.7 

Food 14.7 

Other 14.1 

Glass 7.1 

Plastic 6.7 

Ferrous Cans 2.8 

Cardboard 2.2 

Aluminium 0.9 

Hazardous 0.3 

The above results were a combination of recyclable and non-recyclable materials 

generated. The breakdown of this sum indicated that almost 51% of the total had 

recycling potential. This included the categories of paper, glass, plastic and metal. 

Another 34%, the food and yard waste components, were compostable. Thus, the waste 

stream could have been potentially reduced by almost 85%. 

The study that was performed by the Garbage Project that yielded the above 

results required the sorting of just under 3 tons of garbage can trash and 3/4 tons of 

recycling bin materials. A quick calculation indicated that the percent of recycling was 

about 25%. This is in fact a very positive number, but it should be noted that this value 

was calculated from one stratum of Tucson. From past studies, the recycling rates in 
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middle class neighbourhoods were the best and this is exactly the case here. Studies 

indicate that upper and lower class neighbourhoods do not take recycling as seriously. For 

the more affluent, economic incentive is not worth the extra effort and for the poorer 

strata, it is simply not a priority as they have more pressing issues with which to deal. 

5.2.2 Interviews 

September 2000 - Technical Programs Manager. Mr. Cawein. Mr. Cawein, who is 

employed with the Pima County Solid Waste Department, was able to shed some light on 

the current landfills operated by the County. There are four landfills that are presently 

operational. These are the Tangerine Road landfill, the Sahuarita landfill, the Ina Road 

landfill and the Ajo landfill. 

All of these landfills were built prior to solid waste regulations and none were 

equipped with liners or other pollution mitigation devices initially. Many of the liner laws 

did not come into effect until 1993. The county proposes no closing of any of its landfills 

at this time. The current solution is building the existing landfills higher. There is talk of a 

possible expansion of the Sahuarita landfill into a nearby gravel pit. Siting studies have 

been done annually since 1987, but very few alternatives have been found for locations of 

new landfills. 

The Ina Road landfill was opened up in the 1960's and served as a MSW facility. 

Currently, it only accepts yard waste and construction debris. In the last ten years, the 

newer cells that have been constructed do have a clay liner to trap some of the leachate. 
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The Ajo landfill, opened in the early 1970's, is a small landfill used for MSW. It 

has no liner or leachate or gas collection devices. 

The Sahuarita landfill, opened in 1973, accepts MSW and also has no liner or 

pollution control technology. 

The operations at the Tangerine Road landfill today have not changed since the 

site visit performed in 1998. 

5.2.3 Site Visits 

October 2000. A site visit was conducted with Mr. Delbert Gallego, Operations' 

Supervisor, for an update on the current operations of the Los Reales City landfill. The 

landfill is about 80 feet high and is expected to rise another 40 feet. Current operations 

remain the same as in 1998, but there have been changes with the handling of the leachate 

and of the methane generated. A private contractor was contracted in 1999 to install a 

methane collection system. The entire investment was made by the contractor. The City 

pays an annual fee (approximately 5150,000) to the contractor for the running and 

maintenance of the system. All profits from the sale of the gas go to the contractor. The 

methane is no longer burned off in a flare, unless the present collection system is 

malflmctioning. The methane is collected via many wells, reaching up to 80 feet down, 

located throughout the landfill. It is sent to a facility on site where its moisture content is 

reduced and the gas is cooled. The amount collected and treated daily, 7 days a week, is 

1800 cubic feet per minute. The 99% pure methane is then piped underground to the 
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Tucson Electric Power generating plant several miles away. The methane produced can 

heat up to 4,000 homes per day. 

The leachate is collected in subterranean tanks and is reused at the landfill for dust 

control purposes. It is loaded into special watering trucks and during the dry season is 

sprinkled on the surface to reduce blowing dust. The leachate is not treated prior to being 

used. During wet seasons, normal runoff is collected in detention ponds and this too is 

used as dust control. 

General operations of the landfill were observed as garbage trucks drove up and 

tipped their contents. The waste would then be spread by a bulldozer and a compactor 

which is capable of delivering 1200-1500 pounds of pressure per square inch with its 

studded tracks. A close-up view of the landfill liner was possible. It showed a fabric 

covering layer, which is important in leachate collection, on top of the synthetic plastic 

liner (Appendix B, Figure 13). 

May 1998. A site visit was conducted at the Los Reales landfill with Mr. Frank 

Granillo. This landfill, which received MSW was opened in 1967 before environmental 

regulations. In spite of this, the facility did have both a 2 foot clay liner and a 

polypropylene one. It did not have a leachate collection system, but the methane 

generated was being burned off in flare continuously at a rate of 1 fl^/min. The 

groundwater was being monitored fi-om 5 wells. No abnormal results indicating water 

contamination by leachate had ever been found. There was a 3-6 inch daily cover for each 
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day's garbage. At the time of the visit, the landfill was receiving 18 tons of waste per day, 

7 days a week. The expected closing date was between 2015 and 2020. 

A site visit to the Tangerine Road landfill was arranged with Mr. James Sykes, 

Public Works Crew Supervisor of Pima County. While conducting the tour, Mr. Sykes 

supplied important information about the site. This landfill, opened in late 1983, was the 

largest one run by the County. It was the first one in Pima County to be lined and have 

both a synthetic composite plastic liner and a primary clay liner. The landfill had a 

leachate collection system and methane pipes to vent the gas. The methane was being 

vented continuously and an approximation of production was 500 gallons bimonthly. The 

leachate was being collected and placed into evaporative ponds. These ponds had a triple 

liner consisting of a synthetic layer, a clay layer and another synthetic layer. The 

groundwater was being monitored to check for pesticides and heavy metals in the water 

table which is 150-200 feet below the landfill. There were 4 wells that were monitored 

monthly. Once a year a full-works check up was required by the state for groundwater 

quality. No contamination had ever been detected. The garbage was being covered daily. 

The landfill had 4 unopened cells at that time. These were for future deposition of waste. 

The depth of the cell that was being used was 10 feet and the maximum height was to be 

between 50 and 70 feet. Two operators and one inspector were on site at any given time 

during working hours. Exposed closure of the facility was between 2006 and 2011. A 24-

hour guard was stationed at the site to deter trespassing. 
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Mr. Sykes also arranged a visit to the Ina Road landfill, which accepted only green 

waste and tyres. This landfill used to be a MSW facility. 

5.2.4 Observation 

During the years that this study was being conducted, observations of the way 

MSW is handled in Tucson indicated that SWM workers have minimal contact with the 

waste with which they work. The collectors drive the garbage trucks. This usually 

involves just the driver who never gets out of the vehicle, unless on occasion the bin that 

he must empty is not set properly on the curbside and needs to be arranged properly so 

that the mechanism of the truck can access it. The practise is for the driver to pull up 

alongside the bin and then, mechanically grab a hold of and empty the bin into the truck. 

Most times, the bin is brought all the way to the top of the vehicle before it is tipped 

over. The whole operation is controlled from within the vehicle. When the truck is full, 

the driver takes the waste to the landfill. There he empties it onto piles at the very top 

and drives off. From the spot where the waste is tipped, it is pushed into place by large 

vehicles that are driven by workers who are enclosed in the cabins of these large 

earthmoving machines. They, like the drivers of the garbage trucks, have almost no 

contact with the waste. 

The workers who collect recyclables in the parts of the city where the programme 

is available, most often have to get out of their vehicles because the collection is not 

mechanised. The recyclables, which are not separated, are normally put out on the 
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curbside in plastic boxes. The driver must get out of the vehicle, lift the box and tip it into 

the side of the truck. He does not actually touch the recyclable materials. 

Tucson also suffers from illegal dumping, which was seen outside of the city in 

open areas. 

5.2.5 Discussion 

In Tucson, significant levels of yard waste are explained by more income and more 

attention paid to the appearance of the surroundings. Paper waste makes up the highest 

percentage of waste in the stream, while food ranks third. The higher amount of food 

waste can be attributed to the higher overall income that does not require extreme care to 

be taken .> . -ot wasting. 

Risks to those who handle the waste are small since the exposure that workers 

have to it is minimal. This decreases the risks of injury and disease. In the United States 

on the whole, SWM workers have only limited exposure to risk because of extensive 

regulations in their protection (Wall, 1998). According to the Garbage Project Report on 

Household Hazardous Waste (1996), back strains, caused by improper lifting and 

overexertion, by garbage men account for 25% of all lost time injuries. The possibility of 

injury or amputation by constant daily exposure to large heavy equipment is the only 

other major concern. Also, as mentioned in the same report, the occasional encounter with 

hypodermic needles in residential streams is a possibility. These needles may be 

discarded by people who self-administer medication in their homes, such as diabetics, as 
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well as intravenous drug users. HIV and hepatitis B are among many serious, if not fatal, 

infectious diseases that must be contended with. The Garbage Project Report states, 

however, that sprained ankles and wrists, dog bites, bee stings and frost bite in cold 

climates, by far outnumber problems from lifting and sharp objects (1996). 

S.3 Sells 

5.3.1 Waste Characterisation 

A total of 1,931 pounds of RMSW was sorted. Based on this one week's worth 

of garbage, a daily generation rate of I pound per person was calculated. The number one 

solid waste material by weight was paper at 31%, followed by food at 20%. Glass 

measured in at 18.5% and miscellaneous other was 18%. Cardboard and plastic were 5% 

and 4% of the weight, respectively, followed by aluminium and ferrous cans at 2% and 

1.5%, respectively. There was no construction or demolition debris in any of the waste 

sorted and little or no yard waste was found. Hazardous material was found in negligible 

amounts. 
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Table 14 - Components (by percent of weight) of RMS W in Sells - 1999 

Material % of Total Weight 

Paper 31 

Food 20 

Glass 18.5 

Other 18 

Cardboard 5 

Plastic 4 

Aluminium 2 

Ferrous Cans 1.5 

Yard Waste 0 

Hazardous 0 

The paper found comprised mostly of newspaper, followed by significant 

quantities of paper from junk mail and food packaging. Quite a bit of this paper was 

recyclable. The food content was about 5% higher than that found in Tucson's waste 

stream. The higher food and food packing component can be attributed to the government 

aid that is given to the Nation. Much of the food is prepackaged, hence the extra 

packaging. Also, because the food is given under federal aid programmes, it is not 

expensive and this promotes waste. The glass component consisted mostly of food and 

beverage containers, as did the plastic, aluminium and ferrous can groups. These 

categories also reflected the influence and heavy dependence on prepackaged aliments. 

Materials found in the "other" category included, among miscellaneous waste, home fans 

and a coffee maker. 



122 

Very little hazardous material was found in the waste stream. The approximate 

weight of the hazardous material was 7.8 pounds and this included bottles and containers 

that originally contained hazardous chemicals but were empty at the time of sorting. Of 

all the hazardous containers (bleach, detergent, nail polish, roofing chemicals and 

soaps/waxes), only the nail polish bottle contained more than negligible liquid. Less than 

ten batteries, an inhaler, some vitamins and several hypodermic needles were found. The 

low level of hazardous waste can also be explained by the lower economic standing of the 

Nation. Since the per capita income is not very high, as in Guyana, there is little waste of 

materials and chemicals that are costly. They are either entirely used up, or saved for 

future use. 

The minimal levels of yard waste can also be attributed to the economic standing 

of the residents. Unlike other communities located off reservation lands, there is no extra 

money to be invested into landscaping. Sells is located in the desert and has no artificial 

flora. The Sells landscape has sparse vegetation, both in residential and nonresidential 

areas. 

When calculated, the percentage of recyclable materials in the waste stream was 

48% and this comprised mostly of newspaper and glass. 

In summary, results of the waste study indicated that the Tohono O'odham 

Nation produces relatively small quantities of solid waste on a per person basis. The per 

person quantities are comparable to cities such as Milwaukee, which in the late 1970's 
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generated about 1.5 pounds per person per day (Sonora Environmental Research 

Institute, 1999). 

5.3.2 Interviews 

Interviews were done repeatedly with Mr. Gary Olsen, Manager of the Solid 

Waste Management Programme, during May 1999 and the present. He proved to be a 

very good source of information and was instrumental in the organisation of the waste 

characterisation performed in Sells. Mr Olsen provided much of the background 

information on historical and current SWM on the Nation. 

5.3.3 Site Visits 

Site visits on the nation lands in April and May of 1999 indicated relatively high 

amounts of illegal (wildcat) dumping of waste in the vast open spaces of the reservation. 

5.3.4 Discussion 

The residential waste stream in Sells has both similarities and differences to that of 

Georgetown. The food content is not as high, being only 20%, but this difference can be 

explained by the lack of dependence on home prepared meals. As mentioned previously, 

since much food on the reservation is prepackaged, there is that much less scrap from 

daily food preparation than is found in Guyana, where the norm is three home-cooked 

meals daily. When the paper and packaging components of the Sells waste stream are 

added to the food waste, the percentage climbs and can be compared to that of Guyana. 
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The amounts of all other materials, including recyclable ones as well as hazardous waste, 

are low in both places. The low levels of hazardous waste is explained by lower economic 

potential of the locations, with respect to more affluent developed world ones, as can be 

seen in the waste stream of Tucson. 

The biggest risk that solid waste handlers face in Sells is the contact with 

hypodermic needles because of the high number of diabetics. Other risks that they face 

would be similar to those faced by waste handlers in other parts of the United States. 

For the public, the risks are slightly reduced. The waste that is collected is hauled 

away from the Nation Lands, so the only contact that they can have with waste would be 

with the waste that has been illegally dumped. Since this waste is usually dumped in areas 

distant from villages, very rarely is there much contact. 

S.4 Data from Waste Characterisations of Other Locarions 

5.4.1 Miami 

A study was conducted by CH2Mhill during 1991 and 1992 in Dade County, 

Florida, where Miami is located. The analysis was based on three separate field sampling 

events in order to accommodate seasonal change and the impacts of the tourist season. 

The first sampling was done in August 1991, the second in December 1991 and the third 

in April 1992. Waste from trucks carrying residential and commercial sites was hand 

sorted and weighed. Materials were also analysed from three local landfills and the 

County's Resource Recovery Facility. 
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The highest percentage comprised of the miscellaneous "other" category which in 

this study included construction and demolition debris, white goods, tyres, textiles and 

assorted miscellaneous. This can be attributed to the fact that the sample included 

commercial waste. The percentage of the total weight was 31.5%. The second most 

abundant category was paper at 20.7%. Yard waste, ferrous cans and cardboard measured 

at 13.8%, 11.1% and 10.4%, respectively. The percentages for plastic, food, glass and 

aluminium ranged from 4.8% to 0.7%. No hazardous component was recorded. 

Table 15 - Components (by percent of weight) of MSW in Dade County - 1991/92 

Material % of Total Weight 

Other 31.5 

Paper 20.7 

Yard Waste 13.8 

Ferrous Cans 11.1 

Cardboard 10.4 

Plastic 4.8 

Food 4 

Glass 3 

Aluminium 0.7 

Hazardous 0 

The composition of the waste in Dade County can be attributed greatly to the 

economic potential of the area. Dade County which is basically made up of metropolitan 

Miami is a very affluent. This availability of money translates to a lot of buying power, 

hence large quantities of paper and packaging. This economic plus also allows for more 
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significance to be put upon the aesthetics of the environment, hence more yard waste is 

produced as the surroundings are upkept. The cardboard value is also significant, just over 

10% of the total waste stream. This can also be explained in the same way as the paper 

and packaging. The rest of the values for recyclable components are relatively low. 

5.4.2 Kaibab-Paiute Indian Reservation 

A waste characterisation analysis was conducted by the Garbage Project at the 

fCaibab-Paiute Indian Reservation in March 1998 (Bureau of Applied Research in 

Anthropology, 1998). The sample comprised of solid waste taken from all pickup points 

during the weekly garbage collection at the Reservation. Initially, the sampling plan 

included all residences but, due to shortage of labour, three villages were sampled fully, 

and the fourth was subsampled. A total of 1294 pounds of garbage was sorted. The 

samples represented one week's worth of waste. 

Results indicated that food and paper waste occurred in the largest quantities at 

27% and 23%, respectively. The next category was "other" at 22%. The remaining 

components, plastic, glass, ferrous cans, cardboard, aluminium, yard waste and hazardous 

measured 11.1%, 7.6%, 4.6%, 1.8%, 1.2%, 1% and 0.7%, respectively. Based on the 

Garbage Project study, 35.4% by weight of this waste stream was potentially recyclable. 

The hazardous component comprised mostly of batteries and used motor oil. 
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Table 16 - Components (by percent of weight) of RMS W on Kaibab Reservation -1998 

Material % of Total Weight 

Food 27 

Paper 23 

Other 22 

Plastic 11.1 

Glass 7.6 

Ferrous Cans 4.6 

Cardboard 1.8 

Aluminium 1.2 

Yard Waste 1 

Hazardous 0.7 

A comparison of Sells and the Kaibab Reservation indicate similar waste streams. 

This would be expected as both are Indian Reservations on federal land. Since Sells was 

considered to be almost a third-world country within a first world one, the difference in 

per capita income plays a very important role on the type of waste stream. Food and 

paper waste were almost similar in percentage of waste, as was the "other" category. 

5.4.3 Patagonia 

A waste characterisation analysis was conducted by the Garbage Project in Rural 

Patagonia in May 1999 to analyse RMSW (Garbage Project, 1999). The samples were 

collected in bags on regular collection days from selected households just before it would 

have beei. picked up by normal collection services. A total of 1997 pounds was sorted. 
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Results indicated that paper and food waste occurred in the largest quantities at 

almost 27% and 24%, respectively. The next category with the highest percent by weight 

was other at almost 17.8%. This included wood, construction material, rubber, textile, etc. 

The remaining components, plastic, glass, ferrous cans, cardboard, aluminium, yard waste 

and hazardous measured 6.5%, 7.9%, 2,2%, 3.5%, 1.3%, 8.4% and 1.7%, respectively. 

Table 17 - Components (by percent of weight) of RMS W in Patagonia - 1999 

Material % of Total Weight 

Paper 26.9 

Food 23.8 

Other 17.8 

Yard Waste 8.4 

Glass 7.9 

Plastic 6.5 

Cardboard 3.5 

Ferrous Cans 2.2 

Hazardous 1.7 

Aluminium 1.3 

S.S Discussion of Waste Composition At Ail Sites 

An analysis of all waste characterisation data of the six sites side by side 

yields some important points (Appendix H). The food component in Georgetown's 

waste is by far the highest of all the sites (73%). Even the next highest percent amount at 

the Kaibab-Paiute Indian Reservation is barely a third (27%) of that found in 
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Georgetown. The food content is the lowest in Miami at 4%. Tucson, Sells and Patagonia 

fall within a range of 15 - 24%. The main difference between Georgetown and all of the 

other sites is the fact that Georgetown is in the developing world. The food content is so 

high because of the dependence on much home-prepared meals, as well as because of the 

waste ethic where non-food waste is not common. 

The paper component, with a little lower value in Georgetown than elsewhere 

(12.1%), appears to be found in relatively constant quantities at other locations, ranging 

from 20.7% in Miami to 31.5% in Tucson. This higher value in the United States location 

waste stream can be attributed to higher consumerism and junk mail. 

The miscellaneous category "other" is also lowest in Georgetown at 3.7%. It is the 

highest in Miami. These results are expected and are due to the economic differences 

between these two locations and the commercial subset in the samples fi-om Miami. 

The amount of plastic found at all of the locations, with the exception of Kaibab 

(11.1%) was quite similar ranging from 3.3% (the lowest) in Georgetown to 6.7% in 

Tucson. Aluminium was also found in similar quantities, ranging from 0.3% in 

Georgetown to 2% in Sells. 

The amount of glass ranged from 3% in Miami to 18.5% in Sells. In Georgetown it 

was 3.2%. 

Ferrous can percentages ranged from 11.1% in Miami to 4.6% at Kaibab. 
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Cardboard was found in highest quantities in Miami at 10.4% and in lowest 

quantities in Georgetown at 0.5%. These values can also be attributed to differences in 

economic standing and consumption habits. 

Yard waste was the highest in Tucson (19.7%) and Miami (13.8%) and this is not 

surprising since maintaining a nice yard is a statement of status in the United States. In 

Georgetown, Sells and Kaibab, yard waste was basically negligible. In Patagonia, it made 

up 8.4% of the waste stream. 

The hazardous waste component of all locations was totally negligible. In 

Patagonia, it measured the highest at 1.7%. In Georgetown, it was 0.3%, in Tucson 0.3%, 

at Kaibab 0.7% and 0% in Sells and Miami. These results are very encouraging with 

respect to the fact that so little of RMSW contains hazardous substances. 

S.6 Other Important Points of Discussion 

The waste generation rate of 1.43 pounds per person proposed by Cointreau-

Levine (1999) for Georgetown was relatively close to the rate generated by this study 

(1.2 ppd). However, since this study was based on empirical data, not much comparison 

can be done with Cointreau-Levine's values which were based on secondary data from 

other South American capital cities which tend to be very different from Georgetown, 

especially in culture and size. 

A comparison of the results yielded in Gyandat's survey and this study indicates 
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closer similarity of the composition of the Hope waste stream to that of Georgetown. 

The big difference between Hope and Enterprise can be explained by the small sample 

sets and the fact that these results were based on percentages estimated by the 

interviewed individuals. 

Table 18 - Comparison of Waste Stream Component Percentages in Guyana 

Component Georgetown Hope Enterprise 

Plastic 3.3% 17.5% 22.2% 

Paper 12.2% 15% 8.3% 

Yard Waste 0.5% 7.5% 16.6% 

Food Waste 72.8% 60% 22.4% 

A point that is worthy of reiteration regards the apparent absence of groundwater 

pollution in Georgetown under the Mandela Avenue landfill. This can most 'ilcely be 

explained by the fact that even though the water table is very high, because of the 

constant strong movement of the groundwater into the northwest direction towards the 

ocean and the fact that potable water is pumped from very deep down (600 -1300 feet, as 

was stated in Chapter 3) the leachate generated in the landfill does not have the 

possibility of leaching deep enough to cause contamination. 

The differences of positions of the garbage men in Georgetown in this study 

versus Lafleur's study can be attributed to the same phenomenon that was discussed 

earlier and this is that at times of survey people do not necessarily report their true 
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feelings and actions, especially when they think that what they do is not what the correct 

response should be. 
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CHAPTER SIX 
CONCLUSIONS AND RECOMMENDATIONS 

This chapter presents conclusions drawn from the study and provides information 

that could be used by developing countries when considering changes and improvements 

to their SWM systems. Recommendations for Georgetown's solid waste management 

practises are presented. 

6.1 Study Review 

The study concentrated on SWM in Georgetown and identified problems with 

current SWM practises. Information was gathered from Tucson and Sells and results were 

obtained by comparing and contrasting this information with Georgetown. The most 

important data used were results from waste stream analyses from each location. Data 

from the waste stream analyses of several other sites were also applied in the 

performance of lesser comparisons to be used as benchmarks. These locations were 

Miami, the Kaibab-Paiute Indian Reservation and Patagonia. Significant amounts of 

important information were obtained from SWM personnel, not only in Georgetown, but 

in Tucson and Sells as well. 
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6.2.1 Specific Conclusions 

• The most important conclusion to be made for Georgetown is that while new 

solutions can be sought to solve current problems, it is important not to forget the 

old solutions, many of which are not only available but may be more economically 

feasible. 

• The problem in Georgetown regarding solid waste is not an increase in generation 

or even a trend towards more dangerous components within waste stream in the 

near future. The biggest problem is the management of the waste, collection and 

disposal, both of which are inadequate. This is the scenario in many other 

developing countries, which will not change their waste streams much in the near 

future either. 

• As in many developing countries, RMSW in Georgetown is composed mostly of 

food waste (almost 73%). 

• Recyclable materials make up a very small percentage of Georgetown's waste 

stream (a little more than 10%, but higher if certain types of paper are included). 

• The hazardous component in Georgetown's waste stream is so small, it is almost 

negligible. This is similar to that found in all other locations that were used in the 

study. 
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• There are laws in Georgetown regarding SWM but most of those are not being 

followed as there is virtually no enforcement. 

6.2.2 General Conclusions 

• Solutions for SWM problems and recommendations for improvement of current 

systems cannot be imported unmodified from developed countries. Several factors 

that need to be considered, as noted by Holmes (1984) before technology is 

transferred are: seasonal and climatic differences, regional economies, budgets and 

foreign exchange limitations, physical characteristics, public health awareness, 

appropriate envirormiental standard settings, technical expertise, quality of 

management, and social and religious differences if need be. 

• If studies are performed by foreign consultants with the intention of providing 

suggestions to improve current SWM, it is imperative that they come to the 

country in question and experience the local situation first hand for at least a few 

weeks. This will give them a frame of reference on what feasible options actually 

are, given local limiting factors such as absence of data, funding status and 

planning and social environments. 

• Foreign consultants must be objective and must look at the situation in the context 

of the local conditions. They should bear in mind that they need not fix something 

that is not broken. While in developed countries a situation may look as it if needs 

to be rectified, on local terms, it may just need some adjustment. 
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Since there are very little data available, for anyone analysing the situation and 

providing suggestions, they need to talk to as many local SWM personnel as 

possible. This includes administrators, politicians, and planners, as well as the 

non-technical staff. It is from these non-technical personnel, such as the garbage 

men and dump operators who are in daily contact with the waste, that consultants 

can leam some of the most valuable information. Such information includes 

problems encountered daily on their jobs, their preoccupations, and often, their 

"real-life" suggestions for improving the way things are currently being done. 

While the future of SWM in some developing countries has a strong potential of 

following the trend that has been seen in the developed world where improved 

economies have resulted in increased solid waste generation, in many developing 

nations this is not the case. Guyana is just the example, where things are changing 

very, very slowly. This means that with a few changes now in the way things are 

being done, the situation can improve and be ready for the future. 

Uncontrolled dumping is possible in Georgetown, and rural areas as well, because 

of all the open spaces. This is similar in many other developing countries, but is 

not limited to them. In Tucson and Sells, illegal dumping also occurs and this is 

because of all the open areas that are available. In large, densely-populated cities 

such as New York, it would be much more difficult for someone to simply dump 

his or her garbage on the outskirts of town. 
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• The results presented from studies performed by other researchers in Guyana 

strongly indicate that when interviewed, many people provided responses that did 

not reflect their actual attitudes and feelings. The responses reflected what the 

interviewees thought to be the appropriate responses. This phenomenon is found 

worldwide when people are asked to comment on personal habits, etc. In the 

United States, a common under-reported activity is beer drinking. For many other 

studies that are performed, there is always a great risk in the bias that occurs as 

people report consumption rates that they "think" they should consume rather 

than what they actually do consume. This was found to hold true for studies 

performed by the Garbage Project (Rathje, 2000). 

The lack of data on waste streams, mortality and health effects from improper 

SWM does not imply that there is no problem (Bickel, 1998). 

6.3 Transfer of Appropriate Technoloyv from Developed to Developing Countries 

Decision-makers in developing nations, especially those coming from abroad, must 

recognise that waste management in various countries is at different stages of 

development. The spectrum of SWM system development ranges from highly organised, 

complex and technological to very simple, disorganised and non-technological. It is 

because of this wide spectrum that direct technology transfer is not the solution. This 

was addressed by Curi (1985) 15 years ago, in a statement made about one of the most 

common reasons for failure of the transfer of technology: 
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"To find solutions to their environmental problems, developing 
countries usually seek the assistance of engineers and scientists 
from developed countries. Many times, however, either out of 
ignorance of the local conditions or due to financial motivations, 
these experts come out with solutions which are far from being 
considered as the "most appropriate." As a result, the basic 
objective of protecting the environment is not achieved." 

Developed world solutions cannot be transferred unmodified to developing 

nations because of the unique political, environmental, technical, financial and institutional 

conditions in these countries. As Holmes (1984) noted on future SWM in developing 

countries "the wholesale and indiscriminate imposition of Western technology and public 

health expertise will not solve the problem." 

In 1989, the World Health Organisation recognised the problems associated with 

the transfer of technology in the following statement; "Western models and solutions in 

developing countries (have) caused problems, and applied solutions are essential to adapt 

these models to developing country situation" (Doberstein, 1992). 

This means that the basic ideas may be employed, but they must be modified to 

fit the countries that are to be helped based on the local conditions. The following 

comment made by Bisset (1987) on environmental impact assessments (EIA) in 

developing countries is also applicable to their SWM: 
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"...past experiences clearly indicate that there is an urgent need to 
develop procedures so as to make them more adaptable to 
conditions in developing countries. It is now quite evident that 
detailed, expensive, time-consuming and sophisticated EIA 
techniques used in many developed countries at present are 
unlikely to be of much practical value for use in developing 
countries in an operational sense." 

There are several specific examples of direct technology transfer drawbacks in 

SWM. One such example is the use of compaction technology. While it is very practical 

on less dense waste found in developed countries, it is not very efficient for more dense 

waste (due to high organic content from more food discards) found in developing 

countries. Another example is the use of sanitary landfills such as the ones employed in 

the United States. The value of constructing a sanitary landfill in the United States in 

1998 was between three and four million dollars. This did not include the costs of future 

monitoring of the surrounding environment from the time the landfill starts to operate to 

well past its life span (Solid Waste Equipment, Co. Inc., 1998). 

Expensive, "high tech" solutions that work in developed countries are often not 

practical for many developing nations. Simple solutions are needed in developing 

countries, such as a programme in metropolitan Lima, Peru, where under the guidance of a 

German volunteer service a system was developed, where organic material from ordinary 

solid waste was converted into a highly digestive diet for pigs, ducks and chickens 

(UNESCO, 2000). An alternative solution to dealing with solid waste was employed on 

the "garbage farms" in Calcutta in the early 1990's, which employed 25,000 people who 

were supported by soil derived from composted garbage (Doberstein, 1992). 
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6.4 Considerarions for Planning Appropriate SWM in Developiny Countries 

As SWM decision-makers plan the future, the solutions they seek for improved 

management of MS W will need to address local physical, social, economic, technical, 

environmental and possibly, political factors. Since the combination of these factors is not 

the same in any two countries, and many times not even in any two communities, the 

best solutions will depend heavily on the experience and skill of the administrators and 

planners (Ostergaard, 1997). The most crucial part, however, is the cooperation of all 

participating agencies and bodies that are responsible for the above-mentioned factors. 

6.5 The Checklist for Managing Solid Waste in Develoniny Countries 

The following ten-point checklist is one that could be followed by planners and 

researchers when trying to assess and improve SWM systems. It is in effect a rapid 

assessment tool for the local situation that will not be time consuming and will not require 

large amounts of funding. The need for rapid assessment tools was also noted by 

Doberstein (1992), who stated that, "Faced with the constraint of time, expertise and 

cost, developing countries should at least incorporate the rapid assessment technique of 

checklists and/or matrices in conjunction with a set of established guidelines." 

A - Social Factors and Education 

Social factors refer to the awareness and attitudes that people have regarding solid 

waste, its management and risk perception. It includes local beliefs and customs, all of 
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which vary not only from country to country, but even village to village. It is important 

to plan SWM systems such that the people who will be using them can accept them. 

Social behaviours will impact education efforts if issues such as public health must be 

addressed. 

Simple surveys could be designed to find out vital information from the public. 

These must be simple, realistic and must not overwhelm. A few important questions 

could be asked in the form of questionnaires or personal interviews. If this is the first time 

that such a thing is being done, it is of utmost importance not to annoy the public. 

Beginning simply is the most important step. Some questions that could be asked are: 

1. What problems are you experiencing with SWM? 

2. What kind of changes would you like to see? 

3. Would you be willing to make some adjustments in order to support a more functional 

SWM plan? 

4. Would you be willing to pay a fee for reliable collection and disposal? 

5. Would you be willing to participate in a recycling programme if there were one? 

6. Would you agree to financial penalties for those who do not comply with regulations? 

The answers to these questions can provide researchers with an idea of how 

people feel about current SWM practises and to what extent they would support 

changes. 
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Education of the public and to a certain degree risk communication^^, will play a 

very distinct role in present and future planning. 

B - Waste Stream Information 

One of the most important factors in SWM planning is the waste stream 

composition. Questions that need to be answered are: 

1. What are the quantities, or at least approximations, of the total amounts of waste 

produced and possible future projections? 

2. What is the basic composition of stream, i.e., is it mostly organic food waste? Does it 

contain a high recyclable content? 

3. What are the densities of the waste? 

C - Collection 

Based on waste stream composition data, several options will have to be 

addressed. These are: 

1. Would separate (house to house), combined (one bin for several households) or a 

combination of the two be appropriate? 

2. Would curbside, in the alley or at the back door collection be most efficient? 

'^Risk communication refers to the interactive process of opinion and information exchange between 
individuals, groups and institutions. It facilitates the transfer of information from expert to nonexpert 
audiences. 
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3. What frequency of collection, based on ambient temperature, would be the best in order 

to avoid disease and vector breeding? In hotter climates more frequent pickup will be 

necessary to minimise odour, vector breeding and human and animal scavenging if they are 

not well controlled (Doberstein, 1992). 

4. Will collection be performed by the municipality (public agency or utility collects 

waste using its own employees and equipment), contract (public agency pays contractors 

to collect), private (resident and/or firms in limited groups pay private collectors directly) 

or some combination of the three? 

5. What would be the best routes, given the conditions of the roads, street patterns and 

widths, to be taken by collection vehicles to maximise collection efficiency and decrease 

damage to them and the roads? 

6. Do traffic patterns need to be addressed if they are too heavy in certain collection 

areas? If so, a schedule that is least disruptive to both collectors and motorists must be 

instituted. 

D - Work Force and Productivity 

Several important considerations are: 

1. What would be an appropriate crew size and its organisation to promote efficiency? 

2. How well trained would workers have to be in order to perform tasks that include basic 

reporting about SWM operations? 
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E - Equipment 

The available technology plays a significant role in SWM. While there are 

advanced and complex technologies for management of solid waste in developed countries, 

these technologies may not be available in developing nations. Efforts must be made to 

utilise low-cost technology. This applies mostly to collection methods and final disposal 

facility maintenance. Thus, 

1. For collection, the vehicles that are employed must be well-suited for the job in terms 

of size, type of design and number. 

2. At the final disposal facilities the same applies - machinery that is used should be the 

best suited for this job. 

Many times, trucks and landfill machines can be much smaller than those used in 

developed countries. 

F - Resource Recovery 

1. Options of recycling materials for which there are markets should be considered. This 

could mean recycling of consumer products generated in the home or other materials such 

as tyres. If these cannot be recycled locally and there are possibilities of taking them 

overseas while still being economically feasible, the avenues should be explored. 

2. The recycling of other materials, such as glass, plastic, tin and aluminium should be 

researched. If no possibilities exist locally, would it be possible to ship the materials 
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abroad, but close by? Would the market costs for recycled material make the endevour 

cost effective after collection and separation? 

3. In hot and humid areas, gas evolution from the decay of waste is accelerated, so if 

landfiliing is chosen as an alternative, this issue could be addressed. Some sort of gas 

ventilation or collection method could be employed. If the gas could be collected, it could 

be used in homes for cooking or even cooling (and heating, if necessary) purposes. 

4. Composting and mulching of all yard and organic waste should at least be considered. 

Research and field demonstrations indicate that urban-derived composts and mulches have 

several positive effects. These are: increasing soil organic content and water retention, 

decreasing water contamination, suppressed disease in specific crops and prevention of 

soil erosion (Relis, 1998). In developing countries where climatic and economic conditions 

favour composting, it is a very good option for reducing the volume of waste (up to 50%, 

mainly by releasing water and carbon dioxide) requiring final disposal. Composting is not 

very labour intensive and requires relatively little screening. This compost would be very 

useful in arid and semiarid regions where soils lack organic content. Yard waste just needs 

to be chipped to increase surface area to aid the breakdown process of organic matter. 

Setting it out in long piles or windrows and turning it periodically, manually or 

mechanically, to introduce fresh air also increases rates of decomposition. 
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G - Disposal Options 

Since landfilling (semi-controlled dumping) and incineration are still the most 

predominant methods of solid waste disposal in many developing countries, a closer look 

should be taken at the factors that affect their choice. 

Climatic conditions play a very important role in the selection of the type of 

SWM that will be employed. If there is much rainfall, then incineration without proper 

pollution controls would not be a good idea because the emitted fumes would be brought 

down over the immediately surrounding area. Heavy rainfall would also impact landfilling 

as an option, especially if the landfill is a simple dump. The water will act as a medium to 

dissolve and transport all produced leachate downward. In places with high water tables, 

this could be a potential problem. Heavy rainfall could also affect composting efforts by 

flooding the systems if they are not covered. 

Soil type is an especially important parameter in the consideration of landfill 

siting. If the soil is very porous, the result can be increased rates of leaching. If the 

landfills are sanitary landfills, then it is not such a problem, but if the landfills are no more 

than simple dumps, then location should be chosen v nh the least porous soil, i.e. some 

type of clay. For incineration and composting options, the soil type is not very crucial 

when considering pollution (not air) problems. 

The position of the water table is a major consideration in the siting of landfills. 

Sites where the water table is high should be avoided as much as possible. If the water 

table is high, there is an increased chance of leachate entering the groundwater. This could 
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be especially problematic if the groundwater is a potable source. As with the soil type, 

the water table does not affect incineration and composting options very much. In arid 

regions, disposal sites may be located in areas with higher water tables than in wetter 

regions, such as the tropics, where leaching, overflow and surface water contamination 

could be a significant problem. 

In areas where there is significant seismic activity, its relevance to landfill and 

incinerator siting must be addressed. Activity could disrupt liners and pollution control 

methods at landfills. There could be high risk of gas ignition from the sudden earth 

movements. For an incinerator, it could also be dangerous in that seismic activity could 

destroy or cause serious structural damage to such a costly facility. 

The landfilling option can be chosen if the above factors are permitting. Then, 

several other questions need to be addressed: 

1. Would there be a problem with blowing debris? If so, is there material for daily cover 

and are fences an option to reduce it? 

2. What would be an approximate life span of the facility? How much waste could it 

accept? 

3. Would methane generation be a problem? If so, would collection be possible? If not, 

could it be burned off? 

4. Will leachate be a concern? Will liners be available and affordable? Would other 

methods of leachate collection be possible? 
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Incineration is always an option if the technology is available, but the important 

factor would be whether pollution controls have been fitted. If the incinerator simply 

bums waste without any kind of air emission control device, then the types of materials 

incinerated must be limited. This is especially true of plastics, which are composed of 

non-biodegradable inorganic materials. They breakdown into reactive flammable 

monomers containing chlorine compounds. Improper incineration can pose some degree of 

toxicity, especially the evolution of vinyl chloride, a colourless, mildly sweet smelling, 

highly explosive and flammable gas and a known human carcinogen. There is also 

potential for the production of hydrogen cyanide (HCN), another toxic gas. Plasticisers, 

which increase flexibility in plastics, have been known to bio-accumulate (Bynoe, 1997). 

Incineration also requires the disposal of ash. 

H - Laws and Regulations 

While laws in many developing countries are minimal or simply nonexistent, the 

issue still needs to be addressed. If laws are existent, they should be reviewed and if 

possible revised, so that they can be applicable to the local situation. If there are no laws, 

then they should be written. They need not be complicated, they just need to be realistic 

and functional. Law enforcement needs to be included in such laws. Once again, it does 

not need to be highly sophisticated, just straightforward, useful and enforceable given the 

local conditions. Environmental policies must coincide with desired levels of 

environmental quality and public health, while improving economic development. 
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I - Financial Resources 

The economic factors are probably the most crucial of all the factors that need to 

be considered. Inadequate funding limits all aspects of SWM including collection, 

transport, management, as well as landfill siting, incinerator operation and law 

enforcement. The final disposal site must be located at such a location as to minimise 

transportation costs. Location decisions must be based on processing and transportation 

costs. The exact amount of fimding must be known and the responsible disbursement 

body must be held responsible and accountable for these funds. 

Financial aid can be sought from developed countries and international 

communities (Curi, 1985). For nations like Guyana which do not have critical problems, 

monetary aid would be ideal. Since the investments to improve the current systems would 

not be large, possibilities of getting financial aid will be higher. 

J - Other Issues 

While hazardous substances, such as household and automobile chemicals, are 

found in negligible quantities in the developing countries' wastes, options for some 

method of collecting it could be considered. Education begun at this point would be 

invaluable in the future if quantities of the hazardous waste were to increase and would 

need to be dealt with. 

Improved communication between developing and developed countries could be 

beneficial to all for exchange of information, technology and support (Curi, 1985). 
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6.6 Recommendations for Georgetown 

There are several major limitations that will affect actions taken in current SWM 

practises. These are funding, law and enforcement, culture and public perception. Since 

funding is the most critical limiting factor, the best choice that the municipality of 

Georgetown has for future waste management is the improvement of the existing facilities. 

Rather than attempting to change to new technologies that require immense amounts of 

investment capital to be put into development and on-going funding for management and 

operation, the little funding available can be used more effectively to improve the current 

practises. This is a very possible plan because when all things are considered, the SWM 

situation in Georgetown is not in the worst of shapes and does not require drastic changes 

in technology. There is, however, room for significant improvement as improvement now 

will prove cost-effective in the long run. 

Because SWM has always been carried out locally (in Georgetown at the 

municipal level), the fact that there is no comprehensive plan for the nation can be used as 

an advantage in future planning. If a realistic and flmctional plan can be instituted in 

Georgetown, it could then be used in other towns with slight modification to fit each 

different location. All necessary agencies can be brought together in a cooperative effort as 

all factors are considered. The current methods of disposal, landfilling and incineration, are 

not likely to change. Recycling programmes at this time may not be realistic options not 

only because of the limited funding, but also because of the waste stream. As was 

indicated by this study, the waste stream does not have significant amounts of recyclable 
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materials and thus, the investment of methods to sort this material from the stream may 

not be economically feasible at this time. Of course, this may change in the future. 

Composting is also something that at this point may not be worth the effort. 

Suggestions that could be considered for implementation at this time can be broken 

down into two categories: those of primary priority, which are more likely to be cost 

effective and have minimal negative impact, and those of secondary priority which may 

require more investment and planning. 

6.6.1 Primary Priority Suggestions 

• In the city, there must be more attention paid to the prevention of blocking of water 

ways. Not only is this an unpleasant sight, but it is a medium for the breeding of 

pests. Full-time positions that are overseen by supervisors should be created. 

• There must be improved litter control in the city. A very good way to promote this 

is by providing more bins throughout the city. If these bins are available, then at 

least people will have the option of using them. Without available bins, the only 

choice that people will have is to throw waste on the ground, which is the current 

practise. 

• There should be full-time litter collectors. If the city is kept clean, it will in itself 

dissuade people from littering further. 

• Better protective gear should be made available for garbage men and the workers 

at the landfill and the incinerator. Heavy work boots should be available to all as 
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the biggest risk that they are exposed to is stepping onto sharp objects that could 

penetrate their shoes. Heavy-duty gloves should also be available to all personnel. 

• Plans and proposed changes that will be suggested need to be realistic. All 

attempts need to start off simply and be short-term and gradually work their way 

into more complex and more long-term scenarios. Small changes made gradually 

will have much more success. 

• Training for SfVAf personnel is important. Adequately trained managers, 

supervisors and foremen in both collection and final disposal site positions are 

important for a smoothly running operation and operational data collection. 

• Manually-labour intensive solutions should be used to solve the current problems 

of littering and general city cleanliness. Instead of attempting to acquire and utilise 

technological solutions to the problems that exist, decision-makers should use the 

ample labour force that is available to them. 

6.6.2 Secondary Priority Suggestions 

• Public awareness needs to be improved. This can be achieved using a variety of 

factors such as the integration of environmental aspects into school curricula 

beginning with primary/elementary schools. Increasing awareness and basic 

education are the most important. Some low-cost methods offered by the USEPA 

(1995) that could be used for educational purposes include: news releases and 

advisories, public service appointments, letters to the editor, news articles. 
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newsletter articles, speeches, guest spots on the radio and local TV programming, 

and church bulletin notices. These are all possible and financially feasible in 

Georgetown. 

Public awareness should not be confused with public involvement but must still be 

approached slowly and cautiously. At this stage, while some public involvement 

may be sought, Guyanese are just not ready for such a step. Changes can be 

proposed and discussed with the public, but at the beginning, the changes need to 

be instituted without too much public interference. It is bound to have a negative 

effect in that people may complain so much that nothing will get done. 

Changes must occur within the SWMbody. This refers mainly to the Cleansing 

Department, the Mayor and City Council, the City Engineer and the Medical 

Officer of Health. These changes are imperative to improvement in the way the 

department currently performs its functions. Good personnel management, good 

public commimication, and good communication within the department at middle 

and upper levels must be achieved. 

Since landfilling will be a method that will continue being employed, funding should 

be appropriatedfor liners of any new landfills that are to be used. Attempts 

should be made to obtain liners, even if they are not the most sophisticated, from 

foreign governments in the forms of donation or at very reduced costs. The same 

applies to leachate and gas collection systems. If some older technology can be 

obtained it is better than no technology at ail. 
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All changes to policies and new policies should be officially implemented by the 

council. 

Penalties and fines for littering and disobeying the law with respect to SWM should 

be implemented and enforced. While this is a minor consideration, it is something 

that will have impact in the log run since its purpose will be to act as a deterrent 

rather than a punishment. If people begin to realise that simply throwing garbage 

on the streets as they walk or dumping their household waste in any open area is 

not allowed mainly for health and aesthetic reasons and can result in fines, in time, 

attitudes will change and littering and dumping will not be normal occurrences. 

Full-time positions should be createdfor the enforcement of these laws. 

Planning discipline, coordinated implementation and dedication will be necessary 

to make improvements (Thomas, 1989). It will require joint efforts by public and 

private bodies of the commimity and will have to be voluntary as well as 

mandatory. 

The current landfill at Mandela Avenue should be closed as soon as possible. A 

new site should be opened that has at least some kind of synthetic liner to protect 

the high water table. 

The incinerator should be maintained as well as possible, but the Cleansing 

Department should start looking into its replacemeni. Due to limited funding, it 

should concentrate on possibly getting a refurbished one for a much reduced price. 

As mentioned previously a better way would be to get one donated. Since it can 
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be used just for the incineration of the same things that are being incinerated right 

now, it does not need to be big or complex. 

6.7 Lessons Learned 

Several important points stand out in the conclusion of this study. 

1) There is a need for integrated solid waste management in developing countries. 

This means that all possible, financially feasible and realistic solutions and alternatives to 

managing solid waste should be considered in SWM planning. These would include 

recycling and composting options among the standard practises of landfilling and 

incineration. 

2) There is a needfor education and increased public awareness. In many 

developing countries "attitude" is a big problem when it comes to SWM. Years and years 

of dumping garbage and throwing waste around without a second thought are patterns 

that need to be broken. They can be broken by educating people and increasing awareness 

about SWM and consequences of improper practises. These changes need to be brought 

about slowly and should entail a system of incentives and disincentives. 

3) Familiarity with local conditions is imperative for present andfuture decision 

making. The most important factors that foreign consultants who work in developing 

countries need to address are the local conditions and limiting factors. 

4) There is a need for improved laws and their enforcement. In countries where 

there are no laws, laws should be implemented. In countries where there are laws, they 
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should be enforced, not necessarily with heavy fines, since many local people would not 

be able to afford them, but possibly with penalties such as doing work in the SWM 

system. 

5) Fees for SWM practises may not be practical. The same explanation as for the 

preceding point applies here. 

6) Solutions and practises m developed countries should not necessarily be 

followed by developing countries as there are also problems with their SWM methods. The 

one point that stood out in this study was the fact that Tucson residents who live out of 

the city limits and must contract with private haulers to have their garbage taken away, 

must pay for recycling services. People who live in the city and have curb-side recycling, 

do not pay for the service, but receive nothing in return for participating in the 

programme. To encourage recycling, it would make more sense if those who recycled were 

required to pay less for garbage removal, as an incentive to decrease the amount of waste 

requiring disposal. Such programmes have been in effect in Europe for many years. 

6.8 Summarv 

In conclusion, it is imperative for developing countries to pay more attention to 

SWM, because in spite of the many limitations that exist, initiatives must be taken to 

improve the current systems and plan for the future. Proper SWM improves 

environmental conditions and public health, both of which, are key to global well-being 

and sustainabilit}'. 



157 

With growing populations comes an increase in municipal solid waste. Because of 

the burdens of understaffing and lack of funding, it is important for decision-makers in 

developing countries to have ecologically sustainable, socially sound and economically 

feasible alternatives for SWM. Caution must be exercised when hiring foreign consultants 

and when considering transfer of technology. Local constraints must be addressed and 

incorporated into final decisions. 

Changes need not be drastic and costly. Better planning and enforcement must 

accompany a dedicated effort to follow through with proposed improvements. Feasible 

and realistic improvements now, could be a very cost efficient preventative action for the 

future. 

In closing, one important point needs to be made and that is the fact that while 

this study was conducted with very limited data as well as with limited funding, even if 

more funding had been available, it would not have made a difference in the data collected, 

because there simply were no more data to be found. 
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GEOGRAPHIC LOCATION OF GUYANA 
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V Mai S0 

(Cummings) 



APPENDIX B 
PHOTOGRAPHS 

Figure 1 - Dumping on Vacant Lots (Georgetown 
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Figure 2 - Dumping in Drains (Georgetown) 



APPENDIX B - Continued 

Figure 3 - Garbage Men Loading Trucks (Georgetown) 

Figure 4 - Incinerator Lower Level (Georgetown) 
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APPENDIX B - Continued 

Figure 5 - 6ft3 Dumpsters on Tarpaulin (Sells) 

Figure 6 - Sorting Tables (Sells) 
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APPEISDIX B . Continued 

Figure 7 - Cemetery Access Road (Georgetown) 

Figure 8 - Waste Dumped on Road (Georgetown) 



APPENDIX B - Continued 

Figure 9 - Road to Top of Mandela Avenue Landfill (Georgetown) 

Figure 10 - United States Compaction Equipment (Tucson) 
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APPENDIX B - Continued 

Figure 11 - Scavengers (Georgetown) 

Figure 12 - Market Dumpsters (Georgetown) 



APPENDIX B - Continued 

Figure 13 - Landfill Liner (Tucson) 



APPENDIX C 
GEORGETOWN BY-LAWS 

GUYANA No I of ngl 

BY-LAWS 

Made Under 

PHE MUNICIPAL ANO DIS I RICH COI.'NCIL-S \<T 

(Cap. 28 01) 

IN EXERCISE OF THE POWIiRS CONKtRRED BY SECTIONS ?03 iiid ^04 
OF THF. MUNICIPAL AND DISTRICP COUNCILS ACT. THE 
FOLLOWING HY-LAWS HAVE BEEN MADE BY THE MAYOR AND 
COUNCILLORS OF THE CITY OF GFOROETOWN AND APPROVED 
BY THE MINI.STER;— 

1. Iitestf IJw-law* may he ciistf j* I*?? r'iiy of Georgetown®'*""" 
(CoMectKin iiiid t5tspo<ml '>f W».*ie» 1981 

2. In tliese By-laws -

"Clein.'ting Department" nieaat the Cteansin| Department 
of the Cily Council; 

"Cteaiuing Officer" means any perwii lawfully performing 
(he duties uf the uffice of Oecnsing Officer in the 

CiMiising Departihenl and indiides iiny subordinate 
officer nr fiiiployee iliereof wlto may be authorised by 
ihc ('Icaii-int; Offitcr lo pcrfttrm jiiy duty iimlcr 
hy-law%: 

"combustibie waste" lueaiis any waste ^ubMancc cu|Mhie 
of incineration or Hurning uml iniliidcs pH|Kr. 
ragt, grass and leave*: 
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APPENDIX C - Continued 

2 
"continercial waste" means iny waste, combustible or non-

combuNtib4c. arising out of ihe operaiion of trade, husi-
ncss or industry and ait oiher waite noi arising from 
cir iiicjdcntai lo ihe normal ccctipaiion of anv dwciiinp 
liouse or reskleiKC hiii does imi inchidc hv-prixJuc« of 
any trade, busino'* tir iiKJusiry iMvjng (.iHiinicrLiaf value 
and regularly haivllcd in the ordinarv cour^ of ^uch 
iradc. huMness or iiKju<nry unlc^'q ?uv;h by-products or 
ilie iiaiidliiig of ilicni are a nui<aiH.e o( a menace (u 
public health: 

"liouxeliokier'" nieain ihe pervin »ho hokl* or occupic-
a house as hu own dwelling and that of hiit iiou.<ehoki; 

"non-combusiibie waste" means any wane substance in
capable ot incineration or burning: 

"'waste" mean* all tra.sh. rubbish, garbage, carcaics and 
other refuse or discarded matter and includes cnmnicrvial 
waste, whether comhufflible or not. 

reccptacle for waste shall be of metal, plastic or 
* other suiiaMe impervious material approved hy the City Council, 

water tight, movable, of such «i7e as may he easily handled by one 
person when full or of a capacity not exceeding six cubic feei and 
kept clean, disinfected and properly covered with a well fitting cover 
when not required to be open^. 

4(1) Where only one householder occupies a whole building 
TM« ' he ^hall provide a sufncient number of receptacles necessary for the 
fwpucrti accumulation of waste over a period of four days. 

(2) Where more it'an one person, whether as tenant or 
liousehoider. occupies any buildings, the owner or lessee (hereof or his 
ageiil shall he responsible for pmviding the requisite number of rc-
ccptacles for the acctinuilalion of n^sie over a period of four clays, 

13) 'II ilie case of IniildiiigN. yards and placc> of 4 piilWic 
characier. such a.< churclie-s. chapels. vchooK and other |W*ics of n 
similar nature, wliether in use or not. the person m cliargc of- sucli 
buildings, yards or other places shall be deemed 10 Iv: iho o.ciipier^ 
who shall be able 10 provide the requisite iiiimher of reccpi.icles for 
(he accumulation of waste over a period of four days. 

S. In all cases where by these by-laws the occupiers of 
praniacs are bound to perform any act if there shall be nn 
occupier or if there is a difficulty in ascertaininr who is ihe 

occupier, the owner of such premises shall be liable. 
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J 

5. Waste shall l)« removed from any huildinft or *•"• """"•• 
premises and deposited in a receptacle as soon as practicable: m 
it shall not remain exposed in any building or premises for longer 
than is necetsary for it to be removed and deposited >n a recep
tacle. 

7. Before wet or moisture-laUen house refuse or gar-«i«* 
bage is deposited in a receptacle it shall be drained of moisture 
and prnperty wrapped in paper or other combustible material. ti^ni'i i 

8. Waste shall tie placed in a receptacle located in ew • •-
accordance *ith the directions of the Cleansing Officer at a point 
on the premises or other place which can conveniently be resrhed fwr??* 
from a road, street or alleyway used as a means of access for 
the removal of waste. 

9. Subject to by-law 10 no person shall throw, place. «mu not in 
'Scatter or deposit or cause to be thrown, placed, scattered or de-
posited waste in any street sidewalk, parapet alleyway or other 
public place or private property; such waste shall be put in a 
receptacle provided for th« purpose. 

10. No person shall dump or caused to be dumped r,at.u„ii^ 
d i r t  o r  w a s t e  o f  a n y  s o r t  o n  a n v  . ' ( t r e « t .  s i d e w a l k ,  p a r a p e t ,  ' i l e y - „  
way, or other public place or on any private property without 
the wntten consent of the Cleansing olTicer. or the owner, as 
the case may be: 

Provided that no such dumping of waste shall give 
rcas»ii;ible i;rounds for complaint or become a nuisance or pre
judicial to health or in any manner whatsoever amount to a 
violation of any law. 

11. (I) The owner or cuitodian of an animal shall im-^«»« 
mediately on knowing of its death notify the Cleansing Officer «!!SSi « 
thereof for the purpose of th« removal and disposal oi the car- «"•••• 
cass in such manner as the Cleansing Officer considen fit 

(Z) The Cleansing Officer may charge a fee for the re
moval and dispoMl of a carcass except that of a small animal. 
namely. » cat or a dof • 

13. f 1> Waste placcd in a receptacle provided and main- ««•»»»' « 
tained by the Citv Council on a street, sidewalk, parapet, alley-
WW or other public place shall be collected by the Cleansing 
Officer. Wail* placed in a receptacle on private premises, shall 
be reowfui tae Cleanaing Officer or a licenyed commercial 
wast* colleclBr .or any other authorised person. 
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i2t No unaulliaris«d persoti shall wilCully remove or 
interfere with any such receptacle or its contents. 

oi«eai»i •! 13. Such wasle .is a jwison mav dispose n( white Iravct-
''"K City shall be ihiown into 'mall receptacles i>laced 

n't'"'"' " maintained by Ihc fjty f'lnncjl mi a street, sidewalk, para-
* iM»t. .iilcyway or -iihcr [nihtic place for that purpos«. Other 

waste frnm hoii::i?hoUI. imcle. hiisiness. industry or any other 
?i)iircc shall not he ihr"w n into such receptacles. 

"i Waste of any kind found on any street, sidewalk, 
tfl bv fefwer. parapet alleyway or other puMic placc shall be removed by the 

OflkOT. 

TnllCCliuf* 13. The Cleansing Ofliccr shall so arrange the times 
coUection of waste ii* the City that the accumulation of 

waste or the contents of receptacles shall not give reasonable 
nai—M. ijriMind.<i for complaint or become a nuisance or preiudictal tn 

itealth. 
r rBn«p<irt> 16. (I) No waste shall be transported through the City 

""1° **^l>y anyone, except the Cleansiog OfHcer or a- licenwd commer
cial waste collector or any other authorised person. 

rj) Slaughterhouse (iital. snap. |$rea.se and other put-
rescible commercial waste shall lie iransported through the city 
in closed carts or vehicles only, which shall at no time l>e kept 
open for longer than is necessary to receive the waste to be de
posited therein, nnd .shall imm^iately thereafter procff«;l hv 
the most direct route in Ihc site where the waste is to m dumped. 

17. il) A person prn<Juciiit{ rnmmercial waste in large 
shall store it .separately from the accumulation of 

""••I M hbI non-coaimercial waste. Such commercial waste shall be col-
lected and transported at Ihe expense of the producer thcr«Hif 
iiy the rieansing Oflicer or a licen-^ed commercial wnxte collertnr 
or any other authoriwd penon. 

(3) Commercial waste shall be transported to a 
controlled tip operated by the City Council or a public incinera
tor or a private incinerator refernd to in by-law 19. 

'S ^ *"'3^ charged for the disposal of commer-
i—« w ciai waste at any controlled tip or incinerator referred tn in 

'' fr^faw 17 m. 
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19. NoUiiii( in Umh bH'ws shall be coiutniad u pro-
hibitiiM Uw UM of a private incinerator approved by the City 
Couacu for tte iacineratioo of combuatibto waato providod luch 
incineiator is operaied m accurdanco with Ihe directions of Uie 
City Council ana is not a source of nuisance. 

. 20. A person who desires to be engatfed in the business 
uf commereiat waste coilcction shall on ap^lcation pay such ••••• i • 
*UBi as may be (lied by the City Council for a yearly or halfM^., 
yearly licence. 

21. An application for a commcrcial waate collector s 
licence shall be made to the Town Clerk on forma provided bym n 
iiim. If the Town Clerk is utiiAed that the appikant is a re-
sponsible person capable of cooductinx the business of a com
mercial waste cnllecter in full compliance wMh the rules refer
red to in by-tav 38. he siiell notify the City Treasurer, who shall 
thereupon isaue a licence to Ihe applicant upon payment of the 
licence fee. 

23. Where a Ucenaed commercial waate collector fallsS^TSS? 
to comply with the nilaa lafeired to in by-law M the TownjiS'ig* 
Clerk may revoke hia IkeoM: ifmm 

Prsvidcd that no lictoce shall be revoked until the 
holder of it haa had an opportunity of being heart and showing 
cause agaimit the revocation before the Town Clerk. 

23. No parson shall diacharve or cauae to be diacharged woaiiim 
into any Ureet sidewalk, parapet alleyway or public place anyij 
.<nibstance harmful to health or property, or peimit »ny noisome jjgj" " 
or offensive steam, gw. vapours or fumes hannful to health orfr<«««v. 
property to escape or to lie diacharged from any chimney, pipe 
of other vent. 

24. No person Aall diaebarge or cauae to be diackarged'|'"Mm»f 
steam or hot water fron any boiler into any street, sidewalk, gar •*». 
parapet, alleyway or other public place. 

25. Tile occupirrs of all houses, stores, warehouses, or b.^ 
other premises within the limits nf the City shall keep their 
drains free any obstruction. 

2C. The City Council may. by reaolution to be pub-aMw. 
ttikad in the Gastte and in anv daily newsnaper circulatine >n 
tke CH^, preacribe nilcii for the effective adminisiralion of the 



APPENDIX C - Continued 

6 

provisions of these includinf rules governing the 
collection, tnnaportatioa. and diapoMl of «Mt« by » licensed 
commercial wast* colleclar. 

tnxiy «« -7 Till ricaiwing Officer or oihcr local governnieiil officer 
prtOTM*. ihg .^rvice of the Oty Council or any member of ihe lown cn-

«Tabul.iry for ihe Ciiv or any iiieinher of ihe Police Force may 
enter and InNpeci <^i all rea^aiiahle limcN any premises or ptice for 
ilie p«irpo«c of administering il»e5^ hv-law*. and any jjerson who olv 
'^rucit. assaults or hinders any person performing (lie duties nested 
in him by (heae by-laws shall, on summary conviciion. be guilty o( 
an offence under these by-laws. 

pcfKM 28. 11ie Qeaiisiiig Officer or other local fovcmment officer In the 
of the Oty Council or any member of the town constabulary 

procMinfi for (lie Cily or any member of the Police Force is hereby authorised 
to insituie and prosecute any le|wl proceedings againjit any person for 
any breach of ilicse by-laws, 

fMitif. 29 A person who contravenes any of tliese by-Uvks is liable 
on summary conviciion to a fine of not more than one hundred 
dollars or iiiiprivMiiiienI for a (crm of nut more than three inoiith<> 
and' ill the case of a continuing offence to a further fine of fifteen 
doHars for each day of such coniinuancc after notice of ihe breach 
shall have been served by ihe City Council. 

Maivrrr if "0. The City Council may recover in a court of competent 
cwr"c«iii«i jurisdiclioo from any person tlie expenses incurred by it in con

sequence of » breach of any by-law by ihat pe''"*'-

iu»nciii— M. TIk Scavaigiiig and Cleansing of (he Ci(> By-laws are 
m* h.-rcby revoked-

'*t 
Cn? irjAW*. 

Made by (he Mayor and CouncillofN of tlie City of Gct>rgeio*n ihis *th 
day of December. IW). 

r. f- Mayers. 
Town Clerk. 

Approved this 19th day o( November. I <>81. 

O E. Chirte. 
Mini«tcr of Regional l)evo<opnienl. 
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GEOGRAPHIC LOCATION OF SELLS 

ARIZONA 

FIcgsiaff 

• Lake Hcvcsu City • Prsscctt 

Phoenix 

i^MjjCYas: 
T«fnp« 

SEHVATION 

Y uma 

Ml R^RSNCS INCIAN VIUJkGE 

.• Ccsa Grange 

. SAN LUCY PAAMS 

PASCUA YAQUI PUCSLO 
/• Tucson 1 
•• SAN XAV1» RSSEIRVATION 

lOHONO O'ODHAM RESERVATIO 
U (MAIN) 
joproxlmately th« itea of Connecticut) 

• Sierra Visfc j 
- Noeeles ,_Dc^c 

(Jackson, 1992) 
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APPENDIX E 
GEORGETOWN HOUSEHOLD COMPOSITION 

• Sample Nuabcr Naabcr of 
Mcaben 

Adalts Ckiidrca Notes 

1 I 4 4 

1 " 2 2 

3 3 2 I 

4 6 5 I 

5 4 4 compost 

6 2 2 

7 5 3 2 

8 5 5 pets 

9 3 3 

10 2 2 

I! 2 2 pets 

12 2 2 

13 3 3 

14 2 2 

15 2 2 

16 1 1 

17 3 2 1 

18 2 2 

19 6 4 2 

20 , 3 3 

21 ! 4 4 

22 i 5 3 2 

23 1 5 2 3 

24 3 3 

25 5 2 3 

26 6 3 3 
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APPENDIX F 
GARBAGE PROJECT CHARACTERISATION CATEGORIES 

jnivemty of Anzcna Carsage Prcjec: r/asie C.^aracenzaucn Catei;cr:es ' 4/11/^9 J 

SJ.PC3 
Newsoao«r inctuoes inserts. 
Ccr. Cara Clean uncoated caraooara ooxes witn wavy inner core, srown sacer sacs aisc 
Glossy Macaanes :nciuaes Qiossy (tied. 
PionecooRS us. West and locai onone oireaones. 
riign Grao* Offica wnite or oastei leaoer. onotocoov ana notaoooK oaoar. 
Mixea RecyaaMS Mail: eaoefooani sucn as paoanowei cores, craoier and cereai cozes etc.: 

EGG canons, OCOKS ana otnar rtcyaaei* oaoar. 
Non Recvaaoie PaoeriMiik canons, naouns. tissut. oaotr oiatas or cuos; frozen tcoa or wet strenctn 

oacuamg; contammataa rtcyoaoia oaoar. 
PUVSTIC 
»i P£7 csmainer Containers manted ai. 
»2 HOPE comainar Containers manied *2 sucn as miik & water luos; laundry ano luice lucs; »Z 

containar mat ara oounoia (tna soout is narrowar man tna SNias. 
•6 Polystyrana Foam and non-foam s6 food and eaveraoa conumers. (no oaaung seanuts 

'oreooian) 
Prim Plastic film sucn as garoaae oags. aroeary oaos and food wrao 
Ctr.er Plastic Otner oiastic containers 93-7: Molded items sucn as toys, razors ano cens: 

omtr naid clastic oackaoina sucn as oiistar oacxs. 
GUiSS 

Clear containers Clear rood ana oeveraoe containers. 
Coiorec ccmamers Green, orown. amoer. and Blue food and oeveraga containers. 
omer Crinkind glasses, window cam or ceramics. 

METAL 
Alum, cans ' Food and oeveraaa cans. 
Ferrous cans Food and ecvaraoe cans (tin). 
Ferrous scrao Ferrous metal sucn as snaet metal, oioas. naiis. salts, etc. 
Otner scrap Alum, sneets. oie states, lawn cnain. and window screens: aiso scrao sucn 

laa coooar and brass. 
FOCD/YASn OPGANIC 

FoOO iFood and food oreoarations as weu as egg sneiis. oanes. etc. 
Vara Grass & Leaves 1 Grass and Leaves. 
Yarn Pfunma 1 Twigs. Brancnes. and tree iimos. 

WOOD 
Treatea Peinted. stainad or glued (sucn as otvwood). 
Non-treated ! Pallets. cratM 4 untraatad luffloar scfsos. 

iNon iMOod construction, renovation or demolition matenai sucn as concete. 
iroof sningies. crywaii. bncfeHile. wn^mmtmar' 

DURABLES 
' Aootianca ISmau aootiancas. •

 

i
 

>
 

M, 3
 

CD 

iSofa. matu«sses.«M. .c.— ir r 
OTHER 

RuOOer 1 Tires, nosa. some snoes. 
•iaoers iOisoosaoia. 
Textile iCiotning, rags. Diankets: also learner items. 

HOUSEHOLD HAZ Includes automotive oroducts. oaints. solvents, oestioaes. neroiooes. 
ifunQiodes. nousenoM ciaaners. oattenes. Container witn waste gr res^oue 
ara considered HHW (Housenoid Hazareous waste). 

OTHER ORGANIC Organic matenai not waced in otner categories. 
OTHER INORGANIC inorganic matenai not oiacad in otner catagones. 
loTH^n. 
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I z^rc n'''' 

-rr.®rs.:# z' -rzcra 
.Ve-/;-! Izr -^ccfzirg -cr 

' UATEfllAl. SS tVV&aHT 'VOLUME NOTE 1 
P 4 P e f l  = 1 1 -  i  

N«ivsc«s«r 
Ccr Cars 
3:css« Macax.f^M 

•ii ='"cr#oc«*« 
5t -ten 3rac« 
-:i MiK«a -AC^CftCtS 
'' Non ^•cvc:«ci# ^ac«fi ' • ! 

C!r!«r 'SctcJv: ! 

PLASTIC i 1 i i 1 
si •! ;3P.fajn«f 

•: •2 -<CPB :srt«in«r ' . t ; 
" \  3cfv»p*f«n« 
•2l -vm I 1 i 1 
•2 CiRar rSBtCitvi l i t  

G L A S S  - i t :  t  
••i C:Mr contairars ( 

• ^ Ccicrao ::r.iainar« \ t 
'•si CistrOiist 1 t 

•'! iiufTi :an« i i t 
*3 =«rrou» ian» : ) 1 
•9 ^•rrous tcrao 

Cm«r iScactfv! 1 . 1 : 
PMfi/fAAB dAAANid 11; i 

i ' l  1 i  1 !  
• '21 i ''ire 3r»u 4 LMVM 1 1 ' 1 1 

231 1 'are Pr.nma i 1 • t 
I WOOD 1 t i 1 
! ^.11 1 'rtaiM 1 l i t  

25l 1 Non-irMiM 1 ' 
Cir-.tr scacJvi j 

C/D 1 t 
' TTI aocK. c3rcf«i«. one* ! i : i I 
1 23| Lanvt I I I  
1 291 Cthar iSoacitv) 1 1 i 1 : 
1 .OURAMLK 1 1 1 1 1 

301 1 Acoiianc* 1 !  | - -  1 •  
—y Sutkv wvmi* I I I I 

CmariSoac<v) - i < 1 
) QIMO 1 1 * ' 

33 RufiOttr I I I  
34 OtaoM ' . I t  
35| : T •Xt|l« j i • 1 1 

1 36lorHERiSPEC:PY1 1 1 . i 
; 3:'io'>i£a •sPEC.F*'* 1 1 ^ , 

jaioT>>ES'SPEC;F/i i i i ' 
351 MOUS6HOLD HAZ i ' ! 
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APPENDIX H 
A COMPARISON OF ALL WASTE CHARACTERISATION DATA 

1 00% 

80% 

60% 

40% 

20% 

0% 

^5• 

lO As 

• Hazardous 
• Yard Waste 
• Aluminium 
• Cardboard 
• Ferrous Cans 
• Glass 
• Plastic 
• Other 
• Paper 
• Food 



177 

REFERENCES 

Abdullah, J.B. 1997. Urban Environmental Health in Developing Countries: A Case 
Study of Penang Island, Malaysia. Ph.D. diss. Cornell University, Ithaca, New 
York. 

Alexander, J.H. 1993. In Defense of Garbage. Praeger Publishers, Westport, Connecticut. 

Arizona Department of Commerce. Viewed October 23, 2000. 
URL: http;//www.commerce.state.az.us/publications/community_profiles.htm 

Arizona Department of Economic Security. Viewed September 24, 2000. 
URL: http://www.de.state.az.us/links/ec6nomic/webpage/popweb/EEc99.html 

Barker, J. A. 1993. Paradigms - The Business of Discovering the Future. HarperCollins 
Publishers, Inc., New York, New York. 

Baro, M. March 2000. Telephone interview. Professor. Department of Anthropology, 
University of Arizona, Tucson, Arizona. 

Basel Action Network and Health Care Without Harm. 1999. Clinical Waste in 
Developing Countries: An analysis with a case study of India, and a critique of the 
Basel - TWG guidelines. Viewed October 19,2000. 
URL: http;//www.ban.org/subsidiary/clinical.htmI 

Basile, M. October 2000. Telephone interview. Public Affairs Officer. United States 
Environmental Protection Agency, Niagara Falls, New York. 

Bickel, W. June 1998. Personal interview. Professor. Department of Physics, University 
of Arizona, Tucson, Arizona. 

Bisset, R. Biswas and Ceding eds. 1987. Environmental Impact Assessment for 
Developing Countries. Tycooly International, London. 3-64. 

Boston, M. 1981. An Investigation into Some Properties of the Demerara Clay. 
Bachelor's Final Year Project. University of Guyana, Turkeyen, Guyana. 



178 

Bureau of Applied Research in Anthropology. 1998. Solid Waste Assessment Prepared 
for Natural Resources Division, Kaibab Band of Paiute Indians, Pipe Springs, 
Arizona. 

Bynoe, M. November 1997. "Solid waste disposal." Guyana Review. Cosmopolitan 
Communications Corporation Ltd., Georgetown, Guyana. 38-39. 

Cambridge Factfinder. 1993. Cambridge University Press, Cambridge, United 
Kingdom. 

Carson, R. September, 1995. Cyanide River Disaster in Guyana. Albion Monitor. Viewed 
October 17, 2000. 
URL: http://www.monitor.net/monitor/9-2-95/guyana.html 

Cawein, C. September 2000. Telephone interview. Technical Programs Manager. Pima 
County Solid Waste Department, Tucson, Arizona. 

Central Intelligence Agency. 1999. The World Factbook 1999. Viewed May 30,2000. 
URL: http://www.odci.gov/cia/publications/factbook/gy.html 

Chavez, J.V. and A. Alberti. Albuquerque's Environmental Story - Solid Waste 
Management. Viewed March 9, 2000. 
URL: http://www.nmcjnet.org/aes/s5swni/html 

City of Tucson. 2000. Tucson Update 2000. Tucson Planning Department. Viewed May 
30, 2000. 
URL: http://schwartz.ci.tucson.az.us/planning/update.htm 

City of Tucson/Pima County. 1999. Household Hazardous Waste Program, Biermial 
Report, Fiscal Years (FY) 1997/98 - 1998/99. Pima County Department of 
Environmental Quality, Tucson, Arizona. 

Cointreau-Levine, S. 1998. Solid Waste Management Pre-Identification Study, 
Georgetown, Guyana. InterAmerican Development Bank. 

Cummings, L.P. Geography of Guyana. 

Curi, K. 1985. Appropriate Waste Management for Developing Countries. Plenum Press, 
New York, New York. 



179 

Doberstein, B.A. 1992. An Evaluation of the Use of Environmental Impact Assessment 
For Urban Solid Waste Management in Denpasar, Bali. Masters thesis. University 
of Waterloo, Ontario, Canada. 

Environmental Interest Organisation. 1997. Fresh Kills Fact Sheet. Viewed October 17, 
2000. 
URL: http://www.eieio.org/landfills/newyork/freshkills.html 

Galiego, D. 2000. Personal interview. Operations' Supervisor. City of Tucson, 
Department of Solid Waste Management, Tucson, Arizona. 

Garbage Project, The. 1999. Rural Patagonia Waste Characterisation Study. Unpublished. 

Garbage Project, The. 1996. Garbage Project Hand-Sorts of HHW in Residential Refuse -
A Decade in Review. Bureau of Applied Research In Anthropology/Department 
of Anthropology, University of Arizona, Tucson, Arizona. 

Gibson, D. October 2000. Telephone interview. Recycling Coordinator. City of Tucson, 
Department of Solid Waste Management, Tucson, Arizona. 

Granillo, F. May 1998. Personal interview. Operations' Supervisor. City of Tucson, 
Department of Solid Waste Management, Tucson, Arizona. 

Green, H. July 1997. Personal interview. City Mayor, Georgetown, Guyana. 

Guyana, Government of. 1994. The National Environmental Action Plan. Unpublished. 

Gyandat, S. 2000. Community Involvement in Domestic Waste Management Through 
Educational Awareness. Bachelor's Final Year Project. University of Guyana, 
Turkeyen, Guyana. 

Harper, W. July 2000. Personal interview. Senior Environmental Health Officer, 
Cleansing Section, Mayor and City Council, Georgetown, Guyana. 

Holmes, J.R. 1984. Managing Solid Wastes in Developing Countries. John Wiley and 
Sons. Chichester, New York. 



180 

Hughes, W. March 2000. Personal interview. Research Associate. Bureau of Applied 
Research In Anthropology/Department o^ Anthropology, University of Arizona, 
Tucson, Arizona. 

Institute for Sustainable Communities Report. Seeking Solid Waste Solutions: Bulgarians 
Field -Test New, Collaborative Policy Process. Viewed March 9, 2000. 
URL: http://www.iscvt.org/waste3.htm 

InterAmerican Development Bank. 2000. Guyana - Environmental Improvement of the 
Georgetown Interim Disposal Site. Operation No. I252/SF-GY. 

Island Connoisseur 2000. Viewed May 30, 2000. 
URL: http://www.caribbeansupersite.com/guyana/govem.htm 

Jackson, M. 1992. The Tohono O'odham Nation Solid Waste Management Study. Office 
of Environmental Health and Engineering and Office of Health Program Research 
and Development. Tucson Area Indian Health Service, Tucson, Arizona. 

Joao, C. October 2000. Personal communication. Buildings and Transport Engineer. 
Banks DIH Limited, Georgetown, Guyana. 

Joao, C. July 1997. Personal interview. Buildings and Properties Manager. Banks DIH 
Limited, Georgetown, Guyana. 

Kreith, F. 1994. Handbook of Solid Waste Management. McGraw-Hill, Inc., New York, 
New York. 

Lafleur, J. 1997. An Evaluation of Landfills and Incineration As Solid Waste Disposal 
Methods In Georgetown: Implications for Management. Bachelor's Final Year 
Project. University of Guyana, Turkeyen, Guyana. 

Lewis, R. July 2000. Personal interview. Deputy Cleansing Officer, Cleansing Section, 
Mayor and City Council, Georgetown, Guyana. 

Liu, D. H. F. and B. G Liptak. 2000. Hazardous Waste and Solid Waste. Lewis 
Publishers, New York, New York. 

Miller, G. T. 1998. Living in the Environment. 10»h ed. Wadsworth Publishing 
Company, Belmont, California. 



181 

Ministry of Finance. National Development Strategy. Guyana. Viewed May 30, 2000. 
URL: http://www.guyana.org/NDS/chap 18.htm#2contents_J 

Moffat, S. December 6, 1996. Asia Stinks. Fortune. 120-132. 

New York City Council. 1998. Valone Bill Ensures Fresh Kills Landfill Closure. Viewed 
October 17, 2000. 
URL: http://www.council.nyc.ny.us/newswire/freshkil.htm 

Olsen, G. September 2000. Telephone Interview. Manager of Solid Waste Management 
Programme. Natural Resources Department of the Tohono O'odham Nation, Sells, 
Arizona. 

Ostergaard, R.H. 1997. Decision-making at the Voivodship Environmental Fund in Lodz, 
Poland: Assessing Comparative Risks. Ph.D. diss. The Johns Hopkins 
University, Baltimore, MD. 

Pan American Health Organisation. 1998. Report on Solid Waste Management -
Appraisal Mission to City of Georgetown, Guyana. 

Pepper, L, C.P. Gerba, and M. L. Brusseau. 1996. Pollution Science. Academic Press, Inc. 
San Diego, CA. 

Population Reference Bureau. Viewed May 12,2000. 
URL: http://www.prb.org/pubs/wpds99.htm 

Prezelski, T. September, 2000. Telephone interview. Transportation Planner, Tohono 
O'odham Nation, Sells, Arizona. 

Rathje, W. October 2000. An Overview of the Garbage Project. Seminar. Southwest 
Project - Relationships to the Land on Behalf of Garry Forger. 

Rathje, W.L., W.W. Hughes, D.C. Wilson, M.K. Tani, G.H. Archer, R.G. Hunt, and T.W. 
Jones. 1992. The Archeology of Contemporary Landfills. Submitted as a report to 
American Antiquity. 

Rathje, W. and C. Murphy. 1992. Rubbish! The Archaeology of Garbage. HarperCollins, 
New York, New York. 



182 

Rathje, W. May 1991. Once and Future Landfills. National Geographic. 116-134. 

Relis, P. and H. Levenson. 1998. Discarding Solid Waste As We Know It: Managing 
Materials in the 21st Century. Community Environmental Council, Inc. 
Viewed March 9, 2000. 
URL:http://www.grc.org/cec/pubs/Solid_waste2.html 

Schwartz, J. September 3, 2000. Trash that wouldn't be thrown away. Section A, The 
Arizona Daily Star, Tucson, Arizona. 

Shury, V. July 2000. Personal interview. Medical Officer of Health, Mayor and City 
Council, Georgetown, Guyana. 

Sicular, D.T. 1989. Scavengers and the Development of Solid Waste Management in 
Indonesian Cities. Ph.D. diss. University of California at Berkeley, Berkeley, 
California. 

Small, E. March 24, 1999. Waste not, want not! Section 2, Daily Express, Port-of-Spain, 
Trinidad and Tobago. 

Solid Waste Equipment, Co. Inc. 1998. Recommendations for the City of Georgetown, 
Guyana; An Integration of Solid Waste Management Components. Omaha, 
Nebraska. 

Sonora Envirormiental Research Institute. 1999. Work Plan for Waste 
Characterisation of Solid Waste Stream of the Tohono O'odham Nation. Tucson, 
Arizona. 

Stabroek News. June 24,2000. "Officers for solid waste management training." 
Georgetown, Guyana. 

Steele, T.M. 1982. Some Properties of the Demerara Clay. Department of Civil 
Engineering, University of Guyana, Turkeyen, Guyana. 

Stein, S. September 2000. Telephone interview. Administrative Specialist, Pima County 
Department of Solid Waste, Tucson, Arizona. 

Sykes, J. May 1998. Personal interview. Public Works Crew Supervisor. Pima County 
Department of Solid Waste, Tucson, Arizona. 



Tammemagi, H. 1999. The Waste Crisis: Landfills, Incinerators, and the Search for a 
Sustainable Future. Oxford University Press, New York, New York. 

Thomas, W. A. 1989. Findings and Recommendations of a Comprehensive Review of the 
Existing Solid Waste Management Function in the Cleansing Department of the 
City of Georgetown in Guyana, South America. PAHO. 

Theodore, M.K. and L. Theodore. 1996. Major Environmental Issues Facing the 21st 
Century. Prentice-Hall, Inc., New Jersey. 

Time Almanac. 1999. Ed. Borgna Brunner. Information Please LLC. Boston 
Massachusetts. 

United Nations. UN Releases 1998 World Population Estimates and Projections. Press 
Release POP/684. Viewed October 17,2000. 
URL; http://www.un.org 

UNESCO.Conventional Solid Waste Management And Alternative Approaches, Peru. 
Viewed March 9,2000. 
URL: http://firewall.unesco.org/most/southam3.htm 

USEPA. Viewed September 24,2000. 
URL; http;//www.epa.gov/OCEPAterms? 

USEPA. 1998 Update. Characterization of Municipal Solid Waste in the United Sates. 
USEPA530-R-99-021. 

USEPA. 1995. Decision Maker's Guide To Solid Waste Management. 2nd ed. 

Uthe, D. September 2000. Battalion Chief Tucson Fire Department and Steering 
Committee Member of the Household Hazardous Waste Programme, Tucson, 
Arizona. 

Walker, M. July 2000. Personal interview. Chief Cleansing Officer, Mayor and City 
Council, Georgetown, Guyana. 

Wall, S. July 1998. Telephone interview. USEPA, San Francisco, California. 

http://www.epa.gov/OCEPAterms


184 

World Almanac and Book of Facts 1999, The. 1999. World Almanac Books. Primedia 
Reference, Inc. 

World Bank, The. 1999. Guyana - Financial and Private Sector...Institutional 
Development Project. Viewed May 30, 2000. 
LTRL: http://www.worldbank.org/pics/pid/gy57272.txt 


